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Preface 

 
Extremely hazardous substances (EHSs)2 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 Hazard-
ous Substances in 1993. Subsequently, Standard Operating Procedures for De-
veloping Acute Exposure Guideline Levels for Hazardous Substances was pub-
lished 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 Expo-
sure 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 approximately 200 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 tenth volume in 
that series. AEGL documents for N,N-dimethylformamide, jet propellant fuels 5 

                                                 
2As defined pursuant to the Superfund Amendments and Reauthorization Act of 1986. 
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Preface 

and 8, methyl ethyl ketone, perchloromethyl mercaptan, phosphorus oxychlo-
ride, phosphorus trichloride, and sulfuryl chloride are each published as an ap-
pendix 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. AEGL reports for addi-
tional chemicals will be presented in subsequent volumes. 

The committee’s review of the AEGL documents involved both oral and 
written presentations to the committee by the NAC authors of the documents. 
The committee examined the draft documents and provided comments and rec-
ommendations 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 in-
terim reports and presented them for reexamination by the committee as many 
times as necessary until the committee was satisfied that the AEGLs were scien-
tifically justified and consistent with the 1993 and 2001 NRC guideline reports. 
After these determinations have been made for an AEGL document, it is pub-
lished as an appendix in a volume such as this one. 

The six interim reports of the committee that led to this report were re-
viewed in draft form by individuals selected for their diverse perspectives and 
technical expertise, in accordance with procedures approved by the NRC’s Re-
port Review Committee. The purpose of this independent review is to provide 
candid and critical comments that will assist the institution in making its pub-
lished report as sound as possible and to ensure that the report meets institu-
tional standards for objectivity, evidence, and responsiveness to the study 
charge. The review comments and draft manuscript remain confidential to pro-
tect the integrity of the deliberative process. We wish to thank the following 
individuals for their review of the six committee interim reports, which summa-
rize the committee’s conclusions and recommendations for improving NAC’s 
AEGL documents for N,N-dimethylformamide (fourteenth interim report, 2006), 
jet propellant fuels 5 and 8 (seventeenth interim report, 2010), methyl ethyl ke-
tone (twelfth and fifteenth interim reports, 2005 and 2008, respectively), per-
chloromethyl mercaptan (fifteenth interim report, 2008), phosphorus oxychlo-
ride (eleventh and fifteenth interim reports, 2004 and 2008, respectively), 
phosphorus trichloride (eleventh and fifteenth interim reports, 2004 and 2008, 
respectively), and sulfuryl chloride (sixteenth interim report, 2009):  Deepak 
Bhalla (Wayne State University), Harvey Clewell (The Hamner Institutes for 
Health Sciences), David Gaylor (Gaylor and Associates, LLC), Sidney Green, 
Jr. (Howard University), A. Wallace Hayes (Harvard School of Public Health), 
Rogene Henderson (Lovelace Respiratory Research Institute [retired]), Sam 
Kacew (University of Ottawa), Charles Reinhardt (DuPont Haskell Laboratory 
[retired]), Kenneth Still (Occupational Toxicology Associates, Inc.), and Ber-
nard M. Wagner (New York University Medical Center [retired]). 

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 eleventh interim report was overseen by Rakesh Dixit 
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(MedImmune/AstraZeneca Biologics), and the twelfth interim report was over-
seen by David Gaylor (Gaylor and Associates, LLC). The review of the four-
teenth, fifteenth, sixteenth, and seventeenth interim reports was overseen by 
Robert Goyer, University of Western Ontario (retired).  Appointed by the NRC, 
they were responsible for making certain that an independent examination of the 
interim reports was carried out in accordance with institutional procedures and 
that all review comments were carefully considered. Responsibility for the final 
content of this report rests entirely with the authoring committee and the institu-
tion. 

The committee gratefully acknowledges the valuable assistance provided 
by the following persons: Ernest Falke and Iris A. Camacho (both from EPA) 
and George Rusch (Honeywell, Inc.). The committee also acknowledges Keegan 
Sawyer, 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 Environ-
mental Studies and Toxicology), Susan Martel (senior program officer for toxi-
cology), Ruth Crossgrove (senior editor), Radiah Rose (manager of editorial 
projects), Mirsada Karalic-Loncarevic (manager of the Technical Information 
Center), Orin Luke (senior program assistant), 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.  
 

Donald E. Gardner, Chair 
Committee on Acute Exposure  
Guideline Levels 
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and co-founder of the Acute Exposure Guideline Levels program, 

Dr. Paul Tobin, 
whose 31 years of distinguished service with the  

U.S. Environmental Protection Agency in the fields of chemistry,  
toxicology and health-risk assessment contributed significantly to scientific 

knowledge, to the development of the Acute Exposure Guideline Levels  
program, and to the protection of public health and safety. 
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National Research Council Committee 
Review of Acute Exposure Guideline 

Levels of Selected Airborne Chemicals 

 
This report is the tenth volume in the series Acute Exposure Guideline Le-

vels 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 emer-
gency 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 or Health. Al-
though 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 
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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 Admini-
stration (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 eva-
luate 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 iden-
tify, review, and interpret relevant toxicologic and other scientific data and to 
develop acute exposure guideline levels (AEGLs) for high-priority, acutely toxic 
chemicals. The NRC’s previous name for acute exposure levels—community 
emergency exposure levels (CEELs)—was replaced by the term AEGLs to 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: 
 

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 

                                                           
1NAC is composed of members from EPA, DOD, many other federal and state agen-

cies, industry, academia, and other organizations. The NAC roster is shown on page 9. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 10

NRC Committee Review of Acute Exposure Guideline Levels 5 
 

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 unpub-
lished 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 toxicity studies, 
(4) animal toxicity studies, (5) controlled human studies, (6) observations of 
humans involved in chemical accidents, and (7) epidemiologic studies. Toxicity 
data from human studies are most applicable and are used when available in 
preference to data from animal studies and in vitro studies. Toxicity data from 
inhalation exposures are most useful for setting AEGLs for airborne chemicals 
because inhalation is the most likely route of exposure and because extrapola-
tion 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 
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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 impor-
tant 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 are initially prepared by ad hoc AEGL develop-
ment teams consisting of a chemical manager, two chemical reviewers, and a 
staff scientist of the NAC contractor—Oak Ridge National Laboratory. The 
draft documents are then reviewed by NAC and elevated from “draft” to “pro-
posed” status. After the AEGL documents are approved by NAC, they are pub-
lished in the Federal Register for public comment. The reports are then revised 
by NAC in response to the public comments, elevated from “proposed” to “in-
terim” 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 subcommittee is satisfied with the reviews. 

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 for the accuracy and completeness of the toxicity data cited in the 
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AEGL reports. Thus far, the committee has prepared nine reports in the series 
Acute Exposure Guideline Levels for Selected Airborne Chemicals (NRC 2001b, 
2002b, 2003, 2004, 2007b, 2008b, 2009, 2010a,b). This report is the tenth volume 
in that series. AEGL documents for N,N-dimethylformamide, jet propellant fuels 
5 and 8, methyl ethyl ketone, perchlormethyl mercaptan, phosphorus oxychlo-
ride, phosphorus trichloride, and sulfuryl chloride are each published as an ap-
pendix 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. AEGL reports for addi-
tional chemicals will be presented in subsequent volumes. 
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Methyl Ethyl Ketone1 
 

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 

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

Talmage (Summitec Corporation) and Jim Holler and William Bress (National Advisory 
Committee [NAC] on Acute Exposure Guideline Levels for Hazardous Substances). 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) Committee on Acute Exposure Guideline Levels. The NRC committee concluded 
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, 2001). 
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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 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 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 idiosyncratic responses, 
could experience the effects described at concentrations below the correspond-
ing AEGL. 

 
SUMMARY 

 
Methyl ethyl ketone (MEK) is a volatile solvent with a sweet and sharp 

acetone-like odor. MEK is widely used as a solvent in common household prod-
ucts, such as inks, paints, cleaning fluids, varnishes, and glues. In most industrial 
applications, it is used as a component of a mixture of organic solvents. It has 
also been detected in a wide variety of natural products and may be a minor 
product of normal mammalian metabolism. In 1999, U.S. production capacity 
was 675 million pounds. 

The inhalation toxicity of MEK is low. In clinical studies, a constant con-
centration of 200 ppm and short exposures at 380 ppm were judged nonirritat-
ing. At high concentrations of several thousand parts per million, MEK causes 
reversible central nervous system (CNS) depression as evidenced by neurobe-
havioral effects in animals. Data on human exposures were available from clini-
cal studies and workplace monitoring. Animal studies with a variety of species 
(baboon, rat, mouse, and guinea pig) addressed irritation, neurotoxicity, devel-
opmental toxicity, and lethality. Exposure durations ranged from acute to 
chronic. MEK is not teratogenic, but at high concentrations, it is mildly fetotoxic 
to rats and mice. Genotoxicity was also addressed. No information on a concen-
tration-exposure duration relationship for a defined end point was found. In 
clinical studies of 4-h duration, uptake was rapid during the first hour of expo-
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sure at 200 ppm, approaching steady state in the blood by the end of the expo-
sure (Liira et al. 1988a,b). 

Four well-conducted clinical studies indicated that MEK is not a sensory 
irritant, nor does it induce neurobehavioral changes at concentrations up to 200 
ppm for 2 or 4 h (Dick et al 1992; Muttray et al 2002; Shibata et al. 2002) or at 
variable concentrations ranging from 10 to 380 ppm over 4 h (five 8-min peaks 
to 380 ppm) (Seeber et al. 2002). Seeber et al. (2002) tested healthy subjects as 
well as subjects with self-reported multiple chemical sensitivity (sMCS). Sub-
jects with sMCS reported no adverse symptoms during the 8-min exposures to 
380 ppm. Additional metabolism studies were conducted at concentrations of 25 
to 400 ppm for 4 h, but these studies did not address sensory irritation or neuro-
toxic effects. In a clinical study with 24 male and female subjects, a concentra-
tion of 200 ppm was judged unobjectionable for an 8-h exposure (Dick et al. 
1992). Therefore, 200 ppm was selected as the threshold for sensory irritation 
and was used to derive the AEGL-1. The selection of this value is supported by 
numerous clinical studies in which volunteers were routinely exposed to MEK at 
200-400 ppm for up to 4 h and by the exposure of sMCS subjects to it at 380 
ppm for short periods of time. Because effects were not different in sensitive 
subjects at the higher concentration of 380 ppm, an intraspecies uncertainty fac-
tor of 1 was applied. Because steady-state would be approached within 4 h at the 
200-ppm concentration (Liira et al. 1988a,b) and because MEK is rapidly me-
tabolized, the 200-ppm concentration was used across all AEGL-1 exposure 
durations. 

The AEGL-2 was based on an exposure concentration that did not result in 
neurobehavioral effects on the first day of the subchronic study by Cavendar et 
al. (1983). Rats were exposed to MEK at 5,000 ppm for 6 h/day, 5 days/week, 
for 90 days. No lesions were reported in this study (specific neuropathologic 
studies were conducted on the medulla and peripheral nerves), and there were no 
neurofunctional deficits. Narcosis was not observed on the first day of exposure 
or on subsequent days. The concentration may be close to the threshold for nar-
cosis, as evidenced by mild somnolence in a repeated exposure study in which 
rats were exposed at 6,000 ppm for several weeks (Altenkirch et al. 1978). Be-
cause uptake is dependent on the ventilatory rate and cardiac output, which are 
higher in rodents than in humans, an interspecies uncertainty factor of 1 was 
applied (at similar exposure concentrations, blood levels of MEK are higher in 
rats than in humans [Liira et al. 1990a]). Because the threshold for narcosis dif-
fers by no more than 2- to 3-fold among the general population (see Section 
4.4.2), an intraspecies uncertainty factor of 3 was applied to protect sensitive 
individuals. At the 5,000-ppm concentration, steady-state in the blood is pre-
dicted to occur sometime after 4 h. Therefore, the 4- and 8-h AEGL-2 values 
were set equal to 1,700 ppm. The data show that for a common end point, higher 
concentrations can be tolerated at the shorter exposure durations. Therefore, the 
values for the shorter exposure durations were time-scaled from the 4-h time 
using the default n value of 3.  
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The AEGL-3 values were derived using different studies. The 10- and 30-
min time periods were derived using the studies by Klimisch (1988) and Zakhari 
et al. (1977) with support from Hansen et al. (1992). The 1-, 4-, and 8-h values 
were derived from the study by Fowles et al. (1999) using data from La Belle 
and Brieger (1955). No deaths occurred in rats after a 30-min exposure to MEK 
at 92,239 ppm (Klimisch 1988), and no deaths occurred in mice after a 45-min 
exposure at 50,000 ppm (Zakhari et al. 1977). A projected value of 32 or 145 
ppm for 30 min would decrease the respiratory rate of mice by 50% (Hansen et 
al. 1992). The highest tested concentration in the Hansen et al. (1992) study was 
26,000 ppm. On the basis of these data it is thought that nearly all individuals 
could be exposed at 10,000 ppm for up to 30 min without developing life-
threatening effects. Inter- and intraspecies uncertainty factors of 1 and 3, respec-
tively, were applied for the AEGL-2. Additional studies support the 10,000-ppm 
value as being nonlethal: 10,000 ppm for 10 or 30 min was narcotic to mice in 
one study (Glowa and Dews 1987) but not in another (Hansen et al. 1992), 
10,000 ppm was tolerated by rats for 8 h/day for several days (Altenkirch et al. 
1978), and no deaths occurred in guinea pigs inhaling 10,000 ppm for 13.5 h 
(Patty et al. 1935).  

The longer-term AEGL-3 values were based on a maximum likelihood es-
timate, with a 1% response (MLE01), of 7,500 ppm calculated by Fowles et al. 
(1999) from a 4-h study with rats exposed at several concentrations for 4 h (La 
Belle and Brieger 1955). In this study, the 4-h LC50 (concentration lethal to 50% 
of the exposed population) was 11,700 ppm, and the highest concentration re-
sulting in no deaths was 7,850 ppm for 4 h. The 7,500-ppm MLE01 concentra-
tion was divided by an interspecies uncertainty factor of 1 and an intraspecies 
uncertainty factor of 3, using the same rationale as that for AEGL-1. The result-
ing value of 2,500 ppm was used for both the 4-h and 8-h AEGL-3 values. MEK 
may approach steady state in the blood by the end of 8 h. The 4-h 2,500 ppm 
value was time-scaled to the 1-h time using the default n value of 3 for scaling to 
shorter time intervals. The 8-h AEGL-3 of 2,500 ppm is low compared with 8-h 
nonlethal concentrations in animal studies cited above. 

The calculated values are listed in Table 3-1 below. 

 
1. INTRODUCTION 

 
MEK is a volatile solvent with a sweet and sharp acetone-like odor. It is 

commercially manufactured from n-butenes in a metal-catalyzed hydrogena-
tion reaction that proceeds through the intermediate formation of 2-butanol. 
MEK is widely used as a solvent in industrial settings and common household 
products, such as protective coatings, adhesives, inks, paints, cleaning fluids, 
and dewaxing agents. It is a common ingredient in consumer products, such as 
varnishes and glues. In most applications, it is used as a component of a mix-
ture of organic solvents. It has also been detected in a wide variety of natural  
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products and may be a minor product of normal mammalian metabolism 
(WHO 1993; Morgott et al. 2001). In 1999, U.S. production capacity was 675 
million pounds (ChemExpo 2001). Global capacity in 2002 was about 1.3 mil-
lion metric tons (Greiner and Funada 2009). Chemical and physical properties 
are listed in Table 3-2. 

 
2. HUMAN TOXICITY DATA 

 
2.1. Acute Lethality 

 
The relative toxicity of ketones is low (Morgott et al. 2001), and no stud-

ies were located regarding deaths of humans following inhalation, oral, or der-
mal exposure to MEK (ATSDR 1992; WHO 1993).  

