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Preface

Extremely hazardous substances (EHSs)? 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 |ethality datain 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 (AEGL ) 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 AEGL s 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. Thisreport isthe twelfth volumein

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

Xiii
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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 AEGL s 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 chemicalswill 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-
caly 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 avolume 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 ingtitution 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 Y ork 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-

Copyright © National Academy of Sciences. All rights reserved.
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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 Technica In-
formation Center), and Tamara Dawson (program associate). Finaly, | would
like to thank all members of the committee for their expertise and dedicated ef-
fort throughout the devel opment 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
L evels of Selected Airborne Chemicals

This report is the twelfth volume in the series Acute Exposure Guideline
Levelsfor Selected Airborne Chemicals.

In the Bhopal disaster of 1984, approximately 2,000 residents living near a
chemical plant werekilled 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 communitiesin
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 aso 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 afirst 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 tranglated into emergency exposure limits for exposures at high levels

3
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but of short duration, usually less than 1 hour (h), and only once in alifetime 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, 20003, 2002a, 20073, 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 resullts.

In November 1995, the National Advisory Committee (NAC)* 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 (AEGL s) 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.

AEGL s represent threshold exposure limits (exposure levels below which
adverse health effects are not likely to occur) for the genera 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 AEGL s are defined as follows:

INAC 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 AEGLSs 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/m® [milligrams per cubic meter]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory
effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or mg/m°) of a
substance above which it is predicted that the general population, including 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/m°) 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 genera public, including susceptible subpopulations, such as in-
fants, children, the elderly, persons with asthma, and those with other illnesses,
it isrecognized 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
AEGLsfor achemical isto 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 AEGLSs 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 AEGLSs. 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 extrapol ation.

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 AEGLSs corresponding
to carcinogenic risks of 1 in 10,000 (1 x 10, 1 in 100,000 (1 x 10®), and 1 in
1,000,000 (1 x 10°®) 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, 20014). 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-
guently 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 Levelsfor 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 al 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,
2002h, 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
AEGLSs developed in these appendixes are scientifically valid conclusions based
on the data reviewed by NAC and are consistent with the NRC guideline reports.
AEGL reportsfor additional chemicalswill be presented in subsequent volumes.
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Chlorobenzene'

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/m’]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic, nonsensory

'"This document was prepared by the AEGL Development Team composed of J.J.A.
Muller and Peter Bos (both from RIVM, The Dutch National Institute of Public Health
and the Environment), Julie M. Klotzbach (Syracuse Research Corporation), Chemical
Manager Marinelle Payton (National Advisory Committee [NAC] on Acute Exposure
Guideline Levels for Hazardous Substances), and Ernest V. Falke (U.S. Environmental
Protection Agency). The NAC reviewed and 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 scientifi-
cally valid conclusions based on the data reviewed by the NRC and are consistent with
the NRC guidelines reports (NRC 1993, 2001).

82
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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/m’) 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/m’) 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

Chlorobenzene is a flammable liquid with a high vapor pressure and a wa-
ter solubility of 50 milligrams per liter (mg/L) at 20°C. It is used as a solvent
and in the production of nitrochlorobenzene and intermediates for the synthesis
of dyestuffs, pharmaceuticals, and products for the rubber and plastic industries.
Chlorobenzene has an aromatic, almond-like odor. The odor threshold is 0.050
mg/L in water and is 0.2-1.8 ppm in air, although a value of 62 ppm has also
been reported for air.

The toxicity database on chlorobenzene is poor. Information often had to
be obtained from descriptions in reviews and summaries, and some older litera-
ture could not be obtained (e.g., Rozenbaum et al. [1947]). Human data include
to two kinetic studies with volunteers. Animal data included studies on terato-
genicity, reproductive toxicity, and mortality. A few studies with experimental
animals addressing central nervous system (CNS) depression were reviewed, but
were difficult to interpret.

