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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 more than 270 EHSs. 

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

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

that series. AEGL documents for butane, chloroacetaldehyde, chlorobenzene, 
chloroform, methyl bromide, methyl chloride, and propane are each published as 
an appendix in this report. The committee concludes that the AEGLs developed in 
these appendixes are scientifically valid conclusions based on the data reviewed 
by NAC and are consistent with the NRC guideline reports. AEGL reports for 
additional 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 authors of the documents. The 
committee examined the draft documents and provided comments and recom-
mendations for how they could be improved in a series of interim reports. The 
authors revised the draft AEGL documents based on the advice in the interim 
reports and presented them for reexamination by the committee as many times 
as necessary until the committee was satisfied that the AEGLs were scientifi-
cally 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 five 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 five committee interim reports, which summa-
rize the committee’s conclusions and recommendations for improving NAC’s 
AEGL documents for butane (interim reports 17 and 20a), chloroacetaldehyde 
(interim report 17), chlorobenzene (interim report 17), chloroform (interim re-
ports 13, 14, and 18), methyl bromide (interim reports 18 and 20a), methyl chlo-
ride (interm reports 18 and 10a), and propane (interim reports 17 and 20a):  
Deepak Bhalla (Wayne State University), Harvey Clewell (The Hamner Insti-
tutes for Health Sciences), Jeffrey Fisher (U.S. Food and Drug Administration), 
David Gaylor (Gaylor and Associates, LLC), A. Wallace Hayes (Harvard 
School of Public Health), Sam Kacew (University of Ottawa), Kenneth Still 
(Occupational Toxicology Associates), Joyce Tsuji (Exponent, Inc.), and Judith 
Zelikoff (New York University). 

Although the reviewers listed above have provided many constructive 
comments and suggestions, they were not asked to endorse the conclusions or 
recommendations, nor did they see the final draft of this volume before its 
release. The review of interim report 13 was overseen by Sidney Green, Jr. 
(Howard University), and interim reports 14, 17, 18, and 20a were overseen by 
Robert Goyer (University of Western Ontario [retired]). Appointed by the 
NRC, they were responsible for making certain that an independent examina-
tion of the interim reports was carried out in accordance with institutional pro-
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cedures and that all review comments were carefully considered. Responsibil-
ity for the final content of this report rests entirely with the authoring commit-
tee and the institution. 

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

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



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 12

xvii 

 
 

Contents 

 
NATIONAL RESEARCH COUNCIL COMMITTEE 
REVIEW OF ACUTE EXPOSURE GUIDELINE 
LEVELS OF SELECTED AIRBORNE CHEMICALS ................................. 3 
 
APPENDIXES 
 
1 BUTANE ................................................................................................. 13 
 Acute Exposure Guideline Levels 
 
2 CHLOROACETALDEHYDE............................................................... 48 

 Acute Exposure Guideline Levels 
 
3 CHLOROBENZENE ............................................................................. 82 
 Acute Exposure Guideline Levels 
 
4 CHLOROFORM .................................................................................. 120 
 Acute Exposure Guideline Levels 
 
5  METHYL BROMIDE.......................................................................... 171 
 Acute Exposure Guideline Levels 
 
6  METHYL CHLORIDE........................................................................ 233 
 Acute Exposure Guideline Levels 
 
7  PROPANE............................................................................................. 288 
 Acute Exposure Guideline Levels 
 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 12

 
 

 
 

 
 
 

 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 12

3 

 
 

National Research Council Committee 
Review of Acute Exposure Guideline 

Levels of Selected Airborne Chemicals 

 
This report is the twelfth volume in the series Acute Exposure Guideline 

Levels for Selected Airborne Chemicals. 
In the Bhopal disaster of 1984, approximately 2,000 residents living near a 

chemical plant were killed and 20,000 more suffered irreversible damage to their 
eyes and lungs following accidental release of methyl isocyanate. The toll was 
particularly high because the community had little idea what chemicals were 
being used at the plant, how dangerous they might be, 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 
evaluate the data, and how to present the results.  

In November 1995, the National Advisory Committee (NAC)1 for Acute 
Exposure Guideline Levels for Hazardous Substances was established to 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: 
 

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

of members from EPA, DOD, many other federal and state agencies, industry, academia, 
and other organizations. From 1996 to 2011, the NAC discussed over 300 chemicals and 
developed AEGLs values for at least 272 of the 329 chemicals on the AEGLs priority 
chemicals lists. Although the work of the NAC has ended, the NAC-reviewed technical 
support documents are being submitted to the NRC for independent review and finaliza-
tion. 
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AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m3 [milligrams per cubic meter]) of a substance above which it is 
predicted that the general population, including susceptible individuals, could 
experience notable discomfort, irritation, or certain asymptomatic nonsensory 
effects. However, the effects are not disabling and are transient and reversible 
upon cessation of exposure. 

AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting 
adverse health effects or an impaired ability to escape. 

AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience life-threatening adverse health effects or 
death. 
 

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

 
SUMMARY OF REPORT ON  

GUIDELINES FOR DEVELOPING AEGLS 
 

As described in Guidelines for Developing Community Emergency Expo-
sure Levels for Hazardous Substances (NRC 1993) and the NRC guidelines re-
port Standing Operating Procedures for Developing Acute Exposure Guideline 
Levels for Hazardous Chemicals (NRC 2001a), the first step in establishing 
AEGLs for a chemical is to collect and review all relevant published and 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-
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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 
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 were initially prepared by ad hoc AEGL devel-
opment teams consisting of a chemical manager, chemical reviewers, and a staff 
scientist of the NAC contractors—Oak Ridge National Laboratory and subse-
quently Syracuse Research Corporation. The draft documents were then re-
viewed by NAC and elevated from “draft” to “proposed” status. After the AEGL 
documents were approved by NAC, they were published in the Federal Register 
for public comment. The reports were then revised by NAC in response to the 
public comments, elevated from “proposed” to “interim” status, and sent to the 
NRC Committee on Acute Exposure Guideline Levels for final evaluation. 

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

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 
AEGL reports. Thus far, the committee has prepared eleven reports in the series 
Acute Exposure Guideline Levels for Selected Airborne Chemicals (NRC 2001b, 
2002b, 2003, 2004, 2007b, 2008b, 2009, 2010a,b, 2011, 2012). This report is the 
twelfth volume in that series. AEGL documents for butane, chloroacetaldehyde, 
chlorobenzene, chloroform, methyl bromide, methyl chloride, and propane are 
each published as an appendix in this report. The committee concludes that the 
AEGLs developed in these appendixes are scientifically valid conclusions based 
on the data reviewed by NAC and are consistent with the NRC guideline reports. 
AEGL reports for additional chemicals will be presented in subsequent volumes. 
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5 
 

Methyl Bromide1 
 

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), Julie M. Klotzbach (Syracuse Research Corporation), 
Chemical Manager George Rodgers (National Advisory Committee [NAC] on Acute 
Exposure Guideline Levels for Hazardous Substances), and Ernest V. Falke (U.S. Envi-
ronmental Protection Agency). 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 has concluded that the AEGLs developed in this document are sci-
entifically 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 concentrations for the general public, including susceptible subpopula-
tions, such as infants, children, the elderly, persons with asthma, and those with 
other illnesses, it is recognized that individuals, subject to idiosyncratic re-
sponses, could experience the effects described at concentrations below the cor-
responding AEGL. 

 

SUMMARY 
 

Methyl bromide is a colorless, nonflammable gas, with no taste or odor 
properties at low concentrations. Methyl bromide is currently used as a fumigant 
for buildings and soil and as a methylation agent in industry. Methyl bromide is 
an effective herbicide, rodenticide, nematicide, insecticide, bactericide, and fun-
gicide. In the past, it was used as a refrigerant and fire extinguisher. Worldwide 
consumption of methyl bromide in 1996 was approximately 68 thousand metric 
tons. It is available as a liquefied gas in steel cylinders or cans. 

Although numerous reports of accidental exposure of humans to methyl 
bromide that resulted in neurotoxicity or deaths are available in the literature, 
reliable information on exposure concentrations was not available. Acute, re-
peat-exposure, subchronic, and chronic studies, primarily with rats and mice, 
were available. Human case reports and controlled animal studies document that 
the central nervous system (CNS) is the primary target of methyl bromide. Neu-
rotoxic symptoms can be delayed for several hours. Extremely high concentra-
tions also produce lung edema. The mechanism-of-action of monohalomethanes 
is not completely understood, but could involve metabolism via the glutathione-
S-transferase (GST) pathway to products that alkylate or inactivate cellular pro-
teins. Species with higher cellular concentrations of GST appear to be more sen-
sitive to the effects of methyl bromide than those with lower concentrations. The 
same is true for humans because of genetic polymorphisms of GST in the human 
population. 
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Data from animal studies were available on lethal and sublethal concentra-
tions, neurotoxicity, developmental and reproductive effects, genotoxicity, and 
potential carcinogenicity. Although genotoxicity studies show that alkylation of 
DNA and proteins occurs, carcinogenicity has not been established in chronic 
studies with rats and mice. The dose-response curve for lethality is steep and the 
margin of safety between no-effect and lethal values is small. Data from rat and 
mouse studies show that the concentration-response curve for 50% lethality 
(LC50 values) over exposure durations of 3.5-480 min can be determined with 
the equation C1.2 × t = k. 

Methyl bromide has no odor or irritation properties at concentrations be-
low those that define the AEGL-2 values. Therefore, AEGL-1 values were not 
established. 

The AEGL-2 values are based on the no-observed-adverse-effect level 
(NOAEL) for neurotoxicity, as evidenced by a lack of clinical signs in studies 
with rats and dogs. The weight-of-evidence from those studies indicates that 200 
ppm of methyl bromide for 4 h is the threshold concentration for neurotoxicity 
(Hurtt et al. 1988; Hastings 1990; Japanese Ministry of Labour 1992; Newton 
1994a). Reversible impairment of olfactory function (lesions of the olfactory 
epithelium) was observed in the rat (Hurtt et al. 1988; Hastings 1990; Japanese 
Ministry of Labour 1992). These lesions are specific to the nasal olfactory epi-
thelium of the rat, based on nasal air flow patterns (Bush et al. 1998; Frederick 
et al. 1998), so it is unlikely that such lesions would occur in primates at the 
same exposure concentration and duration. Because uptake of methyl bromide is 
greater in rodents than in humans (based on comparative respiratory rates and 
comparisons with methyl chloride) and because GST concentrations in rodents 
are greater than in humans (resulting in more rapid production of toxic metabo-
lites), an interspecies uncertainty factor of 1 was applied. Humans differ in their 
capacity to metabolize the related chemical methyl chloride; but, toxicologi-
cally, the difference is thought to be less than 3-fold (Nolan et al. 1985). There-
fore, an intraspecies uncertainty factor of 3 was applied. The resulting 4-h value 
of 67 ppm was time scaled to the other exposure durations using the equation Cn 
× t = k, with n = 1.2. The value of n was based on lethality studies in rats. The 
mechanism for delayed neurotoxic effects (AEGL-2) and death (AEGL-3) are 
assumed to be the same. Because the time-scaled 8-h AEGL-2 value of 37 ppm 
is close to the chronic NOAEL of 33 ppm for mice (NTP 1992), is less than the 
4-day NOAEL of 55 ppm for clinical signs and tissue lesions in dogs (Newton 
1994a), and less than the 36-week NOAEL of 55 ppm for neurobehavioral pa-
rameters and nerve conduction velocity in rats (Anger et al. 1981), the 8-h value 
was set equal to the 4-h AEGL-2 value of 67 ppm. 

Because of differences in methyl-halide metabolism between mice and 
other rodents and the greater sensitivity of mice to the structurally-similar 
chemical methyl chloride (metabolism is also by the glutathione [GHS] path-
way), the mouse was not considered an appropriate model from which to derive 
AEGL values for methyl bromide. The AEGL-3 values were based on the 
BMCL05 (benchmark concentration, 95% lower confidence limit with 5% re-
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sponse) of 701 ppm in a 4-h exposure study of rats (Kato et al. 1986). The 
BMCL05 was also the highest nonlethal value in the study. An interspecies un-
certainty factor of 1 and an intraspecies uncertainty factor of 3 were applied, as 
was done in the calculation of AEGL-2 values. For time scaling (Cn × t = k), n 
was set equal to 1.2, based on lethality data in the rat. Because uptake of methyl 
bromide is greater in rodents than in humans (based on comparative respiratory 
rates and comparisons with methyl chloride) and because GST concentrations in 
rodents are higher than in humans (resulting in more rapid production of toxic 
metabolites), an interspecies uncertainty factor of 1 was considered sufficient. 
Humans differ in their capacity to metabolize methyl bromide, but toxicologi-
cally the difference is not thought to be greater than 3-fold (Nolan et al. 1985). 
An intraspecies uncertainty factor of 3 is supported by the steep dose-response 
curve for lethality by methyl bromide, which indicates that there might be little 
intraspecies variation. Furthermore, a larger uncertainty factor would result in 
values that would be near the AEGL-2 values. Therefore, an intraspecies uncer-
tainty factor of 3 was considered sufficient. The 8-h AEGL-3 value of 130 ppm 
is supported by a repeat-dose study in which dogs exposed to methyl bromide at 
156 ppm for 7 h/day did not exhibit severe clinical signs until the third day of 
exposure (Newton 1994a). There were no remarkable histopathologic lesions at 
autopsy. 

The AEGL values for methyl bromide are presented in Table 5-1. 
 
 
TABLE 5-1 Summary of AEGL Values for Methyl Bromide 

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

AEGL-1 
(nondisabling) 

NRa NRa NRa NRa NRa  

AEGL-2 
(disabling) 

940 ppm 
(3,657  
mg/m3) 

380 ppm 
(1,478  
mg/m3) 

210 ppm 
(817  
mg/m3) 

67 ppm 
(261  
mg/m3) 

67 ppm 
(261  
mg/m3) 

NOAEL for 
clinical signs 
in rats and 
dogs (Hurtt  
et al. 1988; 
Hastings 
1990; 
Japanese 
Ministry of 
Labour 1992; 
Newton 
1994a) 

AEGL-3 
(lethal) 

3,300 ppm 
(12,837 
mg/m3) 

1,300 ppm 
(5,057  
mg/m3) 

740 ppm 
(2,879  
mg/m3) 

230 ppm 
(895  
mg/m3) 

130 ppm 
(506  
mg/m3) 

BMCL05 in 
rats (Kato et 
al. 1986) 

aNumerical values are not recommended because the data indicate that toxic effects might 
occur below the odor threshold for methyl bromide. Absence of an AEGL-1 value does 
not imply that exposure below the AEGL-2 value is without adverse effects. 
Abbreviations: BMCL05, benchmark concentration, 95% lower confidence limit with 5% 
response; NOAEL, no-observed-adverse-effect level; NR, not recommended. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 12

175 

 

Methyl Bromide 

1. INTRODUCTION 
 

Methyl bromide is a colorless, highly volatile gas that exists as a liquid be-
low 3.6°C. It is heavier than air. Methyl bromide is nonflammable over a wide 
range of concentrations in air, and poses practically no fire hazard. These physi-
cal properties result in excellent penetration properties and make it a good fumi-
gant. Additional chemical and physical properties are listed in Table 5-2. 

Methyl bromide is ubiquitous in the environment, because it is generated 
naturally by oceans, biomass burning, and plants. For industrial purposes, methyl 
bromide is produced by direct bromination of methane and by the hydrobromina-
tion of methanol (Davis et al. 1977; O’Neil et al. 2001; Ioffe and Kampf 2002). 
Sulfur or hydrogen sulfide may be added as reducing agents to the methanol and 
sodium bromide. Anthropogenic methyl bromide is used mainly as a fumigant. It 
is an effective herbicide, rodenticide, nematicide, insecticide, bactericide, and fun-
gicide, and has been used commercially in the United States for most of the twen-
tieth century for the fumigation of soil, structures (such as warehouses), and food 
commodities, as well as for quarantine purposes (Duafala and Gillis 1999). Ap-
proximately 77% is used in preplanting fumigation of soil (IPCS 1995). In 1995, 
between 25,000 and 27,000 tons of methyl bromide were applied as a fumigant in 
the United States. Methyl bromide is also used as an intermediate for the manufac-
ture of pharmaceuticals, in ionization chambers, for degreasing wool, and for ex-
tracting oils from nuts, seeds, and flowers (O’Neil et al. 2001; Ioffe and Kampf 
2002). In the past, methyl bromide was used in fire extinguishers, as a refrigerant, 
and even as an anesthetic agent in dentistry (Alexeeff and Kilgore 1983). 

In 1996, world consumption of methyl bromide was 68.4 thousand metric 
tons (Ioffe and Kampf 2002). The U.S. Environmental Protection Agency (EPA 
2011) lists the production range of methyl bromide as 16.4 million pounds in 
2003 and 1.8 in 2010. Production has decreased because of environmental con-
cerns about depletion of the ozone layer by such chemicals. 

Methyl bromide is easily liquefied, and is commercially available as a liq-
uefied gas contained in steel cylinders or cans, usually under its own pressure of 
about two atmospheres (Braker and Mossman 1980; IPCS 1995; Duafala and 
Gillis 1999). Nitrogen or carbon dioxide may be added before shipment to per-
mit rapid ejection at low temperatures. Formulations for soil fumigation contain 
chloropicrin (2%) or amyl acetate (0.3%) as warning agents. 

 
2. HUMAN TOXICITY DATA 

 
2.1. Odor Threshold 

 
Methyl bromide has almost no odor or irritating effect, even at physiologi-

cally hazardous concentrations (Reid 2001). Reported odor thresholds vary from 
20 to 1,000 ppm (Van den Oever et al. 1982; Sittig 1985; Ruth 1986). The odor 
of methyl bromide has been described as sweetish and similar to chloroform 
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(O’Neil et al. 2001), musty or fruity at concentrations above 1,000 ppm (Mar-
raccini et al. 1983; ATSDR 1992), or faintly acrid at around 500 ppm (Hustinx 
et al. 1993). Methyl bromide has a burning taste, and contact with the skin may 
cause frostbite (O’Neil et al. 2001). When methyl bromide is used as a structural 
fumigant, it may react with sulfur-containing materials in buildings to produce a 
persistent odor (Anger et al. 1986). 

The addition of 2% chloropicrin as a warning agent (a potent lacrimator 
sensed at 1.3 ppm) to some preparations of methyl bromide intended for fumiga-
tion (IPCS 1995; Reid 2001) is of limited safety efficacy, because chloropicrin 
vapor typically disappears before the methyl bromide vapor dissipates. 