 
 
TABLE 3-1 Summary of AEGL Values for Methyl Ethyl Ketone 

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

AEGL-1 
(nondisabling) 

200 ppm 
(586 
mg/m3) 

200 ppm 
(586 
mg/m3) 

200 ppm 
(586 
mg/m3) 

200 ppm 
(586 
mg/m3) 

200 ppm 
(586 
mg/m3) 

NOAEL for 
subjective  
symptoms in humans 
(Dick et al. 1992; 
Muttray et al. 2002; 
Seeber et al. 2002 
Shibata et al. 2002) 

AEGL-2 
(disabling) 

4,900 ppma 
(14,357 
mg/m3) 

3,400 ppma 
(9,962 
mg/m3) 

2,700 ppma 
(7,911 
mg/m3) 

1,700 ppm 
(4,980 
mg/m3) 

1,700 ppm 
(4,980 
mg/m3) 

Threshold for 
narcosis in rats 
(Cavender et al. 
1983) 

AEGL-3 
(lethal) 

b b 4,000 ppma 
(11,720 
mg/m3) 

2,500 ppma 
(7,325 
mg/m3) 

2,500 ppma 
(7,325 
mg/m3) 

Threshold for 
lethality, mouse,  
rat (La Belle and 
Brieger 1955; 
Zakhari et al. 1977; 
Klimisch 1988; 
Hansen et al. 1992) 

aThe 10- and 30-min and the 1-h AEGL-2 values and the 1-, 4-, and 8-h AEGL-3 values 
are higher than one-tenth of the lower explosive limit (LEL) of methyl ethyl ketone in air 
(LEL = 18,000 ppm). Therefore, safety considerations against the hazard of explosion 
must be taken into account. 
bThe 10- and 30-min AEGL-3 value of 10,000 ppm (29,300 mg/m3) is higher than 50% 
of the LEL of methyl ethyl ketone in air (LEL = 18,000 ppm). Therefore, extreme safety 
considerations against the hazard of explosion must be taken into account. 
Abbreviation: NOAEL, no-observed-adverse-effect level. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 10

145 Methyl Ethyl Ketone 

TABLE 3-2 Chemical and Physical Data for Methyl Ethyl Ketone 
Parameter Data Reference 
Synonyms MEK, 2-butanone, ethyl  

methyl ketone, methyl acetone,  
2-oxobutane 

ATSDR 1992; 
O’Neil et al. 2001 

CAS registry no. 78-93-3 ATSDR 1992 

Chemical formula CH3COCH2CH3 O’Neil et al. 2001 

Molecular weight 72.10 O’Neil et al. 2001 

Physical state Liquid O’Neil et al. 2001 

Boiling point 79.6°C O’Neil et al. 2001 

Melting point  −86°C O’Neil et al. 2001 

Solubility in water 275,000 mg/L 
353,000 mg/L 

O’Neil et al. 2001 
HSDB 2008 

Vapor pressure 90.6 mmHg at 25°C ATSDR 1992 

Vapor density (air =1) 1.3814 
2.41 

O’Neil et al. 2001 
HSDB 2008 

Liquid density (water =1) 0.805 O’Neil et al. 2001 

Flash point 6°C (closed cup) O’Neil et al. 2001 

Explosive limits 
Upper 
Lower 

 
12% by volume 
1.8% by volume 

ACGIH 2006 

Conversion factors 1 ppm = 2.93 mg/m3 
1 mg/m3 = 0.341 ppm 

ATSDR 1992 

 
 

2.2. Nonlethal Toxicity 
 
2.2.1. Odor Threshold  
 

The odor of MEK has been described as sweet and sharp with the hedonic 
tone described as neutral to unpleasant (Leonardos et al. 1969; Hellman and 
Small 1974). The odor threshold has variously been reported as 0.25 to 147 ppm 
(Billings and Jonas 1981; Amoore and Hautala 1983; Ruth 1986); following 
standardization of results from different threshold studies, an odor detection 
threshold of 7.8 ppm was reported (Devos et al. 1990). In the Devos et al. (1990) 
study, odor thresholds were similar for male and female control subjects, 8.2 and 
8.1 ppm, and for male and female subjects with multiple chemical sensitivities, 
5.7 and 7.6 ppm. The odor recognition thresholds for trained panels of experts 
were similar, 6 ppm (Hellman and Small 1974) and 10 ppm (Leonardos et al. 
1969). The threshold for irritation as reported by Ruth (1986) was 200 ppm. No 
data were provided for this value. 
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2.2.2. Clinical Studies  
 

Five clinical studies addressed subjective symptoms during MEK expo-
sure. These studies are summarized in Table 3-3 and discussed in the text below. 
Clinical studies that addressed neurotoxic end points are discussed in Section 2.3 
(neurotoxicity) and are also summarized in Table 3-3. During metabolism stud-
ies, groups of healthy subjects were exposed to MEK at 200 ppm (Liira et al. 
1988a,b; 1990a,b; Shibata et al. 2002), 300 ppm (Tada et al. 1972; van Engelen 
et al. 1997), or 400 ppm (Liira et al. 1990a) for 2-4 h. A series of studies by 
Dick et al. (1984; 1988; 1989; 1992) and a study by Shibata et al. (2002) ad-
dressed sensory irritation and neurotoxicity as well as metabolism. Two studies 
involved coexposures to MEK and n-hexane (van Engelen et al. 1997; Shibata et 
al. 2002). No adverse symptoms were reported in these studies. In some cases 
exercise was incorporated into the study protocol. 

Nelson et al. (1943) exposed 10 male and female volunteers to several 
concentrations of MEK for 3 to 5 min to determine a concentration that would 
be satisfactory for industrial exposures and a concentration that would be “un-
pleasant” or objectionable. Atmospheres were generated by adding a known 
quantity of vapor saturated air to the measured flow of air being forced into the 
chamber; there were no analytic measurements. The volunteers found that nose 
and throat irritation were slight at 100 ppm. Mild eye irritation was reported by 
some subjects at 200 ppm, and 350 ppm was considered objectionable for an 8-h 
exposure. The majority of subjects considered 200 ppm satisfactory for an 8-h 
exposure.  

In a combined metabolism and sensory irritation study, four healthy male 
subjects with no prior exposure to organic solvents inhaled MEK at 100 or 200 
ppm for 2 h, both in combination with hexane at 50 ppm (Shibata et al. 2002). 
The subjects exercised on a ergometer bicycle at a constant workload of 50 
watts. The subjects rated the severity of the following symptoms: discomfort in 
eye, running nose, discomfort in throat or airways, headache, fatigue, nausea, 
dizziness, feeling of intoxication, difficulty in breathing, and odor of solvents. 
The rating system ranged from “no effect at all” to “almost unbearable.” Except 
for odor, all symptoms were rated between “not at all” and “hardly at all” by the 
subjects. Solvent odor ratings increased with increasing exposure to MEK (rat-
ing not stated). Combined exposure to MEK and n-hexane depressed the me-
tabolism of n-hexane. There were no differences in heart rate or performed 
workload among the different exposure conditions. Metabolism results are 
summarized in Section 4.1.2. 

In a double-blind study, Dick et al. (1992) exposed 13 male and 11 female 
subjects, ages 18-32, to 200 ppm for 4 h in a test of neurobehavioral perform-
ance (summarized in Section 2.3) and sensory and irritant effects. The 4-h expo-
sure session was composed of two 2-h periods. Additional subjects were ex-
posed to methyl isobutyl ketone, a combination of MEK and methyl isobutyl 
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TABLE 3-3 Summary of Human Studies for Methyl Ethyl Ketone 
Concentration 
(ppm) 

Exposure 
Duration Effect and Type of Study Reference 

90-270 
(average 150) 

4 h Concentrations not held constant; underestimation of 
times of 5 to 30 s by men and expansion of variation 
of time estimation in women; questionable results  

Nakaaki 1974 

100 
200 
 
350 

3-5 min 
3-5 min 
 
3-5 min 

Slight nose and throat irritation 
Mild eye irritation in some subjects;  
judged satisfactory for 8-h exposure 
Judged objectionable for 8-h exposure 

Nelson et al. 
1943 

100, 200 2 h Metabolism study; exposures in combination with  
n-hexane; constant workload of 50 watts; odor 
noticeable; no irritation and no subjective symptoms 

Shibata et al. 
2002 

200 4 h No significant difference in choice reaction time, 
visual vigilance, or pattern recognition tests 

Dick et al. 1984 

200 4 h No significant difference in psychomotor tests of 
choice reaction time, visual vigilance, dual task of 
auditory tone discrimination and tracking, memory 
scanning, postural sway, profile of moods states 

Dick et al. 1988; 
1989 

200 4 h Noticeable strong, unobjectionable odor; subjective 
symptoms similar to control responses 

Dick et al. 1992 

200 4 h No irritation; no subjective symptoms; strong odor; 
increase in mucociliary transport time; nonsignificant 
changes in proinflammatory cytokines  

Muttray et al. 
2002 

10 
10-380 (five  
8-min peaks  
to 380 ppm; 
time-weighted 
average ≈188) 

4 h 
4 h 

No effect 
Intense odor; irritation rated “hardly at all”; subjects 
with self-reported multiple chemical sensitivity 
included in the study 

Seeber et al. 
2002; van Thriel 
et al. 2003a 

25, 200, 400 4 h Metabolism studies; exercise incorporated into some 
protocols 

Liira et al. 
1988a,b; 1990a,b 

300 2-4 h Metabolism study; sensory and neurobehavioral 
effects not addressed 

Tada et al. 1972 

300-600 Occupational Central-nervous-system effects, possibly attributable 
to concurrent dermal exposure 

Smith and 
Mayers 1944 

33,000, 100,000 
10,000 
3,300 

Few breaths 
Few breaths 
Not given 

Intolerable, irritation to eyes and nose 
Almost intolerable, irritation to eyes and nose 
Strong odor, moderately irritating to eyes and nose 

Patty et al. 1935 
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ketone, or an alcoholic drink, which served as a positive control for the neuro-
behavioral tests. Two control groups were also used: a chemical-control group 
and an alcohol-control group. The chemical control group was exposed to a 
combination of MEK and methyl isobutyl ketone at 25 ppm for 5 min at the be-
ginning of the control session. For the subjective part of the study, two ques-
tionnaires were used. The “Subjective I” questionnaire consisted of a yes/no 
format in response to the following items: (1) presence of odor, (2) strong odor, 
(3) objectionable odor, (4) headache, (5) nausea, (6) throat dryness or coughing, 
(7) tearing, and (8) unpleasant exposure. The “Subjective II” questionnaire also 
required yes/no responses to indicate whether the subjects had been exposed to a 
chemical or to the control atmosphere. The percentages of exposed subjects re-
porting yes to the eight items above involving odor and irritation were 96%, 
48%, 48%, 7%, 19%, 50%, 17%, and 44%, respectively. Except for strong odor, 
similar numbers of positive responses were recorded for the chemical-control 
group: 94%, 22%, 40%, 12%, 6%, 34%, 24%, and 34%. As noted, 48% of sub-
jects exposed to MEK reported a strong odor and 22% of the subjects in the 
chemical-control group reported a strong odor (p < 0.05). The authors, in com-
paring the headache response between the chemical-control and chemically ex-
posed groups, suggested that test-taking for 4 h accounted for the headache ef-
fect. In response to the Subjective II questionnaire, 96% of the subjects exposed 
to MEK correctly reported that they had been exposed to a chemical. 

Muttray et al. (2002) exposed 19 healthy nonsmoking males, ages 22-41, 
to MEK at 0 or 200 ppm for 4 h. The study was not blind in that subjects were 
aware of a chemical odor during the exposure to MEK. A questionnaire of 17 
items relating to irritation of the mucous membranes, difficulties in breathing, 
and prenarcotic symptoms was administered before, after 2 h, and after 4 h of 
exposure. The nasal mucosa was examined. There was no subjective irritation of 
nasal mucosa. On a scale of 0 to 5, all median scores were 0 (no symptoms). 
Mucociliary transport time was statistically significantly higher, 660 vs. 600 s. 
Some cytokines were slightly, nonsignificantly increased, whereas others were 
unaffected. The authors considered any changes subclinical. 

Seeber et al. (2002, see also van Thriel et al. 2002, 2003b) evaluated psy-
chologicl reactions related to chemosensory irritation. Specifically, the authors 
focused on relationships between irritation, odor, and annoyance in response to 
acute solvent exposure. They conducted 14 inhalation studies with 4-h expo-
sures to each of eight chemicals. The subjects rated odor (scale of 0 [“not at all”] 
to 5 [“very strong”]), annoyance or well-being (scale of 1 [“not annoying”] to 7 
[“very annoying”]), and eye and nose irritation (same scale as for odor) every 
half hour. For MEK, 24 paid naive subjects were exposed at a constant concen-
tration of 10 ppm (near the odor threshold) or at five peaks of 380 ppm (initial 
exposure) with decreases to 10 ppm. The low and high concentrations were held 
for 8 min; they were linked by periods of increasing or decreasing concentra-
tions for 22 min. The time-weighted average (TWA) in a similar study reported 
by van Thriel et al. (2003a) was 188 ppm. Rating surveys were taken during the 
maximum and minimum exposures and during the control exposure, and muco-
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sal swelling as measured by anterior active rhinomenometry was measured. The 
study was single blind because the subjects were unaware of the exposures, but 
the staff had little interaction with the subjects. The exposure chamber was 28 
m3, and concentrations were measured. Irritation, odor, and annoyance scores 
during exposure to clean air were 0.1, 0.1, and 1.3, respectively. The eye irrita-
tion score was 0.4 for the constant 10-ppm MEK concentration. For the chang-
ing conditions, odor ratings followed the peaks and valleys of the exposure con-
centrations, ratings of ≥ 3 ranging from 0-9% of respondents at 10 ppm to  
55-91% of respondents at 380 ppm. The averaged ratings for eye and nose irrita-
tion were similar and were verbally scored “hardly at all.” Statistically, odor had 
the strongest effect, followed by annoyance and irritation. The authors (Seeber 
et al. 2002) concluded that there was no evidence of sensory irritation on a sub-
jective level. 

When subjects in the Seeber et al. (2002) study were divided into those 
with “self-reported multiple chemical sensitivity” (sMCS), measured by re-
sponse to items on a questionnaire, and subjects who were not sensitive to 
chemicals (controls), the scores for the sMCS increased with time, whereas 
those for the controls did not. Each of the nine ratings for the sMCS subjects, 
taken during the 4-h exposure, was ≤ 1 (“hardly at all”) for nose and eye irrita-
tion, and the scores for the controls were all ≤ 0.25 (close to “not at all”). The 
95% confidence interval for nose and eye irritation never rose above a score of 
1.5. Inflammatory biomarkers—eosinophil cationic protein, myeloperoxidase, 
interleukin 1β, substance P, and neurokinin—were not affected by either expo-
sure in either the control or the sMCS groups (van Thriel et al. 2003a). A weak 
dose-response increase in nasal symptoms was reported by the sMCS group; 
however, mean scores for nasal and eye irritation were never greater than 1 on a 
scale of 0-5; controls scored 0.2. There was no effect on nasal flow. (Compared 
with the controls, sMCS subjects had a significant decrease in the flow value in 
anterior rhinomanometry independent of dose [Wiesmuller et al. 2002]). Breath-
ing rate and heart rate of the two groups of subjects reported in another paper 
(Haumann et al. 2003) were not changed appreciably by the exposures. 

Patty et al. (1935) stated that 33,000 and 100,000 ppm were intolerable to 
humans because of irritation of the eyes and nasal passages. A concentration of 
10,000 ppm was intolerable after a few inhalations because of irritation to the 
eyes and nose, and 3300 ppm had a moderate-to-strong odor and was moder-
ately irritating to the eyes and nose (no exposure durations given). The raw data 
or the source of the data were not provided, but the exposures presumably took 
place during the authors’ exposure of guinea pigs to the same concentrations. 

 
2.2.3. Monitoring Studies  
 

Monitoring studies indicated that workers were routinely exposed to MEK 
at ≤ 100 ppm, as taken by instantaneous and 4-h passive samplers (Miyasaka et 
al. 1982; Brugnone et al. 1983; Perbellini et al. 1984), and to TWA exposures up 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 10

150          Acute Exposure Guideline Levels  

to 224 ppm (Yoshikawa et al. 1995) and 270 ppm (median value, 26 ppm) (Im-
briani et al. 1989); in one case, 4-h TWA exposures ranged up to 950 ppm 
(Ghittori et al. 1987). Samples were taken by several methods, including instan-
taneous samples via glass tubes and 2- and 4-h passive samplers. In some cases, 
workers were exposed to a mixture of solvents. Health effects were not ad-
dressed in these studies. 

 
2.2.4. Case Reports  
 

In occupational settings, the primary routes of exposure are inhalation and 
skin contact. Symptoms incurred by workers during occupational exposures 
have been described. MEK is a strong degreasing agent, and contact with the 
skin might result in dermatitis. Workers handling MEK while manufacturing 
raincoat water-proofing material developed severe dermatosis with a complete 
lack of sensation in the digits and limbs (Smith and Mayers 1944). Workroom 
concentrations ranged from 300 to 600 ppm. Dermal contact with liquid MEK 
during the processes was highly likely because it was reported that workers 
tended to wash their hands in the solvent. Two workers in a similar plant where 
exposures were at 1,000 ppm measured as ketone vapors (acetone at 330-495 
ppm plus MEK at 398-561 ppm) suffered episodes of CNS depression, and loss 
of consciousness (Smith and Mayers 1944).  

 
2.2.5. Epidemiologic Studies 
 

Available epidemiology studies involved a mixture of solvents and gener-
ally addressed neurotoxicity (Arlien-Soberg 1991). Adverse effects could not 
clearly be related to exposure to MEK alone and therefore are not discussed in 
this report. Epidemiology studies that addressed the potential carcinogenicity of 
MEK are discussed in Section 2.6 (Carcinogenicity). 

