
 

 
 
 
 
 
 

Committee on Acute Exposure Guideline Levels 
 

Committee on Toxicology 
 

Board on Environmental Studies and Toxicology 
 

Division on Earth and Life Studies 
 
 
 
 

 
 
 
 

 
 
 

 



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 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 

 
 
 
 



 
v 

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 



 
vi 

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 



 
vii 

BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY1 
 

Members 
 
JONATHAN M. SAMET (Chair), Johns Hopkins University, Baltimore, MD 
RAMON 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 
  

                                                           
1This study was planned, overseen, and supported by the Board on Environmental Studies 
and Toxicology. 



 
viii 

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 



 
ix 

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 



 
xi 

 
 
 

Preface 

 
Extremely hazardous substances (EHSs)1 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-
                                                 
 

1As 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 
EHSs. 

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 
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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 
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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)1  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. 

                                                 
 

1NAC 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 × 10-4), 1 in 100,000 (1 × 10-5), and 1 in 1,000,000 (1 × 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—Oak 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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Ethylenediamine1 

 
Acute Exposure Guideline Levels 

 
PREFACE 

 
Under the authority of the Federal Advisory Committee Act 

(FACA) P.L. 92-463 of 1972, the National Advisory Committee for 
Acute Exposure Guideline Levels for Hazardous Substances (NAC/ 
AEGL Committee) has been established to identify, review and interpret 
relevant toxicologic and other scientific data and develop AEGLs for 
high priority, acutely toxic chemicals. 

AEGLs represent threshold exposure limits for the general public 
and are applicable to emergency exposure periods 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 and 30 min, 1 h, 4 h, and 8 h) and 
                                                           
1This document was prepared by the AEGL Development Team composed of 
Sylvia Milanez (Oak Ridge National Laboratory) and Mark McClanahan (Na-
tional Advisory Committee (NAC) on Acute Exposure Guideline Levels for 
Hazardous Substances member (Chemical Manager)). 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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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 parts per mil-
lion or milligrams per cubic meter [ppm or mg/m3]) 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 dis-
abling 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 health effects or death. 

Airborne concentrations below the AEGL-1 represent exposure 
levels that could produce mild and progressively increasing but transient 
and nondisabling odor, taste, and sensory irritation or certain asympto-
matic, non-sensory 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 re-
sponses, could experience the effects described at concentrations below 
the corresponding AEGL. 
 
 

EXECUTIVE SUMMARY 
 

Ethylenediamine (EDA) is a hygroscopic, flammable liquid and a 
strong base (pKa1 = 10.7; pKa2 = 7.6). EDA is a high production volume 
chemical, and is used to stabilize rubber latex, as an inhibitor in anti-
freeze solutions, and in the preparation of dyes, insecticides, and fungi-
cides. EDA is an eye, mucous membrane, and respiratory irritant and a 
known respiratory and skin sensitizer. Occupational inhalation exposure 
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has resulted in an asthmatic response (rhinitis, coughing, wheezing, 
shortness of breath, and bronchospasm).  

EDA-sensitized individuals may experience more severe and/or 
different effects at a given exposure concentration or duration than non-
sensitized people. The qualitative and quantitative differences in the re-
sponse of the two groups to EDA are undefined. The derived AEGL val-
ues are for a once-in-a lifetime exposure and do not consider previous 
sensitization. 

The level of distinct odor awareness (LOA) for EDA is 2.1 ppm 
(see Appendix B for LOA derivation). The LOA represents the concen-
tration above which it is predicted that more than half of the exposed 
population will experience at least a distinct odor intensity, about 10% of 
the population will experience a strong odor intensity. The LOA should 
help chemical emergency responders in assessing the public awareness 
of the exposure due to odor perception.  

AEGL-1 values were not recommended due to insufficient data. 
Absence of AEGL-1 values does not imply that exposure to concentra-
tions below the AEGL-2 is without adverse effects. 

AEGL-2 values were based on a study in which rats and guinea 
pigs (6/group) were exposed to approximately 484 ppm EDA (1,000 ppm 
nominal) for 30 min to 8 h. Both species exposed for 8 h had bronchiolar 
edema of unspecified severity and “light cloudy swelling of the kidney” 
(Carpenter et al., 1948). [The same laboratory showed in another study 
that the analytical concentration was approximately 50% of the nominal 
concentration, 1,000 ppm nominal corresponding to 484 ppm analytical 
(Pozzani and Carpenter 1954).] This was the only single-exposure study 
adequate for AEGL-2 derivation. No data were available to determine 
the concentration-time relationship for EDA toxic effects. The concentra-
tion-time relationship for many irritant and systemically acting vapors 
and gases was described by ten Berge et al. (1986) with the equation Cn × 
t = k, where the exponent n ranged from 1 to 3 for 90% of the chemicals 
examined. To obtain AEGL-2 values, scaling from 8 h to 30, 60, and 240 
min was performed using n = 3. The 30-min value was adopted as the 
10-min value because scaling from 8 h to 10 min was associated with 
unacceptably large uncertainty. An uncertainty factor of 3 was used for 
interspecies variability because a similar response was seen in two spe-
cies, and a modifying factor of 3 was used because the key study did not 
specify the severity of the bronchiolar edema. An intraspecies uncer-
tainty factor of 10 was applied because the data were insufficient to de-
termine the mode of lung and kidney lesions (or which was the more 
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sensitive end point) in the key study and consequently the potential vari-
ability of the human response to EDA. The AEGL-2 values are supported 
by a study in which 1/26 rats had unspecified lesions but no mortality 
after 30 exposures to 132 ppm EDA for 7 h/day (Pozzani and Carpenter, 
1954). 

AEGL-3 values were derived from a range-finding test (Smyth et 
al. 1951) in which 0/6 rats died from exposure for 8 h to ~1,000 ppm but 
6/6 died from 8-h exposure to ~2,000 ppm (stated as 2000 ppm and 4,000 
ppm nominal, respectively; analytical estimates based on Pozzani and 
Carpenter 1954). Toxic effects (other than death) were not described, and 
1,000 ppm was considered to be the lethality threshold. This was the only 
single-exposure study adequate for AEGL-3 derivation. Data were not 
available to determine the concentration-time relationship, and scaling 
across time was performed using the equation Cn × t = k and n = 3, as 
was done for AEGL-2. A total uncertainty factor of 100 was applied: 10 
for interspecies variability (cause of death was undefined and there were 
no studies using other species) and 10 for intraspecies variability (lack of 
toxicity data in key study precludes definition of the mode or variability 
of the toxic response in humans). Target organs (liver and kidneys) were 
identified in a study where rats received 225 ppm EDA 7 h/day for up to 
30 days (first deaths on exposure day 4), although the mode of toxicity 
was unclear (Pozzani and Carpenter 1954).   

The values appear in Table 4-1. 
 
 

TABLE 4-1 Summary of AEGL Values for Ethylenediamine 

Classification 10 min 30 min 1 h 4 h 8 h 
End point 
(Reference) 

AEGL-1a 

(Nondisabling) 
Not 
recommended 
due to 
insufficient 
data. 

     

AEGL-2 
(Disabling) 

12 ppm 
(30 mg/m3) 

12 ppm 
(30 
mg/m3) 

9.7 
ppm 
(24 
mg/m3) 

6.1 
ppm 
(15 
mg/m3) 

4.8 
ppm 
(12 
mg/m3) 

Bronchiolar 
edema, 
kidney 
swelling  
(Carpenter 
et al. 1948) 

AEGL-3 
(Lethal) 

25 ppm 
(62 mg/m3) 

25 ppm 
(62 
mg/m3) 

20 ppm 
(49 
mg/m3) 

13 ppm 
(32 
mg/m3) 

10 ppm 
(25 
mg/m3) 

Lethality 
threshold  
(Smyth et 
al. 1951) 
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1.  INTRODUCTION 
 

Ethylenediamine (EDA) is a very basic, hygroscopic and fuming 
liquid (25% solution has a pH of 11.9 at 25°C; pKa1 = 10.7; pKa2 = 7.6). 
It has a low flash point (93°F; open cup) and is very flammable (Benya 
and Harbison 1994). EDA vapor is an eye, mucous membrane, and respi-
ratory irritant and a well-known respiratory and skin sensitizer (Beard 
and Noe 1981). EDA liquid is corrosive and produces chemical burns in 
the skin and eyes (Carpenter and Smyth 1946; Smyth et al. 1951). The 
EDA odor threshold has been reported as 1.0 ppm (Verschueren 1996; 
Amoore and Hautala 1983) and 1-11 ppm (Ruth 1986). Occupational 
inhalation exposure has resulted in both immediate and delayed asth-
matic symptoms including rhinitis, coughing, wheezing, shortness of 
breath, and bronchospasm. In animal studies, EDA vapor caused hair 
loss and lung, kidney, and liver damage. 

EDA is used to stabilize rubber latex, as an inhibitor in antifreeze 
solutions, as a pharmaceutic aid (aminophylline stabilizer), in the prepa-
ration of dyes, synthetic resins, insecticides, carbamate fungicides, and 
asphalt wetting agents (HSDB 2005). EDA vapor readily absorbs CO2 
from the air to form a non-volatile carbonate (Budavari et al. 1996). EDA 
is manufactured mainly by reacting ethylene chloride with aqueous or 
liquid ammonia at about 100°C (HSDB 2005). EDA use in chemical syn-
thesis is in closed systems (Cary et al. 1999). EDA is a high production 
volume chemical: U.S. production was >58 million pounds in 1993 
(HSDB 2005). Some of the chemical and physical properties of EDA are 
listed in Table 4-2. 
 