 
2.2. Toxicity and Neurotoxicity 

 
The toxicity of methyl bromide has been reviewed by EPA (1980, 1992), 

Alexeeff and Kilgore (1983), ATSDR (1992), IPCS (1995), Yang et al. (1995), 
Reid (2001), OECD SIDS (2002), and HSDB (2010). A review of the literature 
published in 1983 documented 115 fatalities, 523 systemic illnesses, and 242 
skin and eye injuries on a worldwide basis (Alexeeff and Kilgore 1983). 
 
 
TABLE 5-2 Chemical and Physical Properties of Methyl Bromide 
Parameter Value Reference 
Synonyms Bromomethane, monobromomethane,  

methyl fume, isobrome 
O’Neil et al. 2001 

CAS registry no. 74-83-9 O’Neil et al. 2001 

Chemical formula CH3Br O’Neil et al. 2001 

Molecular weight 94.95 O’Neil et al. 2001 

Physical state Colorless gas (above 4°C) O’Neil et al. 2001 

Melting point -93.7°C Reid 2001 

Boiling point  3.56°C Reid 2001 

Density 
 Vapor 
 Liquid 

 
3.97 g/L at 20°C (air = 1) 
1.73 g/mL at 4°C (water = 1) 

O’Neil et al. 2001 

Solubility 1.75 g/100 g in water at 20°C, 748 mm Hg O’Neil et al. 2001 

Vapor pressure 1,420 mm Hg at 20°C O’Neil et al. 2001 

Flammability limits Practically nonflammable; flame  
propagation range is 13.5-14.5% by  
volume in air; ignition temperature is  
537°C; burns in O2 

Reid 2001 

Conversion factors 1 ppm = 3.89 mg/m3 at 25°C 
1 mg/m3 = 0.257 ppm 

Reid 2001 
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Most cases of accidental exposures have involved manufacturing or pack-
aging operations, use of fire extinguishers containing methyl bromide, or fumi-
gation activities. Exposures at high concentrations may occur during fumigation 
activities, especially when methyl bromide is first released to the environment 
after fumigation ends, or when fumigated areas are not properly ventilated. 
When methyl bromide is used as a storage fumigant, its concentrations usually 
range from 4,112 to 25,700 ppm for 2-3 days; higher concentrations are required 
to kill eggs and pupae. Accidental inhalation exposure incidents have occurred 
during atmospheric inversions, which prevent methyl bromide gas from rising 
and dispersing into the troposphere, or when children, adults, or animals enter 
sealed, fumigated structures. Most human exposure data on methyl bromide are 
from its use as an agricultural fumigant. It is applied to soil under plastic sheets 
or used in space fumigation under tarpaulins. It is also applied to a variety of 
agricultural commodities in specially designed fumigation chambers. Worker 
exposure may result from leaks in the plastic sheets or tarpaulin or from failure 
to allow adequate time for the methyl bromide to dissipate following fumigation 
(NIOSH 1984). The data from these accidental exposures are generally old, and 
concentration measurements were either not made or conducted using outdated 
analytic techniques. Regardless, estimates of concentrations leading to human 
deaths range from 1,600 to 60,000 ppm, depending on duration of exposure 
(ATSDR 1992). 

The primary target of toxicity in humans accidentally or occupationally 
exposed to methyl bromide is the CNS (Alexeeff and Kilgore 1983; O’Neil et al. 
2001). Symptoms of overexposure by inhalation to methyl bromide are head-
ache, visual disturbance, vertigo, nausea, vomiting, anorexia, irritation of the 
respiratory system, abdominal pain, malaise, muscle weakness, incoordination, 
slurring of speech, staggering gait, hand tremor, convulsions, mental confusion, 
dyspnea, pulmonary edema, coma, and death from respiratory or circulatory 
collapse (O’Neil et al. 2001). Severe exposures may result in bronchial or pul-
monary inflammation and pulmonary edema, which may not appear for 24 h or 
more after exposure. Death may occur from respiratory or cardiovascular failure. 
Exposure to methyl bromide has been known to adversely affect the kidneys, 
eyes, liver, and skin. Methyl bromide is an insidiously-acting chemical because 
of its lack of odor or immediate irritating properties at low concentrations (Reid 
2001), and because signs of exposure are often delayed. In severe cases of poi-
soning, recovery can be protracted, with persisting neurologic problems. 

Inhalation is the most significant route of exposure to methyl bromide, al-
though skin absorption does occur. Standard protective clothing did not protect 
fumigators wearing respirators from developing skin lesions during two 20-min 
exposures at concentrations estimated to be about 9,000 ppm (Zwaveling et al. 
1987; Hezemans-Boer et al. 1988). Absorption of methyl bromide was indicated 
by bromide concentrations in the blood. 

Numerous case reports of methyl bromide exposure are described in the 
literature. In these reports, concentrations are either unknown or were measured 
or calculated after the incident. Analytic methods used in older studies, such as 
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colorimetry, have limited sensitivity. For example, Watrous (1942) describes 
both mild symptoms and more severe symptoms of nausea, vomiting, headache, 
and skin lesions in workers exposed for up to 2 weeks. Measurements of methyl 
bromide were generally less than 35 ppm, but exposures were based on a color 
detection method (methanol torch) with a lower detection limit of 35 ppm. Ana-
lytic methods for detecting higher concentrations involved flame colorimetry, an 
imprecise method. The exposures were complicated by accidents and routine 
dermal contact with the cooled liquid. In a factory where fire extinguishers were 
filled with methyl bromide, one death occurred (accompanied by convulsions) 
and another employee suffered less severe effects (Tourangeau and Plamondon 
1945). Measurements taken at 30 min and 1 h had methyl bromide at concentra-
tions of 297-390 ppm in front of the hood, where filling took place. Three addi-
tional nonfatal cases are described as examples below. Two of these cases also 
measured or estimated concentrations after the event. These cases are followed 
by a description of study of neurologic changes in methyl bromide applicators. 

Because over 50 cases of methyl-bromide poisoning were reported in date 
processing and packaging plants in Southern California, Ingram (1951) and 
Johnstone (1945) conducted a series of surveys in 40 plants. Fumigation took 
place in a chamber that opened directly into the employee’s workroom. Appro-
priate amounts of methyl bromide were released from 50-pound drums or by 
using 2-pound or 1-pound cans. Exhaust systems were generally inadequate to 
dissipate the fumes following fumigation. Tests in these plants showed methyl 
bromide at concentrations up to 100 ppm in the general workroom air, up to 500 
ppm near the walls of ineffectively sealed chambers, and over 1,000 ppm at the 
breathing zone of workers entering the fumigation chamber. Semiquantitative 
measurements were made with a halide torch, and average concentrations over 
time were measured colorimetrically with a halogenated-hydrocarbon apparatus. 

Hustinx et al. (1993) described an accidental exposure during greenhouse 
fumigation. Nine individuals were inadvertently exposed while working in an 
enclosed area adjacent to the area being fumigated. The areas were separated by 
a poorly sealed partition. Three weeks earlier, the portion of the greenhouse in 
which the accident occurred had been fumigated with methyl bromide at 200 
g/m2 (five times greater than the legally allowable concentration of 40 g/m2). At 
that time, two of the five workers in the nonfumigated section experienced nau-
sea, vomiting, and dizziness. During fumigation, the highest methyl bromide 
concentration (25 ppm) was measured near the partition in the nonfumigated 
portion of the greenhouse. Measurements were made with Drager gas detectors 
(lower detection limit of 3-5 ppm). On the day before the accident (3 weeks after 
fumigation of the first greenhouse section), all nine workers were in the nonfu-
migated portion of the greenhouse for an average of 6 h (range of 4-8 h). Most 
workers experienced nausea and headache that day, and two of them stayed 
home the following day. The next day, fumigation was carried out in the previ-
ously nonfumigated section of the greenhouse, while the laborers worked in the 
section that had been fumigated 3 weeks earlier. After spending 2 h at work, all 
but one of the remaining seven workers experienced sudden and almost simulta-
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neous nausea, dizziness, and vomiting (the one exception experienced only a 
slight burning sensation in the throat). All seven workers left the greenhouse and 
went home. Within 2 h, two workers developed twitching of all limbs followed 
by generalized and continuous seizure activity, necessitating the induction of a 
sodium thiopental coma to stop the seizures. Methyl bromide concentrations 
ranged from 200 ppm near the partition to 150 ppm at the far end of the nonfu-
migated section 5 h after the accident, suggesting that the actual exposure was 
≥200 ppm. Three days after admission to the hospital, chest x-rays revealed uni-
lateral infiltration and pleural effusion, which subsided over the next 10-14 days. 
The thiopental coma was withdrawn after 3 weeks from the two severely af-
fected patients, who then manifested persistent signs of axonal neuropathy. 
These signs improved only slightly over 6 months. Both workers had exhibited 
similar rises in serum alanine aminotransferase, aspartate aminotransferase, and 
lactic acid dehydrogenase activities, which peaked on the sixth day after admis-
sion and returned to normal before the thiopental treatment was discontinued, 
suggesting the increased activities reflected a methyl-bromide-related hepatic 
effect. The other seven patients experienced remarkably uniform signs, which 
included headache, nausea, and a “floating” sensation. Within 19 days after the 
accident, all residual complaints had disappeared in these seven patients. An 
unused, dry set of drainage pipes that crossed the entire length of both green-
house sections was identified as the most likely major cause of the spread of 
methyl bromide to the nonfumigated section. 

In the third case report, two fumigation workers entered a fumigated build-
ing in which the measured concentration (gas chromatography) was 4,370 ppm 
(Deschamps and Turpin 1996; Garnier et al. 1996). The workers wore cartridge 
respirators, which are saturable within a few minutes at that concentration 
(autonomous air flow masks are obligatory under these circumstances). The 
workers failed to wait until the concentration had decreased to the recommended 
level of 5 ppm. Both workers opened windows and doors in the nine-floor build-
ing over a period of 45 min to 1 h. During the 100-mile journey home, both 
workers experienced dizziness, fatigue, nausea, vomiting, chest pain, and short-
ness of breath. They were admitted to a hospital where the condition of the one 
improved rapidly. The other patient experienced convulsions, ataxia, and kidney 
failure. His tremors and ataxia were still present 5 months later (he experienced 
permanent neurologic damage). Bromide concentrations in the blood measured 
40-48 h after admittance to the hospital were 47 and 156 mg/L in the first and 
second patient, respectively. Inspection of the charcoal cartridges of the respira-
tors showed a concentration bromide greater than 10 mg/g; the highest concen-
tration was found in the cartridge of the most injured worker. 

Verberk et al. (1979) described bromine in the blood, electroencephalo-
graphic (EEG) disturbances, liver function (serum transaminases), serum pro-
teins, and neurologic changes in 33 men engaged in soil disinfection inside 
greenhouses. Duration of employment ranged from a few months to 11 years. 
The amount of methyl bromide applied within the past year ranged from 1,500 
to 6,000 kg. The relationship between different factors was based on a product-
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moment correlation coefficient or Student’s t-test. No relationship was found 
between bromine concentration in blood and subjective symptoms, general neu-
rologic deficits, or serum proteins. Slight EEG changes and a small increase in 
serum transaminases were related to blood concentrations of bromine. The au-
thors considered the effects marginal. 

 
2.3. Developmental and Reproductive Toxicity 

 
No studies were found on reproductive or developmental effects in hu-

mans after inhalation of methyl bromide. 

 
2.4. Genotoxicity 

 
Liquid methyl bromide tested positive for sister chromatid exchanges 

(SCE) in in vitro tests with human lymphocytes (Tucker et al. 1986; Garry et al. 
1990). When people who are GSH conjugators and nonconjugators were tested, 
methyl bromide tested positive for SCE in lymphocytes from GSH nonconjuga-
tors but not in lymphocytes from GSH conjugators (Hallier et al. 1990). See 
Section 4.4.2 for an explanation of human variability in GSH conjugation. 

 
2.5. Carcinogenicity 

 
EPA has classified methyl bromide as a Group D carcinogen, “not classi-

fiable as to human carcinogenicity” (EPA 1992). On the basis of animal studies, 
the National Institute for Occupational Safety and Health characterizes methyl 
bromide as a “potential occupational carcinogen” (NIOSH 2010). The Interna-
tional Agency for Research on Cancer (IARC 1999) has determined that there is 
limited evidence for carcinogenicity in animals and inadequate evidence in hu-
mans. The overall evaluation states that methyl bromide “is not classifiable as to 
its carcinogenicity to humans” (Group 3). The American Conference of Gov-
ernmental Industrial Hygienists (ACGIH 2004) classifies methyl bromide as A4, 
“not classifiable as a human carcinogen.” 

Alavanja et al. (2003) investigated the link between exposure to 45 com-
mon agricultural pesticides and the eventual development of prostate cancer in a 
cohort of 55,332 initially healthy male pesticide applicators in Iowa and North 
Carolina. The data were collected by self-administered questionnaires that were 
completed at enrollment (1993-1997). The incidence of cancer in the general 
population was determined through cancer registries between the time of en-
rollment through the end of 1999, and a prostate cancer standardized incidence 
ratio was computed for the cohort. Odds ratios were determined for individual 
pesticides and for pesticide use patterns identified by the use of factor analysis. 
Over a period of 4 years, 566 of the men developed prostate cancer, a number 
greater than the total number of expected prostate cancer cases (494.5; odds ra-
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tio of 1.14), based on state age-adjusted incidence rates. Among the 45 pesti-
cides studied, only methyl bromide use showed a statistically significant expo-
sure-response trend. The data suggested that if methyl bromide is responsible for 
the increased incidence of prostate cancer, this effect occurs only in those indi-
viduals with relatively frequent exposure. Limitations of this study acknowl-
edged by the authors include the fact that the method of data collection was sub-
ject to significant recall bias, particularly in participants who had been exposed 
to the pesticides many years prior to the study. In addition, no direct measure-
ments of pesticide exposure were obtained for the study. The follow-up period 
for the study was relatively short (an average of 4.3 years), precluding the 
evaluation of time-dependent exposures and risk. Finally, the authors acknowl-
edged that the finding of increased risk of prostate cancer from the combined 
effect of exposure to several pesticides and a family history of prostate cancer 
was somewhat unexpected, and that the study must be replicated before any rec-
ommendations can be made. 

 
2.6. Summary 

 
Methyl bromide has been responsible for many occupational poisoning in-

cidents, reflecting its wide use as a fumigant. Although many occupational and 
accidental exposures to methyl bromide have occurred, few cases have accu-
rately documented exposure concentrations or durations. Methyl bromide is 
practically odorless, even at lethal concentrations. Descriptive symptoms indi-
cate methyl bromide acts on the CNS (e.g., headache, visual disturbance, mental 
disturbance, nausea, vomiting) and directly on the lungs (lung edema). Case 
reports indicate that daily exposure to methyl bromide at 35 ppm (with possible 
dermal contact) and acute exposures to several hundred ppm can cause mild to 
severe symptoms. 

 
3. ANIMAL TOXICITY DATA 

 
3.1. Acute Lethality 

 
Early studies with several species of mammals were carried out by Irish et 

al. (1940) and Sayers et al. (1929). These reports lack details, used obsolete ana-
lytic methods, and used visual inspection rather than standard neurotoxicity tests 
to assess behavioral deficits. The studies are described here for completeness, 
but were not considered in the determination of AEGL values. Rats and rabbits 
were given single exposures to methyl bromide at a series of concentrations 
which resulted in either 100% mortality or 100% survival (Irish et al. 1940). The 
postexposure observation period was 4 weeks. Exposure of rats to methyl bro-
mide at 13,000, 5,200, 2,600, 520, 260, 220, or 100 ppm resulted in 100% mor-
tality in 6, 24, and 42 min and 6, 22, 26, and >26 h, respectively. Survival was 
100% when exposures at the respective concentrations were 3, 6, and 25 min 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 12

182                  Acute Exposure Guideline Levels  

and 2, 8, 12, and 22 h. For 8-h exposures, survival was 100% at 240 ppm and 
0% at 470 ppm. Survival times for rabbits exposed at the same concentrations 
were longer by a factor of 2-3. Neurotoxicity was evident in rats exposed at con-
centrations below 260 ppm, and lung congestion and edema was found at 260-
5,200 ppm. Rats withstood repeated exposures to methyl bromide for up to 6 
months at 66 ppm. Guinea pigs also survived without demonstrable effects. 
Rabbits, however, became paralyzed. Results of repeated exposures in monkeys 
were complicated by deaths from pneumonia and tuberculosis. Similar observa-
tions in guinea pigs were reported by Sayers et al. (1929). In addition, Balander 
and Polyak, (1962) report a 2-h LC50 in mice of 397 ppm; the same data appear 
to be reported by Izmerov et al. (1982). This value is considerably lower than 
those reported in more recent studies. 

Recent, well-conducted studies with acute exposure durations are dis-
cussed below and are summarized in Table 5-3. 
 
 
TABLE 5-3 Acute Lethality in Laboratory Animals Exposed to Methyl 
Bromide by Inhalation 

Species 
Concentration  
(ppm) 

Exposure  
Duration Effect Reference 

Rat 19,460 
1,880 
334 

3.5 min 
1 h 
8 h 

LC50 
LC50 
LC50 

Zwart et al. 1992; 
Zwart 1988 

Rat 2,830 30 min LC50 Bakhishev 1973 

Rat 832 
780 
701 

4 h 
4 h 
4 h 

100% mortality 
LC50 
No deaths 

Kato et al. 1986 

Rat 1,140, 760 
506 

4 h 
4 h 

100% mortality 
No deaths 

Japanese Ministry of 
Labour 1992 

Rat 402 
302 
268 

8 h 
8 h 
8 h 

100% mortality 
LC50 
No deaths 

Honma et al. 1985 

Mouse 1,700 30 min LC50 Bakhishev 1973 

Mouse 1,200 
900 

1 h 
1 h 

LC50 
No deaths 

Alexeeff et al. 1985 

Mouse 760 
506 
338 

4 h 
4 h 
4 h 

100% mortality 
90% mortality 
No deaths 

Japanese Ministry of 
Labour 1992 

Mouse 500 
405 
312 

2 h 
4 h 
4 h 

No deaths 
LC50 
No deaths 

Yamano 1991 
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3.1.1. Rats 
 

A concentration-time mortality method was used to estimate LC50 values 
in male SPF-Wistar rats (Zwart 1988; Zwart et al. 1992). The scheme use ap-
proximately 50 rats tested in groups of two at seven exposure durations (3.5-480 
min) and various concentrations. Probit analysis allowed calculation of a time-
scaling value (see Section 4.4.3). LC50 values ranged from 19,460 ppm at 3.5 
min to 334 ppm at 480 min. The 1-h LC50 was 1,880 ppm. Most animals showed 
some clinical signs, such as incoordination immediately after exposure. All mor-
talities occurred during the first week; these animals exhibited red, discolored 
lungs. Examination of the remaining rats at 2 weeks after exposure showed clear 
or light-red fluid in the lungs of some (exposure groups not explained). 