 
2.3. Neurotoxicity 

 
During 4-h exposures of male and female human subjects to MEK at 90 to 

270 ppm, the subjects participated in time-estimation tests (Nakaaki 1974). The 
concentration increased over the 4-h periods; the average concentration for each 
exposure was 150 ppm. There were nine morning and nine afternoon sessions, 
and two males and two females participated in each session. Males tended to 
underestimate times of 5 to 30 s, and females showed more variable results 
compared with control estimates of time. The time-estimation values from this 
study were highly variable, and no statistical differences were presented be-
tween or among the exposure groups. The subjects reported a strong odor at 90 
ppm. This study differs from recent well-conducted clinical studies in that symp-
toms of tears and sneezes were reported (see Table 3-3 for results of recent stud-
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ies). Furthermore, when testing solvents, such as acetone, with similar mecha-
nisms of action, time-estimation changes in males and females differed from 
those of MEK. 

Dick et al. (1984) exposed groups of paid volunteers to MEK at 0 or 200 
ppm for 4 h in a study of psychomotor performance. A group of 20 male and 
female volunteers were exposed at 200 ppm for 4 h. The control group consisted 
of 20 volunteers. The MEK concentration was continuously monitored with in-
frared analyzers and confirmed by gas chromatography. The average concentra-
tion over the 4-h period was 190 ppm. Two performance tests, reaction time and 
visual vigilance, were administered throughout the pre-exposure, exposure, and 
postexposure periods; a third test, pattern discrimination, was run only during 
the pre-exposure and exposure period. There were no statistically significant 
differences between the treated and the control groups on any test. 

In a double-blind study, groups of 9-12 male and 10-13 female volunteers 
ranging in age from 18 to 32 years were exposed to MEK at 0 or 200 ppm or to 
95% ethanol (0.84 mL/kg as a positive control) for 4 h (Dick et al. 1988, 1989). 
The computerized testing regimen consisted of 2-h sessions on each of 3 days: a 
practice session on day 1; tests prior to exposure, during exposure (two testing 
sessions) and postexposure on day 2; and tests postexposure on day 3. During 
each 2-h test session, four psychomotor tests (choice reaction time, visual vigi-
lance, dual task, and short-term memory scanning); a neurophysiologic test (eye 
blink reflex); and one sensorimotor test (postural sway) were administered to the 
test subjects. A profile-of-mood states psychologic test was administered follow-
ing exposure and on the following day. Exposure to MEK produced no statisti-
cally significant interpretable results. Exposure to MEK at 100 ppm and to either 
acetone at 125 ppm or toluene at 50 ppm (Dick et al. 1984) had no significant 
effect on behavioral tests. Ethanol, at a measured blood alcohol content of 0.07-
0.08%, produced pronounced performance decrements in several tests. 

In a third double-blind study, Dick et al. (1992) exposed 13 male and 11 
female volunteers, ages 18-32, to 200 ppm for 4 h while they performed five 
psychomotor tests—choice reaction time, simple reaction time, visual vigilance, 
dual task, and memory scanning—and one sensorimotor test—postural sway. 
The 4-h exposure session was composed of two 2-h periods. Sensory effects for 
this study are summarized in Section 2.2. As in the earlier study (Dick et al. 
1988), ethanol (0.84 mL/kg) was used as a positive control substance. According 
to the authors, the exposure to MEK did not produce any conclusive, consis-
tently interpretable effect of chemical treatment. In contrast, ethanol ingestion 
produced significant decrements on every performance test except memory 
scanning. 

In contrast to acute exposures, chronic exposures may be neurotoxic. 
Workers in a cable factory exposed at 50-120 ppm over an 8-h work shift for an 
average of 14 years had increased mood disorders and reported more headaches, 
memory difficulties, and sensory irritation than controls. Although tested,  
decrements in neurobehavioral tests were not reported for MEK (Mitran et al. 
1997).  
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2.4. Developmental and Reproductive Toxicity 
 

No information was found specific to the developmental and reproductive 
toxicity of MEK in humans. 

 
2.5. Genotoxicity 

 
No studies regarding the genotoxicity of MEK in humans via the inhala-

tion route were located in the available literature. In an in vitro study, MEK at 
concentrations of 10−2, 10−3, or 10−4 M was neither cytotoxic nor increased triti-
ated thymidine uptake in human lymphocytes (Perocco et al. 1983). 

 
2.6. Carcinogenicity 

 
In an early unpublished study of 306 male employees who had been em-

ployed in the lubricants dewaxing unit (a petroleum refining process) of a refin-
ery, the overall mortality was less than expected, and there was no evidence of 
an excess of deaths from cancer (Enterline 1978). Five deaths from cancer oc-
curred, and six were expected. Two of the deaths were from prostate cancer.  

A retrospective epidemiology study was undertaken of 446 men who had 
worked at two MEK dewaxing plants for a period of at least 1 continuous year 
(Alderson and Rattan 1980). The solvent exposure consisted of MEK and ben-
zene prior to 1971, after which benzene was replaced with toluene. There was a 
slight reduction in overall mortality: observed deaths, 46; expected deaths, 55.5; 
and a slight deficiency of deaths from neoplasms: observed, 13; expected, 14.4. 
There were more deaths than expected from buccal cavity and pharyngeal can-
cers: observed, 2; expected, 0.13; and fewer deaths than expected from lung 
cancer: observed, 1; expected, 6.0. From the results, the authors concluded that 
there was no clear evidence of a cancer hazard. 

Wen et al. (1985) conducted a retrospective cohort mortality study of 
1,008 men employed in solvent dewaxing units of a refinery between 1935 and 
1978. Exposure was to benzene and MEK prior to 1945 and to MEK and toluene 
thereafter. Personal samples indicated that the 8-h TWA for MEK was approxi-
mately 1 ppm. Less than 5% of the samples were more than 5 ppm. The TWA 
toluene concentration was also approximately 1 ppm. Measurements of other 
solvents, including benzene, hexane, xylene, and methyl isobutyl ketone, were  
< 0.1 ppm. The standardized mortality ratio (SMR) (compared with the U.S. 
population) for all causes was 0.70, and the SMR for cancer was 0.86. Prostate 
cancers were nonsignificantly increased among maintenance workers but not 
among workers specifically assigned to the MEK units.  

 
2.7. Summary 

 
The relative toxicity of most ketones is low, and no information on deaths 
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attributable to exposure to MEK was located. The odor recognition threshold for 
MEK ranges from 6 to 10 ppm (Leonardos et al. 1969; Hellman and Small 
1974). Volunteers exposed to MEK for 3-5 min judged 200 ppm as acceptable 
for an 8-h exposure and 350 ppm as objectionable for an 8-h exposure (Nelson 
et al. 1943). In a more recent 4-h study, 200 ppm was also judged as unobjec-
tionable by healthy volunteers (Dick et al. 1992). Additional behavioral and me-
tabolism studies with human volunteers conducted at 200 and 400 ppm for 4 h 
did not reveal either irritant or neurotoxic effects. The Dick et al. studies (1984, 
1988, 1989, 1992) with exposures at 200 ppm for 4 h found no exposure-related 
changes in performance on psychomotor and mood tests or incidences of irrita-
tion. A 4-h exposure at 90-270 ppm caused minor disturbances in the conception 
of time (Nakaaki 1974). Several recent clinical studies (Dick et al 1992; Muttray 
et al. 2002; Seeber et al. 2002; Shibata et al. 2002) reported that MEK was asso-
ciated with strong odor rather than irritation. This finding shows that odor rather 
that irritation was probably responsible for symptom complaints in earlier stud-
ies, such as Nelson et al. (1943). Subjects with sMCS found repeated 8-min ex-
posures at a concentration of 380 ppm practically nonirritating (Seeber et al. 
2002). Some workers exposed at higher concentrations, up to 1,000 ppm total 
ketones for unknown exposure durations, suffered CNS depression (Smith and 
Mayers 1944), but dermal exposure to the liquid in addition to inhalation expo-
sure most likely contributed to the effects. 

No studies regarding genotoxicity in humans were located. No information 
was found specific to the developmental and reproductive toxicity of MEK in 
humans. Two retrospective epidemiology studies of workers chronically ex-
posed to MEK at petroleum refining plants reported that deaths due to cancers 
were fewer than expected (Alderson and Rattan 1980; Wen et al. 1985).  

 
3. ANIMAL TOXICITY DATA 

 
3.1. Acute Lethality 

 
Data on acute lethality were available for the rat, mouse, and guinea pig. 

Data are summarized in Table 3-4. 

 
3.1.1. Rats 
 

Carpenter et al. (1949) reported that a 4-h exposure of Sherman rats to 
MEK at 2,000 ppm killed two to four of six rats (exact number not stated). 
However, in a later study, this same group (Pozzani et al. 1959; Smyth et al. 
1962) reported that rats exposed at 2,000 ppm for 2 h showed no toxicity, an 8-h 
exposure at 8,000 ppm killed half of the rats, and an exposure at 16,000 ppm 
caused the deaths of all of the rats in the exposure group. All concentrations 
were nominal.  
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TABLE 3-4 Summary of Acute Lethal Inhalation Data in Laboratory Animals 

Species 
Concentration  
(ppm) 

Exposure  
Duration Effect Reference 

Rat 92,239 
92,239 

3 h 
30 min 

LT50 
No deaths 

Klimisch 1988 

Rat 8,000 
2,000 

8 h 
2 h 

LC50 
No signs of toxicity 

Pozzani et al. 1959; 
Smyth et al. 1962 

Rat 20,200 
18,100 
13,750 
12,200 
9,260 
9,090 
7,850 
11,700 

4 h 
4 h 
4 h 
4 h 
4 h 
4 h 
4 h 
4 h 

100% mortality 
100% mortality 
87.5% mortality 
50% mortality 
12.5% mortality 
12.5% mortality 
No deaths 
LC50 

La Belle and  
Brieger 1955 

Mouse 103,000 43 min Mean survival time La Belle and  
Brieger 1955 

Mouse 100,000 
90,000 
80,000 
70,000 
60,000 
50,000 
69,500 

45 min 
45 min 
45 min 
45 min 
45 min 
45 min 
45 min 

100% mortality 
80% mortality 
50% mortality 
20% mortality 
No deaths 
No deaths 
LC50 

Zakhari et al. 1977 

Guinea  
pig 

100,000 
33,000 
10,000 
 
 
 
 
3,300 

45 min 
200 min 
2-4 min 
40 min 
90 min 
4-4.7 h 
13.5 h 
13.5 h 

Lethal 
Lethal 
Irritation of eyes and 
nose 
Lacrimation 
Incoordination 
Narcosis 
No deaths 
No overt signs of 
toxicity 

Patty et al. 1935 

 
 

Groups of eight adult male albino rats inhaled concentrations of 7,850, 
9,090, 9,260, 12,200, 13,750, 18,100, or 20,200 ppm for 4 h (La Belle and 
Brieger 1955). Atmospheres were measured spectrophotometrically. Respective 
mortalities were 0%, 12.5%, 12.5%, 50%, 87.5%, 100%, and 100%. The calcu-
lated LC50 was 11,700 ± 2,400 ppm. Most deaths were “immediate”, narcosis 
having preceded death. 

Klimisch (1988) exposed three male and three female rats (strain unspeci-
fied) to the saturated vapor of MEK at 20°C to determine the time to 50% mor-
tality (LT50). The postexposure observation period was 14 days. The concentra-
tion that corresponded to a nominal LT50 of 3 h was 272 mg/L (approximately 
92,239 ppm). No deaths occurred after a 30-min exposure at 92,239 ppm. 
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3.1.2. Mice 
 

Adult white mice (strain not identified) exposed to a saturated vapor con-
centration of MEK, estimated at 103,000 ppm, had a mean survival time of 43 
min (La Belle and Brieger 1955). Six groups of 10 male CF-1 mice were ex-
posed at concentrations of 50,000, 60,000, 70,000, 80,000, 90,000, or 100,000 
ppm for 45 min (Zakhari et al. 1977). Survivals, observed immediately after 
exposure, were 100%, 80%, 50%, 20%, 0%, and 0% at the respective exposure 
concentrations (see Table 3-4). The 45-min LC50 was 69,500 ppm. According to 
Zakhari et al. (1977), the progression of toxic signs was incoordination, narco-
sis, and respiratory depression followed by death. 

 
3.1.3. Guinea Pigs 
 

Patty et al. (1935) exposed groups of six guinea pigs to MEK at 3,300, 
10,000, 33,000, or 100,000 ppm (the latter concentration was the air saturation 
concentration) for periods up to 13.5 h. The acute effects advanced through sev-
eral distinct stages as the exposure proceeded: nose irritation (manifested by 
rubbing of the nose with the forepaws), eye irritation (squinting), lacrimation, 
incoordination, narcosis, labored breathing, and death. Vapor concentrations of 
33,000 and 100,000 ppm produced death by 200 and 45 min, respectively. Gross 
pathology revealed slight congestion in the brain and marked congestion of the 
lung, liver, and kidneys of those animals that succumbed during the exposure or 
were killed immediately after exposure. These signs were absent in most ani-
mals that were killed 4 to 8 days later. Animals that survived exposure at 
100,000 ppm for 30 min showed severe corneal opacity that regressed by 8 days 
postexposure. Although the authors could not clearly attribute the cause of death 
to either irritation of the lungs or a state of narcosis that terminated in death, the 
complete reversal of effects in all animals that survived the exposures indicated 
that the primary mode of action was narcosis. No abnormal signs were observed 
during a 13.5-h exposure at 3,300 ppm. At 10,000 ppm, progressive signs in-
cluded irritation of the nose and eyes in 2 and 4 min, respectively, lacrimation in 
40 min, incoordination in 90 min, and unconsciousness in 4-4.7 h. No gasping 
respiration or deaths occurred during a 13.5-h exposure at 10,000 ppm.  

 
3.2. Nonlethal Toxicity 

 
Studies with acute exposure durations are summarized in Table 3-5 and 

discussed below. Studies with neurotoxic end points are listed in Table 3-5 and 
discussed in Section 3.3. Studies with intermediate exposure durations are also 
discussed in the following sections. 
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TABLE 3-5 Summary of Nonlethal Inhalation Data in Laboratory Animals 

Species 
Concentration  
(ppm) 

Exposure 
Duration Effect Reference 

Baboon 100 24 h, 7 days No effect on match-to-sample task 
during first day 

Geller et al. 1979 

Rat 10,000 
 
6,000 

8 h/day  
several days 
8 h/day 
for weeks 

Severe irritation, respiratory tract 
 
Mildly somnolent, but arousable 

Altenkirch et al. 
1978 

Mouse 31,426 
 
26,000 
10,000 

30 min 
 
30 min 
30 min 

Calculated 50%  
decreased respiration 
Decrease in body movements 
Not anesthetic  

Hansen et al. 1992 

Mouse 10,745 5 min RD50 De Ceaurriz et al. 
1981 

Mouse 5,000 
9,000 

10 min 
10 min 

15% decrease in respiratory rate 
RD50 

Stone et al. 1981 

Mouse 2,891 
10,000 
5,600 
3,000 
1,000 
300 

9.5 min 
9.5 min 
9.5 min 
9.5 min 
9.5 min 
9.5 min 

EC50, schedule-controlled behavior 
Mice unresponsive 
No response in most mice 
Response decreased by 75% 
Response slightly decreased 
No effect on response 

Glowa and Dews 
1987 

Mouse 2,065 4 h 50% decrease in immobility in 
behavioral-despair swimming test 

De Ceaurriz et al. 
1983 

 
 
3.2.1. Rats 
 

Altenkirch et al. (1978) exposed a group of five male Wistar rats to MEK 
for 8 h/day, 7 days/week, for 7 weeks (a control group was not reported). Other 
groups were exposed to MEK and n-hexane or n-hexane alone. The initial expo-
sure to MEK alone was at 10,000 ppm but had to be lowered to 6,000 ppm 
within a few days because of severe irritation of the respiratory tract. The rats 
exposed to MEK at 1,000 ppm and to n-hexane at 9,000 ppm became “somno-
lent within 5 to 10 min after a short excitation stage but remained arousable dur-
ing the whole period of exposure.” This effect was “less marked” in rats exposed 
to MEK alone. The authors did not state the day on which this effect was first 
noted. Transient signs of ataxia and gait disturbances, primarily during the last 
weeks of exposure, were noted for 10-20 min after exposure. None of the MEK-
exposed rats developed motor impairment, and neurohistologic examinations 
showed no treatment-related lesions. The exposure duration was planned for  
15 weeks, but all rats died of bronchopneumonia during the seventh week of 
exposure.  
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In a 90-day study, groups of 15 male and 15 female Fischer 344 rats were 
exposed to MEK at 0, 1,250, 2,500, or 5,000 ppm for 6 h/day, 5 days/week, for 
90 days (ToxiGenics 1981; Cavender et al. 1983). Analytically determined 
TWA concentrations were 0, 1,254, 2,518, or 5,041 ppm. No animals died dur-
ing the study, and there were no adverse effects on the clinical health or growth 
of the rats, although body weights were transiently depressed early in the study 
for both sexes in the 5,000-ppm group. Daily observations and weekly clinical 
examinations revealed no nasal or eye irritation. Absolute and relative liver 
weights were significantly increased in both sexes in the 5,000-ppm group, and 
some serum hematology and clinical chemistry parameters were increased in 
females in the 5,000-ppm group. Evaluations of neurologic function (posture, 
gait, facial muscular tone, and neuromuscular reflexes) revealed no abnormali-
ties. Special neuropathy studies of the medulla and peripheral nerves revealed no 
lesions attributable to MEK exposure. The U.S. Environmental Protection 
Agency (EPA 2003) noted the presence of chronic respiratory disease in both 
control and MEK-exposed rats. 

