
Visit the National Academies Press online and register for...

Instant access to free PDF downloads of titles from the

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National Academies Press. 
Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy of Sciences. 
Request reprint permission for this book

Copyright © National Academy of Sciences. All rights reserved.

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=21701

ISBN
978-0-309-36894-0

224 pages
6 x 9
PAPERBACK (2015)

Acute Exposure Guideline Levels for Selected Airborne 
Chemicals:  Volume 19 

Committee on Acute Exposure Guideline Levels; Committee on 
Toxicology; Board on Environmental Studies and Toxicology; Division on 
Earth and Life Studies; National Research Council 

http://www.nap.edu/catalog.php?record_id=21701
http://cart.nap.edu/cart/cart.cgi?list=fs&action=buy%20it&record_id=21701&isbn=0-309-36894-4&quantity=1
http://www.nap.edu/related.php?record_id=21701
http://www.addthis.com/bookmark.php?url=http%3A%2F%2Fwww.nap.edu/catalog.php?record_id=21701
http://api.addthis.com/oexchange/0.8/forward/facebook/offer?pco=tbxnj-1.0&url=http%3A%2F%2Fwww.nap.edu%2Fcatalog.php%3Frecord_id%3D21701&amp;pubid=napdigops
http://www.nap.edu/share.php?type=twitter&record_id=21701&title=Acute%20Exposure%20Guideline%20Levels%20for%20Selected%20Airborne%20Chemicals%3A%20%20Volume%2019
http://api.addthis.com/oexchange/0.8/forward/stumbleupon/offer?pco=tbxnj-1.0&url=http%3A%2F%2Fwww.nap.edu%2Fcatalog.php%3Frecord_id%3D21701&pubid=napdigops
http://api.addthis.com/oexchange/0.8/forward/linkedin/offer?pco=tbxnj-1.0&url=http%3A%2F%2Fwww.nap.edu%2Fcatalog.php%3Frecord_id%3D21701&pubid=napdigops
http://www.nap.edu/
http://www.nap.edu/reprint_permission.html


Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

Committ

Board on

D

tee on Acute

Committe

n Environme

Division on E

 
 
 

 
 
 
 

e Exposure G
 

ee on Toxico
 

ental Studies
 

Earth and Lif
 
 
 
 
 

 
 
 
 
 
 

9

Guideline Le

ology 

s and Toxico

fe Studies 

 

 

 

evels 

ology 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

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 appropriate balance. 
 
This project was supported by Contract No. W81K04-11-D-0017 between the National 
Academy of Sciences and the U.S. Department of Defense. Any opinions, findings, con-
clusions, or recommendations expressed in this publication are those of the author(s) and 
do not necessarily reflect the view of the organizations or agencies that provided support 
for this project.  
 
International Standard Book Number-13: 978-0-309-36894-0 
International Standard Book Number-10: 0-309-36894-4 
 
Additional copies of this report are available for sale from the National Academies Press, 
500 Fifth Street, NW, Keck 360, Washington, DC 20001; (800) 624-6242 or (202) 334-
3313; http://www.nap.edu/. 
 
Copyright 2015 by the National Academy of Sciences. All rights reserved. 
 
Printed in the United States of America 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

The Na
distingu
furthera
authorit
that req
Ralph J

The Nat
Nationa
autonom
Nationa
The Na
meeting
achieve
Enginee

The Ins
to secur
of polic
sponsib
an advi
medical
Medicin

The Na
1916 to
purpose
accorda
the prin
al Acad
scientifi
Academ
are chai
 

 

ational Academ
uished scholars 
ance of science a
ty of the charter 
quires it to advis
. Cicerone is pre

tional Academy
al Academy of S
mous in its adm
al Academy of S
ational Academy
g national needs
ments of engine
ering. 

stitute of Medic
re the services o
cy matters pertai
ility given to the
ser to the feder
l care, research, 
ne. 

tional Research
o associate the b
es of furthering 
ance with genera
ncipal operating a
demy of Enginee
ic and engineer

mies and the Inst
ir and vice chair,

y of Sciences is
engaged in scie
and technology 
granted to it by 

se the federal go
esident of the Na

y of Engineerin
Sciences, as a pa

ministration and i
Sciences the res
y of Engineerin
, encourages edu

eers. Dr. C. D. M

cine was establis
of eminent memb
ining to the hea
e National Acad
al government a
and education.

h Council was o
broad community
knowledge and 

al policies deter
agency of both t
ering in providin
ring communitie
titute of Medicin
, respectively, of

s a private, nonp
entific and engin
and to their use 
the Congress in 

overnment on sc
ational Academy

g was establishe
arallel organizat
in the selection 
sponsibility for 

ng also sponsors
ucation and rese

Mote, Jr., is pres

hed in 1970 by t
bers of appropri
alth of the publi
demy of Sciences
and, upon its ow
Dr. Victor J. Dz

organized by the
y of science and
advising the fe

rmined by the A
the National Aca
ng services to th
es. The Council
ne. Dr. Ralph J. 
f the National Re

 

profit, self-perpe
neering research
 for the general 
1863, the Acade

cientific and tech
y of Sciences. 

ed in 1964, unde
tion of outstandi

of its members
advising the fe

s engineering p
earch, and recog
sident of the Nat

the National Ac
ate professions 

ic. The Institute 
s by its congress
wn initiative, to
zau is president

e National Acade
d technology w

ederal governme
Academy, the Co
ademy of Scienc
he government, t
l is administere
Cicerone and D

esearch Council

www.nati

etuating society
h, dedicated to 
welfare. Upon 

emy has a mand
hnical matters. D

er the charter of 
ing engineers. It
s, sharing with t
ederal governme
programs aimed
gnizes the super
tional Academy

cademy of Scienc
in the examinati
acts under the 

sional charter to
o identify issues 
t of the Institute

emy of Sciences
with the Academy
ent. Functioning
ouncil has beco
ces and the Natio
the public, and t
ed jointly by bo
Dr. C. D. Mote, 
l. 

ional-academies.o

y of 
the 
the 

date 
Dr. 

the 
t is 
the 
ent. 
d at 
rior 
y of 

ces 
ion 
re-
 be 
 of 

e of 

s in 
y’s 

g in 
me 
on-
the 
oth 
Jr., 

org 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

 

v 

COMMITTEE ON ACUTE EXPOSURE GUIDELINE LEVELS 

 
Members 
 
EDWARD C. BISHOP (Chair), HDR Engineering, Inc., Omaha, NE 
DEEPAK K. BHALLA, Wayne State University, Detroit, MI 
LUNG CHI CHEN, New York University, Tuxedo 
KATHLEEN L. GABRIELSON, Johns Hopkins School of Medicine,  

Baltimore, MD 
GUNNAR JOHANSON, Karolinska Institute, Stockholm, Sweden 
MARGARET M. MACDONELL, Argonne National Laboratory, Argonne, IL 
DAVID A. MACYS, U.S. Department of the Navy (retired), Oak Harbor, WA 
MARIA T. MORANDI, University of Montana, Missoula 
LEENA A. NYLANDER-FRENCH, University of North Carolina, Chapel Hill, NC 
FRANZ OESCH, University of Mainz (retired), Mainz, Germany 
NU-MAY RUBY REED, California Environmental Protection Agency  

(retired), Davis 
GEORGE C. RODGERS, University of Louisville, Louisville, KY 
ROBERT SNYDER, Rutgers University, Piscataway, NJ 
KENNETH R. STILL, Portland State University, Portland, OR 

 
Staff 
 
SUSAN N.J. MARTEL, Senior Program Officer 
TAMARA DAWSON, Program Associate 
MIRSADA KARALIC-LONCAREVIC, Manager, Technical Information Center 
RADIAH ROSE, Manager, Editorial Projects 