 

2.  HUMAN TOXICITY DATA 
 

2.1.  Acute Lethality 
 

A 36-year-old worker in France was accidentally splashed on the 
chest with EDA liquid and also breathed in EDA vapors for a “few min-
utes” (Niveau and Painchaux 1973). The exposure concentration was not 
determined. The man quickly removed his clothes and washed up but, 
nevertheless, 4 h after exposure had red-brown generalized erythema, 
anuria, tachycardia (up to 100/min), and symptoms of hemolysis:  in-
creased blood potassium (275 mg/L), and lowered RBC count (5.16 × 
106/mm3). Twelve hours after exposure, the man had elevated body tem- 
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TABLE 4-2 Chemical and Physical Data 
Parameter Value Reference 
Synonyms 1,2-ethanediamine; 1,2-

diaminoethane 
Budavari et al. 1996 

Chemical formula C2H8N2 Budavari et al. 1996 
Molecular weight 60.10 Budavari et al. 1996 
CAS Registry Number 107-15-3 Benya and Harbison 1994 
Physical state Thick liquid Budavari et al. 1996 
Color Colorless, clear Budavari et al. 1996 
Solubility in water Freely soluble, forming a 

hydrate 
Budavari et al. 1996 

Acid ionization constant, 
pKa 

pKa1 = 10.7; pKa2 = 7.6 HSDB 2005 

Vapor pressure 10.7 mm Hg at 20°C 
10 mm Hg at 21.5°C 
12.1 mm Hg at 25°C 

Parmeggiani 1983 
Benya and Harbison 1994 
HSDB 2005 

Vapor density (air = 1) 2.07 Benya and Harbison 1994 
Liquid density (water = 1) 0.898 at 25°C Budavari et al. 1996 
Melting point 8.5°C Benya and Harbison 1994 
Boiling point 116-117°C at 760 mm Budavari et al. 1996 
Flammability/explosive 
limits 

2.5-12% (at 212°F) NIOSH 2005a 

Conversion factors 1 mg/m3 = 0.407 ppm;  1 
ppm = 2.46 mg/m3 

Benya and Harbison 1994 

 
 
perature (39°C) and pulse (120/min), coughing with expectoration, ab-
dominal cramps, diarrhea, blackish vomiting, and anuria resulting in an 
increased blood urea (0.8 g/L). His condition continued to worsen and he 
died from cardiac collapse 55 h after exposure. 
 
 

2.2.  Nonlethal Toxicity 
 

Studies were conducted with EDA-sensitized and non-sensitized 
individuals. In many cases there was incomplete information about the 
actual EDA exposure concentration or time that elicited the human re-
sponses. Studies in which quantitative data were provided for air EDA 
concentration and/or exposure duration are summarized in Table 4-3. 

Several secondary sources (Cary et al. 1999; IPCS 2005) list ef-
fects potentially caused in humans by EDA inhalation as irritation of the 
respiratory tract (a burning sensation, cough, dyspnea, a sore throat), 
lung edema, and an asthmatic response. It is noted that symptoms of lung 
edema often do not become manifest until a few hours after exposure, 
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TABLE 4-3 Summary of Quantitative Human Ethylenediamine (EDA) 
Inhalation Studies 
Exposure 
Concentration Exposure Time  End Point Reference 
1.0-11 ppm Unknown Odor threshold Hellman and Small 

1974a 

100 ppm 
200 ppm 
 
 
400 ppm 

5-10 sec 
5-10 sec 
 
 
5-10 sec 

Inoffensive 
Slight tingling of 
face and nasal 
mucosa 
Intolerably 
irritating to nasal 
mucosa 

Pozzani and 
Carpenter 1954 

0.4 ppm Not specified (≤8 h) Background 
maximal 
concentration; 
effects on workers 
were not addressed.  

Hansen et al. 1984 

<1 to >10 ppm <8 h Asthmatic 
symptoms in 38 
EDA-sensitized 
workers 

Aldrich et al. 1987 

Unknown  
(TLV=10 ppm) 

20 min Delayed (2.5-4 h) 
asthmatic 
symptoms in 2 
sensitized workers 
from workplace 
exposure 

Nakazawa and 
Matsui 1990 

30 ppm 15 min Severe asthmatic 
reaction 3 and 12 h 
after exposure of 
sensitized worker 
(24-33% ↓ in FEV1) 

Ng et al. 1991 

Not stated; in area 
had 4.8, 10.5 ppm 

<8 h Cough, phlegm, 
wheezing in 12 
sensitized workers; 
diurnal expiratory 
flow rate variation 

Ng et al. 1995 

0.804 mg/m3 
(vapor/aerosol) 

1 min  Irritation threshold 
for the most 
“sensitive” 
individuals tested.    

Dubinina et al. 
1997 

aSame values were reported in Amoore and Hautala 1983, Verschueren 1996, 
and Ruth 1986. 
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and may mask an asthmatic reaction. However, neither source cites spe-
cific studies from which this information was obtained. Cary et al. (1999) 
conclude that there is insufficient data to define the dose-response for an 
EDA-induced asthmatic response or an exposure level “without adverse 
effect.” 
 
 
2.2.1.  Odor Threshold/Odor Awareness 
 

The odor detection threshold for ethylenediamine was reported to 
be 1.0 ppm and the 50% and 100% odor recognition thresholds were 
given as 3.4 ppm and 11.2 ppm, respectively by Hellman and Small 
(1974). The same values were listed subsequently by Amoore and Hau-
tala (1983), Verschueren (1996), and Ruth (1986). The latter also listed 
the odor detection threshold as 1-11 ppm and the human irritation 
threshold alternately as 250 and 500 mg/m3 (102 and 204 ppm). Union 
Carbide Corp. (1971) reported that “workers will not stay in concentra-
tions of 2,000 ppm.” 
 
 
2.2.2.  Occupational Exposure 
 

Four laboratory personnel intentionally sniffed 100, 200, or 400 
ppm EDA vapor for 5-10 sec (Pozzani and Carpenter 1954). It was not 
specified if these were nominal or analytical concentrations or how the 
test atmospheres were generated, although in another experiment de-
scribed in the same study (rat 7-h exposure), EDA atmospheres were 
generated using liquid EDA and an evaporator. The test subjects indi-
cated that 100 ppm was inoffensive, 200 ppm caused a slight tingling 
sensation in the face and slight irritation of the nasal mucosa, and 400 
ppm was intolerably irritating to the nasal mucosa. 

Air EDA concentration in a Swedish petrochemical plant produc-
ing amines in a closed system was 0.4 ppm “only at a site for tanking” 
(Hansen et al. 1984). The number of samplings was not specified; pre-
sumably all other samples were below practical limits of detection (~0.04 
ppm for same volume collected by impinger sampling method and ana-
lyzed by isotachophoreis). 

Air monitoring data was conducted in a manufacturing plant where 
38/337 employees who worked with EDA became sensitized: they had 
rhinitis, coughing, and wheezing that cleared after removal from EDA 
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exposure (Aldrich et al. 1987). EDA concentrations eliciting the worker 
responses were not provided. The vast majority of the 1,053 EDA moni-
toring measurements were <1 ppm (actual data were not given). The ex-
posure period before sensitization occurred was shortest in current smok-
ers (7.0 months) and longest for employees with no previous symptoms 
(37.3 months). Coater machine operators had the greatest incidence of 
EDA sensitization (14/54). Aldrich et al. (1987) concluded that “in-
creased risk of EDA sensitization might be expected when workplace air 
concentrations of EDA exceed 1 ppm” and that perhaps the present 10 
ppm EDA TLV should be reconsidered. 

Nakazawa and Matsui (1990) described two cases of occupational 
exposure to EDA in a Japanese chemical factory. An 18-year-old man 
with a history of urticaria and a 37-year-old man with a history of rhinitis 
developed symptoms of asthma after 4 and 7 months, respectively, of 
exposure to unspecified concentrations of EDA (Japanese workplace lim-
its for EDA were 10 ppm at the time). Provocative exposure tests were 
done on these two men when they were symptom-free: they went to work 
as usual and after 20 min of exposure to EDA their reactions were moni-
tored. Wheeze and rhonchi were audible in their lungs 2.5-4 h after the 
20-min exposure, and both men had ~20-40% decreased FEV1 (forced 
expiratory volume in 1 sec) approximately 4 h after exposure. The 18-
year-old additionally had cough, wheezing, and chronic dyspnea for ~7 
days, and the 37-year-old man had additional symptoms 10-18 h after 
exposure. A non-sensitized subject did not develop any of these symp-
toms upon similar EDA exposure. Upon transfer to a new work environ-
ment, neither patient showed any asthmatic symptoms. Both men had 
elevated peripheral blood IgE antibodies to EDA but IgG and plasma 
histamine levels were unaffected. 

A 31-year-old non-smoking male chemical worker in Singapore 
without a history of asthma developed symptoms of bronchial asthma 
(frequent coughing, wheezing, and breathlessness) after approximately 3 
months of EDA vapor exposure (Ng et al. 1991). He was also exposed to 
lesser amounts of other amines and organic chemicals. Measurement of 
his peak expiratory flow every 3 h while awake over 2 weeks showed 
reduced flow rates in the late mornings and afternoons (~17-24% lower 
FEV1), except on Saturdays and Sundays. In a bronchial provocation test, 
the worker inhaled 30 ppm EDA for 15 min from a respirator. He had no 
effects immediately after exposure, but 3 h later his peak flow rate fell by 
about 24% below baseline and he had chest tightness. Twelve hours after 
exposure, he had a severe bout of coughing, wheezing, and breathless-
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ness and his peak flow rate fell another 10%. (He was administered 
nebulized Ventolin and his peak flow improved.) A histamine challenge 
test (not described) showed he had a high degree of non-specific bron-
chial hyperreactivity. His chest x-ray and eosinophil counts were normal. 
His asthmatic attacks became less frequent and severe when he reduced 
his EDA exposure. 

Twelve men who worked in a Singapore factory manufacturing 
polyamide resin for a mean of 2.5 years and were exposed primarily to 
EDA vapor (also to other polyamines and organics) reported signifi-
cantly more frequent symptoms of chronic cough, chronic phlegm, 
wheezing, and exertional breathlessness than unexposed workers (Ng et 
al. 1995). The EDA air concentration and exposure duration that elicited 
the stated symptoms were not specified. EDA analytical air concentra-
tions of 10.5 and 4.8 ppm were measured in two air samples taken in ar-
eas where EDA was manually handled. The four workers who developed 
wheezing after beginning work at the factory had significantly greater 
diurnal variation in peak expiratory flow rates than the control group 
(DV-PEFR; measured every 3 waking hours for a week) but the FEV1, 
FVC, and FEV/FVC were unaffected. 