In additional studies of intermediate duration, no clinical signs or deaths 
were reported during or following exposures of rats at 200 ppm, 12 h/day, for 24 
weeks (Takeuchi et al. 1983) or at 1,125 ppm, 24 h/day, for 5 months (Saida et 
al. 1976).  

 
3.2.2. Mice 
 

Several studies addressed the sensory irritation of MEK. The concentra-
tion that depressed the respiratory rate by 50% (RD50) after 5 min for six male 
OF1 mice was 10,745 ppm (De Ceaurriz et al. 1981). Atmospheres were meas-
ured with gas chromatography. Stone et al. (1981) reported a similar value, 
9,000 ppm, using male Swiss-Webster mice with a 10-min exposure period (ex-
posure system not described), whereas Hansen et al. (1992) reported a much 
higher value, 31,426 ppm during 30-min exposures of male CF1 mice. The con-
centration of 31,426 ppm was projected from the data because test concentra-
tions ranged only up to 26,416 ppm (range, 3,809-26,416 ppm). The differences 
among the studies may be due to the fact that for nonprimary irritants, the con-
centrations causing decreased respiration plateau at high concentrations. In this 
study (Hansen et al. 1992), atmospheres were monitored continuously by infra-
red spectroscopy. The threshold for respiratory rate depression was 3,589 ppm at 
the beginning of an exposure. Tidal volume was also decreased in this study; 
this response is not mediated by the trigeminal nerve (which mediates the irritant 
response). Body movements were unaffected at 10,000 ppm, slightly decreased 
at 15,000-20,000 ppm, and strongly depressed at 26,416 ppm. Tracheally cannu-
lated mice were also tested at these concentrations and none died. No histopa-
thologic examinations were conducted. 
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3.3. Neurotoxicity 
 

Geller et al. (1979) exposed four baboons to MEK at 100 ppm continu-
ously for 7 days. Operant conditioning behavior, a match-to-sample discrimina-
tion task, conducted during exposure was compared with pre-exposure test 
scores for each baboon. There was no significant effect on accuracy, but there 
was a decrease in mean response time and response during delay beginning on 
the second day. There was no effect during the first day of exposure. The same 
animals were used for several chemical tests, and MEK was tested second. At 
least 1 month elapsed between tests. 

During exposure of five adult male Wistar rats to MEK at 10,000 or 6,000 
ppm for 8 h/day, the animals were excitable for 5-10 min at the beginning of 
each exposure and then became mildly somnolent but arousable (Altenkirch et 
al. 1978). Exposure at 6,000 ppm continued for several weeks. Exposure  
of guinea pigs at 10,000 ppm caused incoordination in 90 min and narcosis in  
4-4.7 h (Patty et al. 1935). Continuous exposure of young male Wistar rats at 
750 ppm for 7 days reduced subsequent hexabarbital sleep times (16 min vs. 26 
min for controls), (Couri et al. 1977). This effect is most likely due to induction 
of cytochrome P-450-2B and -2E, which would enhance metabolic clearance 
and reduce the hypnotic action. 

In a schedule-controlled-response experiment that used milk as an incen-
tive, a group of 12 mice was exposed at increasing concentrations of MEK (300, 
1,000, 3,000, 5,600, or 10,000 ppm) for a series of eight food presentations or 
9.5 min, whichever occurred first (Glowa and Dews 1987). There was a 30-min 
break between each exposure. There was no effect on behavior at 300 ppm. At 
1,000 and 3,000 ppm, responses were decreased by approximately 25% and 
75%, respectively. At 5,600 ppm, response in most mice ceased, and at 10,000 
ppm, all response ceased. The EC50 (concentration that causes an effect in 50% 
of the exposed population) was 2,891 ppm. Responding completely recovered 
30 min after exposure.  

Exposure of male Swiss OF1 mice to 1,602, 1,848, 2,050, or 2,438 ppm 
for 4 h caused a dose-related reduction of immobility in a behavioral-despair 
swimming test (De Ceaurriz et al. 1983). The concentration associated with a 
50% decrease in immobility during the 3-min test was 2,065 ppm. The authors 
did not interpret the meaning of the increase in swimming time (antidepressive 
effect of solvents). 

During sensory irritation tests with mice that lasted 30 min, Hansen et al. 
(1992) observed body movements at 26,416 ppm and noted that this concentra-
tion did not cause “serious” depression of the CNS, that is, anesthesia or as-
phyxia. 

Exposure of six male Sprague-Dawley rats to MEK at 500 ppm for 22 
h/day, 7 days/week, for 6 months did not result in any significant clinical or 
histopathologic evidence of neurologic dysfunction (Egan et al. 1980). Exposure  
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of Fischer 344 rats at up to 5,000 ppm for 90 days did not result in any signs of 
neurotoxicity or lesions of the nervous system (ToxiGenics 1981; Cavender et 
al.1983). In the latter study, neurohistopathologic examination of the medulla 
and the sciatic and tibial nerves revealed no lesions that could be attributed to 
MEK exposure. 

 
3.4. Developmental and Reproductive Toxicity 

 
Groups of 21-23 pregnant Sprague-Dawley rats were exposed to MEK at 

nominal concentrations of 1,000 or 30,00 ppm for 7 h/day during gestation days 
6 through 15 (Schwetz et al. 1974). Experimental exposures at 1,000 or 3,000 
ppm were conducted separately, each with a control group. Analytically deter-
mined concentrations (infrared analysis) were 1,126 and 2,618 ppm. These con-
centrations were stated as being subanesthetic by the study authors. Neither con-
centration had an effect on the incidence of fetal resorptions. Fetal body 
measurements were reduced in the group exposed at 1,000 ppm but not in fe-
tuses of rats exposed at 3,000 ppm. For the group exposed at 3,000 ppm, com-
pared with the control group, there was an increase in the total number of litters 
containing fetuses with delayed ossification of the sternebrae and in the total 
number of litters containing fetuses with soft tissue anomalies (both, p < 0.05), 
although no soft-tissue anomaly occurred at a significantly increased incidence 
compared with the control group. (There were more litters with soft-tissue 
anomalies than were in the control group, but there were no more anomalies per 
litter.) There was no maternal toxicity as observed by clinical signs, food con-
sumption, weight gain, conception rate, number of implantations or litter size, 
serum glutamic-pyruvic transaminase activity, or absolute or relative liver 
weights.  

To confirm the fetotoxic effects observed in the Schwetz et al. (1974) 
study, Deacon et al. (1981) repeated the study by exposing groups of 25 preg-
nant Sprague-Dawley rats to MEK at 1,000 or 3,000 ppm for 7 h/day on gesta-
tion days 6 through 15. In addition to 35 controls, a group of 25 rats was also 
exposed at 400 ppm. Analytically determined concentrations were 412, 1,002, 
and 3,005 ppm, respectively. Slight maternal toxicity was observed in dams ex-
posed at 3,000 ppm as evidenced by decreased weight gain and increased water 
consumption. In this study, there was no adverse effect on fetal body weight or 
crown-rump length among litters. No external or soft-tissue alterations were 
observed among fetuses at any exposure concentration. Slight fetotoxicity was 
observed among litters of rats exposed at 3,000 ppm as evidenced by an in-
creased incidence of minor skeletal variants—delayed ossification of the skull, 
extra ribs, and delayed ossification of the cervical centra (all p < 0.05). Accord-
ing to the authors, there was no evidence of an embryotoxic or teratogenic re-
sponse in any exposure group. 

Groups of 10 virgin and 33 pregnant Swiss mice (Crl:CD-1) were exposed 
at 0 (filtered air), 400, 1,000, or 3,000 ppm for 7 h/day on gestation days 6-15 
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(Mast et al. 1989; Schwetz et al. 1991). Virgin females were included to assess 
the state of pregnancy on maternal toxicity. Analytically determined concentra-
tions were 398, 1,010, and 3,020 ppm, respectively. Chamber atmospheres were 
monitored with a gas chromatograph. Body weights were obtained throughout 
the study, and uterine and fetal body weights were obtained at death on day 18. 
Uterine implants were enumerated, and live fetuses were sexed and examined 
for gross defects. There were no deaths or overt signs of toxicity in virgin or 
pregnant females during the exposures. Body weights and uterine weights were 
not affected by exposure, but the liver-to-body-weight ratio was significantly 
increased in pregnant females in the 3,000-ppm group. Compared with the con-
trols, there was no effect of exposure on number and percentage of pregnant 
females, implantations/dam, live fetuses/litter, resorptions/litter, dead fe-
tuses/litter, or litters with resorptions. Fetal weights of both males and females 
of dams exposed at 3,000 ppm were lower than control weights, the difference 
attaining significance in males (5%) and males and females combined (4%) 
(both, p < 0.05). The number of fetuses with malformations was slightly in-
creased in the 3,000-ppm group, 323 vs. 310 in the control group, but the differ-
ence was not statistically significant on the basis of number of fetuses, litters 
affected, or number of fetuses per litter. However, several types of malforma-
tions observed in the exposed group were not present in the control group: cleft 
palate, fused ribs, missing vertebrae, and syndactyly. There was a significant 
trend for misaligned sternebrae in fetuses (p < 0.05) but not on the basis of lit-
ters. No significant signs of maternal or developmental toxicity were observed at 
1,000 ppm. The authors considered 1,000 ppm to be a no-effect concentration 
for maternal and developmental toxicity and 3,000 ppm to be a concentration 
that caused mild developmental toxicity. 

Exposure of pregnant female Wistar rats for 23 h/day, 7 days/week, at 800 
or 1,000-1,500 ppm prenatally (21 days) or pre- and postnatally (52 days) re-
sulted in concentration-related decreases in pregnancy and resorption rates (Stol-
tenburg-Didinger et al. 1990).  

Decreased fetal body weight was also reported in pregnant rats adminis-
tered 2-butanol (a metabolite of MEK) by the oral route in a multigeneration and 
developmental study (Cox et al. 1975). The no-observed-adverse-effect level  
(NOAEL) and the lowest-observed-adverse-effect level (LOAEL) in this study 
were 1,771 and 3,122 mg/kg/day. 

No studies were located that specifically addressed reproductive toxicity. 
However, histologic examination of the reproductive organs of male and female 
rats exposed at 5,000 ppm for 90 days revealed no exposure-related lesions 
(Cavender et al. 1983). 

 
3.5. Genotoxicity 

 
Genotoxicity studies were reviewed in ATSDR (1992). In in vivo studies, 

no induction of micronuclei was found in erythrocytes of mice or hamsters in-
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jected intraperitoneally with MEK. MEK was not mutagenic in several strains of 
Salmonella typhimurium or in Escherichia coli and Saccharomyces cerevisiae, 
but it induced aneuploidy and chromosome loss in S. cerevisiae. In mammalian 
cells, test results were negative for chromosomal aberrations and unscheduled 
DNA synthesis in rat liver cells, morphologic transformation in BALB/3T3 
cells, and gene mutation in mouse lymphoma cells. 

 
3.6. Chronic Toxicity and Carcinogenicity 

 
No studies that addressed the carcinogenicity of MEK via the inhalation 

route were located in the available literature. No tumors were observed on the 
skin of mice exposed with dermal applications of MEK of 50 mg/application,  
2 days/week for 1 year (Horton et al. 1965). 

 
3.7. Summary 

 
Data on lethality were available for the rat, mouse, and guinea pig. Lethal 

values ranged from a 45-min LC50 of 69,500 ppm for the mouse (Zakhari et al. 
1977) to an 8-h LC50 of 8,000 ppm for the rat (Pozzani et al. 1959). However, 
data were conflicting because Altenkirch et al. (1978) reported no deaths (but 
severe irritation of the respiratory tract) in rats following exposure at 10,000 for 
8 h/day, for several days. Slight narcosis was reported at 6,000 (rat) to 10,000 
ppm (mouse) in some studies (Altenkirch et al. 1978; Glowa and Dews 1987) 
but not at 10,000 ppm in another study with the mouse (Hansen et al. 1992) or at 
3,300 ppm for 13.5 h in the guinea pig (Patty et al. 1935). Subtle neurobehav-
ioral changes were observed in the mouse at 2,438 and 2,891 ppm (De Ceaurriz 
et al. 1983; Glowa and Dews 1987). In a 90-day study, 5,000 ppm for 6 h/day 
was a no-effect level for neurobehavioral deficits and neurologic lesions in rats 
(Cavender et al. 1983). EPA (2003) stated that “animal studies provide no con-
vincing evidence that exposure to MEK alone causes persistent neurotoxic ef-
fects.” Severe respiratory irritation as measured by the RD50 in the mouse ranged 
from 9,000 ppm (Stone et al. 1981) to 31,426 ppm (Hansen et al. 1992). 

Results of a series of developmental studies with the mouse and rat deter-
mined that 3,000 ppm was toxic to the fetus as indicated by reduced fetal body 
weight and bone abnormalities; 1,000 ppm was a NOAEL (Deacon et al. 1981; 
Mast et al. 1989; Schwetz et al. 1991). In the Deacon et al. (1981) study, the 
developmental toxicity may be related to the concomitant overt maternal toxicity 
as evidenced by reduced body weights of the dams. 

MEK was not genotoxic in a series of tests with S. typhimurium and 
mammalian cells. Although not mutagenic in S. cerevisiae, MEK caused mitotic 
chromosome loss and aneuploidy in this species. No animal studies involving 
chronic toxicity and carcinogenicity via the inhalation route were located in the 
available literature. 
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4. SPECIAL CONSIDERATIONS 
 

4.1. Metabolism, Disposition, and Kinetics 
 
4.1.1. Metabolism and Disposition 
 

Following a single intraperitoneal injection of 450 mg/kg, male guinea 
pigs metabolized MEK to 3-hydroxy-2-butanone, 2,3-butanediol, and 2-
butanol, the latter a minor metabolite (DiVincenzo et al. 1976). On the basis of 
these metabolites, the study authors concluded that the metabolism of MEK 
follows both oxidative and reductive pathways. Reversible reduction of the 
ketone group yields 2-butanol; microsomal ω-oxidation yields 3-hydroxy-2-
butanone, which is reduced to the diol. In this study, the serum half-life of 
MEK was 270 min, and the clearance time was 12 h. Dietz et al. (1981) de-
tected the same three metabolites in the blood of male Sprague-Dawley rats 
exposed orally with 1.69 g/kg. 

2-Butanol and 2,3-butanediol were measured in the serum or whole blood 
(Liira et al. 1990b), and 3-hydroxy-2-butanone and 2,3-butanediol (but not 2-
butanol) were identified in the urine (Perbellini et al. 1984; Liira et al. 1988a,b) 
of human subjects exposed to MEK, indicating that the metabolism in humans is 
similar to that in animals. As excretion of 2,3-butanediol accounted for less than 
3% of the inhaled dose and only 5% was exhaled by the lungs as unmetabolized 
MEK, most of the absorbed MEK apparently enters intermediary metabolism 
pathways (Liira et al. 1990a; Liira et al. 1991). Urinary excretion of 2,3-
butanediol showed great individual variation. Although metabolism is fairly 
rapid, having an estimated half-life in the blood of 20 to 49 min (Fiserova-
Bergerova 1985; Brown et al. 1987), Di Vincenzo et al. (1976) stated that the 
metabolism of MEK is relatively slow compared with other ketones. 

 
4.1.2. Pharmacokinetic Data 
 

Using human tissues from autopsies, Fiserova-Bergerova and Diaz (1986) 
determined the tissue-gas partition coefficients of MEK. The fat:gas and 
blood:gas partition coefficients were 162 and 125, respectively. The gas:tissue 
partition coefficients for muscle, kidney, lung, and brain ranged from 96 to 107, 
indicating nearly equal solubility in all tissues. Similar tissue:blood partition 
coefficients of 0.95 to 1.18 were found by Poulin and Krishnan (1995). Their 
algorithm utilized information on chemical water solubility and lipid and water 
content of tissues. Experimentally determined blood:air partition coefficients for 
an oil and water matrix and rat blood were 159 and 136, respectively (Beliveau 
and Krishnan 2000). Blood:atmospheric air and blood:alveolar air partition coef-
ficients obtained by Perbellini et al. (1984) were 183 and 104, respectively. A 
slightly higher value for blood:air of 202 was reported by Sato and Nakajima 
(1979). At 37°C and using blood from Wistar rats, partition coefficients for wa-
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ter and air and olive oil and air were 134 and 131, respectively; during actual 
exposures of rats to MEK, the thermodynamic partition concentration was calcu-
lated to be 103 (Kessler et al. 1989). The capacity of the tissues to hold MEK 
was considered to be large due to the high blood and tissue solubility of MEK 
(Liira et al. 1988a). In all of these studies, the solubility of MEK in tissues was 
similar to that in blood because tissue-to-blood-concentration ratios were all 
approximately 1. 