Bakhishev (1973) exposed several species of mammals (number and 
strains not reported) to methyl bromide for 30 min. The 30-min LC50 for rats 
was 2,830 ppm. Although the details of this study are lacking, the value is simi-
lar to that predicted by Zwart et al. (1992) above. 

In two separate experiments, groups of 5 male Sprague-Dawley rats were 
exposed to measured concentrations of methyl bromide at 502, 622, 667, 799, or 
896 ppm by inhalation for 4 h, and groups of 10 male Sprague-Dawley rats were 
exposed at 701, 767, 808, 817, or 832 ppm for 4 h (Kato et al. 1986). The post-
exposure observation period was 1 week. The 4-h LC50 from the combined stud-
ies was 780 ppm (95% confidence limits of 760-810 ppm). Mortalities (esti-
mated from a graph) were 0% at 502-701 ppm, 30% at 767 ppm, 60% at 799 
ppm, 70% at 808 ppm, 80% at 817 ppm, and 100% at 832 and 896 ppm. Clinical 
signs were not described. 

Groups of 10 male and 10 female F344 rats inhaled methyl bromide at 
150, 225, 338, 506, 760, or 1,140 ppm for 4 h (Japanese Ministry of Labour 
1992). At concentrations of 338 ppm or greater, there was decreased locomotor 
activity, ataxia, nasal discharge, lacrimation, diarrhea, irregular breathing, and 
bradycardia. All rats exposed at 760 and 1,140 ppm died. Necropsy revealed 
pulmonary congestion, hepatic degeneration, renal necrosis, myocardial hemor-
rhages, hemorrhage and necrosis of the adrenal glands, and congestion of the 
thymus. Rats in the 225-, 338-, and 506-ppm groups exhibited metaplasia of the 
olfactory epithelium, and rats exposed at 760 and 1,140 ppm (no deaths) exhib-
ited necrosis of the olfactory epithelium. Sublethal effects are summarized in 
Table 5-4. 

Groups of 5 male Sprague-Dawley rats inhaled methyl bromide at 268, 
335, 402, 469, or 536 ppm for 8 h (Honma et al. 1985). Atmospheres were 
monitored with a gas chromatograph fitted with a flame ionization detector. The 
postexposure observation period was not specified, but it was stated that no 
deaths occurred later than 6 h after exposure. The 8-h LC50 was 302 ppm (95% 
confidence limits of 267-340 ppm). All rats survived in the 268-ppm exposure 
group, and all rats died in the 402-ppm exposure group. Severe hemorrhage was 
found in the lungs of dead rats. Death was preceded by convulsions in some rats. 
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Sedation was observed in a concentration-dependent manner. No further details 
of sedation were provided. 

 
3.1.2. Mice 
 

Bakhishev (1973) reported a 30-min LC50 in mice (number and strain not 
reported) of 1,700 ppm. Groups of 6 male Swiss-Webster mice were exposed by 
nose only to methyl bromide at 0, 224, 443, 566, 700, 900, 984, 1,200, 1,486, or 
1,527 ppm for 1 h (Alexeeff et al. 1985). Atmospheres were measured with gas 
chromatography. The mice were observed for 1 week after exposure. The 1-h 
LC50 was approximately 1,200 ppm (95% confidence limits of 1,058-1,370 
ppm). No deaths occurred at ≤900 ppm. Clinical observations were made after 
exposure. Mice exposed at 700 and 984 ppm exhibited transient hyperactivity 
during the first 20 h after exposure. At ≥900 ppm, signs of abnormal gait, pas-
sivity, lack of grooming, increased respiratory depth, decreased respiratory rate, 
and tremors appeared that were dose-dependent in number and time of onset. 
Signs that preceded death included fasciculations, loss of righting reflex, splayed 
limbs, tonic seizures, muscular rigidity, and rectal bleeding, with the latter effect 
appearing at the two highest concentrations. The behavior of mice exposed at 
224, 443, or 566 ppm was not different from that of the controls (see Table 5-4). 
Transient weight loss was observed in all treatment groups. One week after ex-
posure, weight loss was observed only at ≥900 ppm. Kidney lesions were ob-
served grossly at concentrations above 900 ppm. Liver congestion and hemor-
rhage were observed at 1,200 ppm. Cerebral hemorrhage and congestion was 
observed at ≥984 ppm. Compared with the control group, brain weight to body-
weight ratios were decreased at 443 ppm and increased at 700, 900, and 982 
ppm. Liver GSH was reduced at 1,200 and 1,527 ppm. Bromide ion was not 
detected in tissues at 1 week after exposure to methyl bromide at concentrations 
up to 700 ppm. 

Groups of 10 male and 10 female BDF1 mice inhaled methyl bromide at 
100, 150, 225, 338, 506, or 760 ppm for 4 h (Japanese Ministry of Labour 
1992). All mice in the 760 ppm group died, and all but two male mice died in 
the 506 ppm group. Mice in these groups exhibited decreased locomotor activ-
ity, tremor, convulsions, diarrhea, irregular breathing, and bradypnoea. Mice in 
the 100-, 150-, 225-, and 338-ppm groups did not exhibit any clinical signs. Ne-
cropsy of the two highest dose groups revealed pulmonary congestion, hepatic 
degeneration and necrosis, renal tubular necrosis, karyorrhexis of the thymus 
and lymph nodes, and necrosis of the olfactory epithelium. A single female 
mouse exposed at 338 ppm exhibited metaplasia of the olfactory epithelium. 
Sublethal effects are summarized in Table 5-4. 

Groups of 6 or 10 ICR-SPF male mice inhaled methyl bromide at 312, 
357, 377, 449, or 464 ppm for 4 h (Yamano 1991). No deaths occurred at 312 
ppm. Mortality was 10% at 357 and 377 ppm, 90% at 449 ppm, and 100% at 
464 ppm. The 4-h LC50 was 405 ppm (95% confidence limits of 386-425 ppm). 
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The mortality rates of mice exposed at 500 ppm for 105, 120, 130, 140, 150, and 
180 min were 0, 0, 11, 15, 85, and 90%, respectively. The post-exposure obser-
vation period was not specified. Mortality in mice exposed at 500 ppm for 150 
min that had been injected with GSH (500 mg/kg) previously was only 5.3% 
compared with 85% in mice that were not injected with GSH. 

 
3.2. Acute Nonlethal Toxicity 

 
Many of the acute studies addressed neurotoxicity. These studies are 

summarized in Section 3.3 (Neurotoxicity) and are listed in Table 5-4. Four 
studies with rats addressed acute effects on the olfactory epithelium. 

Groups of male F344 rats were exposed by inhalation to methyl bromide 
at 0, 90 (6 rats), or 200 ppm (15 rats) for 6 h (Hurtt et al. 1988). Damage to the 
olfactory epithelium was assessed in 3 rats/day on day 0 and post-exposure day 
1 (90 ppm) or day 0 and post-exposure days 1, 3, 5, and 7 (200 ppm). An addi-
tional group of 40 rats were exposed at 200 ppm for 6 h/day for up to 5 days. 
There were no treatment-related clinical signs during the exposures. Exposure at 
90 ppm caused no observable effect on olfactory function or nasal morphology 
(examined microscopically). Rats exposed at 200 ppm gained less weight than 
the control group. Exposure at 200 ppm for 6 h resulted in extensive destruction 
of the olfactory epithelium; however, the basal cells were generally unaffected. 
A single 6-h treatment with 200 ppm rendered rats unable to find a hidden food 
pellet; the ability to locate a food pellet returned within 4-6 days. Cellular repair 
began by day 3 and was essentially complete 10 weeks after the last exposure. 
At 10 weeks, only small areas of residual damage remained. The absence of 
lesions in the more anterior respiratory epithelium (where most irritant gases 
induce damage) indicates specific sensitivity of the olfactory epithelium to 
methyl bromide. Exposure at 90 ppm for 5 days was also a no-effect level for 
damage to the olfactory epithelium in an earlier study (Hurtt et al. 1987; see 
Section 3.3). 

Hastings (1990) studied the effect of methyl bromide on olfactory function 
in rats. A group of 30 rats (sex and strain not identified) were exposed at 200 
ppm for 4 h/day, 4 days/week for 2 weeks. After the initial 4-h exposure, rats 
were unable to locate a hidden food pellet. However, with additional exposures, 
the rats showed improvement until their performance was equal to that of the 
control group by day 4. There were no clinical signs or body weight changes. 
Damage to the olfactory epithelium was extensive and required more than 30 
days for repair to near-normal appearance. 

Groups of three male Wistar-derived rats were exposed nose-only to 
methyl bromide at 200 ppm for 6 h, and then killed 25 h later (Reed et al. 1995). 
There was marked degeneration of over 95% of the olfactory epithelium, with 
only one or two layers of cells remaining. The lesion did not reach the transi-
tional or respiratory epithelium. No further details of the study were available. 
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Schwob et al. (1999) studied the reinnervation of the olfactory bulb after 
near-complete destruction with methyl bromide (330 ppm for 6 h) in male Long-
Evans hooded rats. Repair was evaluated for up to 8 weeks after exposure. Re-
pair and reinnervation was nearly complete at 8 weeks in rats that had no diet 
restrictions. 

 

3.3. Acute Neurotoxicity 
 

Studies of acute exposures to methyl bromide are discussed here and sum-
marized in Table 5-4. Repeat-exposure studies are discussed under Section 3.4. 

 

3.3.1. Dogs 
 

In a one-day range-finding study, beagles were exposed to methyl bromide 
at 233, 314, 345, 350, or 394 ppm (measured concentrations) for 7 h (Newton 
1994a). Two dogs were test at 345 ppm, and one dog was tested at each of the 
other concentrations. Neurotoxicity (tremors, hunched appearance, and labored 
breathing) was observed by the seventh hour at all concentrations, with the first 
signs appearing at 3 h at the three highest concentrations, and during the last 2 
and 3 h in the dogs exposed at 233 and 314 ppm, respectively. Postexposure 
observation of the dog exposed at 233 ppm revealed no remarkable effects. 

In the same study, groups of 2-3 dogs inhaled methyl bromide at 55, 156, 
268, or 283 ppm, 7 h/day for 4 days (see Table 5-5). At 55 ppm, there were no 
clinical signs. By the third day at 156 ppm, lacrimation, labored breathing, pros-
tration, and decreased activity were observed. Because toxic effects appeared 
after repeat exposure at 156 ppm, the authors considered the effects cumulative. 
For both exposures, postmortem findings, including microscopic examination of 
brain tissue, were unremarkable. Dogs exposed at the two higher concentrations 
exhibited decreased activity, labored breathing, and excessive salivation during 
the exposures and irregular gait, ataxia, emesis, rales, white nasal discharge, and 
general traumatized behavior postexposure. These effects were not observed 
during the first day of exposure at 268 ppm. Postexposure examination of the 
medulla/pons, cerebrum, and cerebellum of these animals showed no methyl-
bromide-related lesions (Newton 1994a). 

 

3.3.2. Rats 
 

Groups of 15 male and 15 female CD (Sprague-Dawley) rats inhaled 
methyl bromide at 0, 30, 100, or 350 ppm for 6 h (Driscoll and Hurley 1993). 
Concentrations were verified by a gas chromatograph equipped with a flame 
ionization detector. Animals were assessed for clinical signs and changes in 
body weight. EPA’s functional observational battery of neurotoxicity tests and 
an automated assessment of motor activity test were conducted 3 h and 7 and 14  
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TABLE 5-4 Nonlethal Effects of Methyl Bromide in Laboratory Animals 
Exposed by Inhalation 

Species 
Concentration 
(ppm) 

Exposure 
Duration Effect Reference 

Dog 233, 314, 345, 
350, 394 

7 h Concentration- and time-dependent 
increase in tremors, hunched 
appearance, and labored breathing. 

Newton 1994a 

150 4 h No clinical signs. 

225 4 h Metaplasia of the olfactory 
epithelium. 

Rat 

338, 506 4 h Decreased motor activity, ataxia, 
nasal discharge, lacrimation, 
diarrhea, irregular breathing, 
bradycardia, metaplasia of the 
olfactory epithelium. 

Japanese Ministry  
of Labour 1992 

Rat 200 4 h No clinical signs or effect on body 
weight; transient impairment of 
olfactory function. 

Hastings 1990 

0, 30, 100 6 h No neurotoxicity or tissue lesions. Rat 

350 6 h Changes in neurobehavioral battery 
3 h after exposure; no tissue lesions. 

Driscoll and  
Hurley 1993 

90 6 h No clinical signs or effect on 
olfactory epithelium. 

Rat 

200 6 h No clinical signs; extensive 
olfactory-epithelium degeneration 
and reduced olfactory function, 
followed by repair. 

Hurtt et al. 1988 

Rat 200 6 h Marked degeneration of the 
olfactory epithelium. 

Reed et al. 1995 

Rat 330 6 h Near complete destruction of the 
olfactory epithelium, with repair 
and reinnervation at 8 wk 
postexposure. 

Schwob et al. 
1999 

63 8 h No effect on body temperature or 
locomotor activity. 

125 8 h Transient decrease in body 
temperature. 

Rat 

188 8 h Transient decrease in body 
temperature and body weight gain. 

Honma et al. 1985 

224, 443, 566 1 h No clinical signs; transient weight 
loss; no gross pathologic lesions; no 
effect on brain weight; no reduction 
in liver glutathione at 224 ppm; no 
detectable tissue bromide at 1 wk 
postexposure. 

Mouse 

700 1 h Transient hyperactivity. 

Alexeeff et  
al. 1985 

Mouse 100, 150,  
225, 338  

4 h No clinical signs; metaplasia of the 
olfactory epithelium at 338 ppm. 

Japanese Ministry  
of Labour 1992 
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days postexposure. Nasal tissue, brain, spinal cord, and peripheral nerves were 
examined microscopically at necropsy performed 16-19 days after exposure. 
There were no effects on mortality, body weight, or organ weights, including 
brain weights. At 350 ppm exposure, clinical signs consisted of drooping eye-
lids, decreased arousal, piloerection, decreased rearing, depressed body tempera-
tures, and markedly decreased motor activity. These signs were transient; they 
occurred only at the 3-h postexposure observation period. No treatment-related 
histologic findings were seen in nervous-system or nasal tissues. The lowest-
observed-adverse-effect level (LOAEL) and NOAEL for neurotoxicity were 350 
and 100 ppm, respectively. 

Locomotor activity and body temperature of male Sprague-Dawley rats 
exposed to methyl bromide at 63, 125, 188, or 250 ppm for 8 h were measured 
(Honma et al. 1985). These end points were unaffected by methyl bromide at 63 
ppm, but activity was decreased and strongly inhibited at 188 and 250 ppm, re-
spectively, and body temperature was lowered by 2°C. These effects were re-
versed by the next day. 

 

3.3.3. Mice 
 

Passive-avoidance and motor-coordination tests were administered to mice 
following 1-h exposures to methyl bromide (Alexeeff et al. 1985). Concentra-
tions of 224-984 ppm did not affect the ability of mice to recall a single-task 
passive avoidance test. Results were variable in the rotorod test, but perform-
ances were significantly different from the control group, particularly at 1,486 
and 1,527 ppm. 

 

3.4. Repeat-Dose Studies 
 

Studies with repeated exposures are summarized in Table 5-5 and dis-
cussed below. 

 
3.4.1. Dogs 
 

In a repeat-exposure study with methyl bromide at 5 ppm for 7 h/day for 
30 exposures, equivocal evidence of neurotoxicity was reported at the thirtieth 
exposure (Newton 1994b). A small number of dogs were tested in this study 
(one per exposure), there was no dose-response relationship, the observations 
were not part of a standardized protocol, and some of the dogs had been used in 
a previous study with methyl bromide. 

A 6-week study was undertaken to resolve the issues in the Newton 
(1994a) study (see Table 5-5). Groups of 4 male and 4 female beagles were ex-
posed (whole body) to methyl bromide at concentrations of 0, 5, 10, and 20 ppm 
(measured by gas chromatography) for 7 h/day, 5 days/week (Schaefer 2002). 
Potential neurotoxic effects were evaluated with EPA’s functional observational 
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battery of neurotoxicity tests and an automated motor-activity evaluation during 
the second, fourth, and sixth week of exposure. Tissues of the nervous system 
were examined at the end of the study. There were no mortalities. Clinical ob-
servations, body weights, food consumption, body temperatures, and the func-
tional-observational-battery and motor-activity parameters were unaffected by 
exposures. No tissue lesions were observed at necropsy. 

Groups of 4 male and 4 female beagles inhaled methyl bromide at 0, 5, 10, 
25, 50, or 100 ppm for 7 h/day, 5 days/week for 4-5 weeks (Newton 1994b). 
During the fifth day of week 5, dogs in the 10-ppm group were exposed at 150 
ppm for 6 exposures (analytical concentration of 158 ppm). Physical observa-
tions, ophthalmoscopic examinations, neurologic examinations, body weight and 
food consumption measurements, hematology and clinical chemistry parame-
ters, and urinalysis were performed pretest and during the exposures. At the end 
of the study, organs were weighed and examined microscopically. No deaths 
occurred. No treatment-related clinical signs were observed in the 5-, 10-, or 15-
ppm groups. Decreased activity was noted in two dogs in the 50-ppm group be-
ginning on exposure day 14, in 3 of 8 dogs in the 100 ppm group beginning on 
exposure day 9, and in all dogs in the 158-ppm group beginning on exposure 
day 2. Clinical signs increased in the 158-ppm group as exposure to methyl bro-
mide continued, and included irregular gait, opisthotonos, and convulsions in 3 
of 8 dogs. Depression, tremor, and ataxia were observed in the remaining dogs 
after their sixth exposure. Hematology and clinical chemistry parameters were 
generally unaffected at ≤100 ppm, and body weight was unaffected at ≤50 ppm. 
There was no effect on absolute or relative organ weights. Although the signs in 
the 158-ppm group (examined 2 days after the sixth exposure) suggested diffuse 
CNS dysfunction, the dominant signs indicated cerebellar or vestibular dysfunc-
tion. At autopsy, microscopic examination of tissues revealed lesions in only the 
group exposed at both 10 and 158 ppm. The lesions included minimal vacuola-
tion of the cerebellum, vacuolation of the adrenal gland, and moderate to moder-
ately severe degeneration of the olfactory epithelium of the nasoturbinates. 