 
Sponsor 
 
U.S. DEPARTMENT OF DEFENSE 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

vi 

COMMITTEE ON TOXICOLOGY 

 
Members 
 
DAVID C. DORMAN (Chair), North Carolina State University, Raleigh, NC 
DEEPAK K. BHALLA, Wayne State University, Detroit, MI 
VICTORIA A. CASSANO, Berkshire Medical Center, Pittsfield, MA 
DEBORAH A. CORY-SLECHTA, University of Rochester, Rochester, NY 
MARY E. DAVIS, West Virginia University, Morgantown, WV 
B. BHASKAR GOLLAPUDI, Exponent, Inc., Midland, MI 
TERRANCE J. KAVANAGH, University of Washington, Seattle, WA 
JAMES E. LOCKEY, University of Cincinnati, Cincinnati, OH 
MARGARET M. MACDONELL, Argonne National Laboratory, Argonne, IL 
MARTIN A. PHILBERT, University of Michigan, Ann Arbor, MI 
IVAN I. RUSYN, Texas A&M University, College Station, TX 
KENNETH R. STILL, Portland State University, Portland, OR 

 
Staff 
 
SUSAN N.J. MARTEL, Senior Program Officer for Toxicology 
MIRSADA KARALIC-LONCAREVIC, Manager, Technical Information Center 
RADIAH ROSE, Manager, Editorial Projects 
TAMARA DAWSON, Program Associate 
 
  



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

 

vii 

BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY 

 
Members 
 
ROGENE F. HENDERSON (Chair), Lovelace Respiratory Research Institute, 

Albuquerque, NM 
PRAVEEN AMAR, Independent Consultant, Lexington, MA 
RICHARD A. BECKER, American Chemistry Council, Washington, DC 
MICHAEL J. BRADLEY, M.J. Bradley & Associates, Concord, MA 
JONATHAN Z. CANNON, University of Virginia, Charlottesville 
GAIL CHARNLEY ELLIOTT, HealthRisk Strategies, Washington, DC 
DOMINIC M. DI TORO, University of Delaware Newark, DE 
DAVID C. DORMAN, North Carolina State University, Raleigh, NC 
CHARLES T. DRISCOLL, JR., Syracuse University, New York 
WILLIAM H. FARLAND, Colorado State University, Fort Collins, CO 
LYNN R. GOLDMAN, George Washington University, Washington, DC 
LINDA E. GREER, Natural Resources Defense Council, Washington, DC 
WILLIAM E. HALPERIN, Rutgers University, Newark, NJ 
STEVEN P. HAMBURG, Environmental Defense Fund, New York, NY 
ROBERT A. HIATT, University of California, San Francisco 
PHILIP K. HOPKE, Clarkson University, Potsdam, NY 
SAMUEL KACEW, University of Ottawa, Ontario 
H. SCOTT MATTHEWS, Carnegie Mellon University, Pittsburgh, PA 
THOMAS E. MCKONE, University of California, Berkeley 
TERRY L. MEDLEY, E.I. du Pont de Nemours & Company, Wilmington, DE 
JANA MILFORD, University of Colorado at Boulder, Boulder 
MARK A. RATNER, Northwestern University, Evanston, IL 
JOAN B. ROSE, Michigan State University, East Lansing, MI 
GINA M. SOLOMON, California Environmental Protection Agency,  

Sacramento, CA 
PETER S. THORNE, University of Iowa, Iowa City, IA 
JOYCE S. TSUJI, Exponent, Bellevue, WA 

 
Senior Staff 
 
JAMES J. REISA, Senior Director 
ELLEN K. MANTUS, Scholar and Director of Risk Assessment 
RAYMOND A. WASSEL, Scholar and Director of Environmental Studies 
DAVID J. POLICANSKY, Scholar 
SUSAN N.J. MARTEL, Senior Program Officer for Toxicology 
MIRSADA KARALIC-LONCAREVIC, Manager, Technical Information Center 
RADIAH ROSE, Manager, Editorial Projects 
  



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

viii 

OTHER REPORTS OF THE 
BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY 

 
Review of California’s Risk-Assessment Process for Pesticides (2015) 
Rethinking the Components, Coordination, and Management of the US Environmental 

Protection Agency Laboratories (2014) 
Sustainability Concepts in Decision-Making, Tools and Approaches for the US 

Environmental Protection Agency (2014) 
Review of the Styrene Assessment in the National Toxicology Program 12th Report on  

Carcinogens (2014) 
Review of the Formaldehyde Assessment in the National Toxicology Program 12th 

Report on Carcinogens (2014) 
Review of EPA’s Integrated Risk Information System (IRIS) Process (2014) 
Review of the Environmental Protection Agency’s State-of-the-Science Evaluation  

of Nonmonotonic Dose–Response Relationships as They Apply to Endocrine 
Disruptors (2014) 

Assessing Risks to Endangered and Threatened Species from Pesticides (2013) 
Science for Environmental Protection: The Road Ahead (2012) 
Exposure Science in the 21st Century: A Vision and A Strategy (2012) 
A Research Strategy for Environmental, Health, and Safety Aspects of Engineered 

Nanomaterials (2012) 
Macondo Well–Deepwater Horizon Blowout: Lessons for Improving Offshore  

Drilling Safety (2012) 
Feasibility of Using Mycoherbicides for Controlling Illicit Drug Crops (2011) 
Improving Health in the United States: The Role of Health Impact Assessment (2011) 
A Risk-Characterization Framework for Decision-Making at the Food and Drug 

Administration (2011) 
Review of the Environmental Protection Agency’s Draft IRIS Assessment of 

Formaldehyde (2011) 
Toxicity-Pathway-Based Risk Assessment: Preparing for Paradigm Change (2010) 
The Use of Title 42 Authority at the U.S. Environmental Protection Agency (2010) 
Review of the Environmental Protection Agency’s Draft IRIS Assessment of 

Tetrachloroethylene (2010) 
Hidden Costs of Energy: Unpriced Consequences of Energy Production and Use (2009) 
Contaminated Water Supplies at Camp Lejeune—Assessing Potential Health Effects (2009) 
Review of the Federal Strategy for Nanotechnology-Related Environmental, Health,  

and Safety Research (2009) 
Science and Decisions: Advancing Risk Assessment (2009) 
Phthalates and Cumulative Risk Assessment: The Tasks Ahead (2008) 
Estimating Mortality Risk Reduction and Economic Benefits from Controlling Ozone  

Air Pollution (2008) 
Respiratory Diseases Research at NIOSH (2008) 
Evaluating Research Efficiency in the U.S. Environmental Protection Agency (2008) 
Hydrology, Ecology, and Fishes of the Klamath River Basin (2008) 
Applications of Toxicogenomic Technologies to Predictive Toxicology and Risk 

Assessment (2007) 
Models in Environmental Regulatory Decision Making (2007) 
Toxicity Testing in the Twenty-first Century: A Vision and a Strategy (2007) 
Sediment Dredging at Superfund Megasites: Assessing the Effectiveness (2007) 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

 

ix 

Environmental Impacts of Wind-Energy Projects (2007) 
Scientific Review of the Proposed Risk Assessment Bulletin from the Office of 

Management and Budget (2007) 
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 (eighteen  

volumes, 2000-2014) 
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 (2000) 
Hormonally Active Agents in the Environment (1999) 
Research Priorities for Airborne Particulate Matter (four 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 (five volumes, 1989-1995) 
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   



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

x 

OTHER REPORTS OF THE COMMITTEE ON TOXICOLOGY 

 
Potential Health Risks to DOD Firing-Range Personnel from Recurrent Lead  

Exposure (2012) 
Review of Studies of Possible Toxic Effects from Past Environmental Contamination  

at Fort Detrick: A Letter Report (2012) 
Review of Risk Assessment Work Plan for the Medical Countermeasures Test  

and Evaluation Facility at Fort Detrick, A Letter Report (2011) 
Assistance to the U.S. Army Medical Research and Materiel Command with  

Preparation of a Risk Assessment for the Medical Countermeasures Test and 
Evaluation (MCMT&E) Facility at Fort Detrick, Maryland, A Letter Report (2011) 

Review of the Department of Defense Enhanced Particulate Matter Surveillance  
Program Report (2010) 

Evaluation of the Health and Safety Risks of the New USAMRIID High-Containment 
Facilities at Fort Detrick, Maryland (2010) 

Combined Exposures to Hydrogen Cyanide and Carbon Monoxide in Army Operations: 
Final Report (2008) 