The kinetics of MEK were studied with human volunteers (Liira et al. 
1988a; see also Liira et al. 1988b, 1990a,b). The subjects were nine healthy male 
volunteers ranging in age from 18 to 34 years. Exposures were at 200 ppm for 4 
h; some exposures encompassed several 10-min exercise periods at a level of 
100 watts. The same group was exposed to both the sedentary and exercise con-
ditions with a 1-week break between sessions. Concentrations were monitored 
with an infrared analyzer. Retention by the lungs was 53% and was not influ-
enced by exercise. The estimated pulmonary uptake was 11.38 and 14.30 milli-
moles (mmol) for sedentary volunteers and volunteers undergoing exercise peri-
ods, respectively. Pulmonary excretion of MEK was 0.26 (sedentary) and 0.41 
(exercise) mmol. Apparent MEK clearance was 0.44 (sedentary) and 0.33 
L/min/kg (exercise). In a similar study, the area under the curve was 23,400 
µmol × min/L (Liira et al. 1990b). The blood concentration rose rapidly during 
the first hour and then steadily during the following 3 h—reaching approxi-
mately 95 µmol/L (6.9 µg/mL) in sedentary subjects and 150 µmol/L (10.9 
µg/mL) in exercising subjects (Liira et al. 1988a)—and approached steady state. 
(Blood concentrations in this study and the following studies are summarized in 
Table 3-6.) Two elimination phases of MEK from blood were observed, having 
half-lives of 30 and 81 min. Only 2-3% of the absorbed dose was eliminated by 
exhalation from the lungs. Blood concentrations during and following a 4-h  
exposure of eight subjects at 200 ppm (Liira et al. 1988b) are graphed in the 
Figure 3-1. 

In a follow-up study, MEK exposures were at 25, 200, or 400 ppm for 4 h 
(Liira et al. 1990a). The concentrations in venous blood rose rapidly during the 
first hour and then more slowly during the subsequent 3 h. At the end of 4 h, the 
concentrations were 5, 93-100, and 229-309 µM, respectively. Using the data 
from these exposures and a physiologically based simulation model, Liira et al. 
(1990a) suggested dose-dependent kinetics of MEK during sedentary exposures 
exceeding 100 ppm. Earlier, using the physiologically based pharmacokinetics 
model of Johanson and Naslund (1988), Liira et al. (1988a) suggested that satu-
ration kinetics are reached for MEK at a concentration of 200 ppm for 4 h. In a 
later study conducted at both 200 and 400 ppm in humans, Liira et al. (1990a) 
suggest that kinetic saturation is reached at blood concentrations above 100 µM 
(7 µg/mL) in both humans and rats. Pulmonary ventilation is the rate-limiting 
step of MEK uptake (Liira et al. 1988a).  
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TABLE 3-6 Blood Concentrations of Methyl Ethyl Ketonea 
Exposure 
Concentration  
(ppm) 

Blood Concentration 
(µg/mL) 

Exposure  
Conditions Reference 

Human Subjects 

Background 0.007 Nonoccupational exposures Ashley et al. 1994 

25 
200 
200 
400 

0.36 
6.9 
10.9 
19.4 

4 h, sedentary subjects 
4 h, sedentary subjects 
4, h, exercising subjects 
4 h, sedentary subjects 

Liira et al. 1988a; 
Liira et al. 1990a 
Liira et al. 1990a 
Liira et al. 1990a 

48 0.71 Occupational exposures; 
simultaneous exposure to  
other chemicals 

Yoshikawa et al. 1995 

≤100 2.6 (range, 0.8-9.6) Occupational exposures Brugnone et al. 1980; 
Perbellini et al. 1984 

120 0.37b 
0.66 
1.4 

2 h at rest 
4 h at rest 
2 h with exercise 

Imbriani et al. 1989 

100 
 

200 

4.3 
 

12.3 

2 h; exercising subjects  
(50 watts)  

Simultaneous exposure to  
n-hexane 

Shibata et al. 2002 

100c 
200 

2.0 
3.5, 3.7 

4 h, sedentary subjects 
4 h, sedentary subjects 

Brown et al. 1987; Dick 
et al. 1988, 1992 

Ratd 

25 
100 
300 
600 

1.0 
4.8 
25 
75 

6 h Liira et al. 1990a; 
Liira et al. 1991 

aBlood samples were venous blood except for the study of Shibata et al. (2002) in which 
case the samples were arterial capillary blood. 
bBlood samples were collected following exposure, which may be responsible for the low 
values compared with blood collected during the exposures in the other studies.  
cCoexposure to 125 ppm acetone. 
dRat whole blood (Liira et al. 1991) was also collected following exposures. 
 
 

Imbriani et al. (1989) exposed 15 male subjects, ages 25 to 44 years, to 
various concentrations ranging from 4 to 212 ppm. Individual subjects were 
exposed to a constant concentration in the following manner: 4, 59, 103, 123, or 
212 ppm for 2 h at rest; 15, 36, 54, 91, or 120 ppm for 4 h at rest; or 10, 43, 61, 
118, or 168 ppm for 2 h with light physical exercise, 50 watts for 20 min, three 
times during the 2 h. Uptake averaged 54% regardless of workload. Although 
findings are based on single subjects, the venous blood concentrations at the end 
of exposure at approximately 120 ppm increased from 374 µg/L at 2 h to 657 µg 
at 4 h. Exercise during the 2-h exposure doubled and tripled the values (1,392 
µg/L) of the 4- and 2-h exposures at rest.  
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FIGURE 3-1 Methyl ethyl ketone (MEK) concentration (µmol/L) in venous blood dur-
ing and after a 4-h inhalation exposure of eight subjects at 200 ppm. Source: Adapted 
from Liira et al. 1988b. 
 
 

In another kinetics study, a group of 26 healthy males and females (ages 
18-32) was exposed to MEK at 200 ppm for 4 h while venous blood and breath 
concentrations were monitored (Brown et al. 1987; Dick et al. 1988). Blood 
concentrations reached 3.1 µg/mL at 2 h and 3.5 µg/mL at 4 h. Although the 
concentration was higher in males (approximately 3.9 µg/mL at 4 h) than fe-
males (approximately 3.2 µg/mL at 4 h), the difference did not attain statistical 
significance. The mean blood concentration was 1.0 µg/mL at 1.5 h postexpo-
sure. Exhaled breath concentrations reached equilibrium at 2 h into the expo-
sure, at which time they averaged 11.4 ppm. The exhaled concentration was 0.7 
ppm at 1.5 h postexposure and not detectable at 20 h postexposure. MEK was 
not detected in any pre-exposure blood or breath sample. Results were similar 
when this study was repeated in 13 males and 11 females (Dick et al. 1992). At 
4 h into the exposure, the mean venous blood concentration of MEK was 3.7 ± 
1.1 µg/mL (males, 4.0 µg/mL; females, 3.3 µg/mL). At 1.5 h postexposure, the 
venous blood concentration averaged 1.0 µg/mL. The estimated half-life in this 
study was 49 min (Brown et al. 1987). 

MEK concentrations in arterial capillary blood of four human subjects in-
haling 100 or 200 ppm for 2 h, both in combination with n-hexane at 50 ppm, 
were 60 and 170 µmol/L, respectively, at the end of exposure (Shibata et al. 
2002). The subjects performed a workload of 50 watts during the exposures. 
Neither of the MEK exposures influenced the concentration of n-hexane in the 
blood compared with the concentration during exposure to n-hexane alone at 50 
ppm. However, combined exposure to MEK and n-hexane depressed the me-
tabolism of n-hexane. The effect of n-hexane exposure on MEK metabolism was 
not reported.  
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Tada et al. (1972) exposed four subjects to MEK at 300 ppm for 2 h/day 
for several successive days. Some exposures were for 2 h in the morning and 2 h 
in the afternoon. Expired air contained MEK at 23 ppm immediately after a 2-h 
exposure at 300 ppm. 

Brugnone et al. (1980; 1983) and Perbellini et al. (1984) studied the up-
take and kinetics of MEK during occupational exposures at several factories in 
Italy. They compared the alveolar concentrations and urinary excretion of MEK 
to concentrations found in the workplace atmosphere; alveolar concentrations 
were also compared with blood concentrations. Alveolar and atmospheric con-
centrations were highly correlated (r = 0.7793). At worker exposures of ≤ 300 
µg/L (≤ 100 ppm), the alveolar concentration was 30% of the air concentration 
(≤ 90 µg/L), indicating an uptake of 70%. The venous blood concentration (842 
to 9,573 µg/L; mean, 2,630 µg/L) was 104-116 times the alveolar concentration 
and 31-35 times the atmospheric concentration. The ratio between blood and 
alveolar MEK concentration was 104. The correlation between urine 3-hydroxy-
2-butanone and atmospheric MEK was good (r = 0.8179). Perbellini et al. 
(1984) calculated the uptake of MEK in workers exposed at 100 μg/L (33 ppm). 
They used the following formula: uptake = the environmental concentration 
(100 µg/L) × alveolar ventilation (15 L/min) × alveolar retention (70%). Using 
these parameters, lung uptake would be 1.05 mg/min. Brugnone (1985) calcu-
lated tissue:blood distribution coefficients in vessel-rich tissue, muscle, and fat 
of 1.0, 1.2, and 0.88, respectively. Biologic half-lives in vessel-rich tissue, mus-
cle, and fat were 0.8, 21.8, and 23.3 min, respectively. Distribution volumes in 
the three tissue groups were 6.0, 39.6, and 12.8 L, respectively. 

Another monitoring study addressed the relationship between occupational 
exposure and concentrations in the blood and urine of workers. Yoshikawa et al. 
(1995) studied a group of 72 workers in a printing factory in Japan. Exposures 
were to a mixture of solvents including toluene, xylene, isopropyl alcohol, and 
ethyl acetate. Workers wore personal samplers, and urine and blood samples 
were taken at the end of the work shift. At atmospheric TWA concentrations of 
1.3 to 223.7 ppm (mean, 47.6 ppm), urinary MEK ranged from 0.20 to 8.08 
mg/L (mean, 1.19 mg/L), and blood concentrations ranged from 0.01 to 6.68 
mg/L (mean, 0.71 mg/L). Correlation coefficients between air and blood, air and 
urine, and blood and urine were all > 0.8. The correlation coefficient for air and 
urine concentrations did not improve with correction of urinary values for 
creatinine. Using the regression equation that described the relationship between 
air and urinary concentrations, Yoshikawa et al. (1995) calculated the urinary 
value corresponding to the ACGIH occupational exposure TWA of 200 ppm. 
This value, referred to as the Biological Exposure Index (BEI), was 5.1 mg/L. 
The authors then calculated the BEI from other occupational monitoring studies. 
At mean exposure concentrations of 22.8 ppm (Miyasaka et al. 1982), 34.2 ppm 
(Perbellini et al. 1984), 200 ppm (Ong et al. 1991), and 137.2 ppm (Jang et al. 
1993), the BEIs were 5.3, 2.1, 3.6, and 1.4 mg/L, respectively. Possible reasons 
for the differing values among the studies and for the deviation from the 
ACGIH’s recommendation of 2 mg/L (ACGIH 2006) were discussed. 
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Following accidental ingestion of an unknown amount of MEK, a 
woman was brought to the hospital with metabolic acidosis (Kopelman and 
Kalfayan 1983). She became unconscious and was hyperventilating. The blood 
(plasma) concentration of MEK was 13.2 mmol/L (950 µg/mL). Following 
treatment of the acidosis, she made a complete recovery. 

Following 6 h of exposure to MEK at 25, 100, or 300 ppm, concentra-
tions in the blood of rats were 14, 66, and 348 µM, respectively (Liira et al. 
1990a). Rats exposed at 600 ppm for 6 h for 1 day or for 6-10 h/day for 8 days 
had similar blood concentrations of MEK: 1,041 µmol/L after a single expo-
sure and 1,138 µmol/L after repeated exposure (Liira et al. 1991). MEK 
caused only marginal effects on microsomal cytochrome P-450 activities of 
the liver. A comparison of uptake by rats with that by humans indicates that, at 
similar concentrations, uptake is greater in rats than in humans (Liira et al. 
1990a).  

Walter et al. (1986) and Kessler et al. (1989) investigated the toxicoki-
netics of MEK in male Wistar rats. In the first study, saturation kinetics were 
displayed above 150 ppm, with the maximum rate of metabolism (Vmax) being 
600 µmol/h/kg. Below 150 ppm, kinetics were linear. In the second study, 
metabolism below 180 ppm was not limited by metabolic capacity but by 
transport to the enzymes. Pulmonary uptake was 40%, and clearance was 53 
mL/min. 

 
4.2. Mechanism of Toxicity 

 
MEK is a hydrophilic solvent with actions of CNS depression and irri-

tancy of the nose and eyes, both at relatively high concentrations. Because of 
its high tissue solubility, low concentrations may be effectively scrubbed by 
the nasal passages. The mechanism of action of its CNS and anesthetic action 
is not well understood, although it may involve interaction with cell mem-
branes or changes in membrane-bound receptors (Arlien-Soberg 1991). It is 
generally accepted that volatile organic chemicals partition into the lipids of 
myelin sheaths and neuronal membranes and inhibit propagation of action 
potentials because of their physical presence.  

 
4.3. Structure Activity Relationships 

 
Ketones, such as acetone, MEK, methyl isobutyl ketone, and cyclohexa-

none, are generally of low acute oral and inhalation toxicity (Morgott et al. 
2001). As discussed in Section 4.4.4, ketones metabolized to 2,5-hexanedione 
cause peripheral neuropathies, generally following repeated exposures. MEK 
is not metabolized to 2,5-hexanedione by mammalian cells. 
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4.4. Other Relevant Information 
 

4.4.1. Species Variability 
 

Data on both lethal concentrations and concentrations involving irritancy 
and signs of toxicity and neurotoxicity for the rat, mouse, and guinea pig were 
occasionally variable but generally did not indicate great species differences. 

The two primary determinants of systemic uptake of volatile chemicals are 
respiratory rate and cardiac output. Relative to body weight, rodents have a 
much higher respiratory rate and cardiac output than humans. (The respiratory 
rate of the mouse may be up to 10 times that of the human [Witschi and Last 
2001; Kale et al. 2002].) As a result of the greater respiratory rate and cardiac 
output, rodents generally receive a greater overall dose than humans. Although 
exposure durations varied, the concentrations of MEK in blood were higher in 
rats than in humans when inhaling similar concentrations (Table 3-6). Humans 
inhaling 25, 100, or 400 ppm for 4 h had venous blood concentrations of 5,  
93-100, and 229-309 µM; whereas concentrations in the blood of rats inhaling 
25, 100, or 300 ppm were 14, 66, and 348 µM, respectively (Liira et al. 1990a). 
The human blood samples were taken during exposures, whereas the rat blood 
samples were taken following exposures, a procedure that may have allowed for 
some clearance by the rat. 

Pharmacodynamic differences between rodents and humans are unknown 
but presumably would not differ by more than 3-fold. As mentioned, rodents 
receive greater systemic doses of volatile organic chemicals than humans upon 
equivalent exposure, and mice are expected to receive the greatest systemic 
dose. In absorbed dose, rats are expected to be between mice and humans ex-
posed at the same administered air concentration. As a result, the pharmacoki-
netic component of the interspecies uncertainty factor would actually range from 
0.3- to 0.7-fold. In practice, this would offset a potential 3-fold pharmacody-
namic interspecies difference. 

 
4.4.2. Susceptible Populations 
 

No studies were located that identified populations that are unusually sus-
ceptible to adverse health effects from exposure to MEK. Although individuals 
may develop a hypersensitivity to particular solvents, results of monitoring stud-
ies did not identify a susceptible population. Individuals with sMCS did not  
appear more sensitive to the odor or potential irritancy of MEK during expo-
sures up to 380 ppm than did individuals who did not report chemical sensitivity 
(Seeber et al. 2002). These individuals would not necessarily be more suscepti-
ble to CNS effects. The very young, the very old, and individuals with existing 
liver or other diseases may be more susceptible to chemical toxicity (ATSDR 
1992).  
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There is concern that exposure to organic solvents may increase the inci-
dence of children born with CNS defects. According to EPA (2003), there is no 
evidence from animal studies that MEK induces CNS defects. Developmental 
studies with rodents identified reduced fetal body weight and delayed ossifica-
tion as developmental effects. 