 
3.4.2. Rats 
 

Groups of 10 male F-344 rats were exposed by inhalation to methyl bro-
mide at 0, 90, 175, 250, or 325 ppm for 6 h/day for 5 days (Hurtt et al. 1987). At 
250 and 325 ppm, animals developed diarrhea (day 2), hemoglobinuria, and, in a 
few cases, gait disturbances and convulsions (day 3). Rats in the 325-ppm group 
died or were sacrificed in extremis before exposure on the fifth day. At ≥175 
ppm, vaculolar degeneration of the zona fasciculata of the adrenal glands, cere-
bellar granule cell degeneration, and nasal olfactory sensory-cell degeneration 
occurred in a dose-dependent manner. Cerebral degeneration was seen only in 
the 325-ppm group. Hepatocellular degeneration was seen in the 250- and 325-
ppm groups. The 5-day NOAEL for all tissue lesions, including the olfactory 
epithelium, was 90 ppm. 
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TABLE 5-5 Repeat-Dose Studies of Methyl Bromide 

Concentration (ppm) 
Exposure  
Duration Effects Reference 

Dog    

0, 55, 156, 268, 283 7 h/d, 4 d 55 ppm: no clinical signs or lesions. 
156 ppm: lacrimation, labored breathing, irregular gait by  

day 3; no brain lesions. 
268 and 283: Severe signs; exposure stopped after day 2. 

Newton 1994a 

0, 5, 10, 25, 50,  
100, 158a 

7 h/d, 5 d/wk, 4-5 wk 5-25 ppm: no clinical signs or tissue lesions. 
50 ppm: decreased activity on exposure day 14. 
100 ppm: decreased activity on exposure day 9. 
158 ppma: decreased activity by exposure day 2, followed by  

neurotoxic signs, tremors, convulsions on succeeding days; 
histopathologic examination indicated minimal cerebellar  
vacuolation, adrenal gland vacuolation, and moderate to  
moderately severe degeneration of the olfactory epithelium  
of the nasal passages. 

Newton 1994b 

0, 5, 10, 20 7 h/d, 5 d/wk, 6 wk No neurotoxicity or tissue lesions. Schaeffer 2002 

Rat    

0, 90, 175, 250, 325 6 h/d, 5 d 90 ppm: no tissue lesions, including olfactory. 
175 ppm: degeneration of adrenal glands. 
≥250 ppm: diarrhea, hepatocellular degeneration, cerebral  

degeneration; death at 325 ppm. 

Hurtt et al. 1987 

0, 150 6 h/d, 5 d No clinical signs, weight differences, or brain lesions. Davenport et al. 1992 

0, 190, 300 4 h/d, 5 d/wk, 3 wk Compared with controls: minimal body weight gains; difference  
in spontaneous activity; no brain or nerve tissue lesions; death  
in 2/12 rats at 300 ppm. 

Ikeda et al. 1980 

0, 200, 300, 400 
 

4 h/d, 5 d/wk, 6 wk 
 

200 ppm: no clinical signs or deaths, heart lesions. 
300 ppm: paralysis in 3/12 rats, early necropsy, heart lesions 
400 ppm: ataxia and paralysis; early deaths, heart and brain lesions. 

Kato et al. 1986 

190 
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150 4 h/d, 5 d/wk, 11 wk No clinical signs or deaths; heart lesions.  

0, 160 6 h/d, 5 d/wk, 6 wk Early deaths, numerous tissue and organ lesions. Eustis et al. 1988; NTP 1992 

0, 30, 70, 140 6 h/d, 5 d/wk, 13 wk 30 ppm: no significant effects or lesions 
70 ppm: decreased motor activity at week 13  

and decreased body weight by week 13 
140 ppm: early deaths, nerve lesions. 

Norris et al. 1993 

0, 55 7.5 h/d, 4 d/wk, 36 wk No effect on neurobehavioral parameters or nerve  
conduction velocity. 

Anger et al. 1981 

Mouse    

0, 160 6 h/d, 5 d/wk, 6 wk Early deaths; numerous tissue and organ lesions. Eustis et al. 1988; NTP 1992 

0, 10, 33, 100 6 h/d, 5 d/wk, 2 y Neurotoxicity, brain lesions, and early deaths at 100 ppm;  
no clinical signs or brain lesions at 10 and 33 ppm. 

NTP 1992 

Rabbit    

0, 65 7.5 h/d, 4 d/wk, 4 wk  Weight loss by week 3, eyeblink response and nerve  
conduction velocity significantly reduced; partial recovery. 

Anger et al. 1981 

0, 27 7.5 h/d, 4 d/wk, 8 mon No changes in neurobehavioral tests; no weight loss. Russo et al. 1984 
aStarting with the last day of exposure of the fifth week, the 10-ppm group was exposed to methyl bromide at 150 ppm (analytical concentra-
tion = 158 ppm) for six exposures. 
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Groups of 8 male and 8 female F-344 rats were exposed to methyl bro-
mide at 0 or 150 ppm for 6 h/day for 5 days (Davenport et al. 1992). Treated 
animals exhibited no clinical signs, no differences in body weights, and no his-
tologic evidence of brain lesions. 

Groups of 12 male Wistar rats were exposed to methyl bromide at 0, 190, 
or 300 ppm for 4 h/day, 5 days/week for 3 weeks (Ikeda et al. 1980). Body 
weights were monitored and physiologic responses, equilibrium on the rotorod, 
and spontaneous activity in an automated activity cage were measured before 
treatment and at various times up to 29 days after treatment. Brain and nerve 
tissue of two rats in the 300-ppm group were examined 29 days after treatment. 
During the exposures, body-weight gains were minimal in the exposure groups 
compared with the control group (data presented graphically). During the post-
exposure period, body-weight gains in the treated groups increased, but did not 
reach that of the control group. Two of the rats in the 300-ppm group died and 
one exhibited convulsions (time not stated). The remaining rats in the 300-ppm 
group showed decreased spontaneous motor activity. Physiologic responses 
(rearing in the open field, defecation) did not differ among groups. Time on the 
rotorod and the circadian rhythm of spontaneous activity (activity during dark 
and light periods) were affected in the two treatment groups. Spontaneous activ-
ity returned to control values by postexposure day 21. Histologic examinations 
of the CNS and peripheral nerves revealed no abnormalities. 

Kato et al. (1986) conducted repeat inhalation studies with male Sprague-
Dawley rats. Groups of 10-12 rats were exposed to methyl bromide by inhala-
tion at 0, 200, 300, or 400 ppm for 4 h/day, 5 days/week for 6 weeks. Another 
group was exposed at 150 ppm for 11 weeks under the same conditions. Ani-
mals were killed 5 days after exposure. No deaths occurred in rats exposed at 
150 or 200 ppm, and no clinical signs were observed, although body-weight 
gains were slightly depressed. Three of 12 rats exposed at 300 ppm developed 
paralysis and were killed after 4 weeks. Rats in the 400-ppm group exhibited 
clinical signs of ataxia and paralysis after 2 weeks. Six of 10 rats died or were 
killed after 5 weeks. At concentrations of 300 ppm and greater, serum-enzyme 
activities and lipids were affected. Bromide ion accumulated in the kidney and 
spleen at all concentrations, but there was no clear dose-response relationship. 
There was no clear dose-response effect on organ weights. Microscopic necrotic 
lesions were observed in the brain only at 400 ppm, but heart lesions were found 
at all concentrations. 

Target organ toxicity studies were carried out to determine test concentra-
tions for chronic studies by the National Toxicology Program (Eustis et al. 1988; 
NTP 1992). Groups of 20 F-344 rats/sex/concentration were exposed to methyl 
bromide at 160 ppm for 6 h/day, 5 days/week for up to 6 weeks. Animals were 
killed after 3, 10, or 30 exposures or when 50% mortality was reached. Mortality 
rates exceeded 50% in male rats after 14 exposures. Female rats survived the 30 
exposures with less than 50% mortality. The brain, kidneys, nasal cavity, heart, 
adrenal glands, liver, and testes were the primary target organs. In rats, neuronal 
necrosis occurred in the cerebral cortex, hippocampus, and thalamus of the 
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brain. Necrosis of the olfactory epithelium was more severe and extensive in rats 
than in mice exposed at the same concentrations. Myocardial degeneration was 
more frequent and severe in male and female rats than in male mice. Cytoplas-
mic vacuolation of the adrenal cortex was observed in rats. Testicular and 
thymic degeneration occurred in rats and mice. The authors noted that the ef-
fects of methyl bromide were similar to those of methyl chloride. 

In a subchronic study, groups of 15 male and 15 female CD rats inhaled 
methyl bromide at 0, 30, 70, or 140 ppm for 6 h/day, 5 days/week for 13 weeks 
(Norris et al. 1993). Sacrifice took place 15 days later. At 140 ppm, two male 
rats died during the first month. Two other males exposed at 140 ppm exhibited 
salivation, rapid breathing, hyperactivity, and convulsions, and one subsequently 
died. Males and females in the 140-ppm group had significant depressed body 
weights and body-weight gain by the end of the study. Body weights of females 
in the 70-ppm group were also significantly reduced. The body weights of fe-
males in the 30-ppm group were lower than those of the controls, but the differ-
ence was not statistically significant. Absolute brain weights were reduced in 
association with the reduced body weights, but brain weights relative to body 
weights were not affected. The two males that died in the 140-ppm group exhib-
ited moderate to severe brain hemorrhage. Microscopically, neuronal necrosis 
was observed in several brain areas except the cerebellum. Another male in this 
group had edema of the hippocampus. No brain lesions were found in females in 
this group or in males or females exposed at lower concentrations. Slight lesions 
of the peripheral nerves were observed, primarily in the 140-ppm group, but 
incidences in the other exposure groups were not concentration related. In the 
functional observational battery of tests, forelimb grip strength was slightly re-
duced in males in the 140-ppm group at week 13, and motor activity was de-
creased in females in the 70-ppm group during week 13, and in the 140 ppm 
group at most intervals. 

 
3.4.3. Mice 
 

In a 14-day study, groups of 10 male and 10 female B6C3F1 mice were 
exposed to methyl bromide at 0, 12, 25, 50, 100, or 200 ppm for 6 h/day, 5 
days/week (NTP 1992). Neurobehavioral signs of trembling, jumpiness, and 
paralysis were observed at all test concentrations, but primarily at the three 
highest concentrations. The time of onset of clinical signs was not described. 
Nine male and 6 female mice in the 200-ppm group died, with the first death 
occurring on day 11. Bloody urine was observed on day 6 in mice exposed at 
200 ppm. Minimal hyperemia of the lung, liver, and kidneys was seen in females 
in the 200-ppm group. There were no other lesions, including lesions of the 
brain and nervous system, attributable to treatment. 

Target organ toxicity studies were carried out to determine text concentra-
tions for chronic studies by the National Toxicology Program (Eustis et al. 1988;  
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NTP 1992). Groups of 20 B6C3F1 mice/sex/concentration were exposed  
to methyl bromide at 160 ppm for 6 h/day, 5 days/week for up to 6 weeks. Ani-
mals were killed after 3, 10, or 30 exposures or when 50% mortality was 
reached. Mortality rates exceeded 50% in male mice after eight exposures and in 
female mice after six exposures. The brain, kidneys, nasal cavity, heart, adrenal 
glands, liver, and testes were the primary target organs. In the brain, neuronal 
necrosis occurred primarily in the cerebellum. Nephrosis was the likely cause of 
deaths. Necrosis of the olfactory epithelium was not severe compared with the 
lesion in rats. Myocardial degeneration, observed in rats at the same concentra-
tions, was not severe in male mice. Atrophy of the adrenal cortex was observed 
in female mice. Testicular and thymic degeneration occurred in rats and mice. 
The authors noted that the effects of methyl bromide were similar to those of 
methyl chloride. 

In a chronic study of B6C3F1 mice administered methyl bromide at 0, 10, 
33, or 100 ppm (described in Section 3.6), NTP (1992) identified a LOAEL for 
neurotoxicity of 100 ppm and a NOAEL of 33 ppm. Mice were tested at 3-
month intervals throughout the study. Cerebellar and cerebral degeneration were 
observed in 11/60 and 2/60 mice, respectively, in the 100 ppm group. These 
lesions were not observed at lower concentrations or in the control groups. 
Clinical signs of neurotoxicity, tremors, abnormal posture, tachypnea, and hind 
leg paralysis were observed in mice exposed at 100 ppm. 

 
3.4.4. Rabbits 
 

Sixteen Sprague-Dawley rats and 6 New Zealand white rabbits were ex-
posed to methyl bromide at 65 ppm for 7.5 h/day, 4 days/week for 4 weeks (An-
ger et al. 1981). Control groups were composed of four rats and two rabbits. 
Neurobehavioral testing of nerve conduction, eyeblink reflex, activity, and 
grip/coordination were administered weekly. Another group of 32 rats were ex-
posed to methyl bromide at 55 ppm for 6 h/day, 5 days/week for 36 weeks. Neu-
robehavioral testing of this group was conducted monthly. Rabbits exposed at 65 
ppm began to lose weight by the third week of exposure. By week 4, eyeblink 
responses and nerve conduction velocity in rabbits were significantly reduced, 
but rats were unaffected. The symptoms in rabbits partially subsided within 6-8 
weeks after exposure ended (Russo et al. 1984). No effects on nerve conduction 
velocity, open-field activity, or coordination were found in rats exposed at 55 
ppm for 36 weeks. 

To identify the threshold for chronic neurotoxicity in rabbits, Russo et al. 
(1984) exposed adult male New Zealand white rabbits to methyl bromide at 27 
ppm for 7.5 h/day, 4 days/week, for 8 months. Eyeblink and nerve conduction 
tests were administered biweekly. The neurobehavioral tests were negative, and 
rabbits gained weight and appeared healthy. 
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3.5. Reproductive and Developmental Toxicity 
 

Hurtt and Working (1988) evaluated reproductive parameters of male  
F-344 rats exposed by inhalation to methyl bromide at 200 ppm for 6 h/day for 5 
consecutive days (see Table 5-6). Compared with a control group, plasma testos-
terone concentration was significantly decreased during the 5-day exposure, but 
returned to control concentrations by day 8 (3 days postexposure). Concentra-
tions of GSH in the testes and liver were also depressed but returned to control 
concentrations by day 8. There was no effect on testicular weight or sperm pro-
duction and motility. 
 
 
TABLE 5-6 Reproductive Toxicity of Methyl Bromide in Animal Models 
Concentration 
(ppm) 

Exposure  
Duration Effects Reference 

Rat    

0, 200 6 h/d for 5 d Transient decrease in plasma 
testosterone and testicular and liver 
glutathione; no effect on testicular 
weight or sperm production and 
motility. 

Hurtt and 
Working 1988 

0, 3, 30, 90 6 h/d, 5 d/wk,  
2 generations 

Body and brain weights of parental (F0) 
males depressed at 30 and 90 ppm; at 
90 ppm, brain weights of F1 offspring 
decreased without histologic correlates; 
no effect on litter size, sex ratio, or 
survival; no gross abnormalities in 
either generation. 

Mayhew 1986 

0, 20, 70 7 h/d, 5 d/wk, 
before mating  
and through day 
19 of gestation 

No maternal toxicity; no adverse 
developmental effects. 

Hardin et al. 
1981; Sikov et  
al. 1981 

Rabbit    

0, 20, 70 7 h/d, 5 d/wk, 
before mating  
and through 
gestation 

Increased maternal mortality at 70 ppm; 
no maternal mortalities or clinical signs 
at 20 ppm; no adverse developmental 
effects. 

Hardin et al. 
1981; Sikov et  
al. 1981 

0, 20, 40, 80 6 h/d, gestation 
days 7-19 

First study: maternal toxicity at 80 
ppm; increase in fetal variations, 
partially attributed to sire; no effects  
at lower concentrations. 
Second study: less maternal toxicity 
and incidence of fetal variations not 
statistically significant at 80 ppm. 

Breslin et  
al. 1990 
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In a two-generation study, Sprague-Dawley rats were exposed by whole-
body inhalation to methyl bromide at 0, 3, 30, or 90 ppm for 6 h/day, 5 
days/week (Mayhew 1986). Exposures were for at least 8 weeks before mating 
and continued over the production of two litters (temporarily suspended in F0 
dams from day 21 of gestation until day 5 of lactation). Two litters were pro-
duced by both the F0 and F1 generations. There were no clinical signs and no 
effect on survival in treated animals. In parental animals (F0 generation), body 
and brain weights of males were decreased in the 30- and 90-ppm groups. Brain 
weights of F1 parental males and females exposed at 90 ppm were also reduced. 
No histologic correlates were observed, and no pathologic changes were found 
in other organs or tissues. At 30 and 90 ppm, pups from the F1 parental genera-
tion had reduced body weights compared with controls. Absolute, but not rela-
tive, organ weights were also reduced, probably reflecting smaller body sizes. 
There were no treatment-related effects on litter size, sex ratio, survival through 
lactation, or grossly observable abnormalities. 

No adverse developmental effects in fetuses and no significant maternal 
toxicity, other than transient lower body weight, compared with controls were 
noted when female Wistar rats were exposed to methyl bromide at nominal con-
centrations of 0, 20, or 70 ppm (Hardin et al. 1981; Sikov et al. 1981). Expo-
sures were for 7 h/day, 5 days/week, before mating and through 19 days of ges-
tation. There were no differences in pregnancy rates, embryotoxicity, or fetal 
viability, and no effect on soft-tissue or skeletal anomalies. 

In the same study (Hardin et al. 1981; Sikov et al. 1981), methyl bromide 
at 70 ppm was highly toxic to pregnant New Zealand rabbits. Exposure was ter-
minated on day 15, but 24 of 25 rabbits died by gestation day 30. There were no 
deaths or clinical signs in the control or 20-ppm groups. No adverse develop-
mental effects were observed in offspring of dams exposed at 20 ppm or in the 
offspring of the surviving rabbit in the 70-ppm group. 

New Zealand white rabbits were exposed to methyl bromide at 0, 20, 40, 
or 80 ppm for 6 h/day during gestation days 7-19 (Breslin et al. 1990). No clini-
cal signs of toxicity were observed at the lower concentrations. Clinical signs of 
maternal toxicity in the 80-ppm group included decreased feces (decreased food 
intake), lethargy, head tilt, ataxia, and lateral recumbency. Terminal body 
weight and body weight gain were decreased by 5 and 50%, respectively. Neu-
rotoxicity was observed in 3/26 does after 12 exposures. Severe weight loss in 
two of dams in the 80-ppm group (464 and 604 g), indicates that decreased feed-
ing began earlier in the study. Fetuses from the 80-ppm group showed decreased 
weights (4%) and an increased incidence of fused sternebrae, which the authors 
attributed to maternal stress. Fetuses in the 80-ppm group also had a higher inci-
dence of missing gall bladder and missing caudal lobe of the lung (considered 
variations). Because these findings were associated with a sire that had a miss-
ing gall bladder, the study was repeated to test methyl bromide at 80 ppm. Ma-
ternal toxicity appeared to be less severe in this study and the incidences of  
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missing gall bladder and lung lobe, although increased, were not statistically 
significant compared with the control group. No maternal or fetal effects were 
found at the lower concentrations tested in the first study. 