Dubinina et al. (1997) determined that the irritation threshold for a 
1-min exposure in humans was 0.804 mg/m3 for the most sensitive indi-
viduals tested (not stated whether these were EDA-sensitized workers). 
The EDA vapor concentration is unknown because it was administered 
as a mixture of vapor and aerosol. 

Several other studies lacked sufficient EDA exposure information 
but provided useful descriptions of the effects of EDA exposure on hu-
mans. A 30-year-old male photography chemical mixer with late-onset 
asthma challenged for 15 min with an unknown concentration of EDA 
vapor developed asthmatic symptoms 4 h later (Lam and Chan-Yeung 
1980). He had chest tightness, coughing, wheezing, and a 26% decrease 
in the FEV1 for 24 h after exposure. Results of a skin test (prick or in-
tradermal with 1:100 EDA) were negative for immediate or type III reac-
tion and precipitating antibodies to EDA were not found (Ouchterlony 
method). Plasma histamine levels in venous blood were not increased 
during bronchoconstriction. Dernehl (1951) and Lewinsohn and Ott 
(1991) examined medical records of approximately 200 workers exposed 
primarily to ethylene amines at a large chemical company (1947-1983). 
The concentration of EDA in the air was not reported. The employees 
had eye, skin, and respiratory symptoms, the latter consisting of rhinitis, 
congestion, coughing, wheezing, and dyspnea. The workers’ pulmonary 
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function (FEV1 and FVC) was not related to EDA exposure duration or 
sensitization status after accounting for height, age, race, cigarette smok-
ing, and examination date. Symptoms resolved in workers transferred 
from the amines unit. Grant (1986) reported that industrial exposure to 
EDA vapors for several hours at concentrations too low to cause discom-
fort or disability (exposure undefined) caused reversible edema of the 
corneal epithelium that was generally painless and caused colored halos 
to be seen around lights. 

Popa et al. (1969) found that 4/6 workers with EDA-induced bron-
chial asthma (no prior history of respiratory ailments) had bronchocon-
striction immediately following a 5-min challenge with nebulized EDA. 
The EDA exposure concentration was 2 to 10-fold below concentrations 
that were non-irritating to control (non-sensitized) asthmatics, although 
no actual EDA concentrations were reported. The four workers had a 
62% reduction in the FEV1 and a 44% increase in respiratory resistance 
compared to non-sensitized asthmatic controls when examined 30 or 60 
min after exposure, a positive Prausnitz-Kustner IgE test, and eosino-
philia in the sputum but no precipitating antibodies to EDA. The other 
two workers had dyspnea 1-2 h after exposure but all inhalation and im-
munological tests were negative. None of the workers reacted to com-
mon allergens, indicating that EDA induced a state of hypersensitivity in 
the airways that was specific to EDA. 
 
 

2.3.  Neurotoxicity 
 

No human neurotoxicity studies were located for EDA exposure 
by any route. 

 
2.4.  Developmental/Reproductive Toxicity 

 
No human developmental or reproductive EDA studies were 

found. 
 
 

2.5.  Genotoxicity 
 

No human genotoxicity data were located. 
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2.6.  Carcinogenicity 
 

No human carcinogenicity studies were located with ethylenedia-
mine exposure by any route. The ACGIH (2004) and EPA (2005) con-
clude that there is insufficient evidence to implicate EDA as either a hu-
man or animal carcinogen (see Section 3.5.) 
 
 

2.7.  Summary 
 

Respiratory irritation and asthma-like symptoms were described in 
EDA-sensitized individuals exposed to EDA concentrations ranging 
from <1 ppm during a workday (Aldrich et al. 1987) to 30 ppm for 15 
min (Ng et al. 1991). An unusually large fraction of workers exposed to 
EDA vapor became sensitized and experienced asthmatic symptoms: 
33% in a Singapore chemical manufacturing plant (Ng et al. 1995), 11% 
in a modern U.S. manufacturing facility where it was used as a process 
chemical (Aldrich et al. 1987), and up 17% at a large U.S. chemical 
company (Dernehl 1951; Lewinsohn and Ott 1991). No human genotox-
icity or oncogenicity studies were located.  
 
 

3.  ANIMAL TOXICITY DATA 
 

The available single- and multiple-exposure animal studies in 
which the exposure concentration and duration were both specified are 
summarized in Table 4-4.  
 
 

3.1.  Acute Lethality 
 

3.1.1.  Rats 
 

Using the range-finding test that their laboratory developed, Smyth 
et al. (1951) reported that 0/6 rats exposed to 2,000 ppm for 8 h died but 
6/6 died after an 8-h exposure to 4,000 ppm EDA. No experimental de-
tails or other results were given in the study report, but subsequent publi-
cations by the same laboratory indicated that the observation period was 
two weeks, that the exposure concentrations were nominal and not ana- 
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lytically verified, and that the rats could be either males or females 
(Smyth et al. 1962). 

Sherman rats (15/sex) were exposed 7 h/day for up to 30 days to 
484, 225, 132, or 59 ppm EDA (nominal concentrations of 1,000, 500, 
250, and 125 ppm, respectively) (Pozzani and Carpenter 1954). Forma-
tion of a solid white reactant product on the inlet and outlet pipes and the 
walls of the exposure chamber was noted by the study authors, who pro-
posed this was the reaction product of EDA with atmospheric CO2, and 
was responsible for the 50% discrepancy between the measured and 
nominal EDA concentrations (20% was a typical discrepancy for other 
chemicals tested by this laboratory). The EDA atmospheres were gener-
ated using liquid EDA and an evaporator and EDA concentration was 
determined by titration. The four exposure groups were not run concur-
rently, and a separate control group was provided for each exposure 
group. Food and water were withheld from all animals during exposure. 
Animals that survived the entire 30 days were killed immediately after 
the last exposure and their liver and kidneys were weighed. Microscopic 
examination was performed on the lungs, heart, liver, kidney, adrenal 
gland, and spleen in the three highest dose groups, and on the kidneys, 
lungs, and liver in the 59 ppm group.  
 At 484 ppm, the earliest deaths occurred on days 3 and 5 (one rat 
each), and all rats died within 20 days of the first exposure due to com-
pound toxicity (11.4 days mean time to death); no controls died. Hair 
loss was almost complete by 10-15 exposure days. Most of the animals 
examined histologically had cloudy swelling in the liver and in the kid-
ney convoluted tubules (some had kidney degeneration), and congested 
lungs (17/28), and some had congestion of the adrenal cortex (5/28). Of 
the 30 rats exposed to 225 ppm EDA, 16 had “toxic deaths,” 4 survived 
for 30 days, and 10 deaths were due to lung infections and were consid-
ered by the study author to be unrelated to treatment (although only 2 
rats in the concurrent control group had lung infections; it was not speci-
fied whether these animals died). The mean time to death was 17.4 days, 
with the first animals dying on exposure days 4, 5, and 9 (2, 1, and 2 rats 
per day, respectively). The four surviving rats had a significantly lower 
weight gain and increased liver and kidney weights after 30 days than the 
controls, some hair loss, and most rats had cloudy swelling of the liver 
and kidney convoluted tubules. About 1/3 of the rats had congested 
lungs, however, a similar fraction of the control rats also had congested 
lungs. Animals exposed to 132 ppm had slight depilation and 1/26 rats 
(vs. 0/27 for controls) had “major” unspecified histopathological find-
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ings; the 4 deaths at 132 ppm were attributed to lung infections and not 
considered “toxic deaths” (3 control animals had infections; death not 
specified). All 59 ppm rats survived the 30 exposures with no reported 
toxic effects.  

 
 

3.1.2.  Mice 
 

Izmerov et al. (1982) reported an inhalation LC50 of 300 ppm for 
the mouse. The exposure duration and other experimental details were 
not provided. 

 
 

3.2.  Nonlethal Toxicity 
 

3.2.1.  Rats 
 

In the multiple-exposure study of Pozzani and Carpenter (1954), 
and described in section 3.1.1., Sherman rats exposed to 59 ppm 7 h/day 
for up to 30 days had no toxic effects, those exposed to 132 ppm had hair 
loss and a slight increase in the incidence of microscopic lesions, and rats 
exposed to 225 or 484 ppm died and/or had hair loss and liver, kidney, 
and lung lesions.  

Male Wistar albino rats exposed to a nominal concentration of 
1,000 ppm EDA for 30, 60, 120, 240, or 480 min (6 rats/exposure time) 
all survived the 2-week observation period (Carpenter et al. 1948). 
Histopathological examination of rats exposed for 8 h revealed “light 
cloudy swelling of the kidney” and bronchiolar edema (results for shorter 
exposure periods were not given).  

Several published rat inhalation studies were poorly reported but 
help provide an overall picture of EDA acute toxicity. Dubinina et al. 
(1997) conducted acute and multiple-exposure rat studies in which EDA 
was administered as a mixture of vapor and aerosol for an unspecified 
number of hours/day. A single exposure to 1.94 mg/m3 caused a change 
in the respiration frequency of rats (faster/ slower not specified), 6.36 
mg/m3 led to changes in blood catalase and peroxidase activities, 20.75 
mg/m3 increased body temperature and lung lesions, and 430 mg/m3 
caused mortality. Rats inhaling 2.43 mg/m3 EDA for ≥4 months had low-
ered body weight gains, altered CNS activity, increased eosinophil 
counts, catalase activity, and liver, lung, and kidney lesions; rats inhaling 
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0.814 mg/m3 EDA had less frequent changes in behavior, transiently ele-
vated eosinophils and gamma-globulins, and reversible alterations in the 
organ histology; and rats inhaling 0.2 mg/m3 had no toxicity. Fukalova 
and Dubinina (1992) found that male rats exposed to 0.7 mg/m3 EDA for 
2 weeks to 4 months had altered substrate specificity of monoamine oxy-
genase (MAO) enzymes after 2 months but no pronounced signs of tox-
icity. 
 