Managing Health Effects of Beryllium Exposure (2008) 
Review of Toxicologic and Radiologic Risks to Military Personnel from Exposures to 

Depleted Uranium (2008) 
Emergency and Continuous Exposure Guidance Levels for Selected Submarine 

Contaminants, Volume 1 (2007), Volume 2 (2008) 
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) 
Spacecraft Water Exposure Guidelines for Selected Contaminants, Volume 1 (2004), 

Volume 2 (2007), Volume 3 (2008) 
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), Volume 5 (2007),  
Volume 6 (2008), Volume 7 (2009), Volume 8 (2009), Volume 9 (2010),  
Volume 10 (2011), Volume 11 (2012), Volume 13 (2012), Volume 14 (2013), 
Volume 15 (2013), Volume 16 (2014), Volume 17 (2014), Volume 18 (2014) 

Review of the U.S. 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) 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

 

xi 

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),  
Volume 5 (2008) 

 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

 

 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

xiii 

 
 

Preface 

 
Extremely hazardous substances (EHSs)1 can be released accidentally as a 

result of chemical spills, industrial explosions, fires, or accidents involving rail-
road 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 airborne EHSs during accidental releases or intentional 
releases by terrorists. Pursuant to the Superfund Amendments and Reauthoriza-
tion Act of 1986, the U.S. Environmental Protection Agency (EPA) has identi-
fied approximately 400 EHSs on the basis of acute lethality data in rodents. 

As part of its efforts to develop acute exposure guideline levels for EHSs, 
EPA and the Agency for Toxic Substances and Disease Registry (ATSDR) in 
1991 requested that the National Research Council (NRC) develop guidelines for 
establishing such levels. In response to that request, the NRC published Guidelines 
for Developing Community Emergency Exposure Levels for Hazardous Substanc-
es in 1993. Subsequently, Standard Operating Procedures for Developing Acute 
Exposure Guideline Levels for Hazardous Substances was published in 2001, 
providing updated procedures, methodologies, and other guidelines used by the 
National Advisory Committee (NAC) on Acute Exposure Guideline Levels for 
Hazardous Substances and the Committee on Acute Exposure Guideline Levels 
(AEGLs) in developing the AEGL values. 

Using the 1993 and 2001 NRC guidelines reports, the NAC—consisting of 
members from EPA, the Department of Defense (DOD), the Department of En-
ergy (DOE), the Department of Transportation (DOT), other federal and state 
governments, the chemical industry, academia, and other organizations from the 
private sector—has developed AEGLs for more than 270 EHSs. 

In 1998, EPA and DOD requested that the NRC independently review the 
AEGLs developed by NAC. In response to that request, the NRC organized within 
its Committee on Toxicology (COT) the Committee on Acute Exposure Guideline 
Levels, which prepared this report. This report is the nineteenth volume in that  
 

                                                           
1As defined pursuant to the Superfund Amendments and Reauthorization Act of 1986. 
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Preface 

series. AEGL documents for the cyanide salts, diketene, methacrylaldehyde, pen-
taborane, tellurium hexafluoride, and tetrafluoroethylene are each published as an 
appendix in this report. The committee concludes that the AEGLs developed in 
these appendixes are scientifically valid conclusions based on the data reviewed 
by NAC and are consistent with the NRC guideline reports. 

The committee’s review of the AEGL documents involved both oral and 
written presentations to the committee by the authors of the documents. The 
committee examined the draft documents and provided comments and recom-
mendations for how they could be improved in a series of interim reports. The 
authors revised the draft AEGL documents based on the advice in the interim 
reports and presented them for reexamination by the committee as many times 
as necessary until the committee was satisfied that the AEGLs were scientifical-
ly justified and consistent with the 1993 and 2001 NRC guideline reports. After 
these determinations have been made for an AEGL document, it is published as 
an appendix in a volume such as this one. 

The interim report of the committee that led to this report was reviewed in 
draft form by individuals selected for their diverse perspectives and technical ex-
pertise, in accordance with procedures approved by the NRC’s Report Review 
Committee. The purpose of this independent review is to provide candid and criti-
cal comments that will assist the institution in making its published report as sound 
as possible and to ensure that the report meets institutional standards for objectivi-
ty, evidence, and responsiveness to the study charge. The review comments and 
draft manuscript remain confidential to protect the integrity of the deliberative 
process. We wish to thank the following individuals for their review of the com-
mittee interim report, which summarize the committee’s conclusions and recom-
mendations for improving NAC’s AEGL documents A. Wallace Hayes (Harvard 
School of Public Health), Sam Kacew (University of Ottawa), and Judith Zelikoff 
(New York University). 

Although the reviewers listed above have provided many constructive 
comments and suggestions, they were not asked to endorse the conclusions or 
recommendations, nor did they see the final draft of this volume before its re-
lease. The review of the interim report was overseen by Robert Goyer (Universi-
ty of Western Ontario [retired]). Appointed by the NRC, he was responsible for 
making certain that an independent examination of the interim report was car-
ried out in accordance with institutional procedures and that all review com-
ments were carefully considered. Responsibility for the final content of this re-
port rests entirely with the authoring committee and the institution. 

The committee gratefully acknowledges the valuable assistance provided 
by Ernest Falke and Iris A. Camacho from EPA. The committee also acknowl-
edges Susan Martel, the project director for her work this project. Other staff 
members who contributed to this effort are James J. Reisa (director of the Board 
on Environmental Studies and Toxicology), Radiah Rose (manager of editorial 
projects), Mirsada Karalic-Loncarevic (manager of the Technical Information  
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Center), and Tamara Dawson (program associate). Finally, I would like to thank 
all members of the committee for their expertise and dedicated effort throughout 
the development of this report.  
 

Edward C. Bishop, Chair 
Committee on Acute Exposure  
Guideline Levels 
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DEDICATION 
 
 

The Committee on Acute Exposure Guideline Levels dedicates  

this volume to our late colleague Dr. Donald E. Gardner. 

Don was a member of the committee for 12 years,  

and served as chair for 8 of those years. He was a distinguished  

toxicologist, respected leader, and valued friend. 
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National Research Council Committee 
Review of Acute Exposure Guideline 

Levels for Selected Airborne Chemicals 

 
This report is the nineteenth 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, or what steps to take in an 
emergency. This tragedy served to focus international attention on the need for 
governments to identify hazardous substances and to assist local communities in 
planning how to deal with emergency exposures. 

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

As a first step in assisting the LEPCs, EPA identified approximately 400 
EHSs largely on the basis of their immediately dangerous to life and health val-
ues, developed by the National Institute for Occupational Safety and Health. 
Although several public and private groups, such as the Occupational Safety and 
Health Administration and the American Conference of Governmental Industrial 
Hygienists, have established exposure limits for some substances and some ex-
posures (e.g., workplace or ambient air quality), these limits are not easily or 
directly translated into emergency exposure limits for exposures at high levels 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

4 Acute Exposure Guideline Levels 

but of short duration, usually less than 1 hour (h), and only once in a lifetime for 
the general population, which includes infants (from birth to 3 years of age), 
children, the elderly, and persons with diseases, such as asthma or heart disease. 

The National Research Council (NRC) Committee on Toxicology (COT) 
has published many reports on emergency exposure guidance levels and space-
craft maximum allowable concentrations for chemicals used by the U.S. De-
partment of Defense (DOD) and the National Aeronautics and Space Admin-
istration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 1986a, 1987, 1988, 
1994, 1996a,b, 2000a, 2002a, 2007a, 2008a). COT has also published guidelines 
for developing emergency exposure guidance levels for military personnel and 
for astronauts (NRC 1986b, 1992, 2000b). Because of COT’s experience in rec-
ommending emergency exposure levels for short-term exposures, in 1991 EPA 
and ATSDR requested that COT develop criteria and methods for developing 
emergency exposure levels for EHSs for the general population. In response to 
that request, the NRC assigned this project to the COT Subcommittee on Guide-
lines for Developing Community Emergency Exposure Levels for Hazardous 
Substances. The report of that subcommittee, Guidelines for Developing Com-
munity Emergency Exposure Levels for Hazardous Substances (NRC 1993), 
provides step-by-step guidance for setting emergency exposure levels for EHSs. 
Guidance is given on what data are needed, what data are available, how to 
evaluate the data, and how to present the results. 