 
3.6. Genotoxicity 

 
Methyl bromide, tested as a gas in sealed desiccators, was mutagenic in 

Salmonella typhimurium TA100 with and without metabolic activation, but no 
mutagenic response was observed in TA98 (NTP 1992). Methyl bromide  
induced sister-chromatid exchanges in bone-marrow cells and micronuclei in 
peripheral erythrocytes of female B6C3F1 mice exposed at concentrations up to 
200 ppm for 6 h/day for 14 days. Results were equivocal in male mice. When 
exposure duration was lengthened to 4, 8, or 12 weeks, no significant increase  
in sister-chromatid exchanges or micronuclei was observed in male or female 
mice. 

The mutagenicity and genotoxicity of methyl bromide was reviewed by 
IPCS (1995) and IARC (1999). Methyl bromide was positive for reverse gene 
mutation in S. typhimurium TA100 and TA1535, but not in TA98 or TA1538. 
Metabolic activation was not required for positive results. Methyl bromide was 
also positive in tests of forward and reverse mutations in Escherichia coli. It 
bound covalently to DNA in vitro and in vivo in various organs of rats and mice, 
and induced micronuclei in bone marrow and peripheral blood cells of rats and 
mice. The frequency of bone marrow cells with chromosomal aberrations was 
not increased in rats exposed at 70 ppm for 5 days. Methyl bromide did not in-
duce unscheduled DNA synthesis in cultured rat hepatocytes. Assays for domi-
nant and recessive lethal mutations were negative in mice and rats. 

 
3.7. Chronic Toxicity and Carcinogenicity 

 
Several chronic inhalation studies were available to assess the chronic tox-

icity and oncogenicity of methyl bromide. In one study (Gotoh et al. 1994), 
groups of 50 male and 50 female F-344.DuCrj rats were exposed to methyl bro-
mide at 0, 4, 20, or 100 ppm (99.9% purity) whole body for 6 h/day, 
5 days/week for 104 weeks. Survival in males of the control, 4-, 20-, and 100-
ppm groups was 68%, 68%, 62%, and 66%, respectively. Survival in females 
was 86%, 76%, 78%, and 82%, respectively. The incidence of pituitary adeno-
mas was significantly increased in males exposed at 100 ppm (60%) compared 
with controls (32%). No increase in treatment-related tumors was observed in 
female rats. In the same study, 50 male and 50 female BDF1 mice exposed to 
methyl bromide at 4, 16, or 64 ppm under the same exposure conditions. At 104 
weeks, survival was unaffected by treatment and there was no increased inci-
dence of tumors related to treatment. 

Reuzel et al. (1987, 1991) exposed male and female Wistar rats to methyl 
bromide at concentrations of 0, 3, 30, or 90 ppm for 6 h/day, 5 days/week for 29 
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months. Each group had 90 males and 90 females; 10 rats/sex/group were killed 
after 13, 52, and 104 weeks. Body weights, clinical signs, hematology, biochem-
istry, and gross and microscopic effects were examined at those time points. 
Exposure to methyl bromide at 90 ppm was clearly toxic; early deaths were re-
ported (but were not statistically significant at the end of the study) and body 
weights were significantly lower than those of respective control groups 
throughout most of the study. At the end of the study, effects on the heart were 
apparent in the 90-ppm group. Statistically significant increases in cartilaginous 
metaplasia (males), moderate to severe myocardial degeneration (females), and 
thrombi (males and females) were found. Myocardial degeneration also occurred 
in aged control rats. Therefore, when total incidences of myocardial degenera-
tion were considered, incidences in the control and 90-ppm groups were similar 
for both sexes. At the end of the study, 3 ppm was the NOAEL for decreases in 
body weight and absolute and relative brain weight. 

Basal-cell hyperplasia of the olfactory epithelium was present in both 
males and females in a dose-related manner after 29 months, but not at 13, 52, or 
104 weeks. The incidence was statistically significant in the 3-ppm group when 
total incidence was considered (13/48 in males and 19/58 in females compared 
with 4/46 and 9/58 in the respective control groups). The majority of lesions 
were characterized as “very slight” in the 3-ppm group, and as “slight” to “mod-
erate” in the higher exposure groups. These lesions were not present in either 
males or females in the 3-ppm group at 52 weeks and were not significantly 
increased over those of the respective control groups at 104 weeks. However, 
these lesions were found in the female control group after 104 weeks (40%), at 
the incidence observed in females exposed to methyl bromide at 3 ppm for 29 
months (40%). At 29 months, the incidence of total olfactory lesions in males 
exposed at 3 ppm was 27% compared with 9% in males of the control group. 

Nasal lesions increased in controls in an age-dependent manner. All but 
one of the lesions in the 3-ppm group were classified as slight or very slight, and 
one moderate lesion of the nasal mucosa was observed in controls at 24 months 
(accompanied by a 40% incidence of total lesions in control females). The inci-
dence in the control males at 24 months was 30%. Thus, the effect in the 3-ppm 
groups at the end of the study, although dose-related and statistically significant, 
must be considered slight or equivocal. This study was well-conducted, used a 
relevant route of administration, used an adequate number of rats of both sexes, 
and examined all relevant end points of methyl bromide toxicity. The study 
shows that the nasal lesions occur in aged rats. There was no indication of car-
cinogenic activity. 

A two-year inhalation study of methyl bromide in B6C3F1 mice was con-
ducted by NTP (1992). Groups of 70 male and 70 female mice were exposed to 
methyl bromide at 0, 10, 33, or 100 ppm. Neurotoxicity tests were performed on 
16 mice (8 males and 8 females) per group. Ten animals per group were killed at 
6 and 15 months. The exposure at 100 ppm was discontinued after 20 weeks 
because of neurotoxicity and early deaths. The same organs and tissue that were 
affected in the Reuzel et al. (1987, 1991) study were targets in this study, 
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namely the nose, heart, and brain. The bone was additionally affected. Aside 
from increased mortality in the 100-ppm dose group, statistically significant 
differences in LOAELs and NOAELs were found for the following end points: 
cerebellar and cerebral degeneration, 100 and 33 ppm; myocardial degeneration 
and chronic cardiopathy, 100 ppm and 33 ppm; sternal dysplasia, 100 ppm and 
33 ppm, increased but not statistically significant for either males or females in 
the 33-ppm group compared with controls); and olfactory metaplasia/necrosis, 
100 ppm and 33 ppm. Similar to results in the Reuzel et al. (1987, 1991) study, 
no olfactory lesions were found in the 3-ppm group at the end of 24 months. No 
increase in tumor incidence occurred. NTP concluded there was no evidence of 
carcinogenic activity of methyl bromide in male or female B6C3F1 mice ex-
posed at 10, 33, or 100 ppm. 

Danse et al. (1984) showed that orally-administered methyl bromide is 
carcinogenic in the forestomach of Wistar rats. Doses were 0, 0.4, 2, 10, or 50 
mg/kg for 13 weeks. At 50 mg/kg, severe hyperplasia of the stratified squamous 
epithelium in the forestomach was found. A dose of 10 mg/kg resulted in slight 
epithelial hyperplasia in the forestomach. Adverse effects were not observed at 
0.4 or 2 mg/kg. Extrapolation of forestomach cancers to humans is problematic 
because methyl bromide, a volatile, reactive chemical, was introduced directly 
into the stomach by gavage and because humans lack a forestomach (Lu and 
Coulston 1996). Furthermore, Boorman et al. (1986) showed regression of the 
tumors after discontinuation of exposure. 

 
3.8. Summary 

 
The concentration-response relationship for mortality is steep in all animal 

species tested, as shown by the margin between LC50s and nonlethal concentra-
tions (Alexeeff et al. 1985; Kato et al. 1986). LC50 values for the rat ranged from 
19,460 ppm for 3.5 min to 302-334 ppm for 8 h (Honma et al. 1985; Zwart 
1988; Zwart et al. 1992). In rats, no deaths occurred after exposure to methyl 
bromide at 506 or 700 ppm for 4 h (Kato et al. 1986; Japanese Ministry of La-
bour 1992) or at 268 ppm for 8 h (Honma et al. 1985). The mouse was a more 
susceptible species, having LC50 values ranging from 1,200 ppm for 1 h 
(Alexeeff et al. 1985) to 405 ppm for 4 h (Yamano 1991). Nonlethal concentra-
tions of methyl bromide in mice were 900 ppm for 1 h (Alexeeff et al. 1985) and 
312 and 338 ppm for 4 h (Yamano 1991; Japanese Ministry of Labour 1992). 

Toxicity to the CNS was evident as clinical and neurotoxic signs and tis-
sue lesions. The nasal olfactory epithelium was also a target of methyl bromide. 
Clinical or neurotoxic signs were absent in rats exposed at 150 ppm for 4 h 
(Japanese Ministry of Labour 1992), in rats exposed at 90 or 100 ppm for 6 h 
(Hurtt et al. 1988; Driscoll and Hurley 1993), in rats exposed at 63 ppm for 8 h 
(Honma et al. 1985), in mice exposed at 225 ppm for 4 h (Japanese Ministry of 
Labour 1992), and in mice exposed at 566 ppm for 1 h, although there was a 
transient weight loss in the mice (Alexeeff et al. 1985). A 6-h exposure of rats to 
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methyl bromide at 90 ppm was a NOAEL for damage to the olfactory epithe-
lium (Hurtt et al. 1988), whereas the 4-h NOAEL in mice was 150 ppm (Japa-
nese Ministry of Labour 1992). Dogs exhibited clinical signs of tremors, 
hunched appearance, and labored breathing during the last 2 h of a 7-h exposure 
at 233 ppm (Newton 1994a). Rats exhibited transient changes in standard neuro-
behavioral tests after a 6-h exposure at 350 ppm (Driscoll and Hurley 1993). In 
contrast to the olfactory lesions observed in rats exposed at 200 ppm for 6 h 
(Hurtt et al. 1988), no lesions were found after a 6-h exposure at 350 ppm (Dris-
coll and Hurley 1993). 

In 5-day repeat-exposure studies with rats, NOAELs were 90 ppm for tis-
sue lesions, including damage to the olfactory epithelium (Hurtt et al. 1987), and 
150 ppm for lesions in the brain (Davenport et al. 1992). The 6-week NOAEL 
for clinical and neurotoxic signs and tissue lesions in dogs was 20 ppm, the 
highest concentration tested (Schaeffer 2002). The NOAEL for neurobehavioral 
effects in a 36-week exposure study with of rats was 55 ppm, but there were 
severe effects on rabbits exposed at 65 ppm for 4 weeks (Anger et al. 1981). In a 
subchronic study that examined body and organ weights, clinical signs, neuro-
toxicity, and microscopic tissue lesions, the lowest LOAEL was 30 ppm in fe-
males, based on slightly reduced body weight (Norris et al. 1993). The NOAEL 
for neurotoxicity was 70 ppm for exposures up to week 13 (both sexes), and the 
NOAEL for motor activity was 30 ppm for females and 140 ppm for males. In a 
chronic study with mice, 33 ppm was the NOAEL for behavioral neurotoxicity, 
cerebellar and cerebral degeneration, myocardial lesions, and olfactory metapla-
sia/necrosis (NTP 1992). 

No reproductive effects were observed in animals after acute exposure to 
methyl bromide, although plasma testosterone was transiently decreased in rats 
exposed at 200 ppm for 5 days (Hurtt and Working 1988). Studies with rats and 
rabbits indicate that inhalation of methyl bromide at up to 70 ppm during gesta-
tion does not result in any significant developmental effects, although there was 
severe maternal toxicity in rabbits (Hardin et al. 1981; Sikov et al. 1981). 

Methyl bromide tested positive in numerous mutagenicity and genotoxic-
ity tests. Mutagenicity did not require metabolic activation, which is consistent 
with direct-acting alkylation of DNA. Alkylation suggests that methyl bromide 
might be carcinogenic, but carcinogenicity has not been established in chronic 
studies with rats and mice (Reuzel et al. 1991; NTP 1992; Gotoh et al. 1994). 

 
4. SPECIAL CONSIDERATIONS 

 
4.1. Metabolism and Disposition 

 
Inhalation studies with rats and dogs have demonstrated that [14C]methyl 

bromide is rapidly absorbed in the lower respiratory tract and quickly distributed 
to all tissues, with the lungs, liver, and kidneys being the major organs of distri-
bution immediately after exposure (Bond et al. 1985; Medinsky et al. 1985; Jas-
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kot et al. 1988). Appreciable amounts of 14C are also found in the nasal turbi-
nates. This deposition, however, might indicate metabolites. Methyl bromide 
readily crosses cell membranes, whereas the bromide ion does not. 

Uptake of methyl bromide has been measured in the rat, dog, and man. 
Lung uptake in rats is directly proportional to the concentration in air. Andersen 
et al. (1980) determined the kinetic constants for metabolism of inhaled methyl 
bromide in male F-344 rats. Concentrations were 100, 1,000, 3,000, and 10,000 
ppm. Rats were placed in vacuum chambers and chamber depletion measure-
ments were taken every 10 min for 180 min (chamber atmospheres were recircu-
lated). Methyl bromide exhibited rapid, first-order uptake, with the first-order 
rate constant decreasing only at concentrations that caused death during the ex-
posure (10,000 ppm). The rate plot was a straight line that was fitted by un-
weighted linear least squares to estimate the rate constant (0.44/kg/h). This con-
stant was later recalculated as 0.55/kg/h (Gargas and Andersen 1982). The rapid, 
first-order uptake was considered to be nonenzymatic metabolism. Because 
methyl bromide had no measurable saturable uptake component, a Km, the am-
bient concentration at which uptake proceeds at half the maximum rate, and a 
Vmax, the maximum rate of uptake, could not be calculated. 

In contrast to the work of Andersen et al. (1980), Medinsky et al.  
(1985) observed uptake saturation at higher concentrations. Their 6-h, nose-only 
inhalation study with male F-344 rats found uptake of 48% at low concentra-
tions (1.6 and 9.0 ppm) which decreased to 38% at 170 ppm and 27% at 310 
ppm. Medinsky et al. (1985) proposed that the availability of GSH might be the 
rate-limiting variable on the pulmonary absorption of methyl bromide at high 
concentrations. The observation that the rate of pulmonary absorption decreases 
with increased exposure concentrations suggests there is a saturation point for 
inhaled methyl bromide. Measurements of respiratory parameters during the 
study indicated the tidal volume and minute volume were significantly de-
creased at 310 ppm. Uptake was also measured in the beagle and man. Steady-
state uptake in beagles exposed at 174-361 parts per billion (ppb) was 39.5% 
during a 3-h exposure (Raabe 1986); the clearance half-time was 41 h. Uptake in 
humans during nasal or oral breathing of methyl bromide at 18 ppb were similar, 
52-55% (Raabe 1988). 

Metabolism may take place by two pathways. The presence of methanol 
and bromide ion in tissues implies nucleophilic displacement of the bromide ion 
(Gargas and Andersen 1982; Honma et al. 1985). However, the primary pathway 
is probably conjugation with the tripeptide GSH. By analogy with methyl chlo-
ride, outlined by Kornbrust and Bus (1983), conjugation of methyl bromide with 
GSH yields S-methylglutathione cleavage of the glutamic acid and glycine 
moieties of GSH yields S-methylcysteine, and transamination and decarboxyla-
tion yields the mercapturic acid, methylthioacetic acid. The latter sulfur-
containing compounds can be excreted in the urine. Methylthioacetic acid may 
be further metabolized to methanethiol which may yield, via P-450 metabolism, 
formaldehyde and formic acid; the latter compounds can enter the one-carbon 
pool or be excreted as carbon dioxide. The reaction with GSH appears to be 
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primarily enzyme catalyzed, probably by GST. Formation of formaldehyde ap-
pears to be a minor pathway. Additional studies of the metabolism of methyl 
bromide provide strong evidence that GSH conjugation is the primary metabolic 
pathway for methyl bromide (Peter et al. 1989; Hallier et al. 1990; Bonnefoi et 
al. 1991). Several studies have shown that administration of methyl bromide 
decreases the nonprotein sulfhydryl content (GSH) and, depending on tissue and 
administered concentration, increases or decreases the GST content of tissues 
(Roycroft et al. 1981; Alexeeff et al. 1985; Davenport et al. 1992). The concen-
tration of GSH in liver is extremely high (about 10 mM), hence nonenzymatic 
conjugation of some xenobiotics with GSH can be significant. GSTs are abun-
dant cellular components, accounting for up to 10% of the total cellular protein 
(Parkinson 2001). 

Excretion occurs mainly by expiration of CO2 and urinary excretion. After 
inhalation of 14C-methyl bromide by rats (1.6-310 ppm), 43-50% of elimination 
of the radiolabel was pulmonary (14CO2) and 20% was renal (Bond et al. 1985; 
Medinsky et al. 1985; Jaskot et al. 1988). Less than 4% was expired as methyl 
bromide. Only small amounts are excreted in the feces. A significant amount 
(25-39%) remains in the tissues after 24-72 h, and is excreted slowly. This frac-
tion presumably represents adducts and incorporation into metabolic pools. 

Blood bromide concentrations in humans normally range up to 15-30 
mg/L (EPA 1980; ATSDR 1992; Fuortes 1992). Concentrations of 25-250 mg/L 
were reported in severe poisoning cases and 83-2,116 mg/L in fatal poisoning 
cases. When these measurements were taken is unknown in some of these cases. 
Bromine concentrations in blood are generally lower with poisoning by methyl 
bromide than by inorganic bromide, indicating that free bromide might not be an 
indicator of the severity of effects. 

Honma et al. (1985) measured methyl bromide and bromine concentra-
tions in blood and tissues of rats after a 2-h exposure at 0, 250, 500, 750, or 
1,000 ppm. Methyl bromide in tissues reached maximum values within 1 h, and 
was rapidly eliminated (half-life of about 30 min). There was a linear relation-
ship between methyl-bromide concentrations in air and blood; the blood concen-
trations ranged from 0 μg/g at 0 ppm to 0.374 μg/g at 1,000 ppm (measured im-
mediately after exposure). A linear relationship was also found between bromine 
in tissues and exposure concentrations. Blood bromine ranged from 7 μg/g at 0 
ppm to 90 μg/g at 1,000 ppm. In contrast with tissues concentrations of methyl 
bromide, tissue concentrations of bromine peaked 4-8 h after exposure, and the 
half-life of elimination was about 5 days. Methanol concentrations remained 
below those considered responsible for CNS effects. 