 
3.2.2.  Guinea Pigs 
 

Guinea pigs (mixed sex) were exposed to a nominal concentration 
of 1,000 ppm EDA for 30, 60, 120, 240, or 480 min (six pigs/exposure 
time) by Carpenter et al. (1948) (study described in Section 3.2.1.). All 
the animals survived the 2-week observation period, and microscopic 
examination of animals exposed for 8 h revealed “light cloudy swelling 
of the kidney” and bronchiolar edema of unspecified severity. 

Dubinina et al. (1997) exposed guinea pigs to 2.43, 0.814, or 0.2 
mg/m3 EDA vapor/aerosol for ≥4 months (hours/day not given), as de-
scribed for rats in Section 3.2.1. High-dose animals had lower total body 
weight gain, increased relative lung and kidney weights, and microscopic 
lesions in the liver, lungs, and kidneys. Mid-dose animals had reversible 
histopathological changes, and the low-dose animals had no toxicity. A 
one-month exposure to 1.21 mg/m3 EDA (hours/day not given) caused 
“significant reorganization of the immune system,” as characterized by 
skin tests and by in vitro assays for immune cells (protocols not de-
scribed). 
 
 

3.3.  Neurotoxicity 
 

No animal neurotoxicity studies were located with EDA exposure 
by any route. 
 
 

3.4.  Developmental/Reproductive Toxicity 
 

In the study by Dubinina et al. (1997) in which rats were exposed 
for ≥4 months to 2.43, 0.814, or 0.2 mg/m3 EDA vapor/aerosol (proce-
dure and numerous deficiencies of this study were described in Sections 
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3.2.1.), the reproductive and embryotoxicity of EDA were also assessed. 
A statistically significant decrease in the number of spermatogonia was 
observed in the high-dose males (p<0.01). There were no changes in 
ovarian function, or in the pre- and postimplantation fetal morbidity, the 
number of progeny per female, or the body weight of the offspring. 
However, the offspring of exposed males and unexposed females had 
changes in leukocyte counts, whereas offspring of exposed females and 
unexposed males had a delay in body mass increase, changes in CNS 
characteristics, and decreased levels of peripheral blood hemoglobin, 
erythrocytes and leukocytes. Exposure to 0.814 mg/m3 EDA led to no 
gonad morphofunctional changes, although minor changes in the prog-
eny of the experimental animals (behavior, levels of blood eosinophils 
and gamma-globulins) were observed. The lowest exposure concentra-
tion caused no toxicological effects. 

Several developmental or reproductive studies were conducted on 
animals by oral EDA exposure. No teratogenic effects were found in fe-
tuses of pregnant female F344 rats given 50, 250, or 1,000 mg EDA-
2HCl/kg/day in the diet during gestation days 6-15 in a conventional 
teratogenicity study, or given 0 or 1,000 mg EDA/kg/day in a pair-
feeding study (DePass et al. 1987). No reproductive toxicity was seen in 
a two-generation study in which F344 rats were given 50, 150, or 500 mg 
EDA dihydrochloride/kg/day in the diet (Yang et al. 1984a). Parameters 
examined included the fertility index, days from mating to parturition, 
the fraction of pregnancies resulting in litters with live pups, fraction of 
pups alive at birth, litter size, and 0-4 day, 4-14 day, and 4-21 day pup 
survival indices and body weight. Both sexes of the high dose F0 and F1 
parents, however, had toxic effects (lowered weight gain, decreased liver 
weight, increased kidney weight, and hepatocellular pleiomorphism). No 
maternal or fetal toxicity occurred at gestational day 30 in pregnant 
NZW rabbits gavaged with 0, 10, 40, or 80 mg EDA/kg/day (as aqueous 
EDA-2HCl) on gestational days 6-19 (Price et al. 1993). Conversely, 
EDA (400 mg/kg/day) given to 50 pregnant CD-1 mice by gavage on 
days 6-13 of gestation caused reduced birth weights and weight gains in 
the offspring, but no maternal toxicity (Hardin et al. 1987). 
 
 

3.5.  Genotoxicity 
 

EDA caused a weakly positive response in Salmonella typhi-
murium TA100 and TA1535, with or without addition of rat liver S9 
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homogenate (Hedenstedt 1978; Hulla et al. 1981; Haworth et al. 1983). 
Leung (1994), however, obtained a negative response in the Salmonella 
mutagenicity assay using strains TA98, TA100, TA1535, TA1537, and 
TA1538 (±S9 homogenate). EDA did not induce sister chromatid ex-
changes or HGPRT mutations in CHO cells with or without rat liver S9 
activation and did not induce unscheduled DNA synthesis in primary rat 
hepatocytes (Slesinski et al. 1983). EDA was negative in a dominant le-
thal assay in which male Fischer 344 rats were given 0.05-0.5 mg/kg/day 
EDA-2HCl in the diet for 23 weeks, and then mated for 3 weeks (Slesini-
ski et al. 1983). EDA was negative in the Drosophila sex-linked reces-
sive lethal assay when administered to adult Canton-S wild-type males in 
the diet (10,000 or 20,000 ppm) or by injection (1,500 ppm) (Zimmering 
et al. 1985). 
 
 

3.6.  Carcinogenicity 
 

No inhalation-exposure carcinogenicity studies were located in the 
literature. No neoplasms were seen in a multi-generation carcinogenicity 
study in which F344 rats were given 50, 150, or 500 mg EDA dihydro-
chloride/kg/day in the diet (Yang et al. 1984b). The F0 parents were 
given the compound for 100 days before mating, and the F1 offspring 
were fed the same dietary concentrations of EDA dihydrochloride. No 
evidence of epidermal tumors (or life shortening) was seen in a lifetime 
skin application assay in male C3H/HeJ mice in which 25 µl of 1% EDA 
in water was applied 3× per week until death (DePass et al. 1984). 

The ACGIH (2004) has concluded that there is inadequate evi-
dence in humans and in experimental animals to establish the carcino-
genicity of ethylenediamine and places it in carcinogenicity group A4 
(“not classifiable as a human carcinogen”). The Environmental Protec-
tion Agency (EPA) classifies EDA as carcinogenicity weight-of-
evidence group D:  not classifiable as to human carcinogenicity, based on 
no human data and inadequate animal data (EPA 2005). 
 
 

3.7.  Summary 
 

The database for EDA inhalation animal studies is very limited, 
with many studies missing critical information. Carpenter et al. (1948) 
showed that one 8-h exposure of rats or guinea pigs to a nominal concen-
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tration of 1,000 ppm resulted in no deaths but did cause lung edema and 
kidney swelling. [A nominal concentration of 1,000 ppm was found to be 
484 ppm analytical in another study by the same laboratory (Pozzani and 
Carpenter, 1954), which showed that analytical EDA concentration is 
approximately 50% of the nominal concentration.] In a subsequent 
range-finding study, Smyth et al. (1951) determined that an 8-h exposure 
to 2,000 ppm EDA (nominal; analytical was likely ~1,000 ppm) caused 
no deaths whereas 6/6 rats died at 4,000 ppm (nominal; analytical was 
likely ~2,000 ppm); no effects other than death were described. Pozzani 
and Carpenter (1954) found that rats exposed 7 h/day for up to 30 days to 
59 ppm had no effects, at 132 ppm had hair loss and a slight increase in 
the incidence of “major” microscopic lesions (types of lesions were not 
specified), whereas most or all rats exposed to 225 or 484 ppm died and 
had liver, kidney, and lung lesions. Dubinina et al. (1997) and Fukalova 
and Dubinina (1992) conducted several acute and multiple-exposure in-
halation studies using rats and guinea pigs, although the significance of 
their results is questionable due to numerous study deficiencies. 

EDA showed little genotoxic activity, as most assays yielded 
negative or weakly positive responses. No inhalation-exposure carcino-
genicity studies were located, and animal dietary and skin painting stud-
ies yielded negative results (Yang et al. 1984b; DePass et al. 1984).  
 
 

4.  SPECIAL CONSIDERATIONS 
 

4.1.  Metabolism and Disposition 
 

No human or animal studies were located that described the me-
tabolism or disposition of ethylenediamine following inhalation expo-
sure. Animal and human studies have shown that amines are well ab-
sorbed from the gut, respiratory tract, and skin (Benya and Harbison 
1994). 

The metabolism and pharmacokinetics of EDA were studied in 
male Hilltop Wistar rats. They were given a single dose of 5, 50, or 500 
mg/kg [14C]EDA-2HCl solution orally, intravenously, or endotracheally 
for 24 or 48 h (Yang and Tallant 1982). The vast majority of radiolabel 
was excreted within 24 h by all exposure routes, the urine being the pri-
mary excretion route and accounting for 42-65% of the given radioactiv-
ity. The feces accounted for about 10-12% of the endotracheally admin-
istered radiolabel, and for 4.5-16% and 12-31% of the radioactivity given 
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orally and intravenously, respectively. A substantial amount of radioac-
tivity was found in the expired air as 14CO2 (5-8%) and in the major or-
gans and carcass (1.7-2.7% and 9.1-19%, respectively) for all three expo-
sure routes. The thyroid, liver, kidneys, and bone marrow contained the 
greatest amount of radioactivity on a per gram basis. Bioavailability 
(AUCoral/endo/AUCiv), total clearance, terminal half-life, and AUC were 
similar for the three exposure routes; minor differences in parameter val-
ues were seen among the three doses. AG 50W cation exchange chroma-
tography identified N-acetylethylenediamine as the major metabolite in 
the urine and the feces by all three exposure routes. Yang and Tallant 
(1982) proposed that N-acetylation is the primary metabolic pathway for 
EDA, with aminoacetaldehyde and ethanolamine also being formed as 
intermediates before final conversion to CO2. Based on the pharmacoki-
netic and metabolic results, the study authors concluded that the fate of 
EDA was similar following oral and endotracheal administration at 5 and 
50 mg/kg. 