In November 1995, the National Advisory Committee (NAC)1 for Acute 
Exposure Guideline Levels for Hazardous Substances was established to identi-
fy, 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 re-
flect the broad application of these values to planning, response, and prevention 
in the community, the workplace, transportation, the military, and the remedia-
tion of Superfund sites. 

AEGLs represent threshold exposure limits (exposure levels below which 
adverse health effects are not likely to occur) for the general public and are ap-
plicable to emergency exposures ranging from 10 minutes (min) to 8 h. Three 
levels—AEGL-1, AEGL-2, and AEGL-3—are developed for each of five expo-
sure periods (10 min, 30 min, 1 h, 4 h, and 8 h) and are distinguished by varying 
degrees of severity of toxic effects. The three AEGLs are defined as follows: 

                                                           
1NAC completed its chemical reviews in October 2011. The committee was composed 

of members from EPA, DOD, many other federal and state agencies, industry, academia, 
and other organizations. From 1996 to 2011, the NAC discussed over 300 chemicals and 
developed AEGLs values for at least 272 of the 329 chemicals on the AEGLs priority 
chemicals lists. Although the work of the NAC has ended, the NAC-reviewed technical 
support documents are being submitted to the NRC for independent review and finaliza-
tion. 
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AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] 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 nonsensory 
effects. However, the effects are not disabling and are transient and reversible 
upon cessation of exposure. 

AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible 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 population, including sus-
ceptible 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 progres-
sive 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 in-
fants, children, the elderly, persons with asthma, and those with other illnesses, 
it is recognized that individuals, subject to idiosyncratic responses, could experi-
ence the effects described at concentrations below the corresponding AEGL. 

 

SUMMARY OF REPORT ON  
GUIDELINES FOR DEVELOPING AEGLS 

 

As described in Guidelines for Developing Community Emergency Expo-
sure Levels for Hazardous Substances (NRC 1993) and the NRC guidelines re-
port Standing Operating Procedures for Developing Acute Exposure Guideline 
Levels for Hazardous Chemicals (NRC 2001a), the first step in establishing 
AEGLs for a chemical is to collect and review all relevant published and un-
published information. Various types of evidence are assessed in establishing 
AEGL values for a chemical. These include information from (1) chemical-
physical characterizations, (2) structure-activity relationships, (3) in vitro toxici-
ty studies, (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 availa-
ble in preference to data from animal studies and in vitro studies. Toxicity data 
from inhalation exposures are most useful for setting AEGLs for airborne chem-
icals because inhalation is the most likely route of exposure and because extrap-
olation of data from other routes would lead to additional uncertainty in the 
AEGL estimate. 
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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 
for 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, data from the most sensi-
tive animal species are used. Uncertainty factors are commonly used when ani-
mal data are used to estimate risk levels for humans. The magnitude of uncer-
tainty factors depends on the quality of the animal data used to determine the no-
observed-adverse-effect level (NOAEL) and the mode of action of the substance 
in question. When available, pharmacokinetic data on tissue doses are consid-
ered for interspecies extrapolation. 

For substances that affect several organ systems or have multiple effects, 
all end points (including reproductive [in both genders], developmental, neuro-
toxic, respiratory, and other organ-related effects) are evaluated, the most im-
portant 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. 
 

REVIEW OF AEGL REPORTS 
 

As NAC began developing chemical-specific AEGL reports, EPA and 
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports 
(NRC 1993, 2001a). The NRC assigned this project 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 were initially prepared by ad hoc AEGL devel-
opment teams consisting of a chemical manager, chemical reviewers, and a staff 
scientist of the NAC contractors—Oak Ridge National Laboratory and subse-
quently SRC, Inc. The draft documents were then reviewed by NAC and elevat-
ed from “draft” to “proposed” status. After the AEGL documents were approved 
by NAC, they were published in the Federal Register for public comment. The 
reports were 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 recommenda-
tions for revisions to ensure scientific validity and consistency with the NRC 
guideline reports (NRC 1993, 2001a). The revised reports are presented at sub-
sequent meetings until the committee is satisfied with the reviews. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

NRC Committee Review of Acute Exposure Guideline Levels 7 

Because of the enormous amount of data presented in AEGL reports, the 
NRC committee cannot verify all of the data used by NAC. The NRC committee 
relies on NAC and the contractors for the accuracy and completeness of the toxici-
ty data cited in the AEGL reports. Thus far, the committee has prepared eighteen 
reports in the series Acute Exposure Guideline Levels for Selected Airborne Chem-
icals (NRC 2001b, 2002b, 2003, 2004, 2007b, 2008b, 2009, 2010a,b, 2011, 
2012a,b,c, 2013a,b, 2014a,b,c). This report is the nineteenth volume in that series. 
AEGL documents for the cyanide salts, diketene, methacrylaldehyde, pentaborane, 
tellurium hexafluoride, and tetrafluoroethylene are each published as an appendix 
in this report. The committee concludes that the AEGLs developed in these ap-
pendixes are scientifically valid conclusions based on the data reviewed by NAC 
and are consistent with the NRC guideline reports. 
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2 
 

Diketene1 
 

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 Guide-
line Levels for Hazardous Substances (NAC/AEGL Committee) has been estab-
lished 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 minutes (min) to 8 
hours (h). Three levels—AEGL-1, AEGL-2, and AEGL-3—are developed for 
each of five exposure periods (10 and 30 min and 1, 4, and 8 h) and are distin-
guished 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 million 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, nonsensory 
effects. However, the effects are not disabling and are transient and reversible 
upon cessation of exposure. 

                                                 
1This document was prepared by the AEGL Development Team composed of Ko-

wetha Davidson (Oak Ridge National Laboratory), Lisa Ingerman (SRC, Inc.), Heather 
Carlson-Lynch (SRC, Inc.), Chemical Manager Robert Benson (National Advisory 
Committee [NAC] on Acute Exposure Guideline Levels for Hazardous Substances), and 
Ernest V. Falke (U.S. Environmental Protection Agency). The NAC reviewed and re-
vised the document and AEGLs as deemed necessary. Both the document and the AEGL 
values were then reviewed by the National Research Council (NRC) Committee on Acute 
Exposure Guideline Levels. The NRC committee has concluded that the AEGLs devel-
oped 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, 2001). 
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AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible 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 population, including sus-
ceptible individuals, could experience life-threatening health effects or death. 
 

Airborne concentrations below the AEGL-1 represent exposure concentra-
tions that could produce mild and progressively increasing but transient and 
nondisabling odor, taste, and sensory irritation or certain asymptomatic, nonsen-
sory 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 concentrations for the general public, including susceptible subpopula-
tions, such as infants, children, the elderly, persons with asthma, and those with 
other illnesses, it is recognized that individuals, subject to idiosyncratic respons-
es, could experience the effects described at concentrations below the corre-
sponding AEGL. 

 

SUMMARY 
 

Diketene is a non-hygroscopic, light-colored or colorless liquid that is 
polymerized on standing. It is flammable and has a moderate fire risk. Diketene 
has a pungent odor. It is an irritant, causing mild irritation of the eyes, nose, and 
throat after occupational exposure at 0.58 ppm for 1 min. Inhalation of diketene 
was not lethal to rats at 250 ppm for 1 h or to rabbits at 194 ppm for 10 min, but 
deaths occurred in rats exposed at 500 or 750 ppm for 1 h. Rats exposed to 
diketene at 250-750 ppm for 1 h showed signs of ocular and respiratory-tract 
irritation. Deaths occurred in mice exposed to diketene at 870 ppm for 10 min 
and in guinea pigs exposed at 194 ppm for 10 min. Pulmonary edema was found 
in the animals that died. The 1-h LC50 (lethal concentration, 50% lethality) val-
ues for rats were 548 ppm for males, 689 ppm for females, and 612 ppm for both 
sexes combined. 

Data were insufficient for deriving AEGL-1 values for diketene. There-
fore, AEGL-1 values are not recommended. 