The primary mechanism of action for “high” concentrations of solvents is 
CNS depression. Although humans differ in the rate at which they metabolize 
chemicals, the susceptibility of the general population to CNS anesthetics varies 
by no more than 2- to 3-fold, as indicated by the minimum alveolar concentra-
tion (MAC) (the concentration of an anesthetic that produces immobility in 50% 
of patients) (Kennedy and Longnecker 1996, p.302; Marshall and Longnecker 
1996, p. 307). MEK has anesthetic properties. Studies indicate that children, and 
particularly infants, are more resistant than adults to the effects of various vola-
tile anesthetics (Gregory et al. 1969; Stevens et al. 1975; Lerman et al. 1983; 
LeDez and Lerman 1987; Chan et al. 1996; Katoh and Ikeda 1992). The suscep-
tibility of individuals of different ages has been extensively studied in the anes-
thesia literature, where the concentrations of various anesthetic gases in the lung 
that produce “anesthesia” (that is, lack of movement) have been measured. 
MACs for several anesthetic gases have been measured as a function of age. The 
results consistently show a pattern, there being maximal sensitivity (lowest 
MAC) in newborns, particularly premature newborns, pregnant women, and the 
elderly. The least sensitive (highest MAC values) occur in older infants, tod-
dlers, and children compared with normal adults. The total range of sensitivity is 
2-3 fold. On the basis of this knowledge, it is not unreasonable to assume that 
the same 2-3 fold difference in sensitivity among individuals would apply for 
MEK.  

 
4.4.3. Concentration-Exposure-Duration Relationship 
 

No data were located that provided information on the concentration-
exposure-duration relationship for the effect of MEK on the CNS. For the end 
points of both sensory irritation and depression of the CNS by solvents, there is 
generally a concentration threshold. During clinical studies involving 200 ppm, 
uptake was rapid during the first hour, and steady state in the blood was ap-
proached by 4 h. 

For the end point of death, both concentration and exposure duration may 
be applicable. However, there are no data relevant to the determination of that 
relationship. For the end point of death, the concentration-exposure-duration 
relationship for many irritants and systemically acting vapors and gases may be 
described by Cn × t = k, where the exponent, n, ranges from 0.8 to 3.5 (ten Berge 
et al. 1986). Where chemical-specific empirical data are lacking, a conservative 
approach is to use n = 3 when extrapolating from longer to shorter time points 
and to use n = 1 when extrapolating from shorter to longer time periods (NRC 
2001). 
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4.4.4. Concurrent Exposure Issues 
 

Solvent exposure in the workplace generally involves mixtures of chemi-
cals. The combined effect of chemicals may be additive, antagonistic, or poten-
tiating. Non-neurotoxic ketones (those that do not induce neuropathies), such as 
MEK, may potentiate the neurotoxicity and hepatotoxicity of other solvents, 
including other ketones that are metabolized by the P-450 metabolizing system 
of the liver (Morgott et al. 2001). Several ketones and related chemicals have 
been shown to produce a toxic polyneuropathy characterized by multifocal ax-
onal swelling and myelin damage. In humans, symptoms include bilateral sym-
metrical paresthesia (“pins and needles” feeling) and muscle weakness, primar-
ily in the legs. The neurotoxic agent is thought to be 2,5-hexanedione, a 
metabolite of several ketones. MEK is not metabolized to 2,5-hexanedione (Di-
Vincenzo et al. 1977).  

Data from experimental studies with animals and from clinical data on 
humans indicate that MEK does not cause neuropathies but potentiates the neu-
rotoxic action of structurally related solvents, such as n-hexane and methyl-n-
butyl ketone. Altenkirch et al. (1982a) reported on neuropathies in solvent-
sniffing juveniles. Juveniles who chronically inhaled hexane-containing solvents 
as narcotics suffered a variety of polyneuropathy syndromes and neuromyelo-
pathies. Addition of MEK to the solvents as a denaturant for a period of time 
resulted in an outbreak of more severe neuropathies. In clinical studies, com-
bined exposure to n-hexane and MEK (200 ppm) did not influence the concen-
tration of n-hexane in the blood (Shibata et al. 2002) but decreased the rate of 
metabolism of n-hexane to 2,5-hexanedione. Similar results were reported when 
co-exposures were to n-hexane at 60 ppm and MEK at 200 or 300 ppm (van 
Engelen et al. 1997). 

The potentiation of the neurotoxicity of n-hexane, methyl-n-butyl ketone, 
ethyl n-butyl ketone, and 2,5-hexanedione by MEK was documented in animal 
studies (Saida et al. 1976; Altenkirch et al. 1978, 1982a,b; Takeuchi et al. 1983; 
O’Donoghue et al. 1984; Ralston et al. 1985; Ichihara et al. 1998). In one such 
study (Altenkirch et al. 1978), male Wistar rats were exposed to MEK at 6,000-
10,000 ppm for 8 h/day, 7 days/week, for 15 weeks. These rats did not have neu-
rologic lesions, but rats exposed to n-hexane at 10,000 ppm or MEK plus n-
hexane at 10,000 ppm (MEK at 1,100 ppm and n-hexane at 8,900 ppm) devel-
oped motor neuropathy with swelling of axons in the peripheral and CNS. MEK 
in the combined exposure shortened the onset and increased the severity of pare-
sis compared with exposure to n-hexane alone.  

Exposure to other chemicals may interfere with the metabolism of MEK. 
Co-exposure to xylene slowed the metabolism of xylene but did not interfere 
with the metabolism of MEK (Liira et al. 1988b). Blood concentrations of MEK 
were higher following ethanol ingestion, indicating reduced metabolism, than 
those following MEK exposure alone (Liira et al. 1990b). In an oral study with 
rats, exposure to MEK potentiated carbon tetrachloride hepatotoxicity (Traiger 
and Bruckner 1976). 
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Exposure of pregnant Wistar rats for 23 h/day, 7 days/week, to a combina-
tion of n-hexane at 1,200 ppm and MEK at 300 ppm throughout gestation or 
during the postnatal period increased the effect of n-hexane alone on birth 
weight and postnatal weight gain, both of which were reduced (Stoltenburg-
Didinger et al. 1990). This combination was neurotoxic to the dams but had no 
effect on the brain development of the pups. 

Liquid MEK applied to the skin of the forearms of human volunteers is 
rapidly absorbed (Munies and Wurster 1965; Wurster and Munies 1965). Uptake 
by dermal absorption was evidenced by MEK in expired air. Therefore, unpro-
tected dermal contact may represent a significant exposure route. 

 
5. DATA ANALYSIS FOR AEGL-1 

 
The AEGL-1 concentration may cause notable discomfort or irritation in 

the general population as well as in susceptible individuals. 

 
5.1. Summary of Human Data Relevant to AEGL-1 

 
MEK is not a respiratory irritant at concentrations less than several thou-

sand parts per million. The clinical studies of Dick et al. (1984; 1988; 1992), 
Muttray et al. (2002), Seeber et al. (2002), and Shibata et al. (2002) did not re-
port sensory irritation or neurobehavioral deficits at a constant concentration of 
200 ppm for 2 or 4 h or at concentrations that ranged between 10 and 380 ppm 
(average 188 ppm) over 4 h. Twenty-four subjects exposed at 200 ppm for 4 h 
found the concentration unobjectionable (Dick et al. 1992). In a series of neuro-
behavioral studies, a 4-h exposure of human subjects at 200 ppm had no signifi-
cant effect on a variety of behavioral tests (Dick et al. 1984, 1988, 1989). No 
irritation or subjective symptoms of sensory irritation were reported in four male 
subjects inhaling MEK at 200 ppm for 2 h (Shibata et al. 2002). The same ab-
sence of sensory irritation and neurobehavioral deficits was reported by 19 male 
subjects inhaling MEK at 00 ppm for 4 h (Muttray et al. 2002). During variable 
concentrations ranging from 10 ppm to 8-min peaks at 380 ppm, five times over 
4 h, subjects rated annoyance and irritation either “hardly at all” or “not at all” 
(Seeber et al. 2002). Both healthy subjects and subjects with sMCS were tested 
by Seeber et al. (2002). The primary subjective comment in these studies was a 
noticeable odor. In the study of Nelson et al. (1943), 10 male and female volun-
teers exposed to MEK for 3-5 min judged 200 ppm as acceptable for an 8-h ex-
posure and 350 ppm as objectionable for an 8-h exposure. There were no ana-
lytic measurements in this early study. Sensory irritation was reported in the 
Nakaaki (1974) study, but this study used variable concentrations, and neurobe-
havioral results were difficult to interpret. Additional metabolism studies were 
conducted at concentrations of 25 to 400 ppm for 4 h, but these studies did not 
address sensory irritation or neurotoxic effects. Although sensory irritation was 
not specifically addressed in the metabolism studies of Liira et al (1988a,b, 
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1990a,b) and Tada et al. (1972), volunteers were routinely exposed to concentra-
tions of 200-400 ppm for 2-4 h without apparent adverse effects.  

 
5.2. Summary of Animal Data Relevant to AEGL-1 

 
No signs of toxicity were observed in rats exposed to MEK at 2,000 ppm 

for 2 h (Pozzani et al. 1959; Smyth et al. 1962) and guinea pigs exposed at  
3,300 for 13.5 h (Patty et al. 1935), although approximately 2,900 ppm was the 
EC50 for a deficit in schedule-controlled behavior in the mouse (Glowa and 
Dews 1987). 

 
5.3. Derivation of AEGL-1 

 
Four well-conducted clinical studies indicate that MEK is neither a sen-

sory irritant nor does it induce neurobehavioral changes at a concentration of 
200 ppm for 4 h or at concentrations ranging between 10 and 380 ppm (average 
188 ppm) over 4 h (Dick et al 1992; Muttray et al 2002; Seeber et al. 2002; Shi-
bata et al. 2002; van Thriel et al. 2003a). Additional metabolism studies were 
conducted at concentrations of 25 to 400 ppm for 4 h, but these studies did not 
address sensory irritation or neurotoxic effects. A concentration of 200 ppm was 
judged unobjectionable for an 8-h exposure (Dick et al. 1992). Subjects with 
sMCS found concentrations ranging between 10 and 380 ppm over 4 h unobjec-
tionable. Therefore, 200 ppm was selected as a NOAEL for sensory irritation 
and neurobehavioral deficits. The selection of this value is supported by numer-
ous clinical studies in which volunteers were routinely exposed at 200-400 ppm 
for up to 4 h (Tada et al. 1972; Dick et al. 1984, 1988, 1989, 1992; Liira et al. 
1988a,b, 1990a,b). Because the Dick et al. studies reported no sensory irritation 
or neurotoxicity at 200 ppm and because metabolism was also addressed by the 
authors at this concentration, it is unlikely that sensory irritation was experi-
enced in other metabolism studies at similar concentrations. Because effects 
were not greater at the higher concentration of 380 ppm and because subjects 
with sMCS, a hypersensitive population, did not report enhanced sensory effects 
compared with control subjects (Seeber et al. 2002), an intraspecies uncertainty 
factor of 1 was applied. Because steady-state would be approached within 4 h at 
this low concentration (Liira et al. 1988a,b; 1990a) and because MEK is rapidly 
metabolized, the 200 ppm concentration was used across all AEGL-1 exposure 
durations (Table 3-7). Calculations are in Appendix A. Appendix B contains a 
category graph of the toxicity data in relation to AEGL values.  
 
 
TABLE 3-7 AEGL-1 Values for Methyl Ethyl Ketone 
10 min 30 min 1 h 4 h 8 h 
200 ppm 
(586 mg/m3) 

200 ppm 
(586 mg/m3) 

200 ppm 
(586 mg/m3) 

200 ppm 
(586 mg/m3) 

200 ppm 
(586 mg/m3) 
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6. DATA ANALYSIS FOR AEGL-2 
 

Concentrations above the AEGL-2 may cause irreversible or other serious, 
long-lasting adverse health effects or an impaired ability to escape. 

 
6.1. Summary of Human Data Relevant to AEGL-2 

 
Data on human exposures to concentrations that may cause adverse health 

effects or an impaired ability to escape are sparse. A concentration of 350 ppm 
was judged objectionable because it was unpleasant (Nelson et al. 1943), but this 
concentration would not impair the ability to escape. The lowest concentration 
reported in the study by Patty et al. (1935), 3,300 ppm, had a moderate-to-strong 
odor and was moderately irritating to the eyes and nose, but no exposure dura-
tion was provided. 

 
6.2. Summary of Animal Data Relevant to AEGL-2 

 
The mean RD50, a concentration that is considered intolerable to humans, 

was approximately 10,000 ppm in two of three studies with the mouse (De 
Ceaurriz et al. 1981; Stone et al. 1981). According to Alarie et al (1981), hu-
mans would experience “some” sensory irritation during several hours of expo-
sure to MEK at 0.1 × the RD50. This value would be 1,000 ppm. The RD50 could 
not be attained in a study by Hansen et al. (1992), even when exposures were  
> 20,000 ppm. 

Although MEK is of low inhalation toxicity in animal studies, it has been 
shown to be slightly fetotoxic in laboratory animals when dams are exposed for 
half of their gestational period (days 6-15). Results of a series of developmental 
studies with the rat (Deacon et al. 1981) and the mouse (Mast et al. 1989; 
Schwetz et al. 1991) determined that 3,000 ppm was toxic to the fetus, as indi-
cated by delayed ossification in rats and reduced fetal body weight in mice. A 
concentration of 1,000 ppm was a NOAEL. Exposures were for 7 h/day. Mater-
nal toxicity, however, indicated that the fetus is not more sensitive than the dam. 
The relevance of exposure duration of one-half of the rodent gestational period 
to a short-term exposure for humans is unknown. 

In a repeat-exposure inhalation study (Altenkirch et al. 1978) and a sub-
chronic exposure study (Cavender et al. 1983) of MEK, it was shown that 6,000 
and 5,000 ppm, respectively, had little effect on rodents. Only five rats were 
used in the Altenkirch et al. (1978) study, and the use of controls was not men-
tioned. The Cavender et al. (1983) study used 15 rats of each sex/group and sev-
eral exposure concentrations, including a control exposure. In this study, 5000 
ppm for 6 h/day for 90 days was a no-effect concentration for neurobehavioral 
deficits and neuropathy. The absence of CNS effects was reported on the first  
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day of the study. At 6,000 ppm, mild somnolence was reported in rats, but it was 
not clear that this effect occurred on the first day of exposure (Altenkirch et al. 
1978). 

 
6.3. Derivation of AEGL-2 

 
The sensitive end point of fetotoxicity was not used to derive AEGL-2 

values for MEK because the relevance of an exposure of half of the gestational 
period of a rodent to an acute exposure as short as 10 min for a human is diffi-
cult to assess. The end points in the developmental studies of Deacon et al. 
(1981), Mast et al. (1989), and Schwetz et al. (1991) appear to be related to ma-
ternal stress rather than to a direct toxic effect of the chemical. 

The AEGL-2 was based on an exposure concentration of MEK that did not 
result in neurobehavioral effects on the first day of the subchronic exposure 
study of Cavender et al. (1983). In this study, rats were exposed at 5,000 ppm 
for 5 days/week for 90 days. No exposure-related lesions were observed. The 
5,000-ppm concentration is close to the threshold for neurotoxicity, as evidenced 
by mild somnolence in another repeat-exposure study in which rats were ex-
posed at 6,000 ppm, 8 h/day, for several weeks (Altenkirch et al. 1978). The 
Altenkirch et al. (1978) study was not used as the basis of the AEGL-2 because 
of the small number of animals tested and the apparent failure to include a con-
current control group. Because rodents have a higher respiratory rate and cardiac 
output than humans, resulting in more rapid and higher uptake of chemicals, an 
interspecies uncertainty factor of 1 was applied (see discussion in Section 4.4.1 
and data of Liira et al. 1990a). Because the threshold for narcosis differs by no 
more than 2- to 3-fold among the general population (see Section 4.4.2), an in-
traspecies uncertainty factor of 3 was applied to protect sensitive individuals. 
Because the threshold for narcosis is concentration-dependent, the resulting 
1,700-ppm concentration was applied to the 4- and 8-h exposure durations. The 
data show that higher exposures can be tolerated for shorter durations (for ex-
ample, see Hansen et al. 1992). Therefore, the 10- and 30-min and the 1-h values 
were time-scaled from the 4-h exposure duration with the default n value of 3. 
AEGL-2 values are listed in Table 3-8. A summary of the calculations can be 
found in Appendix A. Appendix B is a category graph of toxicity data in relation 
to AEGL values. 
 
 
TABLE 3-8 AEGL-2 Values for Methyl Ethyl Ketone 
10 min 30 min 1 h 4 h 8 h 

4,900 ppma 
(14,357 mg/m3) 

3,400 ppma 
(9,962 mg/m3) 

2,700 ppm a 
(7,911 mg/m3) 

1,700 ppm 
(4,980 mg/m3) 

1,700 ppm 
(4,980 mg/m3) 

aThe 10- and 30-min and the 1-h AEGL-2 values are higher than one-tenth of the lower 
explosive limit (LEL) of methyl ethyl ketone in air (LEL = 18,000 ppm). Therefore, 
safety considerations against the hazard of explosion must be taken into account. 
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The values and end point are supported by the study of Altenkirch et al. 
(1978), in which rats exposed to MEK 10,000 ppm suffered severe irritation; 
when the concentration was lowered to 6,000 ppm for 8 h/day, the rats were 
mildly somnolent but arousable.  