Hilltop Swiss Webster mice dosed orally with 5 mg/kg [14C]EDA 
excreted approximately 70% of the radiolabel in the urine, 5% in the fe-
ces, and 12% as 14CO2 at 48 h after dosing (Yang et al. 1978). The major 
organs contained a small amount of radioactivity. 

Pharmacokinetic studies were conducted using Fischer 344 rats 
that were part of a two-year chronic toxicity dietary study with EDA di-
hydrochloride (Yang et al. 1984b). Male and female rats (43 days old) 
were initially given a single per os dose of 50 mg [14C]EDA-2HCl per kg 
body weight on day 0, prior to EDA dietary treatment. After 6 and 18 
months, rats receiving 0 (control) or 350 mg EDA/kg/day (high-dose) in 
the diets were given a single per os dose of 50 mg [14C]EDA-2HCl per 
kg body weight. The rats showed no sex-related, age-related, or chronic 
dosing-related differences in the absorption rate or terminal half-life. 
However, the older rats had 2-3 times greater AUC than the younger rats, 
which correlated with their smaller volume of distribution (1/4 to ½ that 
of day 0 rats), and the 14CO2 production rate constant (from 14C-EDA) 
was slightly (≤18%) but statistically significantly greater in the females 
than males. Approximately 10-22% of the administered radiolabel ap-
peared as expired 14CO2, and urinary and fecal excretion accounted for 
39-51% and 11-30% of the administered dose, respectively. Most of the 
excreted radioactivity was as metabolites. 
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4.2.  Mechanism of Toxicity 
 

Ethylenediamine is highly alkaline, water soluble and lipid-soluble 
skin and respiratory sensitizer and irritant. Its alkalinity is likely respon-
sible for the corneal and skin lesions described in humans and animals, 
and for respiratory irritation leading to lung edema that may occur in 
humans. However, respiratory irritation as the sole end point was not 
reported in any human studies, which only examined asthmatic symp-
toms in EDA-sensitized workers. Animal inhalation studies also did not 
report EDA-induced irritation but found liver, kidney, and lung lesions. 
The mechanism by which EDA sensitizes humans and causes internal 
organ lesions is unknown. 

Several studies examined the mechanism of EDA-induced asthma 
in humans. Workers with EDA-induced bronchial asthma had notable 
bronchoconstriction immediately after exposure to EDA at concentra-
tions below those that were non-irritating to unsensitized asthmatics 
(Popa et al. 1969). A delayed asthmatic response (several hours after ex-
posure) was seen in several studies in EDA-sensitized workers (Lam and 
Chan-Yeung 1980, Nakazawa and Matsui 1990, and Ng et al. 1991). His-
tamine did not appear to be an important mediator because plasma his-
tamine levels were unchanged in venous blood during bronchoconstric-
tion in occupationally exposed workers (Lam and Chan-Yeung 1980; 
Nakazawa and Matsui 1990). Evidence for an immunological mechanism 
was inconclusive because precipitable EDA antibody was not found in 
sensitized workers although IgE and eosinophil levels were increased 
(Popa et al. 1969, Lam and Chan-Yeung 1980, Nakazawa and Matsui 
1990). 
 
 

4.3.  Structure-Activity Relationships 
 

Inhalation toxicity information about chemicals related structurally 
to EDA was very limited. Repeated exposure of rabbits to 100 ppm 
ethylamine (C2H7N) caused lung, liver, and kidney damage, lung irrita-
tion, and corneal injury (Benya and Harbison 1994). One worker exposed 
to up to 28 ppm hexamethylene diamine (C6H16N2) developed acute 
hepatitis and dermatitis following an unspecified number of exposures 
(Benya and Harbison 1994). Asthmatic symptoms were associated with 
occupational exposure to a TWA of approximately 0.085 and 0.34 ppm 
piperizine (C4H10N2) (Hagmar et al. 1982). 
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Leung and Auletta (1997) compared the allergic contact skin sen-
sitization and cross-reaction potential of EDA and eight other al-
kyleneamines using the guinea pig maximization test (10 animals/sex). 
Sensitizing potency was inversely correlated with the number of amine 
groups. EDA was the most potent skin sensitizer and skin irritant, and 
elicited the greatest cross-reaction in guinea pigs originally sensitized 
with the other amines, when tested as either the inducing or challenge 
agent. 

 
 

4.4.  Other Relevant Information 
 

4.4.1.  Species Variability 
 

EDA toxicity in a species other than the rat was examined in only 
one inhalation study, in which rats and guinea pigs exposed for 8 h to 
1,000 ppm EDA (nominal; analytical approximately 484 ppm) did not 
die but had lung edema and kidney swelling (Carpenter et al. 1948). No 
differences in the response of the two species were reported, although 
only a very brief description of the experimental results was provided.  
 
 
4.4.2.  Susceptible Populations 
 

A susceptible human subpopulation exists, consisting of persons 
who have become sensitized to EDA either through work or by living in 
a community near a plant that uses EDA. Workers have reported symp-
toms including chronic cough, phlegm, wheezing, and exertional breath-
lessness when exposed to EDA, which typically disappear upon cessation 
of EDA exposure. Aldrich et al. (1987) showed that persons exposed to 
<1 ppm EDA became sensitized in an occupational setting after exposure 
for approximately 7 months (smokers) to 37.3 months (nonsmokers). In 
the case of community residents, people may become sensitized to EDA 
over time from periodic but persistent exposures resulting from fugitive 
or routine emissions.  

EDA-sensitized people may experience more severe and/or idio-
syncratic response to a given concentration and exposure duration com-
pared to non-sensitized people. Popa et al. (1969) showed that EDA-
sensitized individuals had an asthmatic response to EDA at concentra-
tions not irritating to unsensitized asthmatics, although exposure concen-
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trations were not stated. Because the qualitative and quantitative differ-
ences in the response of nonsensitized and sensitized people to EDA are 
undefined, an uncertainty factor to specifically account for previously 
sensitized people cannot be determined. The derived AEGL values are 
for a once-in-a-lifetime exposure and do not consider previous sensitiza-
tion. 
 
 
4.4.3.  Concentration-Exposure Duration Relationship 
 

No data were available from which to determine the concentration-
time relationship for EDA toxic effects. Ten Berge et al. (1986) deter-
mined that the concentration-time relationship for many irritant and sys-
temically acting vapors and gases may be described by Cn × t = k, where 
the exponent n ranges from 0.8 to 3.5, and n ranged from 1 to 3 for 90% 
of the chemicals examined. To obtain protective AEGL 30-, 60-, and 
240-min values, scaling across time was performed using n = 3 and the 
ten Berge equation, except that the 10-min value was not extrapolated 
from 8 h (exposure duration in the key studies) because extrapolating 
from ≥4 h to 10 min is associated with unacceptably large inherent un-
certainty, and the 30-min value was adopted for 10 min to be protective 
of human health (NRC 2001). 
 
 
4.4.4.  Concurrent Exposure Issues 
 

Workers may be exposed to other dermal and/or respiratory sensi-
tizers which could potentially increase susceptibility to EDA, although 
the degree of cross-sensitization in humans is not defined. EDA-
sensitized workers exposed to EDA dermally or by inhalation did not 
cross-react to aminophylline (molecular combination of EDA and theo-
phylline), ethylenediamine tetraacetate, or procaine (4-aminbenzoic acid-
2(diethylanimo)ethyl ester) (Popa et al. 1969). In a guinea pig maximiza-
tion test (Leung and Auletta 1997), a comparison of the allergic contact 
skin sensitization and cross-reaction potential of EDA and eight other 
alkyleneamines showed that EDA was the most potent skin sensitizer and 
skin irritant. EDA elicited the greatest cross-reaction in guinea pigs 
originally sensitized with the other alkyleneamines. 

 
 



168             Acute Exposure Guideline Levels 
 

5.  RATIONALE FOR AEGL-1 
 

5.1.  Summary of Human Data Relevant to AEGL-1 
 

No human studies were located with end points consistent with the 
definition of AEGL-1. In the available studies, the exposure time was 
either too short (5-10 sec exposure by Pozzani and Carpenter 1954), not 
given (Aldrich et al. 1987; Ng et al. 1995), or the exposure concentration 
was not specified (Nakazawa and Matsui 1990). 
 
 

5.2.  Summary of Animal Data Relevant to AEGL-1 
 

In the multiple-exposure study of Pozzani and Carpenter (1954), 
Sherman rats (15/sex/dose) exposed 7 h/day for up to 30 days to 59 ppm 
had no toxic effects, rats exposed to 132 ppm had hair loss and a slight 
increase in the incidence of microscopic lesions, and those exposed to 
225 or 484 ppm died and/or had hair loss and liver, kidney, and lung le-
sions.  
 
 

5.3.  Derivation of AEGL-1 
 

AEGL-1 values, as shown in Table 4-5, were not recommended 
because none of the available human or animal data were considered 
adequate. The multiple-exposure study of Pozzani and Carpenter (1954), 
in which rats exposed to 59 ppm 7 h/day for up to 30 days had no toxic 
effects, was not used because it was not associated with a specific end 
point within the scope of the AEGL-1 definition. Absence of AEGL-1 
values does not imply that exposure to concentrations below the AEGL-2 
is without adverse effects. 

 
 

TABLE 4-5  AEGL-1 Values for Ethylenediamine 
10 min 30 min 1 h 4 h 8 h 
Not recommended due to insufficient data. 

 



Ethylenediamine                 169 
 

6.  RATIONALE FOR AEGL-2 
 

6.1.  Summary of Human Data Relevant to AEGL-2 
 

The only human study for which both the exposure concentration 
and duration were defined was the bronchial provocation test in which a 
31-year-old male EDA-sensitized chemical worker exposed to 30 ppm 
EDA for 15 min had a delayed asthmatic response (Ng et al. 1991). He 
had decreased peak flow rate 3 h after exposure and coughed, wheezed, 
was breathless and had a further fall in peak flow rate 12 h after expo-
sure. He improved after treatment with nebulized ventolin (bronchodila-
tor). However, because an asthmatic response can encompass either 
AEGL-2 or AEGL-3 effects and the response of non-sensitized persons 
to the same exposure scenario is unknown, this study was not considered 
appropriate for derivation of AEGL-2 values.  
 