Data were also insufficient for deriving AEGL-2 values for diketene. The 
standing operating procedures for deriving AEGL values specify that AEGL-2 
values for chemicals with steep concentration-response curves may be estimated 
by dividing the AEGL-3 values by a factor of 3. The steepness of the lethality 
concentration-response curve for diketene indicates that a factor of 3 should be 
adequate for reducing the AEGL-3 values to a level consistent with the defini-
tion of AEGL-2. 

AEGL-3 values were derived on the basis of an acute inhalation study in 
which rats were exposed to diketene at 250, 500, or 750 ppm for 1 h (Katz 
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1987). The point-of-departure was the lethality BMCL05 (benchmark concentra-
tion, 95% lower confidence limit with 5% response) of 181 ppm, which was 
calculated using a log-probit model. A total uncertainty factor of 30 was applied; 
a factor of 10 for interspecies differences and a factor of 3 for intraspecies varia-
bility. Diketene is irritating and much of its toxicity is likely caused by a direct 
chemical effect on the tissue; that type of portal-of-entry effect is not expected 
to vary greatly among individuals. The intraspecies uncertainty factor of 3 is 
further supported by the similarity in mortality incidence and clinical signs be-
tween male and female rats exposed to diketene (Katz 1987). A modifying fac-
tor of 2 was also applied because of the limited database on diketene. Time scal-
ing was performed using the equation Cn × t = k. Data on diketene were 
insufficient for determining an empirical value for the exponent n, so default 
values of n = 3 for extrapolating to shorter durations (10 and 30 min) and n = 1 
for extrapolating to longer durations (4 and 8 h) were used. 

The AEGL values for diketene are presented in Table 2-1. 

 

1. INTRODUCTION 
 

Diketene is a light-colored or colorless non-hygroscopic liquid that poly-
merizes on standing (AIHA 2000; Lewis 2007). It is flammable and has a mod-
erate fire risk. Diketene is used in the production of pigments and toners, pesti-
cides, food preservatives, and pharmaceutical intermediates (HSDB 2003; Lewis 
2007). The odor of diketene has been described as pungent (Lewis 2007).  

The chemical and physical properties of diketene are presented in Table 2-2. 

 

2. HUMAN TOXICITY DATA 
 

2.1. Human Lethality 
 

No data regarding exposure of humans to lethal concentrations of diketene 
were found. 
 
 

TABLE 2-1 AEGL Values for Diketene 

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

AEGL-1 
(nondisabling) 

NRa NRa NRa NRa NRa Insufficient data 

AEGL-2 
(disabling) 

1.8 ppm 
(6.2  
mg/m3) 

1.3 ppm 
(4.5  
mg/m3) 

1.0 ppm 
(3.4 
mg/m3) 

0.25 ppm 
(0.86 
mg/m3) 

0.13 ppm 
(0.45  
mg/m3) 

One-third of the 
AEGL-3 values. 

AEGL-3 
(lethal) 

5.5ppm 
(19  
mg/m3) 

3.8 ppm 
(13  
mg/m3) 

3.0 ppm 
(10  
mg/m3) 

0.75 ppm  
(2.6  
mg/m3) 

0.38 ppm 
(1.3  
mg/m3) 

BMCL05  
for lethality 
(Katz 1987) 

aNot recommended. Absence of AEGL-1 values does not imply that exposures at concen-
trations below the AEGL-2 values are without effect.   
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TABLE 2-2 Chemical and Physical Properties of Diketene 
Parameter Value Reference 
Synonyms 3-Butenoic acid, 3-hydroxy-, beta-lacone;  

ethenone, dimer; ketene, dimer; 4-methylene- 
2-oxetanone; vinylaceto-beta-lactone 

HSDB 2003 

CAS registry no. 674-82-8 HSDB 2003 

Chemical formula C4H4O2 HSDB 2003 

Molecular weight 84.08  HSDB 2003 

Physical state Light-colored or colorless liquid AIHA 2000;  
Lewis 2007 

Melting point  -6.5°C HSDB 2003 

Boiling point 127.4°C HSDB 2003 

Density/Specific gravity 
 (water = 1) 

1.096 (20/20°C) 
1.0897 

Lewis 2007 
HSDB 2003 

Vapor density (air = 1) 2.9 HSDB 2003 

Solubility Soluble in common organic solvents; soluble  
in water 

Lewis 2007  

Vapor pressure 10 mm Hg at 24.3°C  
1.07 kPa at 20°C 

AIHA 2000 
HSDB 2003 

Flash point (tagged closed cup) 34°C AIHA 2000  

Autoignition temperature 310°C AIHA 2000 

Conversion factors 1 mg/m3 = 0.29 ppm;  
1 ppm = 3.44 mg/m3 

AIHA 2000 

 
 

2.2. Nonlethal Toxicity 
 

Occupational exposure to diketene at a concentration of 2 mg/m3 (0.58 
ppm) for 1 min caused mild irritation of the conjunctiva and mucosa of the nose 
and throat (Danishevskii 1948,1951; Feldman 1967). 

 

2.3. Summary 
 

No studies were found on human exposure to lethal concentrations of 
diketene. A concentration of 0.58 ppm caused mild ocular, nasal, and throat irri-
tation. 

 

3. ANIMAL TOXICITY DATA 
 

3.1. Acute Lethality 
 

3.1.1. Rat 
 

Groups of five male and five female CRL:CD®(SD)BR rats were exposed 
to diketene at concentrations of 0, 250, 500, or 750 ppm for 1 h and observed for 
14 days after exposure (Katz 1987). The analytic concentrations were 271 ± 2.4, 
466 ± 13.7, and 778 ± 16.9 ppm, respectively. The rats were exposed in a 420-L 
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stainless steel and glass chamber with 10-13 air changes per hour. The chamber 
atmosphere was analyzed four or five times using an infrared analyzer; the nom-
inal concentration was calculated on the basis of the amount of diketene used 
and the air flow rate. All rats were subjected to gross examination, but no tissues 
were collected for microscopic examination. 

Mortality and clinical signs are summarized in Table 2-3. The mortality 
rate was 0/10, 3/10, and 7/10 rats (sexes combined) in the 250-, 500-, and 750-
ppm groups, respectively. All deaths occurred within 48 h after exposure, except 
for one male rat exposed at 750 ppm that died on day 6. The LC50 values were 
548 ppm for male rats, 689 ppm for female rats, and 612 ppm for both sexes 
combined. LC10 values calculated by the investigators were 346 ppm for males, 
410 ppm for females, and 370 ppm for both sexes combined. All rats exposed to 
diketene exhibited excessive tearing (lacrimation) during exposure and for a few 
hours after exposure. Porphyrin discharge from the nose was observed in male 
and female rats for up to 48 h after exposure at 500 and 750 ppm. Effects on the 
respiratory tract consisted of gasping in all rats at all concentrations and wheez-
ing in one or two rats per group. Rales were observed in one male rat in each 
exposure group and one female in the 500-ppm group, but the effect might not 
have been due to diketene, because no increase in the incidence of rales occurred 
with a 15-fold increase in the exposure concentration. No gross lesions were 
found in any rats exposed to diketene. 

 

3.1.2. Mice 
 

Wooster et al. (1947) exposed groups of 4, 30, and 20 mice to diketene at 
concentrations of 194, 580, or 870 ppm, respectively, for 10 min. Diketene was 
prepared at a known concentration in acetone and sprayed into the chamber from 
a glass atomizer; the concentration of diketene in inhaled air was 0.67 mg/L 
(194 ppm). The animals were observed for up to 15 days after exposure. No 
additional details on the experimental protocol were provided. One mouse died 
 
 
TABLE 2-3 Mortality and Clinical Signs in Rats Exposed to Diketene 

Parameter 

Exposure Concentration 
0 250 500 750 0 250 500 750 
No. males No. females 

No. exposed 0 5 5 5 0 5 5 5 

Mortality 0 0 2 4 0 0 1 3 

Excessive tearing 0 5 5 5 0 5 5 5 

Porphyrin discharge 0 0 2 2 0 0 2 3 

Gasping 0 5 5 5 0 5 5 5 

Rales 0 1 1 1 0 0 1 0 

Wheezing 0 1 0 0 0 0 1 2 

Poor condition 0 0 0 4 0 0 0 1 

Source: Katz 1987. 
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after exposure at 870 ppm, but no deaths occurred in mice exposed at 580 or 194 
ppm. No specific clinical signs or pathologic findings were described. The in-
vestigators noted that the findings in the animals that died were similar to those 
described for animals (particularly the cat) exposed to ketene. Microscopically, 
animals that died after ketene exposure had proteinaceous edematous fluid in the 
alveoli of the lungs and in the perivascular connective tissue of the bronchial 
and bronchiolar vessels. After describing the microscopic lesions in animals that 
died after ketene exposure, Wooster et al. (1947) stated that “the findings in the 
few animals dying after diketene poisoning were similar.” That suggests that the 
mice that died after exposure to diketene had alveolar and bronchial edema 
(pulmonary edema). 