 
7. DATA ANALYSIS FOR AEGL-3 

 
At concentrations above the AEGL-3, the general population, including 

susceptible individuals, could experience life-threatening health effects or death. 

 
7.1. Summary of Human Data Relevant to AEGL-3 

 
No human data relevant to development of AEGL-3 values were located 

in the available literature. Patty et al. (1935) reported that concentrations 
>10,000 for an exposure duration of several breaths were almost intolerable to 
humans due to eye and nose irritation. 

 
7.2. Summary of Animal Data Relevant to AEGL-3 

 
Two of three early studies with rodents reported LC50 values of 11,700 

and 8,000 ppm for 4 and 8 h, respectively (La Belle and Brieger 1955; Pozanni 
et al. 1959), whereas a third study (Patty et al. 1935) reported no deaths of 
guinea pigs during a 13.5-h exposure at 10,000 ppm. The highest concentration 
resulting in no deaths of rats during the 4-h exposure period in the La Belle and 
Brieger (1955) study was 7,850 ppm. No deaths of rodents occurred during 
short-term exposures, 30 and 45 min, at 92,239 and 50,000 ppm, respectively 
(Zakhari et al. 1977; Klimisch 1988). Likewise, no deaths occurred in mice ex-
posed at 26,416 ppm for 30 min (Hansen et al. 1992). In the Hansen et al. (1992) 
study, the concentration that was severely irritating, that is, reduced the respira-
tory rate by 50%, was projected to be 31,426 ppm. 

Fowles et al. (1999) applied the benchmark dose approach to the La Belle 
and Brieger (1955) rat lethality data to estimate the threshold for lethality. The 
benchmark dose approach uses several curve fitting models that are applied to 
data sets. In this case, the log-normal probit and quantal Weibull models were 
used to estimate the 95% lower confidence limits on the doses producing 1%, 
5%, and 10% responses. The results of the models were similar. For the probit 
model, the benchmark doses corresponding to 1% extra risk (MLE01) and the 
95% lower bound on those doses were 7,546 and 5,790 ppm, respectively. The 
respective values for the Weibull model were 6,579 and 4,193 ppm. The bench-
mark doses for both models are slightly below the highest exposure concentra-
tion of 7,850 ppm, which caused no deaths of rats in the La Belle and Brieger 
(1955) study.  
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7.3. Derivation of AEGL-3 
 

The AEGL-3 values for MEK were derived using different studies. The 
10- and 30-min time periods were derived using the studies by Klimisch (1988) 
and Zakhari et al. (1977) with support from Hansen et al. (1992). The 1-, 4-, and 
8-h values were derived from the studies by Fowles (1999) using data from La 
Belle and Brieger (1955). No deaths occurred in rats after a 30-min exposure at 
92,239 ppm (Klimisch 1988), and no deaths occurred in mice after a 45-min 
exposure at 50,000 ppm (Zakhari et al. 1977); a projected value of 32,145 ppm 
for 30 min would decrease the respiratory rate of mice by 50% (Hansen et al. 
1992). The highest tested concentration in the Hansen et al. (1992) study was 
26,000 ppm. On the basis of these data, nearly all individuals could be exposed 
at 10,000 ppm for up to 30 min without developing life-threatening effects. Ap-
plication of inter- and intraspecies uncertainty factors of 1 and 3 were applied as 
done for the AEGL-2. Additional studies support the 10,000-ppm value as being 
nonlethal: 10,000 ppm for 10 or 30 min was narcotic to mice in one study 
(Glowa and Dews 1987) but not in another (Hansen et al. 1992); 10,000 ppm 
was tolerated by rats for 8 h/day for several days (Altenkirch et al. 1978), and no 
deaths occurred in guinea pigs at 10,000 ppm for 13.5 h (Patty et al. 1935).  

The longer-term AEGL-3 values were based on the MLE01 of 7,500 ppm 
calculated by Fowles et al. (1999) from a 4-h study with rats exposed at several 
concentrations for 4 h (La Belle and Brieger 1955). In this study, the 4-h LC50 
was 11,700 ppm, and the highest concentration resulting in no deaths was 7,850 
ppm for 4 h. The 7,500-ppm MLE01 concentration was divided by an interspe-
cies uncertainty factor of 1 and an intraspecies uncertainty factor of 3. The re-
sulting value of 2,500 ppm was used for both the 4-h and 8-h AEGL-3 values. 
The 4-h 2,500 ppm value was time-scaled to the 1-h time, using the default n 
value of 3 for scaling to shorter time intervals. Calculations are in Appendix A, 
and values are listed in Table 3-9. Appendix B contains a category graph of tox-
icity data in relation to AEGL values. 

 
8. SUMMARY OF AEGL VALUES 

 
8.1. AEGL Values and Toxicity End Points 

 
The AEGL values and toxicity end points are listed in Table 3-10. Appen-

dix C contains development summaries for the AEGL values. Information was 
available on toxicity end points that met the definitions of the three AEGL val-
ues. The AEGL-1 was based on four studies with human subjects that were spe-
cifically designed to address objectionable odor or irritancy (Dick et al. 1992; 
Muttray et al. 2002; Seeber et al. 2002; Shibata et al. 2002) and supported by 
numerous behavioral and metabolism studies in which volunteers were routinely 
exposed at 200-400 ppm for various periods of time (Tada et al. 1972; Nakaaki 
1974; Dick et al. 1984, 1988, 1989; Liira et al. 1988a,b, 1990a,b). Subjects with 
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sMCS were tested in the study of Seeber et al. (2002) (van Thriel et al. 2003a), 
and exposures ranged between 10 and 380 ppm (average 188 ppm) over the 4 h. 
Therefore, 200 ppm was considered safe for the general population, and no un-
certainty factor was applied. 
 
 
TABLE 3-9 AEGL-3 Values for Methyl Ethyl Ketone 
10 min 30 min 1 h 4 h 8 h 
a a 4,000 ppmb 

(11,720 mg/m3) 
2,500 ppmb 
(7,325 mg/m3) 

2,500 ppmb 
(7,325 mg/m3) 

aThe 10- and 30-min AEGL-3 value of 10,000 ppm (29,300 mg/m3) is higher than 50% 
of the LEL of methyl ethyl ketone in air (LEL = 18,000 ppm). Therefore, extreme safety 
considerations against the hazard of explosion must be taken into account. 
bThe 1-, 4-, and 8-h AEGL-3 values are higher than 1/10 of the lower explosive limit 
(LEL) of methyl ethyl ketone in air (LEL = 18,000 ppm). Therefore, safety considera-
tions against the hazard of explosion must be taken into account. 
 
 
 
TABLE 3-10 Summary of AEGL Values for Methyl Ethyl Ketone 

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

AEGL-1 
(Nondisabling) 

200 ppm 
(586  
mg/m3) 

200 ppm 
(586 
mg/m3) 

200 ppm 
(586  
mg/m3) 

200 ppm 
(586 
mg/m3) 

200 ppm 
(586 
mg/m3) 

NOAEL for 
subjective 
symptoms in 
humans (Dick  
et al. 1992; 
Muttray et al. 
2002; Seeber et  
al. 2002; Shibata  
et al. 2002) 

AEGL-2 
(Disabling) 

4,900 ppma 
(14,357 
mg/m3) 

3,400 
ppma 
(9,962 
mg/m3) 

2,700  
ppma 
(7,911 mg/m3) 

1,700  
ppm 
(4,980 
mg/m3) 

1,700  
ppm 
(4,980 
mg/m3) 

Threshold for 
narcosis in rats 
(Cavender et al. 
1983) 

AEGL-3 
(Lethal) 

b b 4,000  
ppma 
(11,720 
mg/m3) 

2,500 
ppma 
(7,325 
mg/m3) 

2,500 
ppma 
(7,325 
mg/m3) 

Threshold for 
lethality, mouse, 
rat (La Belle and 
Brieger 1955; 
Zakhari et al. 
1977; Klimisch 
1988; Hansen et 
al. 1992) 

aThe 10- and 30-min and the 1-h AEGL-2 values and the 1-, 4-, and 8-h AEGL-3 values 
are higher than one-tenth of the lower explosive limit (LEL) of methyl ethyl ketone in air 
(LEL = 18,000 ppm). Therefore, safety considerations against the hazard of explosion 
must be taken into account. 
bThe 10- and 30-min AEGL-3 value of 10,000 ppm (29,300 mg/m3) is higher than 50% 
of the LEL of methyl ethyl ketone in air (LEL = 18,000 ppm). Therefore, extreme safety 
considerations against the hazard of explosion must be taken into account. 
Abbreviation: NOAEL, no-observed-adverse-effect level. 
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The AEGL-2 was based on an exposure concentration that did not result in 
neurobehavioral deficits on the first day of a subchronic exposure study with rats 
(Cavender et al. 1983). This concentration of 5,000 ppm is supported by a re-
peated exposure inhalation study (Altenkirch et al. 1978). A 6,000 ppm concen-
tration was the threshold for narcosis in the rat (Altenkirch et al. 1978). The 
clinical sign of mild somnolence in this study is consistent with the known effect 
of solvents on the CNS. The 5,000-ppm NOAEL for CNS depression of the 
Cavender et al. (1983) study was divided by interspecies and intraspecies uncer-
tainty factors of 1 and 3, respectively. Although CNS depression is concentra-
tion-related rather than time-dependent, higher exposures can be tolerated for 
short durations. Therefore, the 1,700-ppm value was applied to the 4- and 8-h 
durations and the shorter time values were time-scaled from the 4-h duration.  

The AEGL-3 was based on several animal studies. The 10- and 30-min 
AEGL-3 values were based on several nonlethal rodent values: 92,239 ppm for 
30 min (Klimisch 1988), 60,000 ppm for 45 min (Zakhari et al. 1977), and 
26,000 ppm for 30 min (Hansen et al. 1992). On the basis of these data, nearly 
all individuals could be exposed at 10,000 ppm for up to 30 min without devel-
oping life-threatening effects. The 10,000 ppm value was applied to both the 10 
and 30-min AEGL-3 exposure durations. Values for the longer-term exposure 
durations were based on the MLE01 of 7,500 ppm calculated from the 4-h rat 
study of La Belle and Brieger (1955) by Fowles et al. (1999). The resulting 
2,500 ppm value was used for both the 4- and 8-h exposure durations, as MEK 
may approach steady state in the blood during a 4-h exposure. In the absence of 
empirical data on the relationship between the concentration causing effects and 
exposure duration, temporal scaling to the 1-h time period was performed using 
the conservative value of n = 3.  

 
8.2. Comparison with Other Standards and Guidelines 

 
Primarily workplace guidelines have been derived for MEK (Table 3-11). 

Workplace standards are protective of any adverse health effect during chronic 
exposures and are most comparable to the AEGL-1. The AEGL-1 is the same as 
the American Conference of Governmental Industrial Hygienists (ACGIH), Oc-
cupational Safety and Health Administration (OSHA), and National Institute for 
Occupational Safety and Health (NIOSH) recommended workplace exposure 
limits, as well as the workplace exposure limits derived in Germany and The 
Netherlands. It is below the NIOSH short-term exposure limit of 300 ppm. The 
ACGIH based their value on a review of the literature. The NIOSH IDLH is 
comparable and similar to the 30-min AEGL-2. The IDLH is below the 30-min 
AEGL-3 of 10,000 ppm. The IDLH of 3,000 ppm is based on early data, which 
stated that a 2-h exposure of rats to 2,000 ppm caused no deaths, but four of six 
rats exposed at 4,000 ppm for a 2-h period died (Smyth 1956). NIOSH adjusted 
the values for a 30-min exposure. 
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TABLE 3-11 Extant Standards and Guidelines for Methyl Ethyl Ketone 
Exposure Duration 

Guideline 10 min 30 min 1 h 4 h 8 h 

AEGL-1 200 ppm 200 ppm 200 ppm 200 ppm 200 ppm 

AEGL-2 4,900 ppma 3,400 ppma 2,700 ppma 1,700 ppm 1,700 ppm 

AEGL-3 b b 4,000 ppma 2,500 ppma 2,500 ppma 

IDLH (NIOSH)c  3,000 ppm    

TLV-TWA 
(ACGIH)d 

    200 ppm 
 

PEL-TWA 
(OSHA)e 

    
 

200 ppm 

REL-TWA 
(NIOSH)f 

    200 ppm 

TLV-STEL 
(ACGIH)g 

    300 ppm 

REL-STEL 
(NIOSH)h 

    300 ppm 

MAK (Germany)i,j     200 ppm 

MAC 
(The Netherlands)k 

    200 ppm, skinl 

aThe 10- and 30-min and 1-h AEGL-2 values and the 1-, 4-, and 8-h AEGL-3 values are 
higher than 1/10 of the lower explosive limit (LEL) of methyl ethyl ketone in air (LEL = 
18,000 ppm). Therefore, safety considerations against the hazard of explosion must be 
taken into account. 
bThe 10- and 30-min AEGL-3 value of 10,000 ppm (29,300 mg/m3) is higher than 50% 
of the LEL of methyl ethyl ketone in air (LEL = 18,000 ppm). Therefore, extreme safety 
considerations against the hazard of explosion must be taken into account. 
cIDLH (immediately dangerous to life or health, National Institute for Occupational 
Safety and Health) (NIOSH 1996) represents the maximum concentration from which 
one could escape within 30 min without any escape-impairing symptoms, or any irre-
versible health effects.  
dTLV-TWA (Threshold Limit Value–time-weighted average, American Conference of 
Governmental Industrial Hygienists) (ACGIH 2006) is the time-weighted average con-
centration 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. 
ePEL-TWA (permissible exposure limits–time-weighted average, Occupational Health 
and Safety Administration) (OSHA) (29 CFR 1910.1000 [1996]) is analogous to the 
ACGIH TLV-TWA but is for exposures of no more than 10 h/day, 40 h/week. 
fREL-TWA (recommended exposure limits–time-weighted average, National Institute for 
Occupational Safety and Health) (NIOSH 2005) is analogous to the ACGIH TLV-TWA. 
gTLV-STEL (Threshold Limit Value–short-term exposure limit, American Conference of 
Governmental Industrial Hygienists ) (ACGIH 2006) is defined as a 15-min TWA expo-
sure that should not be exceeded at any time during the workday even if the 8-h TWA is 
within the TLV-TWA. Exposures above the TLV-TWA up to the STEL should not be 
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longer than 15 min and should not occur more than 4 times per day. There should be at 
least 60 min between successive exposures in this range. 
hREL-STEL (recommended exposure limits–short-term exposure limit, National Institute 
for Occupational Safety and Health) (NIOSH 2005) is analogous to the ACGIH TLV-
TWA. 
iMAK (maximale Arbeitsplatzkonzentration [maximum workplace concentration]) 
(Deutsche Forschungsgemeinschaft [German Research Association] (DFG 2003) is 
analogous to the ACGIH-TLV-TWA. 
jMAK Spitzenbegrenzung (Peak Limit I) (Deutsche Forschungsgemeinschaft [German 
Research Association] (DFG 2003) is the same as the 8-h MAK. 
kMAC (maximaal aanvaarde concentratie [maximum accepted concentration], Dutch 
Expert Committee for Occupational Standards, The Netherlands) (MSZW 2004) is 
analogous to the ACGIH-TLV-TWA. 
lSkin notation: MEK may be absorbed through the skin. 
 
 

8.3. Data Adequacy and Research Needs 
 

The database on human studies is extensive and includes controlled clini-
cal and workplace monitoring studies. Human exposures were generally to rela-
tively low concentrations and showed that MEK is not irritating to the eyes and 
mucous membranes of the upper respiratory tract. Only with unmeasured, pre-
sumably higher exposures in association with dermal contact was the CNS in-
volved. Several human studies addressed neurobehavioral effects and metabo-
lism. Animal studies with a variety of species (baboon, rat, mouse, and guinea 
pig) addressed irritation, neurotoxicity, developmental toxicity, subchronic tox-
icity, and lethality. Exposure durations ranged from acute to subchronic. 
Genotoxicity was also addressed. The most notable data deficiency is the lack of 
a well-defined exposure-response relationship for the AEGL-2 and AEGL-3 end 
points. However, for many solvents that act as anesthetics, a threshold concen-
tration rather than duration of exposure defines whether an effect will occur. 
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APPENDIX A 
 

DERIVATION OF AEGL VALUES FOR METHYL ETHYL KETONE  

 
Derivation of AEGL-1 Values 

 
Key studies: Dick et al. (1992); Muttray et al. 2002;  

Seeber et al. 2002; Shibata et al. 2002 
 
Toxicity end points: 200 for 4 h and 380 ppm for several 8-min exposure 

durations were NOAELs for sensory irritation and CNS 
effects; the lower number was chosen as the basis for  
the AEGL-1. 

 
Time-scaling: Not applied 
 
Uncertainty factors: 1 for intraspecies variability 
 
Modifying factor: Not applied 
 
Calculations: The 200-ppm concentration was used for all exposure 
durations. 
 