 

6.2.  Summary of Animal Data Relevant to AEGL-2 
 

Two animal studies are potentially useful for AEGL-2 derivation: 
(1) the single-exposure study in which rats and guinea pigs exposed for 
30 min to 8 h to 0 or ~484 ppm EDA (1,000 ppm nominal) all survived 
and had “light cloudy swelling of the kidney” and bronchiolar edema of 
unspecified severity (Carpenter et al. 1948), and (2) the 30-day study (7 
h/day) by Pozzani and Carpenter (1954) in which rats (15/sex/dose) ex-
posed to 59 ppm had no toxic effects, rats exposed to 132 ppm had hair 
loss, and one rat had an unspecified microscopic lesion; rats exposed to 
225 ppm had fractional mortality (earliest death, day 4) and kidney and 
liver lesions; and rats exposed to 484 ppm all died from ≤20 exposures 
(earliest death, day 3) and most had liver, kidney, and/or lung lesions. 
 
 

6.3.  Derivation of AEGL-2 
 

AEGL-2 values were based on the Carpenter et al. (1948) study in 
which rats and guinea pigs (6/group) exposed for 8 h to approximately 
484 ppm EDA (1,000 ppm nominal) had bronchiolar edema of unspeci-
fied severity and “light cloudy swelling of the kidney” but none died 
(Carpenter et al. 1948). No studies were available from which to deter-
mine the EDA concentration-time relationship, so scaling to exposure 
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times <8 h was performed with the ten Berge et al. (1986) equation Cn × t 
= k, where n = 3 was used to obtain AEGL values for 30, 60, and 
240 min and the 30-min value was adopted as the 10-min value, as dis-
cussed in section 4.4.3. An uncertainty factor of 3 was used for interspe-
cies variability because a similar response was seen in two species, and a 
modifying factor of 3 because the key study did not specify the severity 
of the bronchiolar edema. An intraspecies uncertainty factor of 10 was 
applied because the data were insufficient to determine the mode of lung 
and kidney lesions (or which was the more sensitive end point) in the key 
study and consequently the potential variability of the human response to 
EDA. Note that UF (30) × MF (3) is rounded to 100 for simplicity, per 
Section 2.9.2. of the SOP (NRC 2001). The developed AEGL-3 values 
are shown in Table 4-6; calculations are detailed in Appendix A. The 
AEGL-2 values are supported by the Pozzani and Carpenter (1954) 
study, in which 1/26 rats had unspecified lesions but no mortality after 
30 exposures to 132 ppm EDA for 7 h/day. 

EDA-sensitized individuals may experience more severe and/or 
different effects at a given exposure concentration or duration than non-
sensitized people. The qualitative and quantitative differences in the re-
sponse of the two groups are undefined.  
 
 

7.  RATIONALE FOR AEGL-3 
 

7.1.  Summary of Human Data Relevant to AEGL-3 
 

No quantitative information on lethal EDA exposure in humans 
was located. An EDA-sensitized chemical worker challenged with 30 
ppm EDA for 15 min had a delayed asthmatic response (Ng et al. 1991) 
that was ameliorated by the administration of a bronchodilator. This 
study was not used for derivation of AEGL-3 values because it is unclear 
what would have happened to this individual without medical interven-
tion, and an asthmatic response can encompass either AEGL-2 or AEGL-
3 effects. Additionally, the quantitative and qualitative differences in the  
 

 
TABLE 4-6  AEGL-2 Values for Ethylenediamine 
10 min 30 min 1 h 4 h 8 h 
12 ppm 
(30 mg/m3) 

12 ppm 
(30 mg/m3) 

9.7 ppm 
(24 mg/m3) 

6.1 ppm 
(15 mg/m3) 

4.8 ppm 
(12 mg/m3) 
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response of non-sensitized persons to the same exposure scenario is un-
known. 
 
 

7.2.  Summary of Animal Data Relevant to AEGL-3 
 

Two studies are relevant for deriving AEGL-3 values:  (1) the 
range-finding test of Smyth et al. (1951) in which 0/6 rats exposed to 
approximately 1,000 ppm (2,000 ppm nominal) for 8 h died but 6/6 died 
after an 8-h exposure to 2,000 ppm EDA (4,000 ppm nominal). Few ex-
perimental details were provided and the effects on the animals (besides 
death) were not described, and (2) the 30-exposure study (7 h/day) by 
Pozzani and Carpenter (1954) in which rats (15/sex/dose) exposed to 59 
ppm had no toxic effects, rats exposed to 132 ppm had hair loss and one 
rat had an unspecified microscopic lesion, rats exposed to 225 ppm had 
fractional mortality (earliest death day 4) and kidney, and lung lesions, 
and rats exposed to 484 ppm all died from ≤20 exposures (earliest death 
day 3) and most had liver, kidney, and/or lung lesions. 
 
 

7.3.  Derivation of AEGL-3 
 

AEGL-3 derivation was based on the range-finding study in which 
0/6 rats died after an 8-h exposure to ~1,000 ppm (2,000 ppm nominal) 
but 6/6 died at 4,000 ppm (nominal) (Smyth et al. 1951).  Toxic effects 
(other than death) were not described, and 1,000 ppm was considered to 
be the lethality threshold. Data were not available to determine the con-
centration-time relationship, and scaling across time was performed us-
ing the equation Cn × t = k and n = 3, as was done for AEGL-2 and is 
discussed in Section 4.4.3. A total uncertainty factor of 100 was applied: 
10 for interspecies variability (cause of death was undefined and there 
were no studies using other species) and 10 for intraspecies variability 
(lack of toxicity data in key study precludes definition of the mode or 
variability of the toxic response in humans). Target organs (liver and 
kidneys) were identified in a study where rats received 225 ppm EDA 7 
h/day for up to 30 days (first deaths on exposure day 4), although the 
mode of toxicity was unclear (Pozzani and Carpenter 1954). The devel-
oped AEGL-3 values are shown in Table 4-7; calculations are detailed in 
Appendix A. 
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EDA-sensitized individuals may experience more severe and/or 
different effects at a given exposure concentration or duration than non-
sensitized people. The qualitative and quantitative differences in the re-
sponse of the two groups are undefined. 
 
 

8.  SUMMARY OF AEGLs 
 

8.1.  AEGL Values and Toxicity End Points 
 

A summary of the AEGL values for EDA and their relationship to 
one another are shown in Table 4-8. AEGL-1 values were not developed 
due to insufficient data. Absence of AEGL-1 values does not imply that 
exposure to concentrations below the AEGL-2 is without adverse effects. 
AEGL-2 values were based on the Carpenter et al. (1948) study in which 
rats and guinea pigs (6/group) exposed for 8 h to approximately 484 ppm 
EDA (1,000 ppm nominal) had bronchiolar edema of unspecified sever-
ity and “light cloudy swelling of the kidney” but none died (Carpenter et 
al. 1948). No studies were available from which to determine the EDA 
concentration-time relationship, but scaling to exposure times <8 h was 
performed with the ten Berge et al. (1986) equation Cn × t = k where n = 
3 was used obtain protective AEGL values for 30, 60, and 240 min and 
the 30-min value was also adopted for 10 min, as discussed in section 
4.4.3. An uncertainty factor of 3 was used for interspecies variability be-
cause a similar response was seen in two species, and a modifying factor 
of 3 because the key study did not specify the severity of the bronchiolar 
edema. An intraspecies uncertainty factor of 10 was applied because the 
data were insufficient to determine the mode of lung and kidney lesions 
(or which was the more sensitive end point) in the key study and conse-
quently the potential variability of the human response to EDA. 

The AEGL-3 was based on a range-finding study in which 0/6 rats 
died after an 8-h exposure to ~1,000 ppm (2,000 ppm nominal) but 6/6 
died at 4,000 ppm (nominal) (Smyth et al. 1951). Toxic effects (other  
 

 
TABLE 4-7  AEGL-3 Values for Ethylenediamine 
10 min 30 min 1 h 4 h 8 h 
25 ppm 
(62 mg/m3) 

25 ppm 
(62 mg/m3) 

20 ppm 
(49 mg/m3) 

13 ppm 
(32 mg/m3) 

10 ppm 
(25 mg/m3) 
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TABLE 4-8 Summary of AEGL Values for Ethylenediamine 
Classification 10 min 30 min 1 h 4 h 8 h 
AEGL-1 
(Non-
disabling) 

Not recommended due to insufficient data. 

AEGL-2 
(Disabling) 

12 ppm 
(30 mg/m3) 

12 ppm  
(30 
mg/m3) 

9.7 ppm  
(24 
mg/m3) 

6.1 ppm 
(15 
mg/m3) 

4.8 ppm 
(12 
mg/m3) 

AEGL-3 
(Lethal) 

25 ppm 
(62 mg/m3) 

25 ppm 
(62 
mg/m3) 

20 ppm 
(49 
mg/m3) 

13 ppm  
(32 
mg/m3) 

10 ppm  
(25 
mg/m3) 

 
 

than death) were not described, and 1,000 ppm was considered to be the 
lethality threshold. Data were not available to determine the concentra-
tion-time relationship, and scaling across time was performed using the 
equation Cn × t = k and n = 3, as was done for AEGL-2. A total uncer-
tainty factor of 100 was applied: 10 for interspecies variability (cause of 
death was undefined and there were no studies using other species) and 
10 for intraspecies variability (lack of toxicity data in key study pre-
cludes definition of the mode or variability of the toxic response in hu-
mans). Kidney and liver toxicity and death occurred in rats given 4 to 30 
exposures of 225 ppm EDA for 7 h/day in another study, although the 
mode of toxicity was unclear (Pozzani and Carpenter 1954). 