 
3.1.3. Other Species 
 

All three guinea pigs died after exposure to diketene at 194 ppm under the 
same conditions as described for mice (see Section 3.1.2) (Wooster et al. 1947). 
No clinical signs or pathologic effects were described. From the investigators’ 
description that the findings in the dead animals were similar to those of animals 
that died from ketene exposure, it was implied that the guinea pigs also had 
pulmonary edema. 

 
3.2. Nonlethal Toxicity 

 
Wooster et al. (1947) exposed four rats and three rabbits to diketene at 

0.67 mg/L (194 ppm) for 10 min under the same conditions as described for 
mice (see Section 3.1.2). All of the animals survived to the end of the study. No 
clinical signs or pathologic lesions were described. 

 
3.3. Other End Points of Toxicity 

 
No data were found on the neurotoxicity, developmental toxicity, repro-

ductive toxicity, genetic toxicity, or carcinogenicity of inhaled diketene in ex-
perimental animals. 

 
3.4. Summary 

 
Table 2-4 summarizes the lethal effects of acute inhalation exposure to 

diketene in several species. The LC50 for a 1-h exposure of rats to diketene ranged 
from 548 to 689 ppm. Rats died after exposure to diketene at concentrations 500 
or 750 ppm for 1 h, guinea pigs died after exposure at 194 ppm for 10 min, and 
mice died after exposure at 870 ppm for 10 min. No deaths occurred in rats and 
rabbits after exposure to diketene at 194 ppm for 10 min. Ocular and respiratory-
tract irritation were observed in rats exposed at lethal and nonlethal concentrations 
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of diketene greater than 250 ppm. The primary findings in mice and guinea pigs 
exposed to diketene were the same as those found in the cat that died after expo-
sure to ketene (alveolar and bronchial edema or pulmonary edema). 

 
4. SPECIAL CONSIDERATIONS 

 
4.1. Metabolism and Disposition 

 
No data on the uptake, metabolism, disposition, or excretion of inhaled 

diketene were found. 

 
4.2. Mechanism of Toxicity 

 
Diketene is an irritant (Lewis 2007). Wooster et al. (1947) noted that the 

pathologic changes caused by ketene were similar to those of phosgene. 

 
4.3. Structure-Activity Relationships 

 
Diketene is the dimeric form of ketene, and is similar to but less toxic than 

ketene. At high temperatures (510-603K), diketene undergoes thermal decom-
position to form ketene, cyclobuta-1,3-dione, and cyclobuta-1,2-dione (Bui et al. 
2007). Wooster et al. (1947) exposed rats, cats, guinea pigs, and rabbits to ke-
tene for 10 min and observed the survivors for up to 15 days. Ketene exposure 
caused severe damage to the respiratory tract (pulmonary edema), but the patho-
logic effects were described only for cats. The lowest concentrations associated 
 
 
TABLE 2-4 Summary of Acute Lethality Data from Studies of Laboratory  
Animals Exposed to Diketene by Inhalation 

Species (sex) Concentration 
Exposure  
Time 

Effect 
(% lethality) Reference 

Rat 194 10 min 0% Wooster et al. 1947 

Rat (females) 689 1 h LC50 Katz 1987 

Rat (males and females) 612 1 h LC50 Katz 1987 

Rat (males) 548 1 h LC50 Katz 1987 

Rat (females) 410 1 h LC10 Katz 1987 

Rat (males and females) 370 1 h LC10 Katz 1987 

Rat (males) 346 1 h LC10 Katz 1987 

Mouse 870 10 min 5% Wooster et al. 1947 

Mouse 194-580 10 min 0% Wooster et al. 1947 

Guinea pig 194 10 min 100%a Wooster et al. 1947 

Rabbit 194 10 min 0% Wooster et al. 1947 
aOnly three animals exposed. 
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with mortality were 35 ppm for the mouse, 125 ppm for the rat, 183 ppm for the 
cat and guinea pig, and 325 ppm for the rabbit. In contrast, no deaths were ob-
served in mice exposed to diketene at 194-580 ppm for 10 min, and 100% mor-
tality occurred in rabbits exposed to diketene at 194 ppm for 10 min (Wooster et 
al. 1947). 

 
4.4. Species Variability 

 
According to Wooster et al. (1947), guinea pigs died after exposure to 

diketene at 194 ppm for 10 min, but mice, rats, and rabbits survived a 10-min 
exposure at 194 ppm. Thus, the guinea pig appears to be more sensitive than 
other species to diketene. 

 
4.5. Susceptible Populations 

 
No data are available on populations that might be susceptible to diketene. 

 
4.6. Concentration-Exposure Duration Relationship 

 
Lethality data from the study by Katz (1987) was used to create Figure 2-1, 

which shows a steep concentration-response curve. See Section 3.1.1. for a de-
scription of the study. 
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FIGURE 2-1 Concentration-response relationship between diketene and lethality in rats. 
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4.7. Concurrent Exposure Issues 
 

No concurrent exposure issues for diketene were found. 

 
5. DATA ANALYSIS FOR AEGL-1 

 

5.1. Human Data Relevant to AEGL-1 
 

Humans occupationally exposed to diketene at 0.58 ppm for 1 min experi-
enced mild irritation of the eyes, nose, and throat (Danishevskii 1948, 1951). 

 

5.2. Animal Data Relevant to AEGL-1 
 

No animal data relevant to deriving AEGL-1 values for diketene were 
found. 

 

5.3. Derivation of AEGL-1 Values 
 

No AEGL-1 values were derived for diketene. The only data available for 
deriving AEGL-1 values are from a study in which workers exposed to diketene 
at 0.58 ppm were reported to experience mild irritation of the eyes, nose, and 
throat. That information is from a secondary source and could not be verified, so 
the data are considered insufficient for deriving AEGL-1 values. Absence of 
AEGL-1 values does not imply that exposures at concentrations below the 
AEGL-2 values are without adverse effects. 

 
6. DATA ANALYSIS FOR AEGL-2 

 

6.1. Human Data Relevant to AEGL-2 
 

No human data relevant to deriving AEGL-2 values for diketene were 
found. 

 
6.2. Animal Data Relevant to AEGL-2 

 
Lacrimation and gasping were observed in rats exposed to diketene at 250 

ppm for 1 h, and none of the animals died (Katz 1987). No deaths occurred 
among groups of mice exposed to diketene at 194-580 ppm for 10 min (Wooster 
et al. 1947). 

 
6.3. Derivation of AEGL-2 Values 

 

The experimental data from animal studies were not appropriate for deriv-
ing AEGL-2 values for diketene. Although rats exposed at 250 ppm for 1 h 
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showed clinical signs indicative of ocular and respiratory-tract irritation and no 
deaths occurred (Katz 1987), the BMCL05 for lethality (used as the point-of-
departure for deriving AEGL-3 values) was lower than the highest concentration 
causing no lethality in rats. Therefore, the rat study should not be used to derive 
AEGL-2 values. The standing operating procedures for deriving AEGL values 
specify that AEGL-2 values for chemicals with steep concentration-response 
curves may be estimated by dividing the AEGL-3 values by 3 (NRC 2001). Be-
cause diketene is judged to have a steep concentration-response relationship for 
lethality, that approach was used to determine AEGL-2 values for diketene. The 
AEGL-2 values for diketene are presented in Table 2-5. 