 
4.2. Mechanism of Toxicity 

 
The mechanism of methyl-bromide-induced CNS toxicity has not been es-

tablish, although it is known that methyl-bromide toxicity results from the me-
thylation of crucial sulfhydryl containing enzymes and proteins in mammalian 
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tissues and that CNS toxicity might be mediated by CNS glutathione depletion 
and inhibition of GST activity (Davenport et al. 1992). Methylation of proteins 
in addition to reduced GSH concentrations might cause cellular disruption. Cel-
lular disruption, especially in the CNS, results in progressive dysfunction. Im-
munochemical studies of the rat brain show that GST isozymes are present in 
the cytoplasm, nuclei, and nucleolei of neurons, and the glia of the brainstem, 
forebrain, and cerebellum. The pattern of GST isozyme distribution throughout 
regions of the brain is not uniform, which might result in regional susceptibility 
or resistance to chemical-induced damage (Johnson et al. 1993). In contrast to 
this proposed mechanism of action, GSH depletion has been found to inhibit 
toxicity by methyl bromide in some species (Peter et al. 1989). In addition to 
inhibition of sulfhydryl enzymes, methyl bromide reversibly breaks down 
adenosine triphosphate (Reigart and Roberts 1999). Another suggested mecha-
nism of toxicity is the formation of methanethiol and formaldehyde as neuro-
toxic metabolites of methyl bromide (Garnier et al. 1996). In such a case, indi-
viduals with greater glutathione-transferase activity might be predisposed to the 
neurotoxic effects if methyl bromide. However, with the related chemical, 
methyl chloride, no increase in formaldehyde concentration was observed in the 
liver or kidneys of mice exposed at 1,000 ppm for 8 h (Jager et al. 1988). Hy-
drolysis of methyl bromide, resulting in bromide ion, does not appear to be the 
toxic mechanism. Blood concentrations of bromide after methyl-bromide poi-
soning are not as high as those associated with intoxication by bromide salts 
(Gosselin et al. 1984). 

In rats, methyl bromide specifically damages the olfactory mucosa lining 
the posterior regions of the nose, but does not adversely affect the respiratory 
epithelium (Hurtt et al. 1987, 1988). The reason for the specific sensitivity of the 
olfactory epithelium is unknown, although methyl bromide is known to inhibit 
GST activity of olfactory nasal epithelial cells (Thomas et al. 1989). This is a 
reversible lesion; near complete destruction of the rat olfactory epithelium by 
methyl bromide at 330 ppm for 6 h was followed by reinnervation and repair 
after exposure ended (Schwob et al. 1999). 

On the basis of chemical similarity, the mechanism of action of methyl bro-
mide is predicted to be the same as that of methyl chloride. Although the exact 
mechanism of action of methyl chloride is unclear, it appears to involve GSH  
depletion in target tissues or the production of toxic metabolites, such as formal-
dehyde or methanethiol, and lipid peroxidation. A lack of GSH could impair the 
ability of tissues to suppress lipid-peroxidation reactions (Kornbrust and Bus 
1983). The buildup of leukotrienes also has been suggested as a toxic mechanism 
of action. Under conditions of GSH depletion, 5-hydroperoxicosotetraenoic acid, 
the immediate precursor of leukotrienes, accumulates in the tissues. Leukotrienes 
are potent vasoconstrictors, and cause increased capillary permeability and tissue 
edema (AIHA 1997). In contrast with tests of methyl chloride, depletion of  
GSH before administration of methyl bromide enhanced toxicity (Thomas and 
Morgan 1988). 
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Honma (1987; Honma et al. 1991) investigated the effect of methyl bromide 
on brain neurotransmitters, particularly changes in catecholamine production in 
the hypothalmus of rats in relation to CNS effects. Rats were exposed to methyl 
bromide at 0, 16, 31, 63, 125, 188, or 250 ppm for 8 h, and were killed immedi-
ately after exposure. There were no effects on catecholamine activity at 16 ppm. 
At 31-250 ppm, there was a dose-dependent decrease in the neurotransmitter 
norepinephrine (13-30%), an increase in 3-methoxy-4-hydroxyphenylglycol, a 
metabolite of norepinephrine, and a decrease in tyrosine hydroxylase activity. As 
tyrosine hydroxylase catalyzes hydroxylation of tyrosine to L-dopa, the precursor 
of the catecholamines, the decrease in norepinephrine appears to result from the 
inhibition of tyrosine hydroxylase. These changes were linked changes in body 
temperature and appetite noted in Honma et al. (1987). 

Two studies show that exogenously-administered GSH protects against  
the acute lethal effects of methyl bromide. Mortality in mice injected with GSH 
(500 mg/kg) and exposed to methyl bromide at 500 ppm for 150 min was 5.3%, 
compared with 85% in mice that were not pretreated with GSH (Yamano 1991). 
Glutathione injected intraperitoneally (750 mg/kg) resulted in 100% survival of 
mice exposed at a lethal concentration of 1,850 ppm for 1 h (Kawai and Ueda 
1972). 

 
4.3. Structure-Activity Relationships 

 
Toxicity of the monohalomethanes—methyl chloride, methyl bromide, 

and methyl iodide—appears to be related to atomic weight. All produce similar 
toxic effects in humans (Gosselin et al. 1984), with the greatest toxicity from 
methyl iodide, followed by methyl bromide and methyl chloride. Bakhishev 
(1975) reported 30-min inhalation LC50 values in the rat for methyl chloride, 
methyl bromide, and methyl iodide of 39,000 ppm, 2,800 ppm, and 2,300 ppm, 
respectively. The target organs of methyl bromide and methyl chloride in the rat 
are the same—the brain, liver, adrenal glands, olfactory epithelium, and the tes-
tes (Morgan et al. 1982; Hurtt et al. 1987). 

 
4.4. Other Relevant Information 

 
4.4.1. Species Variability 
 

The available data allowed comparisons between rats and mice. Where 
data were available for the same time periods, mice were more susceptible to the 
lethal effects of methyl bromide than rats. On the basis of 30-min (Bakhishev 
1973), 1-h (Alexeeff et al. 1985; Zwart 1988), and 4-h LC50 values (Kato et al. 
1986; Yamano 1991), the mouse is two-fold more sensitive to methyl bromide 
than the rat. For example, the rat 1-h LC50 of 1,880 ppm (Zwart 1988) is 1.6 
times greater than the 1-h mouse LC50 of 1,200 ppm (Alexeeff et al. 1985). This 
greater sensitivity might be related to the higher concentrations of GST found in 
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mouse tissues (Griem et al. 2002). Greater sensitivity might also be a reflection 
of the greater respiratory rate of mice compared with rats. Hori et al. (2002) re-
ported that at methyl bromide concentrations of 500-10,000 ppm for up to 8 
hours, survival times of rats were greater than those of mice.  The difference in 
survival times between the species was large at low concentrations, but de-
creased substantially with increasing concentrations. The animals were killed 
immediately after the exposures, limiting the usefulness of the data. 

The available data also indicate that rabbits are more sensitive than rats or 
guinea pigs. Guinea pigs and rats withstood 6-month exposures to methyl bro-
mide at 66 ppm without demonstrable effects, but rabbits became paralyzed 
(Irish et al. 1940). A similar result was reported in a more recent study (Anger et 
al. 1981). Rabbits exposed at 65 ppm began to lose weight by the third week of 
exposure and eyeblink responses and nerve-conduction velocity in rabbits were 
significantly reduced. Rats were unaffected under the same exposure regime. 
Maternal toxicity was greater in pregnant rabbits exposed to methyl bromide at 
70 ppm before to mating and through gestation, whereas no maternal toxicity 
was evident in rats under the same exposure scenario (Hardin et al. 1981; Sikov 
et al. 1981). 

Both in vitro and in vivo comparisons of different species indicate that 
concentrations of GST enzymes are much lower in human tissues (liver and 
lung) than in mice or rats (Andersen et al. 1987; Reitz et al. 1989). The data are 
consistent with the hypothesis that the rate of activation of mono- and diha-
lomethanes to toxic metabolites by the GST pathway occurs much more slowly 
in humans than in rodents. Jager et al. (1988) investigated the concentrations of 
GSH in rodent tissues. Activities of GSH in the liver were 2-3 times greater in 
male B6C3F1 mice than in female mice and F-344 rats of both sexes. Griem et 
al. (2002) compiled ratios of GST activity in rodents to humans in various tis-
sues. The ratios of rat:human and mouse:human GST activity in the liver are 
3.95 and 7.64, respectively. On the other hand, nonprotein sulfhydral content 
(primarily GSH) is similar among human, monkey, and rat tissues on a μmol/mL 
of tissue basis (Frederick et al. 2002). This was true for major organs, but not 
nasal tissue. Rat nasal tissue had more nonprotein sulfhydral content than human 
tissue. 

For the related chemical, methyl chloride, blood concentrations of hu-
mans, dogs, and rats exposed to 50 ppm for 6 h reached a plateau during the first 
hours of exposure; elimination was rapid once the exposures were terminated 
(Landry et al. 1983; Nolan et al. 1985).  Blood concentrations of methyl chloride 
in slow human metabolizers plateaued at 60% of those found in the rat and 70% 
of those found in the dog. Postexposure elimination was most rapid in the rat 
(t1/2 = 15 min). The dog and rapid human metabolizers had the same elimination 
rate (t1/2 = 50 min), and the slow human metabolizers eliminated at the slowest 
rate (t1/2 = 90 min). At 50 ppm, the rat absorbed 10 μg/min/kg whereas the rapid 
and slow human metabolizers absorbed 3.7 and 1.4 μg/min/kg, respectively. 
According to Nolan et al. (1985), differences in the pharmacokinetics between 
these three species were adequately explained by the differences in respiratory 
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minute volume and basal metabolic rates (rat > dog > man). Similar comparative 
studies were not available for methyl bromide, so it should be noted that uptake 
kinetics of methyl bromide and methyl chloride could be different. Andersen et 
al. (1980) found uptake of methyl chloride to be saturable, being associated with 
enzymatic metabolism, whereas the rapid, first-order uptake of methyl bromide 
was considered to be nonenzymatic metabolism. 

Monohalomethanes are not metabolized by the erythrocyte cytoplasm of 
rats, mice, Rhesus monkeys, cows, pigs, and sheep, but are metabolized by ap-
proximately 60% of humans (Redford-Ellis and Gowenlock 1971; Peter et al. 
1989). Lack of erythrocytic metabolism might explain the rapid equilibrium 
between the gas phase of methyl chloride and methyl bromide and whole blood 
of rats observed in pharmacokinetic studies. 

Inhalation studies conducted on various mammalian species have demon-
strated clear sex-related differences in susceptibility to methyl bromide. In the 6-
week repeat-exposure study of Eustis et al. (1988), survival was much greater in 
females than in males. 

Methyl bromide was toxic only to olfactory epithelium and not the other 
nasal epithelia of rats (Hurtt et al. 1988). Histochemical techniques revealed 
degeneration of the sensory and sustentacular cells but not the basal cells from 
which the former cells are regenerated. This was a reversible effect as the basal 
cells were not affected. The olfactory region (dorsal meatus) of rats is highly 
exposed to chemicals because of air-flow characteristics in the nasal turbinates. 
In rodents, an inhaled vapor traverses a few millimeters of resistant respiratory 
epithelium before reaching sensitive olfactory tissue; whereas, in humans, an 
inhaled vapor has to traverse several centimeters and a much larger surface area 
of respiratory epithelium to reach the olfactory tissue. A mathematical model 
based on a combination of computational fluid dynamics and physiologically-
based pharmacokinetics showed that the dorsal meatus region of the rat nose 
receives 12-20% of the inhaled air (Bush et al. 1998; Frederick et al. 1998). A 
comparison with airflow patterns in the human nose shows that the olfactory 
epithelium in the dorsal meatus region of the nasal cavity of the rat is exposed to 
two- to three-fold greater concentrations of chemicals. Therefore, higher con-
centrations of methyl bromide would likely be required to induce this lesion in 
humans. 

 
4.4.2. Susceptible Populations 
 

Interindividual variation in the rate of metabolism of methyl halides has 
been observed in humans. At least two distinct populations of humans with differ-
ent metabolism rates of the structurally-similar methyl chloride have been identi-
fied (Nolan et al. 1985; ATSDR 1992; WHO 2000). The differences in metabo-
lism rate are attributed to a genetic polymorphism of GST. Depending on the 
presence or absence of GST, humans may be “fast metabolizers” or “slow metabo-
lizers” of methyl chloride. There may be a third phenotype, non-conjugators 
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(Warholm et al. 1994; Lof et al. 2000). Fast metabolism may lead to the formation 
of toxic metabolites that can exert their action before they can be eliminated. Slow 
metabolizers would be expected to be less susceptible to the toxic effects of 
methyl halides as formation of S-methylglutathione is limited to the nonenzymatic 
reaction of methyl bromide with GSH. Garnier et al. (1996) reported that of two 
fumigation workers similarly exposed to methyl bromide during fumigation activi-
ties, neurologic and systemic symptoms were greater in the “conjugator.” GST 
activity was undetectable in the erythrocytes of the nonconjugator. The nonconju-
gator also had greater concentrations of S-methylcysteine adducts in blood albu-
min and globin. 

For the related chemical, methyl chloride, uptake differed by less than 3-
fold between slow and fast metabolizers exposed at 50 ppm (Nolan et al. 1985). 
Elimination was rapid in both groups after the exposure ended. Elimination was 
more rapid in volunteers with lower blood and expired-air concentrations. The 
authors explained the difference in the two groups by a two-fold difference in 
the rate at which they metabolized methyl chloride. They considered the differ-
ence of questionable toxicologic significance. 

Among Caucasians, the majority of individuals possess at least one copy 
of the GST gene; 10-25% are nonconjugators (Nelson et al. 1995; Warholm et 
al. 1994; Kempkes et al. 1996). Approximately 60% of Asians lack the gene 
(Nelson et al. 1995). 

As noted by ATSDR (1992), people that have kidney or liver disease, 
anemia, or neurologic deficits might be more susceptible to the toxic effects of 
methyl chloride. Persons with deficient glucose-6-phosphate dehydrogenase 
might have reduced concentrations of GSH (Bloom and Brandt 2001). Addition-
ally, accidental exposures suggest that infants are more susceptible than adults 
(Langard et al. 1996). However, death of an infant was from acute pneumonia 
resulting from vomiting and aspiration after inhaling methyl bromide. 

 
4.4.3. Concentration-Exposure Duration Relationship 
 

Using approximately 50 male SPF-Wistar rats tested in groups of two at 
23 different combinations of time (seven exposure durations, ranging from 3.5 
to 480 min) and concentrations, Zwart et al. (1992; Zwart 1988) established a 
concentration-time–mortality relationship. The probit equation was -30.5 + 6.6 
ln C + 5.5 ln T, where C = concentration and T = time. Using the relationship Cn 
× t = k, the value of n was 1.2. Using all of the LC50 data from rat studies with 
exposure durations of 3.5 min to 8 h, the best fit of the concentration × time 
curve results in an n value of 1.23 (see Appendix A). Approximately the same 
value (1.3) is generated when the mouse data are graphed or when the mouse 
and rat data are graphed together (graph not shown). Because the mouse is 
slightly more susceptible than the rat, the graph line for mouse lethality data is 
parallel to, but just slightly below, the graph line for the rat lethality data. 
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From the studies summarized in Tables 5-3 to 5-5, it is apparent that there 
is a threshold concentration at which effects occur or fail to occur. For example, 
90 ppm was a NOAEL for olfactory lesions in the rat, both during a 1-day and a 
5-day repeat-exposure study, whereas a single exposure at 200 ppm produced 
such lesions (Hurtt et al. 1987). No neurotoxicity was observed in dogs exposed 
at 20 ppm for 7 h/day, 5 days/week for 6 weeks (Schaeffer 2002) or in rats ex-
posed at 55 ppm for 7.5 h/day for 36 weeks (Anger et al. 1981). Concentrations 
of 90 and 175 ppm were the 5-day NOAEL and LOAEL, respectively, for nasal 
lesions in rats (Hurtt et al. 1988). Concentrations of 33 and 100 ppm were the 
chronic NOAEL and LOAEL for tissue lesions and neurotoxicity in mice (NTP 
1992). There is also a time element. Both rats and mice withstood single expo-
sures to methyl bromide at 140-300 ppm, but deaths occurred when these expo-
sures were repeated (Ikeda et al. 1980; Kato et al. 1986; Hurtt et al. 1987; NTP 
1992; Norris et al. 1993). 

 

4.4.4. Concurrent Exposure Issues 
 

No concurrent exposure issues were identified. 
 

5. DATA ANALYSIS FOR AEGL-1 
 

5.1. Summary of Human Data Relevant to AEGL-1 
 

No reliable data relevant to derivation of AEGL-1 values were found. 
Methyl bromide is not detectable by odor or irritation at concentrations that are 
thresholds for tissue lesions or neurotoxicity. Lacrimation, an AEGL-1 level 
effect, was observed in rats exposed for 4 h to methyl bromide concentrations 
≥338 ppm, with a no-effect level of 225 ppm (Japanese Ministry of Labour 
1992). However, the no-effect level for lacrimation is not an appropriate basis 
for the derivation of AEGL-1 values, because signs of neurotoxicity (decreased 
locomotor activity and ataxia) were also observed at concentrations producing 
lacrimation. Furthermore, lacrimation was observed at methyl bromide concen-
trations above the point-of-departure used to derive AEGL-2 values (200 ppm). 
Therefore, derivation of AEGL-1 values would not be appropriate for methyl 
bromide, because it has no warning properties (e.g., odor or irritation) at concen-
trations below those that produce neurotoxicity. At one time, the American Con-
ference of Governmental Industrial Hygienists had a threshold limit value-time 
weighted average (TLV-TWA) for methyl bromide of 20 ppm. The current ceil-
ing standard of the Occupational Safety and Health Administration (OSHA) is 
20 ppm (see Section 8.2). 