 
 
8.2.  Comparison with Other Standards and Guidelines 

 
The existing standards and guidelines for EDA are summarized in 

Table 4-9. 
 The ACGIH TLV-TWA of 10 ppm (25 mg/m3; skin notation) is 
based on a rat 90-day oral exposure study in which the NOEL was 23 
mg/kg/day (Yang et al. 1978) and a 30-day rat inhalation study in which 
the NOEL was 59 ppm (Pozzani and Carpenter 1954). ACGIH defines 
the critical toxic EDA effects as irritation, asthma, and sensitization 
(ACGIH 2004). The OSHA PEL-TWA and NIOSH REL-TWA are also 
10 ppm (25 mg/m3), intended to avert EDA toxic effects including irrita-
tion of nose and respiratory system, dermal sensitization, asthma, liver 
and kidney damage (NIOSH 2005b; OSHA 2005). The NIOSH IDLH for 
ethylenediamine was lowered from 2,000 ppm to 1,000 ppm in 1994, 
NIOSH noting that 1,000 ppm may be a conservative value due to the 
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lack of relevant acute toxicity data for occupational exposure between 
1,000 and 2,000 ppm (NIOSH 2005b).  
 Aldrich et al. (1987) suggested that because there was evidence 
that EDA sensitization occurred (in coater machine operator) when the 
EDA concentrations were <1 ppm, the present TLV of EDA of 10 ppm 
should be reconsidered (study described in Section 2.2).  
 The 10-ppm occupational exposure limit is also used in other 
countries including Australia, Belgium, Denmark, Finland (20 ppm 
STEL), France (15 ppm STEL), Germany, Japan, the Netherlands, the 
Phillippines, Russia, Sweden (15 ppm STEL), Switzerland (20 ppm 
STEL), Turkey, and the U.K. (RTECS 2005). 

 
 

TABLE 4-9 Extant Standards and Guidelines for Ethylenediamine 
(ppm) 

Exposure Duration 

Guideline 10 min 30 min 1 h 4 h 8 h 

AEGL-1 Not recommended due to insufficient data. 

AEGL-2 12 12 9.7 6.1 4.8 

AEGL-3 25 25 20 13 10 

PEL-TWA  (OSHA)a     10 

IDLH (NIOSH)b  1,000    

REL-TWA (NIOSH)c     10 

TLV-TWA (ACGIH)d     10 

MAK  (Germany)e     10 

MAK Peak Limit  (Germany)f 20  
(15 min) 

    

MAC (Netherlands)g     7 

LLV (Sweden)h     10 

STV (Sweden)i 15     
aOSHA PEL-TWA (Occupational Safety and Health Administration, Permissi-
ble Exposure Limits - Time Weighted Average) (OSHA 2005) is defined analo-
gous to the ACGIH-TLV-TWA, but is for exposures of no more than 10 h/day, 
40 h/week. 
bIDLH (Immediately Dangerous to Life and Health, National Institute of Occu-
pational Safety and Health) (NIOSH 2005b) represents the maximum concentra-
tion from which one could escape within 30 minutes without any escape-
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impairing symptoms, or any irreversible health effects.  The IDLH for EDA is 
based on a study in which rats exposed to 2,000 ppm (~1,000 ppm analytical; 
see text) for 8 h had 0/6 deaths but exposure to 4,000 ppm (~2,000 ppm analyti-
cal; see text) for 8 h caused 6/6 deaths (Smyth et al. 1951). 
cNIOSH REL-TWA (National Institute of Occupational Safety and Health, Rec-
ommended Exposure Limits - Time Weighted Average) (NIOSH 2005a,b) is 
defined analogous to the ACGIH-TLV-TWA. 
dACGIH TLV-TWA (American Conference of Governmental Industrial Hygien-
ists, Threshold Limit Value - Time Weighted Average) (established 1956, skin 
notation added 1987; ACGIH 1996) is the time-weighted average concentration 
for a normal 8 h workday and a 40-h workweek, to which nearly all workers 
may be repeatedly exposed, day after day, without adverse effect. 
eMAK (Maximale Arbeitsplatzkonzentration [Maximum Workplace Concentra-
tion]) (DFG 2002 [Deutsche Forschungs-gemeinschaft or German Research 
Association]) is defined analogous to the ACGIH-TLV-TWA. 
fMAK Spitzenbegrenzung (Peak Limit [Category V]) (DFG 2002) constitutes 
the maximum “momentary value” concentration (monitoring may use an aver-
age value) to which workers can be exposed for a period up to 15 minutes with 
no more than 4 exposure periods per work shift; total exposure may not exceed 8 
h MAK. 
gMAC (Maximaal Aanvaarde Concentratie [Maximal Accepted Concentration]) 
(SDU Uitgevers 2000 [under the auspices of the Ministry of Social Affairs and 
Employment, The Hague, The Netherlands]) is defined analogous to the 
ACGIH-TLV-TWA. A footnote was present indicating EDA may be a sensi-
tizer. 
hLLV (Level Limit Value) Swedish Occupational Exposure Limits.  2000. By 
Ordinance of the Swedish National Board of Occupational Safety and Health, 
Adopted 28th July, 2000. Defined analogous to the ACGIH-TLV-TWA. 
iSTV (Short-Term Value) Swedish Occupational Exposure Limits.  2000.  By 
Ordinance of the Swedish National Board of Occupational Safety and Health, 
Adopted 28th July, 2000.  Defined as a recommended value consisting of a time-
weighed average for exposure during a reference period of 15 minutes. 
 
 

8.3.  Data Quality and Research Needs 
 

Although EDA is a high production volume chemical, very few 
inhalation toxicity studies were available for deriving AEGL values, and 
data were insufficient to determine the mode of EDA toxicity. In addition 
to causing lesions in the lungs, as is typical for respiratory irritants, EDA 
caused systemic effects including liver and kidney lesions. Studies were 
not available, and are needed, to determine the most sensitive target or-
gan, including whether irritation occurs at concentrations below those 
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causing kidney and liver lesions. Studies are also needed that can be used 
to derive the EDA concentration-time relationship (n in Cnt = k), which 
will ideally include exposure times of ≤1 h.  The small database, lack of 
mechanistic information, and shortcomings of the available studies led to 
the use of large uncertainty factors in developing AEGL values for EDA. 

Studies are needed in which effects within the scope of AEGL-1 
occurred, as no adequate human or animal studies were available to de-
rive AEGL-1 values. Only three animal studies (conducted by the same 
laboratory) were located for the development of AEGL-2 and AEGL-3 
values, and additional studies are needed to confirm these values. In the 
one single-exposure study adequate for AEGL-2 derivation, rats and 
guinea pigs were exposed for 30 min to 8 h to only one test concentration 
(~484 ppm EDA). Both species had bronchiolar edema of unspecified 
severity and “light cloudy swelling of the kidney” (Carpenter et al. 
1948).  Because the key study did not specify the severity of the bron-
chiolar edema, a modifying factor of 3 was applied in addition to the in-
terspecies UF of 3 (similar response in two species). Because the most 
sensitive end point and mode of toxicity were unknown, the potential 
variability of the human response to EDA could not be predicted, and an 
intraspecies UF of 10 was used. Only one single-exposure study was 
adequate for AEGL-3 derivation as well, which was a sparsely reported 
range-finding test (Smyth et al. 1951) in which 0/6 rats died from expo-
sure for 8 h to ~1,000 ppm but 6/6 died from 8 h exposure to ~2,000 
ppm. The toxic effects on the animals were not described, which led to 
the use of a total UF of 100 (10 each for interspecies and intraspecies 
UF) because the mode and variability of the toxic response in animals 
and humans was undefined. 
 Although the key studies used for derivation of AEGL-2 and 
AEGL-3 values had shortcomings, they were mutually supportive and 
were consistent with the Pozzani and Carpenter (1954) a multiple-
exposure rat study. The consistency between these three studies, together 
with the use of large uncertainty factors, provides a reasonable degree of 
confidence in the developed AEGL-2 and AEGL-3 values. 

EDA is a respiratory (and skin) sensitizer, but no studies were 
found to determine the qualitative and quantitative differences in the re-
sponse of non-sensitized and sensitized people. This lack of data is not 
considered relevant to the development of AEGL values for EDA be-
cause AEGL values are intended for a once-in-a lifetime exposure and do 
not consider previous sensitization.  
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APPENDIX A 
 

Derivation of AEGL Values 
 
Derivation of AEGL-1 
 
 AEGL-1 values are not recommended due to insufficient data. 
Absence of AEGL-1 values does not imply that exposure to concentra-
tions below the AEGL-2 is without adverse effects. 
 
 
Derivation of AEGL-2 
 
Key study: 
 

Carpenter et al. 1948. Rats and guinea pigs (6/group) were exposed 
for 30 min to 8 h to approximately 484 ppm EDA (1,000 ppm 
nominal). Rats exposed for 8 h had bronchiolar edema of unspeci-
fied severity and “light cloudy swelling of the kidney.”  

 
Toxicity end point: 
 

Bronchiolar edema and kidney swelling. (Note that EDA-sensitized 
individuals may experience more severe effects at a given exposure 
concentration and/or duration.) 

 
Scaling:   
 

Cn × t = k (ten Berge et al. 1986); no data were available to derive 
n; used n = 3 to extrapolate to <8 h to obtain protective AEGL val-
ues, except the 30-min value was adopted as the 10-min value be-
cause extrapolating from 8 h to 10 min is associated with unac-
ceptably large inherent uncertainty. 

 
Total uncertainty factor:  30 
 
 Interspecies:  3:  A similar response was seen in two species in the 

key study. 
Intraspecies:  10:  Data were insufficient to determine the mode of 
lung and kidney lesions (or which was the more sensitive end point) 
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in the key study and consequently the potential variability of the 
human response to EDA. 
 
Modifying factor:  3:  The key study did not specify the severity of 
the bronchiolar edema.  