 

7. DATA ANALYSIS FOR AEGL-3 
 

7.1. Human Data Relevant to AEGL-3 
 

No human data relevant to deriving AEGL-3 values for diketene were 
found. 

 

7.2. Animal Data Relevant to AEGL-3 
 

In an acute inhalation study using rats exposed to diketene vapor (250, 
500, and 750 ppm) for 1 h (Katz 1987), deaths occurred at the two highest con-
centrations. The exposure conditions and results of the study were well docu-
mented. Wooster et al. (1947) reported that one of 20 mice died after exposure 
to diketene at 870 ppm for 10 min and all three guinea pigs exposed to diketene 
at 194 ppm for 10 min died. These data show that the guinea pig is the more 
sensitive species to diketene. 

 

7.3. Derivation of AEGL-3 Values 
 

The AEGL-3 values were derived on the basis of the mortality study of 
rats exposed to diketene at 250, 500, or 750 ppm for 1 h (Katz 1987). A BMCL05 
of 181 ppm was calculated using the log-probit model in EPA’s Benchmark 
Dose Software (v. 1.3.2), and an LC01 (lethality threshold, 1% lethality) of 276 
ppm was calculated by probit regression analysis. The BMCL05 of 181 ppm was 
used as point-of-departure for deriving AEGL-3 values. A total uncertainty fac-
tor of 30 was applied; a factor of 10 for interspecies differences and a factor of  
3 for intraspecies variability. The factor of 3 was applied because diketene is  
 
 
TABLE 2-5 AEGL-2 Values for Diketene 
10 min 30 min 1 h 4 h 8 h 

1.8 ppm 
(6.2 mg/m3) 

1.3 ppm 
(4.5 mg/m3) 

1.0 ppm 
(3.4 mg/m3) 

0.25 ppm 
(0.86 mg/m3) 

0.13 ppm 
(0.45 mg/m3) 
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irritating and much of its toxicity is likely caused by a direct chemical effect on 
the tissue. That type of portal-of-entry effect is not expected to vary greatly 
among individuals. A factor of 3 is further supported by the fact that mortality 
incidences and clinical signs were similar between male and female rats exposed 
to diketene (Katz 1987). A modifying factor of 2 was also applied because of the 
limited database on diketene. Time scaling was performed using the equation Cn 
× t = k. The data on diketene were inadequate to determine an empirical value 
for the exponent n, so default values of n = 3 when extrapolating to shorter dura-
tions (10 and 30 min) and n = 1 when extrapolating to longer durations (4 and 8 
h) were used. The AEGL-3 values for diketene are presented in Table 2-6. 

 

8. SUMMARY OF AEGLS 
 

8.1. AEGL Values and Toxicity End Points 
 

The AEGL values for diketene are presented in Table 2-7. AEGL-1 values 
are not recommended because of insufficient data. AEGL-2 values were estimated 
by reducing the AEGL-3 values by a factor of 3. AEGL-3 values were derived 
from the BMCL05 for lethality calculated from an acute inhalation study in rats. 

 

8.2. Other Standards and Guidelines 
 

The Russian occupational exposure limit for diketene is 1 mg/m3 (0.29 
ppm) (RTECS 2006). The AEGL-2 and AEGL-3 values for 1-h exposures are 
similar to the emergency response planning guidelines (ERPG-2 and ERPG-3) 
of the American Industrial Hygiene Association (AIHA 2000) (Table 2-8). No 
other standards or guidelines for diketene were found. 
 
 
TABLE 2-6 AEGL-3 Values for Diketene 
10 min 30 min 1 h 4 h 8 h 

5.5 ppm 
(19 mg/m3) 

3.8 ppm 
(13 mg/m3) 

3.0 ppm 
(10 mg/m3) 

0.75 ppm 
(2.6 mg/m3) 

0.38 ppm 
(1.3 mg/m3) 

 
 
TABLE 2-7 AEGL Values for Diketene 
Classification 10 min 30 min 1 h 4 h 8 h 

AEGL-1 
(nondisabling) 

NRa NRa NRa NRa NRa 

AEGL-2 
(disabling) 

1.8 ppm 
(6.2 mg/m3) 

1.3 ppm 
(4.5 mg/m3) 

1.0 ppm 
(3.4 mg/m3) 

0.25 ppm 
(0.86 mg/m3) 

0.13 ppm 
(0.45 mg/m3) 

AEGL-3 
(lethal) 

5.5 ppm 
(19 mg/m3) 

3.8 ppm 
(13 mg/m3) 

3.0 ppm 
(10 mg/m3) 

0.75 ppm 
(2.6 mg/m3) 

0.38 ppm 
(1.3 mg/m3) 

aNot recommended. Absence of AEGL-1 values does not imply that exposures at concen-
trations below the AEGL-2 values are without effect. 
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TABLE 2-8 Standards and Guidelines for Diketene 

Guideline 

Exposure Duration 

10 min 30 min 1 h 4 h 8 h 

AEGL-1 NR NR NR NR NR 

AEGL-2 1.8 ppm 1.3 ppm 1.0 ppm 0.25 ppm 0.13 ppm 

AEGL-3 5.5ppm 3.8 ppm 3.0 ppm 0.75 ppm 0.38 ppm 

ERPG-1 (AIHA)a – – 1 ppm – – 

ERPG-2 (AIHA) – – 5 ppm – – 

ERPG-3 (AIHA) – – 20 ppm – – 
aERPG (emergency response planning guideline, American Industrial Hygiene Associa-
tion) (AIHA 2000). 
The ERPG-1 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing other than mild, transient 
adverse health effects or without perceiving a clearly defined objectionable odor. The 
ERPG-1 for diketene is based on the threshold-limit value for ketene. 
The ERPG-2 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing or developing irreversi-
ble or other serious health effects or symptoms that could impair an individual’s ability to 
take protective action. The ERPG-2 for diketene is based on clinical signs from a 1-h rat 
lethality study. 
The ERPG-3 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing or developing life-
threatening health effects. The ERPG-3 is based on 1-h lethality data (LC50 of 612 ppm) 
in the rat. 
 
 

8.3. Data Adequacy and Research Needs 
 

Additional animal studies with exposure durations relevant to the AEGL 
durations other than 1 h and with at least one species other than rat are needed to 
better characterize the acute inhalation toxicity of diketene. The diketene con-
centrations tested should encompass the entire spectrum of AEGL end points, 
ranging from 90-100% lethality to no lethality and no-effect-levels for clinical 
signs and pathologic findings. 
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APPENDIX A 
 

DERIVATION OF AEGL VALUES FOR DIKETENE 
 

Derivation of AEGL-1 Values 
 

Insufficient data were available for deriving AEGL-1 values for diketene. There-
fore, AEGL-1 values are not recommended. Absence of AEGL-1 values does not im-
ply that exposures below the AEGL-2 values are without effect. 
 

Derivation of AEGL-2 Values 
 

The AEGL-2 values for diketene were estimated by dividing the respective 
AEGL-3 values by 3. That procedure is in accordance with the standing operating pro-
cedures for deriving AEGL values for chemicals with steep concentration-response 
curves (NRC 2001). 
 
Calculations: 
 
10-min AEGL-2: 5.5 ppm ÷ 3 = 1.8 ppm 
 
30-min AEGL-2: 3.8 ppm ÷ 3 = 1.3 ppm 
 
1-h AEGL-2: 3.0 ppm ÷ 3 = 1.0 ppm 
 
4-h AEGL-2: 0.75 ppm ÷ 3 = 0.25 ppm 
 
8-h AEGL-2; 0.38 ppm ÷ 3 = 0.13 ppm 
 

Derivation of AEGL-3 Values 
 
Key study: Katz, G.V. 1987. Acute Inhalation Toxicity and  

One-Hour LC10 Value of Diketene in the Rat. Study 
No. TX-86-265, February 4, 1967. Toxicological 
Sciences Section, Health and Environment Laboratories, 
Eastman Kodak Company, Rochester, NY.  