 

5.2. Summary of Animal Data Relevant to AEGL-1 
 

Only repeat-exposure studies were available on methyl bromide at low 
concentrations. Several examples of repeat-exposure studies are cited here. No 
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neurotoxic signs or tissue lesions were observed in dogs exposed at 20 ppm  
(the highest concentration tested), 7 h/day, 5 days/week for 6 weeks (Schaeffer 
2002). In an 8-month study with rabbits, a particularly sensitive species, 27 ppm 
was the NOAEL for neurobehavioral effects (Russo et al. 1984). In a well-
conducted carcinogenicity study with mice, 33 ppm was a NOAEL for any type 
of effect, including neurotoxicity, tissue lesions, carcinogenicity, and early mor-
tality (NTP 1992). Exposures in that study were for 6 h/day, 5 days/week for 2 
years. Finally, in developmental toxicity studies, 20 ppm was a NOAEL for both 
maternal toxicity and developmental effects in rats and rabbits (Breslin et al. 
1990; Hardin et al. 1981). 

 
5.3. Derivation of AEGL-1 

 
Because methyl bromide is not detectable by odor or sensory irritation at 

concentrations below the AEGL-2 values (see below), AEGL-1 values were not 
derived. Absence of AEGL-1 values does not imply that exposures below the 
AEGL-2 values are without adverse effects. 

 
6. DATA ANALYSIS FOR AEGL-2 

 
6.1. Summary of Human Data Relevant to AEGL-2 

 
No reliable human data that address the threshold for neurotoxicity or tis-

sues lesions were available. 

 
6.2. Summary of Animal Data Relevant to AEGL-2 

 
In dogs, neurotoxicity, apparent as tremors, hunched appearance, and la-

bored breathing, was not observed during the first 5 h of exposure to methyl 
bromide at 233 ppm, during the first 2 days of exposure at 156 ppm for 7 h, dur-
ing the first day of exposure at 158 ppm, or after 4 daily 7-h exposures at 55 
ppm (Newton 1994a). Because signs of neurotoxicity might be delayed, the 233-
ppm exposure for 4 h could induce signs at a later time and, therefore, could be 
considered the threshold for neurotoxicity in dogs. A 4-h exposure at 200 or 225 
ppm was a NOAEL for clinical signs in rats during one day, 4-h exposures 
(Hastings 1990; Japanese Ministry of Labour 1992). In 6-h studies, the NOAELs 
for neurotoxicity in rats were 200 ppm (Hurtt et al. 1988) and between 100 and 
350 ppm (Driscoll and Hurley 1993). No clinical signs were observed in mice 
after exposure for 1 h at 224 ppm (Alexeeff et al. 1985) or after 4 h at 225 ppm 
(Japanese Ministry of Labour 1992). In most cases, the exposures were also 
NOAELs for tissue lesions; the exception being the reversible olfactory lesions 
in the rat. Because of the differences in the amount and placement of olfactory 
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epithelium in humans and rodents and the differences in air flow patterns, olfac-
tory lesions in rats might not be relevant to humans. 

The developmental study of methyl bromide in rabbits by Breslin et al. 
(1990) was not considered appropriate for developing AEGL-2 values. The de-
creased weight of fetuses born to does exposed to methyl bromide at 80 ppm is 
not considered the result of a single exposure. Furthermore, signs of maternal 
stress were observed at concentrations below those of other species, such as the 
rat (Hardin et al. 1981). The reason for the greater sensitivity of the rabbit is 
unknown. 

 
6.3. Derivation of AEGL-2 

 
For methyl bromide, neurotoxicity leading to an inability to escape is the 

most relevant end point for AEGL-2 values. Because of the steep dose-response 
curve for such effects, a NOAEL for neurotoxicity is the appropriate starting 
point for calculating AEGL-2 values. On the basis of data from three studies in 
rats (Hurtt et al. 1988; Hastings 1990; Japanese Ministry of Labour 1992) and 
one study in dogs (Newton 1994a), 200 ppm for 4 h was selected as the point-of-
departure for derivation of AEGL-2 values. Studies in rats identified the follow-
ing values as no-effect levels for neurotoxic effects for single exposures: 200 
ppm for 6 h in 15 rats/group (Hurtt et al. 1988), 200 ppm for 4 h in 30 rats/group 
(Hastings 1990), and 225 ppm for 4 h in 20 rats/group (Japanese Ministry of 
Labour 1992). Thus, the database for rats is robust, with consistent results in all 
three studies. The study in dogs evaluated effects of a single 7-h exposure to 
methyl bromide in 1-2 dogs/group and of repeated exposures (7 h/day for 4 
days) in 2-3 dogs/group (Newton 1994a). Results of the single exposure study in 
dogs did not identify a no-effect level for neurotoxicity. Signs of neurotoxicity 
were observed at all concentrations tested (≥233 ppm); however, no signs of 
neurotoxicity were observed during the first 5 h of exposure at 233 ppm. Results 
of the repeated-exposure study in dogs (2-3/group) showed the following: no 
effects at 55 ppm, clinical signs of neurotoxicity on day 3 of exposure at 156 
ppm, and severe signs of neurotoxicity on the second day of exposure at 268 
ppm. A small number of dogs were tested, so the rat data were considered a 
stronger basis for selecting a NOAEL for neurotoxicity.  The dog data support 
the selection of 200 ppm for a single 4-h exposure in rats as the point-of-
departure. 

Because uptake of methyl bromide is greater in rodents than in humans 
(based on comparative respiratory rates and comparisons with methyl chloride) 
and because GST concentrations in rodents are greater than in humans (allowing 
more rapid production of toxic metabolites), an interspecies uncertainty factor of 
1 was applied. Although humans differ in their capacity to metabolize methyl 
bromide, the difference is considered to be less than 3-fold from a toxicologic 
stand point (Nolan et al. 1985). An intraspecies uncertainty factor of 3 was ap-
plied. The resulting 4-h value of 67 ppm was time scaled to the other exposure 
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durations using the equation Cn × t = k, with n = 1.2. Because the time-scaled 8-
h value of 37 ppm is close to the chronic NOAEL of 33 ppm for mice (NTP 
1992) and is less than the 5-day NOAEL of 55 ppm for clinical signs and tissue 
lesions in dogs (Newton 1994a) and the 36-week NOAEL of 55 ppm for neuro-
behavioral parameters and nerve conduction velocity in rats (Anger et al. 1981), 
the 8-h value was set equal to the 4-h value. AEGL-2 values are presented in 
Table 5-7, and the calculations are shown in Appendix B. A category graph of 
AEGL values in relation to animal toxicity data is provided in Appendix C. 

 
7. DATA ANALYSIS FOR AEGL-3 

 
7.1. Summary of Human Data Relevant to AEGL-3 

 
ATSDR (1992) estimates that the concentrations of methyl bromide that 

lead to death in humans range from 1,600 to 60,000 ppm, depending on the du-
ration of exposure. These estimates are based on older studies with concentra-
tions that were either estimated or measured with techniques of limited sensitiv-
ity. Although the human data are not robust, the values can be considered as 
support for values derived from recent, well-conducted animal studies. 

 

7.2. Summary of Animal Data Relevant to AEGL-3 
 

Data relevant to deriving AEGL-3 values for methyl bromide were avail-
able from studies in the rat and mouse. The highest nonlethal concentrations and 
exposure durations for methyl bromide in the rat were 700 ppm for 4 h (Kato et 
al. 1986) and 268 ppm for 8 h (Honma et al. 1985). For the mouse, the highest 
nonlethal concentrations were 900 ppm for 1 h (Alexeeff et al. 1985) and 312 
ppm for 4 h (Yamano 1991). For each species, data from different laboratories 
provide a good fit to a dose-response curve with a time-scaling exponent of 1.2. 
On the basis of 30-min and 4-h LC50 values (Bakhishev 1975; Kato et al. 1986; 
Yamano 1991), it appears that the mouse is approximately two-fold more sensi-
tive to methyl bromide than the rat. This greater sensitivity might be related to 
the higher concentrations of GST in mouse tissues (Griem et al. 2002) and a 
higher respiratory rate. The mouse was also more sensitive than rats to the re-
lated chemical, methyl chloride (see Chapter 6). 

 

7.3. Derivation of AEGL-3 
 

Dividing the highest nonlethal values by any of the commonly used com-
bination of interspecies and intraspecies uncertainty factors of 100, 30, or 10 
results in values that are close to the ACGIH TLV-TWA values (currently 1 
ppm, but up to 20 ppm in previous years) in the first two cases and below the 
AEGL-2 values in the latter case. 
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TABLE 5-7 AEGL-2 Values for Methyl Bromide 
10 min 30 min 1 h 4 h 8 h 

940 ppm 
(3,657 mg/m3) 

380 ppm 
(1,478 mg/m3) 

210 ppm 
(817 mg/m3) 

67 ppm 
(261 mg/m3) 

67 ppm 
(261 mg/m3) 

 
 

Because of differences in methyl halide metabolism between mice and 
other rodents and because of the greater sensitivity of mice to the structurally-
similar chemical methyl chloride (metabolism is by the same GSH conjugation 
pathway), the mouse was not considered an appropriate model for deriving 
AEGL values for methyl bromide. The AEGL-3 values were based on the 
BMCL05 (benchmark concentration, 95% lower confidence limit with 5% re-
sponse) of 701 ppm, calculated using data from a 4-h exposure study in rats 
(Kato et al. 1986). That concentration was also the highest nonlethal value in the 
study. As in the derivation of AEGL-2 values, uncertainty factors of 1 and 3 
were applied to adjust for interspecies and intraspecies differences, respectively. 
Time scaling was conducted using the equation Cn × t = k, with n= 1.2, based on 
lethality data in the rat. Because uptake of methyl bromide is greater in rodents 
than in humans (based on comparative respiratory rates and comparisons with 
methyl chloride) and because GST concentrations are higher in rodents than in 
humans (resulting in more rapid production of toxic metabolites), an interspecies 
uncertainty factor of 1 was considered sufficient. Humans differ in their capacity 
to metabolize methyl bromide, but the difference is not considered to be greater 
than 3-fold from a toxicologic stand point (Nolan et al. 1985). In addition, use of 
an intraspecies uncertainty factor of 3 is supported by the steep dose-response 
curve for lethality, which indicates little intraspecies variation (see Chapter 6). 
Furthermore, larger reduction of the AEGL-3 values would result in values close 
to the AEGL-2 values. Therefore, an intraspecies uncertainty factor of 3 was 
considered sufficient. The AEGL-3 values are presented in Table 5-8. The 8-h 
AEGL-3 value of 130 ppm is supported by repeat-exposure studies, in which 
dogs exposed to methyl bromide at 156 or 158 ppm for 7 h/day did not exhibit 
severe clinical signs until the second or third day of exposure (Newton 1994a,b). 
There were no remarkable histopathologic lesions in the dogs at necropsy after a 
4-day exposure. Cerebellar lesions were observed in dogs that were first exposed 
to methyl bromide at 10 ppm for 7 h/day for 4 weeks, and then exposed at 158 
ppm for 6 days. 

 
8. SUMMARY OF AEGLS 

 
8.1. AEGL Values and Toxicity End Points 

 
AEGL values for methyl bromide are presented in Table 5-9, and deriva-

tion summaries are provided in Appendix D. 
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TABLE 5-8 AEGL-3 Values for Methyl Bromide 
10 min 30 min 1 h 4 h 8 h 

3,300 ppm 
(12,837 mg/m3) 

1,300 ppm 
(5,057 mg/m3) 

740 ppm 
(2,879 mg/m3) 

230 ppm 
(895 mg/m3) 

130 ppm 
(506 mg/m3) 

 
 
TABLE 5-9 Summary of AEGL Values for Methyl Bromide 
Classification 10 min 30 min 1 h 4 h 8 h 
AEGL-1 
(nondisabling) 

NRa NRa NRa NRa NRa 

AEGL-2 
(disabling) 

940 ppm 
(3,657  
mg/m3) 

380 ppm 
(1,478  
mg/m3) 

210 ppm 
(817  
mg/m3) 

67 ppm 
(261  
mg/m3) 

67 ppm 
(261  
mg/m3) 

AEGL-3 
(lethal) 

3,300 ppm 
(12,837  
mg/m3) 

1,300 ppm 
(5,057  
mg/m3) 

740 ppm 
(2,879  
mg/m3) 

230 ppm 
(895  
mg/m3) 

130 ppm 
(506  
mg/m3) 

aNumerical values are not recommended because the data indicate that toxic effects might 
occur below the odor threshold for methyl bromide. Absence of an AEGL-1 value does 
not imply that exposure below the AEGL-2 value is without adverse effects. 
Abbreviations: NR, not recommended. 

 
8.2. Comparison with Other Standards and Guidelines 

 
Guidelines and standards for methyl bromide are presented in Table 5-10. 

The American Industrial Hygienists Association (AIHA 1997) did not establish 
a level 1 Emergency Response Planning Guideline (ERPG-1) for methyl bro-
mide because the chemical is not detectable by odor or irritation at concentration 
below its level 2 guideline (ERPG-2). AEGL-1 values were not derived for the 
same reason. The 1-h ERPG-2 of 50 ppm is based on animal and human data 
that suggest no significant respiratory irritation or CNS dysfunction at that con-
centration. The 1-h ERPG-3 of 200 ppm is based on the observation of Clarke et 
al. (1945) that exposures of relatively short duration (≤2 h), which might have 
been as low as 250 ppm, have been lethal to animals and humans. However, the 
observations of Clarke et al. are based on older, poorly cited sources. The 
AEGL-2 and AEGL-3 values are larger than the corresponding ERPG values 
and are based on more recent animal data. 

The immediately dangerous to life or health (IDLH) standard established 
by the National Institute for Occupational Safety and Health (NIOSH 1994) is 
comparable to the corresponding AEGL-2 value. The IDLH of 250 ppm is based 
on acute inhalation toxicity data from Clarke et al. (1945), which indicated that 
methyl bromide at 220 ppm can be endured for several hours without serious 
effects. NIOSH acknowledges that 250 ppm might be a conservative value be-
cause there are no data for workers exposed above 250 ppm. 
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From 1948-1962, the TLV-TWA for methyl bromide was 20 ppm 
(ACGIH 2004). A skin notation was added in 1961. The TLV-TWA was re-
duced to 15 ppm in 1973. That standard was subsequently reduced in 1979 to 5 
ppm, and a short-term exposure limit (STEL) of 15 ppm was established. In 
1996, based on uncertain results in the Reuzel et al. (1991) study, the TLV-
TWA was lowered to 1 ppm. The 1 ppm concentration protects against mild 
irritation of the nasal mucosa. ACGIH notes that extensive experience in occu-
pational exposures did not indicate adverse health effects at the previous TLV-
TWA of 5 ppm. 
 
 
TABLE 5-10 Extant Standards and Guidelines for Methyl Bromide 

Exposure Duration 
Guideline 10 min 30 min 1 h 4 h 8 h 
AEGL-1 NRa NRa NRa NRa NRa 

AEGL-2 940 ppm 380 ppm 210 ppm 67 ppm 67 ppm 

AEGL-3 3,300 ppm 1,300 ppm 740 ppm 230 ppm 130 ppm 

ERPG-1 (AIHA)b   NA   

ERPG-2 (AIHA)   50 ppm   

ERPG-3 (AIHA)   200 ppm   

IDLH (NIOSH)c  250 ppm    

TLV-TWA 
(ACGIH)d 

    1 ppm 
(skin)e 

REL-TWA  
(NIOSH)f 

    Lowest feasible 
concentration 

PEL-TWA 
(OSHA)g 

    None 

PEL-C 
(OSHA)h 

    20 ppm 
(skin)e 

MAK 
(Germany)i 

    Skine 
 

MAC 
(The Netherlands)j 

    0.3 ppm 

aNumerical values are not recommended because the data indicate that toxic effects might 
occur below the odor threshold for methyl bromide. Absence of an AEGL-1 value does 
not imply that exposure below the AEGL-2 value is without adverse effects. 
bERPG (emergency response planning guidelines, American Industrial Hygiene Associa-
tion (AIHA 1997). 
The ERPG-1 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1h without experiencing other than mild, transient 
adverse health effects or without perceiving a clearly defined objectionable odor. 
The ERPG-2 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing or developing irreversi-
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ble or other serious health effects or symptoms that could impair an individual’s ability to 
take protection action. 
The ERPG-3 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing or developing life-
threatening health effects. 
cIDLH (immediately dangerous to life or health, National Institute for Occupational 
Safety and Health) (NIOSH 1994) originally represented the maximum concentration 
from which one could escape within 30 min without any escape-impairing symptoms or 
any irreversible health effects in the event that protective respiratory equipment failed. 
NIOSH is currently assessing the diverse uses of IDLHs and determining whether the 
original criteria used to derive the IDLH values are valid, or if other criteria should be 
used. Currently, NIOSH considers an IDLH exposure condition as one “that poses a 
threat of exposure to airborne contaminants when that exposure is likely to cause death or 
immediate or delayed permanent adverse health effects or prevent escape from such an 
environment.” The original purpose of the IDLH remains (to ensure worker escape in the 
event of protective respiratory-equipment failure). The IDLH of 250-ppm is based on 
acute inhalation toxicity data in humans (Clarke et al. 1945). However, the value is con-
sidered possibly “conservative” because there was a lack of relevant acute toxicity data 
for workers exposed at concentrations above 220 ppm. 
dTLV-TWA (threshold limit value - time weighted average, American Conference of 
Governmental Industrial Hygienists) (ACGIH 2004) 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. Certain sensitive popu-
lations might not be adequately protected from adverse health effects at or below this 
concentration. This TLV differs from the ceiling of 20 ppm established by OSHA be-
cause of ACGIH considered the potential carcinogenicity methyl bromide, its capacity to 
be absorbed through the skin, its marked neurotoxicity, and its significant nasal and der-
mal irritation, which warrant a greater degree of caution and a reduction in the previously 
recommended TLV for occupational exposure. The classification of A4 indicates that 
methyl bromide is considered “not classifiable as a human carcinogen.” Data were insuf-
ficient to recommend a TLV-STEL for methyl bromide. 
eSkin notation indicates the danger of cutaneous absorption. 
fREL-TWA (recommended exposure limit - time weighted average, National Institute for 
Occupational Safety and Health). There is no REL-TWA for methyl bromide; NIOSH 
considers methyl bromide a potential occupational carcinogen, as defined by the OSHA 
carcinogen policy [29 CFR 1990 [1980].g PEL-TWA (Permissible Exposure Limits - 
Time Weighted Average, Occupational Safety and Health Administration) (NIOSH 2010 
is defined analogous to the ACGIH TLV-TWA, but is for exposures of no more than 10 
h/day, 40 h/week. 
hPEL-C (permissible exposure limit-ceiling) (NIOSH 2010) is a value that must not be 
exceeded during any part of the workday. The PEL-TWA of 5 ppm established by OSHA 
in 1989 was vacated in 1993, and the ceiling limit of 20 ppm, with a skin notation, has 
been retained. 
iMAK (maximale arbeitsplatzkonzentration [maximum workplace concentration]) 
(Deutsche Forschungsgemeinschaft [German Research Association] (DFG 1999) is 
analogous to the ACGIH TLV-TWA, but there is no current MAK value for methyl bro-
mide; there is a skin notation and it is considered a Group IIIB substance (“justifiably 
suspected of having carcinogenic potential”) because of its potential carcinogenicity. 
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jMAC (maximaal aanvaarde concentratie [maximal accepted concentration]) (Dutch  
Expert Committee for Occupational Standards, The Netherlands (MSZW 2004) is de-
fined analogous to the ACGIH TLV-TWA. 
Abbreviations: NA, not appropriate; NR, not recommended. 
 