 
Calculations for <8 h: 
   

Concentration   484 ppm3 × time (8 h) = k = 907 ppm3-h 
UF × MF           100* 
 
C3 × 0.5 h = 907 ppm3-h 
30-min (and 10-min) AEGL-2 = C = 12 ppm [30 mg/m3] 
 
C3 × 1 h = 907 ppm3-h 
1-h AEGL-2 = C = 9.7 ppm [24 mg/m3] 
 
C3 × 4 h = 907 ppm3-h 
4-h AEGL-2 = C = 6.1 ppm [15 mg/m3] 

 
 
Calculations for 8 h: 
 

8-h AEGL-2 = 484 ppm / 100 = 4.8 ppm   [12 mg/m3] 
 
*Note that UF (30) × MF (3) is rounded to 100 for simplicity, per 
Section 2.9.2. of the SOP (NRC 2001). 

 
Derivation of AEGL-3 
 

Key study:  Smyth et al. (1951). No rats (0/6) died after an 8-h ex-
posure to 1,000 ppm (2,000 ppm nominal) but 6/6 died at 2,000 
ppm (4,000 ppm nominal). Toxic effects (other than death) were 
not described.  
 
Toxicity end point:  Lethality threshold at 1,000 ppm. (Note that 
EDA-sensitized individuals may experience more severe effects at a 
given exposure concentration and/or duration.) 
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Scaling:  Cn × t = k (ten Berge et al. 1986); no data were available 
to derive n; used n = 3 to extrapolate to <8 h to obtain protective 
AEGL values, except the 30-min value was adopted as the 10-min 
value because extrapolating from 8 h to 10 min is associated with 
unacceptably large inherent uncertainty. 
 
Total uncertainty factor:  100 
Interspecies:  10:  The cause of death was not defined in the key 
study, and there were no supporting data with AEGL-3 end points 
from other species. 
Intraspecies:  10:  Lack of toxicity data in key study precludes defi-
nition of the mode or variability of the toxic response in humans. 

 
Calculations for <8 h: 
 

Concentration 1,000 ppm3 × time (8 h) = k = 8,000 ppm3-h 
         UF            100        
 
C3 × 0.5 h = 8,000 ppm3-h 
30-min (and 10-min) AEGL-3 = C = 25 ppm [62 mg/m3] 
 
C3 × 1 h = 8,000 ppm3-h 
1-h AEGL-3 = C = 20 ppm [49 mg/m3] 
 
C3 × 4 h = 8,000 ppm3-h 
4-h AEGL-3 = C = 13 ppm [32 mg/m3] 

 
 
Calculations for 8 h:  
 

8-h AEGL-3 = 1,000 ppm / 100 = 10 ppm [25 mg/m3] 
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APPENDIX B 
 

Derivation of the Level of Distinct Odor Awareness 
 

The level of distinct odor awareness (LOA) represents the concen-
tration above which it is predicted that more than half of the exposed 
population will experience at least a distinct odor intensity, about 10 % 
of the population will experience a strong odor intensity. The LOA 
should help chemical emergency responders in assessing the public 
awareness of the exposure due to odor perception. The LOA derivation 
follows the guidance given by van Doorn et al. (2002). 

An odor detection threshold (OT50, i.e., concentration at which 
50% of the odor panel observed an odor without necessarily recognizing 
it) of 1.0 ppm was obtained for EDA from Hellman and Small (1974). 
The same citation listed an OT50 of 0.30 for n-butanol, as compared to 
the reference value of 0.04 ppm as the odor threshold provided by van 
Doorn et al (2002). Based on the differences in n-butanol values from the 
two sources, an “inter-laboratory” correction factor is applied to EDA as 
follows: 
 

0.04 ppm n-butanol × 1.0 ppm OT50 EDA = 
0.133 ppm “corrected” OT50 EDA 
0.3 ppm n-butanol 

 
The concentration (C) leading to an odor intensity (I) of distinct odor 
detection (I = 3) is derived using the Fechner function: 
 

I = kw × log (C /OT50) + 0.5 
 
For the Fechner coefficient, the default of kw = 2.33 will be used due to 
the lack of chemical-specific data: 
 

3 = 2.33 × log (C /0.133) + 0.5, which can be rearranged to  
log (C /0.133)  = (3 − 0.5) / 2.33 = 1.07,  and results in 
C = (101.07) × 0.133 = 1.56 ppm 

 
The resulting concentration is multiplied by an empirical field cor-

rection factor. It takes into account that in every day life, factors such as 
sex, age, sleep, smoking, upper airway infections and allergies, as well as 
distraction, increase the odor detection threshold by a factor of 4. In addi-
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tion, it takes into account that odor perception is very fast (about 5 sec) 
which leads to the perception of concentration peaks. Based on the cur-
rent knowledge, a factor of 1/3 is applied to adjust for peak exposure. 
Adjustment for distraction and peak exposure lead to a correction factor 
of 4/3 = 1.33. 
 

LOA = C × 1.33 = 1.56 ppm × 1.33 = 2.1 ppm 
 
The LOA for EDA is 2.1 ppm. 
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APPENDIX C 
 

ACUTE EXPOSURE GUIDELINES FOR  
ETHYLENEDIAMINE (107-15-3) 

 
DERIVATION SUMMARY 

 
AEGL-1 VALUES 

10 min 30 min 1 h 4 h 8 h 
Not recommended due to insufficient data. 
Key Reference:  Not applicable. 
Test Species/Strain/Number:  Not applicable. 
Exposure Route/Concentrations/Durations:  Not applicable. 
Effects:  Not applicable. 
End point/Concentration/Rationale:  Not applicable. 
Uncertainty Factors/Rationale:   
 Total uncertainty factor:  Not applicable. 
Interspecies: 
Intraspecies: 
Modifying Factor:  Not applicable. 
Animal to Human Dosimetric Adjustment:  Not applicable. 
Time Scaling:  Not applicable. 
Data Adequacy:  AEGL-1 values were not recommended because none 
of the available human or animal data were considered adequate. Ab-
sence of AEGL-1 values does not imply that exposure to concentrations 
below the AEGL-2 is without adverse effects. 

 
AEGL-2 VALUES 

10 min 30 min 1 h 4 h 8 h 
12 ppm 12 ppm 9.7 ppm 6.1 ppm 4.8 ppm 
Key Reference:  Carpenter, C.P., H.F. Smyth, Jr., and C.B. Shaffer.  
1948.  The acute toxicity of ethylene imine to small animals.  J. Ind. 
Hyg. Toxicol. 30: 2-6.  
Test Species/Strain/Sex/Number:  Rats and guinea pigs, 6/group, sex 
unspecified. 
Exposure Route/Concentrations/Durations:  Rats and guinea pigs were 
exposed to 0 or to approximately 484 ppm EDA (1,000 ppm nominal) for 
½, 1, 2, 4, or 8 h. 

(Continued) 
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AEGL-2 VALUES Continued 
Effects:  Animals exposed for 8 h had bronchiolar edema of unspecified 
severity and “light cloudy swelling of the kidney” but none died. Effects 
for shorter exposure durations were not specified. 
End point/Concentration/Rationale: Bronchiolar edema and kidney 
swelling from 8-h exposure to approximately 484 ppm EDA. Note that 
persons previously sensitized to EDA may experience more severe 
effects at a given exposure concentration and/or duration. 
Uncertainty Factors/Rationale: 
 Total uncertainty factor:  30 
Interspecies:  3:  A similar response was seen in two species in the key 
study. 
Intraspecies:  10:  Data were insufficient to determine the mode of lung 
and kidney lesions and consequently the potential variability of the 
human response to EDA. 
Modifying Factor:  3:  The key study did not specify the severity of the 
organ lesions.  
Animal to Human Dosimetric Adjustment:  Not performed. 
Time Scaling:  Cn × t = k; no data were available to derive n, so used n = 
3 to extrapolate to <8 h to obtain protective AEGL values, except the 30-
min values were adopted as 10-min values to be protective of human 
health (NRC 2001; see Section 4.4.3.). 
Data Adequacy:  Key study tested only one EDA concentration but at a 
number of time intervals. AEGL values are supported by a study in 
which 1/26 rats had unspecified lesions after 30 exposures of 7 h/day but 
none died (Pozzani and Carpenter, 1954). 

 
AEGL-3 VALUES 

10 min 30 min 1 h 4 h 8 h 
25 ppm 25 ppm 20 ppm 13 ppm 10 ppm 
Key Reference:  Smyth, H.F., C.P. Carpenter, and C.S. Weil.  1951.  
Range-finding toxicity data: List IV.  AMA Arch. Ind. Hyg. Occup. 
Med. 4: 119-122. 
Test Species/Strain/Sex/Number:  Sprague-Dawley rats; 6/concentration 
(sex not specified). 
Exposure Route/Concentrations/Duration:  Inhalation for 8 h to ~1,000 
ppm (2,000 ppm nominal). 
Effects:  Death was the only stated effect:  0/6 deaths at 2,000 ppm; 6/6 
deaths at 4,000 ppm.  
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End point/Concentration/Rationale:  1,000 ppm (2,000 ppm nominal) is 
the estimated lethality threshold for an 8-h exposure in rats. Note that 
EDA-sensitized persons may experience more severe and/or different 
effects at a given exposure concentration and/or duration. 
Uncertainty Factors/Rationale: 
Total uncertainty factor:  100 
Interspecies:  10:  The cause of death was not defined in the key study, 
and there were no supporting data with AEGL-3 end points from other 
species. 
Intraspecies:  10: Lack of toxicity data in key study precludes definition 
of the mode or variability of the toxic response in humans. 
Modifying Factor:  None. 
Animal to Human Dosimetric Adjustment:  Not performed. 
Time Scaling:  Cn × t = k; no data were available to derive n, so used n = 
3 to extrapolate to <8 h to obtain protective AEGL values, except the 30-
min values were adopted as 10-min values to be protective of human 
health (NRC 2001; see Section 4.4.3.). 
Data Adequacy:  Key study lacked a description of toxic effects other 
than death. An uncertainty factor of 100 is intended to account for the 
lack of supporting data from other species and an unknown mode of 
toxicity. Target organs (liver and kidneys) are identified in another rat 
study in which fractional mortality resulted from 30 exposures of 7 h/day 
to 225 ppm (first deaths on exposure day 4; Pozzani and Carpenter, 
1954).  
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Category Plot for Ethylenediamine
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