10-min AEGL-1: 200 ppm 
 
30-min AEGL-1: 200 ppm 
 
1-h AEGL-1: 200 ppm 
 
4-h AEGL-1: 200 ppm 
 
8-h AEGL-1: 200 ppm 

 
Derivation of AEGL-2 Values 

 
Key studies: Altenkirch et al. (1978); Cavender et al. (1983)  
 
Toxicity end points:  5,000 ppm was a NOAEL for neurobehavioral effects 

(narcosis) on the first and subsequent days of a sub-
chronic study with rats; exposures were for 6 h/day,  
5 days/week, for 90 days. 

 
Time-scaling: Default value of n = 3 applied to shorter exposure  

durations 
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Uncertainty factors: 1 for interspecies; rodents have higher respiratory rates 
and cardiac output than humans; metabolism differences 
will not be significant at high, acute exposures. 

3 for intraspecies; differences among humans for CNS 
effects of anesthetics are not expected to vary greatly. 

 
Modifying factor: Not applied 
 
Calculations:  5,000 ppm/3 = 1,700 ppm 

C3 × 240 min = k 
(1,700)3 × 240 min = 1.179 × 1012 ppm3-min 

 
10-min AEGL-2: [(1.179 × 1012 ppm3-min)/10 min]1/3 
 C = 4,900 ppm 
 
30-min AEGL-2: [(1.179 × 1012 ppm3-min)/10 min] 1/3 

C = 3400 ppm 
 
1-h AEGL-2: [(1.179 × 1012 ppm3-min)/60 min] 1/3 

C = 2700 ppm 
 
4-h AEGL-2: 1,700 ppm 
 
8-h AEGL-2: 1,700 ppm 

 
Derivation of AEGL-3 Values 

 
Key studies: 10 and 30 min: Zakhari et al. 1977;  

Klimisch 1988; Hansen et al. 1992; 
 1, 4, and 8 h: La Belle and Brieger 1955 
 
Toxicity end points:  (1) Threshold for lethality—mouse, rat 
 30-min exposure of rats at 92,239 ppm (Klimisch 1988) 

45-min exposure of mice at 50,000 ppm (Zakhari et  
al. 1977) 
Calculated 30-min RD50 of 31,246 ppm—mice  
(Hansen et al. 1992) 

 
(2) 4-h MLE01 of 7,500 ppm for rat calculated by  
Fowles et al. (1999) from data of La Belle and  
Brieger (1955) 
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Time-scaling None for 10- and 30-min values  
None for 4- and 8-h values 
1-h value time-scaled from 4-h value using n = 3  
(Cn × t = k) 

 
Uncertainty factors: 1 for interspecies; rodents have higher respiratory  

rates and cardiac output than humans; metabolism 
differences will not be significant at high, acute 
exposures. 

3 for intraspecies; differences among humans  
for irritancy and CNS effects are not expected to  
vary greatly. 

 
Modifying factor: Not applied 
 
Calculations: (1) values adjusted to 10,000 ppm 

(2) 7,500 ppm/3 = 2,500 ppm 
4-h value: (2,500 ppm)3 × 240 min = 3.75 × 1012  
ppm3-min 

 
10-min AEGL-3: 10,000 ppm 
 
30-min AEGL-3: 10,000 ppm 
 
1-h AEGL-3: C3 × 60 min = 3.75 × 1012 ppm3-min 

C = 4,000 ppm 
 
4-h AEGL-3: 2,500 ppm 
 
8-h AEGL-3: 2,500 ppm 
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APPENDIX B 
 

CATEGORY GRAPH OF TOXICITY DATA AND AEGL VALUES 
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FIGURE 3-2 Category graph of toxicity data and AEGL values. 
 
 
TABLE B-1 Data Used in Category Graph 
Source Species ppm Minutes Categorya 

NAC/AEGL-1  200  10  AEGL 

NAC/AEGL-1  200  30  AEGL 

NAC/AEGL-1  200  60  AEGL 

NAC/AEGL-1  200  240  AEGL 

NAC/AEGL-1  200  480  AEGL 

     

NAC/AEGL-2  4,900  10  AEGL 

NAC/AEGL-2  3,400  30  AEGL 

NAC/AEGL-2  2,700  60  AEGL 

NAC/AEGL-2  1,700  240  AEGL 

NAC/AEGL-2  1,700  480  AEGL 

     

NAC/AEGL-3  10,000  10  AEGL 

NAC/AEGL-3  10,000  30  AEGL 

NAC/AEGL-3  4,000  60  AEGL 

(Continued) 
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TABLE B-1 Continued 
Source Species ppm Minutes Categorya 

NAC/AEGL-3  2,500  240  AEGL 

NAC/AEGL-3  2,500  480  AEGL 

     

Nelson et al. 1943 Human 100  5  0  

 Human 200  5  1  

 Human 350  5  1  

Shibata et al. 2002 and 
others 

Human 200  120  0  

Dick et al. 1992 and  
others 

Human 200  240  0  

Seeber et al. 2002 Human 380  8  0  

Patty et al. 1935 Human 3,300  1  2  

Seeber et al. 2002 Human 10  480  0  

Klimisch 1988 Rat 92,239  180  SL 

 Rat 92,239  30  2  

Pozzani et al. 1959 Rat 8,000  480  SL 

Smyth et al. 1962 Rat 2,000  120  0  

LaBelle and Brieger 1955 Mouse 103,000  43  3  

 Mouse 9,090  240  SL 

 Mouse 11,700  240  SL 

 Mouse 7850  240  2  

Zakhari et al. 1977 Mouse 69,500  45  SL 

 Mouse 50,000  45  2  

Patty et al. 1935 Guinea pig 100,000  45  3  

 Guinea pig 33,000 200 3 

 Guinea pig 10,000 480 2 

Geller et al. 1979 Baboon 100  480  0  

Altenkirch et al. 1978 Rat 10,000  480  2  

 Rat 6,000  480  0  

Hansen et al. 1992 Mouse 26,000  30  2  

 Mouse 10,000  30  1  

DeCeaurriz et al. 1981 Mouse 10,745  5  2  

Stone et al. 1981 Mouse 5,000  10  1  

 Mouse 9,000  10  2  

Glowa and Dews 1987 Mouse 10,000  9.5  2  

 Mouse 5600  9.5  2  

 Mouse 1,000  9.5  0  

 Mouse 300  9.5  0  

Patty et al. 1935 Guinea pig 3,300 240 0 

 Guinea pig 10,000 40 2 
aCategories: 0, no effect; 1, discomfort; 2, disabling; SL, some lethality; and 3, lethal. 
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APPENDIX C  
 

ACUTE EXPOSURE GUIDELINE LEVELS FOR  
METHYL ETHYL KETONE 

 
Derivation Summary for Methyl Ethyl Ketone 

 
AEGL-1 VALUES 

10 min 30 min 1 h 4 h 8 h 

200 ppm 200 ppm 200 ppm 200 ppm 200 ppm 

Key references:  
Dick, R.B., E.F. Krieg, Jr., J. Setzer, and B. Taylor. 1992. Neurobehavioral effects 
from acute exposures to methyl isobutyl ketone and methyl ethyl ketone. Fundam. 
Appl. Toxicol. 19(3):453-473.  

Muttray, A., D. Jung, L. Klimek, and C. Kreiner. 2002. Effects of an external 
exposure to 200 ppm methyl ethyl ketone on nasal mucosa in healthy volunteers. Int. 
Arch. Occup. Environ. Health 75(3):197-200. 

Seeber, A., C. van Thriel, K. Haumann, E. Kiesswetter, M. Blaszkewicz, and K. 
Golka. 2002. Psychological reactions related to chemosensory irritation. Int. Arch. 
Occup. Environ. Health 75(5):314-325. 

Shibata, E., G. Johanson, A. Lof, L. Ernstgard, E. Gullstrand, and K. Sigvardsson. 
2002. Changes in n-hexane toxicokinetics in short-term single exposure due to co-
exposure to methyl ethyl ketone in volunteers. Int. Arch. Occup. Environ. Health 
75(6):399-405. 

Test species/Strain/Number:  
Human/24 subjects (Dick et al. 1992); 19 male subjects (Muttray et al. 2002); 24 
subjects (Seeber et al. 2002); 4 male subjects (Shibata et al. 2002) 

Exposure route/Concentrations/Durations: 200 ppm for 4 h (Dick et al. 1992; 
Muttray et al. 2002); 200 ppm for 2 h (Shibata et al. 2002); 10-380 ppm (average 
188 ppm) for over 4 h (Seeber et al. 2002) 

Effects: At 200 ppm, unobjectionable, no neurobehavioral effects, and no other 
effects reported in additional studies 

End point/Concentration/Rationale: NOAEL for irritation and neurobehavioral 
deficits 

Uncertainty factors/Rationale:  
Total uncertainty factor: 1 
Interspecies: Not applicable 
Intraspecies: 1, no susceptible populations were located. The intensity of discomfort 
associated with 200 ppm is not expected to vary greatly among the general 
population.  

Modifying factor: Not applied 

Animal-to-human dosimetric adjustment: Not applicable 

(Continued) 
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AEGL-1 VALUES Continued 
10 min 30 min 1 h 4 h 8 h 

200 ppm 200 ppm 200 ppm 200 ppm 200 ppm 

Time-scaling: Not applied; a tolerance develops to any irritation 

Data adequacy: The database on clinical and monitoring studies is extensive. MEK 
is rapidly metabolized. Short exposures of healthy subjects and subjects with sMCS 
at 380 ppm without apparent adverse effects supports the concentration of 200 ppm 
for the general population. 

 
AEGL-2 VALUES 

10 min 30 min 1 h 4 h 8 h 

4,900 ppma 3,400 ppma 2,700 ppma 1,700 ppm 1,700 ppm 
Key reference: 
Cavender, F.L., H.W. Casey, H. Salem, J.A. Swenberg, and E.J. Gralla. 1983. A 90-
day vapor inhalation toxicity study of methyl ethyl ketone. Fundam. Appl. Toxicol. 
3(4):264-270. 
Supporting reference: 
Altenkirch, H., G. Stoltenburg, and H.M. Wagner. 1978a. Experimental studies on 
hydrocarbon neuropathies induced by methyl-ethyl-ketone (MEK). J. Neurol. 
219(3):159-170. 

Test species/Strain/Number:  
Rat/Fischer 344/15 males and 15 females (Cavender et al. 1983); Wistar/5 rats 
(Altenkirch et al. 1978) 

Exposure route/Concentrations/Durations:  
Inhalation/0, 1,250, 2,500, or 5,000 ppm for 6 h/day, 5 days/week, for 90 days 
(Cavender et al. 1983); 6,000 ppm for 8 h/day, 7 days/week, for several weeks 
(Altenkirch et al. 1978) 

Effects: At 5,000 ppm, no irritation, no narcosis, and transient weight loss (Cavender 
et al. 1983); at 6,000 ppm, hyperexcitability followed by somnolence within 5-10 
min and gait disturbance after exposures, no neuropathies, animals died of 
bronchopneumonia in 7th week (Altenkirch et al. 1978). 

End point/Concentration/Rationale: NOAEL for neurobehavioral deficits at 5,000 
ppm for 6 h 

Uncertainty factors/Rationale:  
Total uncertainty factor: 3 
Interspecies: 1, uptake is greater and faster in rodents compared with humans. 
Intraspecies: 3, no susceptible populations identified; metabolism is not expected to 
vary greatly among individuals; and susceptibility to CNS depression does not vary 
by more than a factor of 2- to 3-fold among the general population. 

Modifying factor: Not applicable 

Animal-to-human dosimetric adjustment: Not applied 

(Continued) 
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AEGL-2 VALUES Continued 
10 min 30 min 1 h 4 h 8 h 

4,900 ppma 3,400 ppma 2,700 ppma 1,700 ppm 1,700 ppm 

Time-scaling: The 4- and 8-h exposures were set equal to 1,700 ppm; the 10- and 30-
min and 1-h values were time-scaled with the default n value of 3. 

Data adequacy: Extensive database of human (irritation, neurotoxicity, and 
metabolism) and animal studies (baboon, rat, mouse, and guinea pig); animal studies 
addressed irritation, neurotoxicity, developmental toxicity, and subchronic toxicity; 
the Cavender et al. (1983) study is supported by a study with rats conducted at 6,000 
ppm (Altenkirch et al. 1978); the key study utilized groups of 15 male and 15 female 
rats; and complete histologic examinations were performed at the end of exposure.  
aThe 10- and 30-min and the 1-h AEGL-2 values are higher than one-tenth of the lower 
explosive limit (LEL) of MEK in air (LEL = 18,000 ppm). Therefore, safety considera-
tions against the hazard of explosion must be taken into account. 
 
 

AEGL-3 VALUES 
10 min 30 min 1 h 4 h 8 h 
a a 4,000 ppmb 2,500 ppmb 2,500 ppmb 

Key references:  
Fowles, J.R., G.V. Alexeeff, and D. Dodge. 1999. The use of the benchmark dose 
methodology with acute inhalation lethality data. Regul. Toxicol. Pharmacol. 
29(3):262-278. 
Hansen, L.F., A. Knudsen, and G.D. Nielsen. 1992. Sensory irritation effects of 
methyl ethyl ketone and its receptor activation mechanism. Pharmacol. Toxicol.  
71(3 Pt. 1):201-208. 
Klimisch, H. 1988. The inhalation hazard test; principle and method. Arch. Toxicol. 
61(5):411-416. 
La Belle, C.W., and H. Brieger. 1955. The vapor toxicity of a composite solvent and 
its principal components. Arch. Ind. Health 12(6):623-627. 
Zakhari, S., M. Leibowitz, P. Levy, and D.M. Aviado. 1977. Acute, oral, 
intraperitoneal, and inhalational toxicity in the mouse. P. 67-69 in Isopropanol and 
Ketones in the Environment, L. Golberg, ed. Cleveland, OH: CRC Press. 

Test species/Strain/Number: 
Rat/unspecified/6 rats (Klimisch 1988); mouse/CF-1/10 per group (Zakhari et al. 
1977); mouse/CF-1/4 per group (Hansen et al. 1992); rat/strain not given/6 per group 
(La Belle and Brieger 1955) 

Exposure route/Concentrations/Durations:  
Inhalation/92,239 ppm for 30 min or 3 h (Klimisch 1988); 50,000, 60,000, 70,000, 
80,000, or 100,000 ppm, for 45 min (Zakhari et al. 1977); 0, 3809, 9136, 12,771, 
24,179, or 26,416 ppm, for30 min (Hansen et al. 1992); 7,850, 9,090, 9,260, 12,200, 
13,750, 18,100, or 20,200 ppm, for 4 h (La Belle and Brieger 1955) 

(Continued) 
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AEGL-3 VALUES Continued 
10 min 30 min 1 h 4 h 8 h 
a a 4,000 ppmb 2,500 ppmb 2,500 ppmb 

Effects: No deaths at 96,239 ppm for 30 min (Klimisch 1988); no deaths at 50,000 
ppm for 45 min (Zakhari et al. 1977); concentration-dependent decrease in 
respiratory rate and tidal volume; calculated RD50 of 31,246 ppm; no deaths at 
26,000 ppm for 30 min (Hansen et al. 1992); and no deaths at 7,850 ppm (La Belle 
and Brieger 1955) 

End point/Concentration/Rationale: On the basis of the first three studies, 10,000 
ppm would not be life-threatening to humans; at 7,500 ppm for 4-h, maximum 
likelihood estimate, with a 1% response (MLE01) calculated by Fowles et al. (1999) 
from data of La Belle and Brieger (1955) 

Uncertainty factors/Rationale:  
Total uncertainty factor: 3 
Interspecies: 1, uptake is greater and faster in rodents than in humans. 
Intraspecies: 3, no susceptible populations identified; CNS depression does not vary 
by more than a factor of 2-3 among the general population. 

Modifying factor: Not applicable 

Animal-to-human dosimetric adjustment: Not applied 

Time-scaling: Cn × t = k. Default value of n = 3 used when scaling from longer to 
shorter time intervals; both 4- and 8-h values set equal to 2,500 ppm; 1-h value  
time-scaled from the 4-h value  

Data adequacy: Extensive database of human (irritation, neurotoxicity, and 
metabolism) and animal studies (baboon, rat, mouse, and guinea pig); animal studies 
addressed irritation, neurotoxicity, developmental toxicity, and subchronic toxicity; 
studies were supported by no deaths in rats exposed at 10,000 ppm for several days 
(Altenkirch et al. 1978) and no deaths in guinea pigs exposed at 10,000 ppm for  
13.5 h (Patty et al. 1935). 
aThe 10- and 30-min AEGL-3 value of 10,000 ppm (29,300 mg/m3) is higher than 50% 
of the lower explosive limit (LEL) of MEK in air (LEL = 18,000 ppm). Therefore,  
extreme safety considerations against the hazard of explosion must be taken into account. 
bThe 1-, 4-, and 8-h AEGL-3 values are higher than one-tenth of the LEL of MEK in air 
(LEL = 18,000 ppm). Therefore, safety considerations against the hazard of explosion 
must be taken into account. 
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