 
8.3. Data Adequacy and Research Needs 
 

Data on human exposures to known concentrations of methyl bromide are 
lacking. The database of animal studies is robust, containing information on 
multiple species (dog, rat, mouse, rabbit, and guinea pig) and involving acute 
and longer-term exposure studies that address lethal and sublethal effects, repro-
ductive and developmental toxicity, genotoxicity, and chronic toxicity and car-
cinogenicity. Information on metabolism and mechanism of action are supported 
by studies, including clinical studies, with the related chemical, methyl chloride. 
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APPENDIX A 
 

TIME-SCALING CALCULATION FOR METHYL BROMIDE 
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FIGURE A-1 Regression line of LC50 data in rats. Source: Data from Bakhishev 1973; 
Honma et al. 1985; Kato et al. 1986; Zwart 1988). 

 
Data: 
Time (min) Concentration (ppm) Log time Log concentration 
3.5 19,460 0.5441 4.2891 
30 2,830 1.4771 3.4518 
60 1,880 1.7782 3.2742 

240 780 2.3802 2.8921 
480 302 2.6812 2.4800 
480 334 2.6812 2.5237 

 
Regression Output: 
Intercept 4.7129 

Slope -0.8115 

R Squared 0.9914 

Correlation -0.9957 

Degrees of Freedom 4 

Observations 6 
n = 1.23 
k = 642,119 
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APPENDIX B 
 

DERIVATION OF AEGL VALUES FOR METHYL BROMIDE 

 
Derivation of AEGL-1 Values 

 
AEGL-1 values are not recommended because toxic effects might occur 

below the odor threshold for methyl bromide. Absence of AEGL-1 values does 
not imply that exposures below the AEGL-2 values are without adverse effects. 

 
Derivation of AEGL-2 Values 

 
Key studies: Hurtt, M.E., D.A. Thomas, P.K. Working,  

T.M. Monticello, and K.T.  Morgan. 1988. 
Degeneration and regeneration of the olfactory 
epithelium following inhalation exposure to 
methyl bromide: pathology, cell kinetics, and 
olfactory function. Toxicol. Appl. Pharmacol. 
94(2):311-328. 

 

 Hastings, L. 1990. Sensory neurotoxicology:  
Use of the olfactory system in the assessment of 
toxicity. Neurotoxicol. Teratol. 12(5):455-459. 

 

 Japanese Ministry of Labour. 1992. Toxicology 
and Carcinogenesis Studies of Methyl Bromide  
in F344 Rat and BDF Mice (Inhalation Studies). 
Industrial Safety and Health Association,  
Japanese Bioassay Laboratory, Tokyo (as cited  
in IPCS 1995). 

 

 Newton, P.E. 1994a. An Up-and-Down Acute 
Inhalation Toxicity Study of Methyl Bromide in 
the Dog. Study No. 93-6067. Pharmaco LSR,  
East Millstone, NJ. 

 

Toxicity end points: Clinical signs of neurotoxicity, NOAEL is 200 
ppm for 4 h 

 

Time scaling: C1.2 × t = k, based on rat lethality data 
 k = (200 ppm ÷ 3)1.2 × 240 min 
 k = 37,059.7 ppm-min 
 

Uncertainty factors: 1 for interspecies differences 
 3 for intraspecies differences 
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Methyl Bromide 

Modifying factor: Not applied 
 

Calculations: 
 

10-min AEGL-2: C1.2 = 37,059.7 ppm-min ÷ 10 min 
 C = 940 ppm 
 

30-min AEGL-2: C1.2 = 37,059.7 ppm-min ÷ 30 min 
 C = 380 ppm 
 

1-h AEGL-2: C1.2 = 37,059.7 ppm-min ÷ 60 min 
 C = 210 ppm 
 

4-h AEGL-2: C1.2 = 37,059.7 ppm-min ÷ 240 min 
 C = 67 ppm 
 

8-h AEGL-2: Set equal to the 4-h AEGL-2 of 67 ppm 
 (If based on a chronic NOAEL of 33 ppm for 

mice (NTP 1992), a 4-day NOAEL of 55 ppm  
for clinical signs and tissue lesions in dogs 
(Newton 1994a), and the 36-week NOAEL of  
55 ppm for neurobehavioral parameters and  
nerve conduction velocity in rats (Anger et al. 
1981), the time-scaled value would be 37 ppm.) 

 
Derivation of AEGL-3 Values 

 
Key study: Kato, N., S. Morinobu, and S. Ishizu. 1986. 

Subacute inhalation experiment for methyl 
bromide in rats. Ind. Health 24(2):87-103. 

 

Toxicity end point: BMCL05 of 701 ppm in the rat 
 
Time scaling: C1.2 × t = k, based on rat lethality data. 
 k  = (701 ppm ÷ 3)1.2 × 240 min 
 k = 166,927.3 ppm-min 
 

Uncertainty factors: 1 for interspecies differences 
 3 for intraspecies variability 
 

Modifying factor: Not applied 
 

Calculations: 
 

10-min AEGL-3: C1.2 = 166,927.3 ppm-min ÷ 10 min 
 C = 3,300 ppm 
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30-min AEGL-3: C = 166,927.3 ppm-min ÷ 30 min 
 C = 1,300 ppm 
 

1-h AEGL-3 C = 166,927.3 ppm-min ÷ 60 min 
 C = 740 ppm 
 

4-h AEGL-3: C = 166,927.3 ppm-min ÷ 240 min 
 C = 230 ppm 
 

8-h AEGL-3: C = 166,927.3 ppm-min ÷ 480 min 
 C = 130 ppm 
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APPENDIX C 
 

CATEGORY GRAPH OF TOXICITY DATA AND 
AEGL VALUES FOR METHYL BROMIDE 
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FIGURE C-1 Category graph of toxicity data on methyl bromide compared with AEGL 
values. All of the toxicity data pertain to laboratory animals; no clinical data were avail-
able. 
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APPENDIX D 
 

ACUTE EXPOSURE GUIDELINE LEVELS FOR METHYL BROMIDE 
 

Derivation Summary for Methyl Bromide 

 
AEGL-1 VALUES 

 
AEGL-1 values are not recommended because toxic effects might occur 

below the odor threshold for methyl bromide. Absence of AEGL-1 values does 
not imply that exposures below the AEGL-2 values are without adverse effects. 
 
 

AEGL-2 VALUES 
10 min 30 min 1 h 4 h 8 h 

940 ppm 380 ppm 210 ppm 67 ppm 67 pm 

Key references: 
(1) Hurtt, M.E., D.A. Thomas, P.K. Working, T.M. Monticello, and K.T. Morgan. 
1988. Degeneration and regeneration of the olfactory epithelium following 
inhalation exposure to methyl bromide: Pathology, cell kinetics, and olfactory 
function. Toxicol. Appl. Pharmacol. 94(2):311-328. 
(2) Hastings, L. 1990. Sensory neurotoxicology: Use of the olfactory system in  
the assessment of toxicity. Neurotoxicol. Teratol. 12(5):455-459. 
(3) Japanese Ministry of Labour. 1992. Toxicology and Carcinogenesis Studies  
of Methyl Bromide in F344 Rat and BDF Mice (Inhalation Studies). Industrial 
Safety and Health Association, Japanese Bioassay Laboratory, Tokyo (as cited  
in IPCS 1995). 
(4) Newton, P.E. 1994a. An Up-and-Down Acute Inhalation Toxicity Study of 
Methyl Bromide in the Dog. Study No. 93-6067. Pharmaco LSR, East Millstone, NJ. 

Test species/Strain/Number: (1) dog/beagle/1 (with support from higher and lower 
exposures; (2) rat/not specified/30; (3) rat/F-344/10 male and 10 female; and (4) 
rat/male F-344/15 

Exposure route/Concentrations/Durations: Inhalation, (1) 233 ppm for 5 h; (2) 200 
ppm for 4 h; (3) 225 ppm for 4 h; and (4) 200 ppm for 6 h 

Effects: 
(1) No toxic signs or brain lesions; (2) no clinical signs; (3) reversible metaplasia of 
the olfactory epithelium; and (4) no clinical signs, reversible olfactory epithelium 
degeneration. 

End point/Concentration/Rationale: Threshold for neurotoxic signs is 200 ppm for 4 
h. Neurotoxicity (e.g., ataxia) would inhibit the ability to escape. Olfactory lesions 
were considered specific to the rat. 

(Continued) 
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Methyl Bromide 

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

940 ppm 380 ppm 210 ppm 67 ppm 67 pm 

Uncertainty factors/Rationale: 
Total uncertainty factor: 3 
Interspecies: 1, based on studies with methyl chloride, uptake is greater in rodents 
than in humans; GST concentrations are greater in rodents than humans, resulting in 
faster production of toxic metabolites. 
Intraspecies: 3, differences in metabolism among humans are no greater than 3-fold 
(Nolan et al. 1985). 

Modifying factor: Not applied 

Animal-to-human dosimetric adjustment: Not applied  

Time scaling: C1.2 × t = k, based on lethality studies with the rat. 

Data adequacy: Although there are no controlled clinical studies, the database of 
experimental animal studies is robust. Studies of dogs exposed to methyl bromide at 
156 ppm (no clinical signs for first 2 days) or 268 ppm (severe signs during first day) 
indicate that 200 ppm for 4 h would be near the threshold for neurotoxicity in dogs 
(Newton 1994a). 

 
AEGL-3 VALUES 

10 min 30 min 1 h 4 h 8 h 

3,300 ppm 1,300 ppm 740 ppm 230 ppm 130 ppm 

Key Reference: Kato, N., S. Morinobu, and S. Ishizu. 1986. Subacute inhalation 
experiment for methyl bromide in rats. Ind. Health 24(2):87-103. 

Test species/Strain/Number: Male rat/Sprague-Dawley/5 or 10 

Exposure route/Concentrations/Durations: Inhalation at 502, 622, 667, 701, 767, 
808, 832, or 896 ppm for 4 h 

Effects: clinical signs were not described 
 502 ppm no morality 
 622 ppm no mortality 
 667 ppm no mortality 
 701 ppm no mortality 
 767 ppm 30% mortality 
 799 ppm 60% mortality 
 808 ppm 70% mortality 
 817 ppm 80% mortality 
 832 ppm 100% mortality 
 896 ppm 100% mortality 
LC50 = 780 ppm (95% confidence limits of 760-810 ppm) 
LC01 = 701 ppm 
BMCL05 = 701 ppm 

(Continued) 
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AEGL-3 VALUES Continued 
10 min 30 min 1 h 4 h 8 h 

3,300 ppm 1,300 ppm 740 ppm 230 ppm 130 ppm 

End point/Concentration/Rationale: BMCL05, 701 ppm, threshold for lethality 

Uncertainty factors/Rationale: 
Total uncertainty factor: 3 
Interspecies: 1, based on studies with methyl chloride, uptake is greater in rodents 
than in humans; GST concentrations are greater in rodents than humans, resulting in 
faster production of toxic metabolites. 
Intraspecies: 3, differences in metabolism among humans are no greater than 3-fold 
(Nolan et al. 1985). Use of an intraspecies uncertainty factor of 3 is supported by the 
steep dose-response curve for lethality which indicates that there might be little 
intraspecies variation (see Chapter 6). Furthermore, larger reduction of the AEGL-3 
values would result in values near the AEGL-2 values. 

Modifying factor: Not applied 

Animal-to-human dosimetric adjustment: Not applied 

Time scaling: C1.2 × t = k, based on several lethality studies with the rat 

Data adequacy: Although reliable human data are lacking, the database of animal 
studies is robust, consisting of acute, repeat-exposure, subchronic, chronic, 
neurotoxicity, genotoxicity, and carcinogenicity studies. 
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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 more than 270 EHSs. 

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

                                                 
2As defined pursuant to the Superfund Amendments and Reauthorization Act of 1986. 
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that series. AEGL documents for butane, chloroacetaldehyde, chlorobenzene, 
chloroform, methyl bromide, methyl chloride, and propane are each published as 
an appendix in this report. The committee concludes that the AEGLs developed in 
these appendixes are scientifically valid conclusions based on the data reviewed 
by NAC and are consistent with the NRC guideline reports. AEGL reports for 
additional 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 authors of the documents. The 
committee examined the draft documents and provided comments and recom-
mendations for how they could be improved in a series of interim reports. The 
authors revised the draft AEGL documents based on the advice in the interim 
reports and presented them for reexamination by the committee as many times 
as necessary until the committee was satisfied that the AEGLs were scientifi-
cally 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 five 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 five committee interim reports, which summa-
rize the committee’s conclusions and recommendations for improving NAC’s 
AEGL documents for butane (interim reports 17 and 20a), chloroacetaldehyde 
(interim report 17), chlorobenzene (interim report 17), chloroform (interim re-
ports 13, 14, and 18), methyl bromide (interim reports 18 and 20a), methyl chlo-
ride (interm reports 18 and 10a), and propane (interim reports 17 and 20a):  
Deepak Bhalla (Wayne State University), Harvey Clewell (The Hamner Insti-
tutes for Health Sciences), Jeffrey Fisher (U.S. Food and Drug Administration), 
David Gaylor (Gaylor and Associates, LLC), A. Wallace Hayes (Harvard 
School of Public Health), Sam Kacew (University of Ottawa), Kenneth Still 
(Occupational Toxicology Associates), Joyce Tsuji (Exponent, Inc.), and Judith 
Zelikoff (New York University). 

Although the reviewers listed above have provided many constructive 
comments and suggestions, they were not asked to endorse the conclusions or 
recommendations, nor did they see the final draft of this volume before its 
release. The review of interim report 13 was overseen by Sidney Green, Jr. 
(Howard University), and interim reports 14, 17, 18, and 20a were overseen by 
Robert Goyer (University of Western Ontario [retired]). Appointed by the 
NRC, they were responsible for making certain that an independent examina-
tion of the interim reports was carried out in accordance with institutional pro-
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cedures and that all review comments were carefully considered. Responsibil-
ity for the final content of this report rests entirely with the authoring commit-
tee and the institution. 

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

Donald E. Gardner, Chair 
Committee on Acute Exposure  
Guideline Levels 
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National Research Council Committee 
Review of Acute Exposure Guideline 

Levels of Selected Airborne Chemicals 

 
This report is the twelfth volume in the series Acute Exposure Guideline 

Levels for Selected Airborne Chemicals. 
In the Bhopal disaster of 1984, approximately 2,000 residents living near a 

chemical plant were killed and 20,000 more suffered irreversible damage to their 
eyes and lungs following accidental release of methyl isocyanate. The toll was 
particularly high because the community had little idea what chemicals were 
being used at the plant, how dangerous they might be, 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 
evaluate the data, and how to present the results.  

In November 1995, the National Advisory Committee (NAC)1 for Acute 
Exposure Guideline Levels for Hazardous Substances was established to 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: 
 

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

of members from EPA, DOD, many other federal and state agencies, industry, academia, 
and other organizations. From 1996 to 2011, the NAC discussed over 300 chemicals and 
developed AEGLs values for at least 272 of the 329 chemicals on the AEGLs priority 
chemicals lists. Although the work of the NAC has ended, the NAC-reviewed technical 
support documents are being submitted to the NRC for independent review and finaliza-
tion. 
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AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m3 [milligrams per cubic meter]) of a substance above which it is 
predicted that the general population, including susceptible individuals, could 
experience notable discomfort, irritation, or certain asymptomatic nonsensory 
effects. However, the effects are not disabling and are transient and reversible 
upon cessation of exposure. 

AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting 
adverse health effects or an impaired ability to escape. 

AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience life-threatening adverse health effects or 
death. 
 

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

 
SUMMARY OF REPORT ON  

GUIDELINES FOR DEVELOPING AEGLS 
 

As described in Guidelines for Developing Community Emergency Expo-
sure Levels for Hazardous Substances (NRC 1993) and the NRC guidelines re-
port Standing Operating Procedures for Developing Acute Exposure Guideline 
Levels for Hazardous Chemicals (NRC 2001a), the first step in establishing 
AEGLs for a chemical is to collect and review all relevant published and 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-
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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 
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 were initially prepared by ad hoc AEGL devel-
opment teams consisting of a chemical manager, chemical reviewers, and a staff 
scientist of the NAC contractors—Oak Ridge National Laboratory and subse-
quently Syracuse Research Corporation. The draft documents were then re-
viewed by NAC and elevated from “draft” to “proposed” status. After the AEGL 
documents were approved by NAC, they were published in the Federal Register 
for public comment. The reports were then revised by NAC in response to the 
public comments, elevated from “proposed” to “interim” status, and sent to the 
NRC Committee on Acute Exposure Guideline Levels for final evaluation. 

The NRC committee’s review of the AEGL reports prepared by NAC and 
its contractors involves oral and written presentations to the committee by the 
authors of the reports. The NRC committee provides advice and recommenda-



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 12

NRC Committee Review of Acute Exposure Guideline Levels 7 

tions for revisions to ensure scientific validity and consistency with the NRC 
guideline reports (NRC 1993, 2001a). The revised reports are presented at sub-
sequent meetings until the committee is satisfied with the reviews. 

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 
AEGL reports. Thus far, the committee has prepared eleven reports in the series 
Acute Exposure Guideline Levels for Selected Airborne Chemicals (NRC 2001b, 
2002b, 2003, 2004, 2007b, 2008b, 2009, 2010a,b, 2011, 2012). This report is the 
twelfth volume in that series. AEGL documents for butane, chloroacetaldehyde, 
chlorobenzene, chloroform, methyl bromide, methyl chloride, and propane are 
each published as an appendix in this report. The committee concludes that the 
AEGLs developed in these appendixes are scientifically valid conclusions based 
on the data reviewed by NAC and are consistent with the NRC guideline reports. 
AEGL reports for additional chemicals will be presented in subsequent volumes. 
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