 
Toxicity end point: Lethality (1-h BMCL05 of 181 ppm) 
 
Time scaling: Cn × t = k; default values of n = 3 when extrapolating  

to shorter durations and n = 1 when extrapolating to 
longer durations 

 (181 ppm ÷ 60)3 × 60 min = 1,647 ppm-min  
 (181 ppm ÷ 60)1 × 60 min = 181 ppm-min  
 
Uncertainty factors: 10 for interspecies differences 
 3 for intraspecies variability 
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Modifying factor: 2 for limited database 
 
Calculations: 
 
10-min AEGL-3: C3 = (1,647 ppm-min ÷ 10 min) 
 C = 5.5 ppm 
 
30-min AEGL-3: C3 = (1,647 ppm-min ÷ 30 min) 
 C = 3.8 ppm 
 
1-h AEGL-3: C = (181 ppm-min ÷ 60 min) 
 C = 3.0 ppm 
 
4-h AEGL-3: C1 = 181 ppm-min ÷ 240 min 
 C = 0.75 ppm 
 
8-h AEGL-3: C1 = 181 ppm-min ÷ 480 min 
 C = 0.38 ppm 
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APPENDIX B 
 

ACUTE EXPOSURE GUIDELINE LEVELS FOR DIKETENE 

 
AEGL-1 VALUES 

 
Insufficient data were available for deriving AEGL-1 values for diketene. 

Therefore, AEGL-1 values are not recommended. Absence of AEGL-1 values does 
not imply that exposures below the AEGL-2 values are without effect. 

 
AEGL-2 VALUES 

10 min 30 min 1 h 4 h 8 h 

1.8 ppm 1.3 ppm 1.0 ppm 0.25 ppm 0.13 ppm 

Data adequacy: No adequate studies were available for deriving AEGL-2 values for 
diketene. The AEGL-2 values were estimated by dividing the respective AEGL-3 values 
by 3. That procedure is in accordance with the standing operating procedures for deriving 
AEGL values for chemicals with steep concentration-response curves (NRC 2001). 
 

AEGL-3 VALUES 
10 min 30 min 1 h 4 h 8 h 

5.5 ppm 3.8 ppm 3.0 ppm 0.75 ppm 0.38 ppm 

Key reference: Katz, G.V. 1987. Acute Inhalation Toxicity and One-Hour LC10 Value of 
Diketene in the Rat. Study No. TX-86-265, February 4, 1967. Toxicological Sciences 
Section, Health and Environment Laboratories, Eastman Kodak Company, Rochester, NY. 

Test species/Strain/Number: Rat; CRL:CD®(SD)BR; 5 males and 5 females per group 

Exposure route/Concentrations/Durations: Inhalation; 250, 500, and 750 ppm for 1 h 

Effects:  
250 ppm: Signs of ocular (lacrimation) and respiratory tract irritation (gasping and rales). 
500 ppm: Three rats died (2 male, 1 female); clinical signs were the same as those 
observed at 250 ppm, plus porphyrin discharge from the nose. 
750 ppm: Seven rats died (4 male, 3 female); clinical signs were same as those observed 
at 500 ppm. 

End point/Concentration/Rationale: Lethality, 1-h BMCL05 of 181 ppm 

Uncertainty factors/Rationale:  
Total uncertainty factor: 30 
Interspecies: 10 
Intraspecies: 3, because diketene is irritating and much of its toxicity is likely caused by  
a direct chemical effect on the tissue. That type of portal-of-entry effect is not expected  
to vary greatly among individuals. A factor of 3 is further supported by the fact that 
mortality incidences and clinical signs were similar between male and female rats 
exposed to diketene (Katz 1987). 

Modifying factor: 2 for limited database 

Animal-to-human dosimetric adjustment: None 

(Continued) 
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AEGL-3 VALUES Continued 
Time scaling: Cn × t = k; default values of n = 3 when extrapolating to shorter durations 
and n = 1 when extrapolating to longer durations. 

Data adequacy: Only one adequate animal study was available for evaluating the acute 
inhalation toxicity of diketene. Additional studies in rats exposed for other durations and 
studies in at least one other species are needed to better characterize the acute inhalation 
toxicity of diketene. 
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APPENDIX C 
 

CATEGORY PLOT FOR DIKETENE 
 
 

 
FIGURE C-1 Category plot of toxicity data and AEGL values for diketene. 
 
 
TABLE C-1 Data Used in Category Plot for Diketene 
Source Species ppm Minutes Category Comments 
AEGL-2  1.8 10 AEGL  

AEGL-2  1.3 30 AEGL  

AEGL-2  1.0 60 AEGL  

AEGL-2  0.25 240 AEGL  

AEGL-2  0.13 480 AEGL  

AEGL-3  5.5 10 AEGL  

AEGL-3  3.8 30 AEGL  

AEGL-3  3.0 60 AEGL  

AEGL-3  0.75 240 AEGL  

AEGL-3  0.38 480 AEGL  

Danishevskii 1948, 1951; 
Feldman 1967 

Human 0.58 1 1  Mild irritation of the 
conjunctiva and mucosa of 
nose and throat 

(Continued) 
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TABLE C-1 Continued 
Source Species ppm Minutes Category Comments 
Katz 1987 Rat 250 60 1 No mortality, lacrimation 

Katz 1987 Rat 500 60 SL 30% mortality 

Katz 1987 Rat 750 60 SL 70% mortality 

Wooster et al. 1947 Mouse 194 10 0 No mortality 

Wooster et al. 1947 Mouse 580 10 0 No mortality 

Wooster et al. 1947 Mouse 870 10 SL 1/20 died 

Wooster et al. 1947 Guinea pig 194 10 3 3/3 died 

For category: 0 = no effect, 1 = discomfort, 2 = disabling, SL = some lethality, 3 = lethality. 
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APPENDIX D 
 

BENCHMARK CONCENTRATION CALCULATION 
 
 
Probit Model. (Version: 2.8; Date: 02/20/2007) 
Input Data File: C:\BMDS\DATA\DIKETENE.(d) 
Gnuplot Plotting File: C:\BMDS\DATA\DIKETENE.plt 
Mon Apr 09 09:49:14 2007 

BMDS MODEL RUN 
 
The form of the probability function is: 
P[response] = Background 
+ (1-Background) * CumNorm(Intercept+Slope*Log(Dose)), 
where CumNorm(.) is the cumulative normal distribution function 
 
Dependent variable = COLUMN3 
Independent variable = COLUMN1 
Slope parameter is not restricted 
 
Total number of observations = 4 
Total number of records with missing values = 0 
Maximum number of iterations = 250 
Relative Function Convergence has been set to: 1e-008 
Parameter Convergence has been set to: 1e-008 
 
User has chosen the log transformed model 
 
Default Initial (and Specified) Parameter Values 
background = 0 
intercept = -13.4507 
slope = 2.10082 
 
Asymptotic Correlation Matrix of Parameter Estimates 
 
(*** The model parameter(s) – background have been estimated at a boundary point, 
or have been specified by the user, and do not appear in the correlation matrix) 
 
 intercept slope 
intercept 1 -1 
slope -1 1 
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Parameter Estimates 
   95.0% Wald Confidence Interval 
Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. Limit 
Background 0 NA   
Intercept -16.3675 5.52762 -27.2014 -5.53353 
Slope 2.55065 0.87102 0.843482 4.25782 
NA - Indicates that this parameter has hit a bound implied by some inequality constraint 
and thus has no standard error. 

 
Analysis of Deviance Table 
Model Log (likelihood) # Parameters Deviance Test d.f. P-value 
Full model -12.2173 4    
Fitted model -12.5124 2 0.590315 2 0.7444 
Reduced model -22.4934 1 20.5522 3 0.0001304 
AIC: 29.0249      

 
Goodness of Fit  
Dose Est. Prob. Expected Observed Size Scaled Residual 
0.0000 0.0000 0.000 0 10 0.000 
271.0000 0.0188 0.188 0 10 -0.438 
466.0000 0.2433 2.433 3 10 0.418 
778.0000 0.7296 7.296 7 10 -0.211 
Chi-square = 0.41 d.f. = 2 P-value = 0.8142 
 
Benchmark Dose Computation 
Specified effect = 0.05 
Risk type = Extra risk 
Confidence level = 0.95 
 
BMD = 321.212 
BMDL = 180.893 
 