AEGL-1 values are based on kinetic studies with volunteers. Effects in
subjects exposed to chlorobenzene at 60 ppm for 7 h (with a 1-h break after 3 h)
are indicative of slight CNS depression (drowsiness, heavy head, and headache)
and local irritation (Ogata et al. 1991), and are considered evidence of discom-
fort. These effects were not observed is subjects exposed at 10 ppm for 8 h
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(Knecht and Woitowitz 2000). Thus, 10 ppm was chosen as a conservative point
of departure for the derivation of AEGL-1 values. Because human data are used,
an interspecies uncertainty factor of 1 was used. Despite the fact that only a few
subjects were tested, an uncertainty factor of 1 for intraspecies variability was
considered appropriate because of the conservatism of the point of departure
already provides a margin of safety. (The point of departure of 10 ppm was ob-
tained from a repeated-exposure study, and effects observed at 60 ppm were
rather slight.) No information about the time dependency of the effects at 10 or
60 ppm is available. Because the effects at 60 ppm include irritation and CNS
effects, the 8-h AEGL-1 value of 10 ppm is considered appropriate for all time
points. Furthermore, Knecht and Woitowitz (2000) reported that chlorobenzene
concentrations in blood reached a steady-state level within 1 h.

There are no adequate human data for deriving AEGL-2 values. Some
studies with experimental animals report subtle CNS effects, but the relevance
of these effects to humans is difficult to interpret. The effects reported by Fran-
tik et al. (1994) and De Ceaurriz et al. (1983) are considered effects below those
defined by AEGL-2. A more appropriate study is the one by UBTL (1978), in
which rats and guinea pigs experienced narcosis and effects that would impair
ability to escape. A no-effect concentration of 2,990 ppm for 30 min was se-
lected as the point of departure for calculating AEGL-2 values. An interspecies
uncertainty factor of 3 was applied, because data were comparable for rats and
guinea pigs, suggesting no large interspecies differences, and the critical effect
is CNS depression. The concentration of chlorobenzene in the brain is probably
related directly to inhalation rate. Therefore, humans probably require higher
external exposures than rodents to obtain a similar concentration of chloroben-
zene in the blood or brain. Experience with anesthetic gases shows that interin-
dividual variability in CNS depression caused by these gases is generally not
greater than a factor of 2 or 3. Therefore, an intraspecies uncertainty factor of 3
was used. A combined uncertainty factor of 10 was considered appropriate be-
cause a larger factor would result in AEGL-2 values below 60 ppm, which a
concentration shown to cause only minor effects in humans. The 30-min AEGL-
2 was 300 ppm. The 30-min value was extrapolated to 10-min and 1-h values
using the equation C" x t = k, with default values of n = 1 for extrapolation to 1
h and n = 3 for extrapolation to 10 min. The 4- and 8-h AEGL-2 values were set
equal to the 1-h value because chlorobenzene concentrations in blood reach a
steady-state within 1 h and elimination is rapid. Furthermore, time scaling would
result in 4- and 8-h AEGL-2 values that conflict with human data (Ogata et al.
1991).

For the derivation of AEGL-3 values, several mortality studies were
found, but most were only available as summaries in other publications and
could not be judged on their merits. Bonnet et al. (1979, 1982) reported a 6-h
LCs (lethal concentration, 50% lethality) of 2,965 ppm for male rats and a 6-h
LCs of 1,886 ppm for mice. No deaths were reported in rats or guinea pigs ex-
posed to chlorobenzene at concentrations of up to 7,970 ppm for 30 min (UBTL
1978). Data in rats and guinea pigs reported by UBTL (1978) provide the most
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appropriate point of departure for AEGL-3 derivation. A total uncertainty factor
of 10 was applied on the same basis it was applied in the derivation of the
AEGL-2 values, and time scaling was performed the same as was done for the
AEGL-2 values. AEGL-3 values are consistent with the AEGL-2 values and are
supported by the 6-h LCy, of 1,873 ppm calculated from the probit equation re-
ported by Bonnet et al. (1982). AEGL values for chlorobenzene are presented in
Table 3-1.

1. INTRODUCTION

Chlorobenzene is a flammable liquid with a high vapor pressure and a wa-
ter solubility of 50 mg/L at 20°C. It is commercially produced by the chlorina-
tion of benzene in the presence of a catalyst (ATSDR 1990). Chlorobenzene is
used as a solvent and in the production of nitrochlorobenzene and intermediates
for the synthesis of dyestuffs, pharmaceuticals, and products for the rubber and
plastic industries (BUA 1990). The production volume of chlorobenzene in 1992
was 231 million pounds in the United States (EPA 1995). More current informa-
tion on production volumes was not available.

Chlorobenzene has an aromatic, almond-like odor. The odor threshold for
chlorobenzene in water is 0.050 mg/L and in air is 0.2-1.8 ppm (Verschueren
1983). Odor thresholds for chlorobenzene have been reported as low as 0.2 ppm
and as high as 62 ppm (Ruth 1986). Chemical and physical properties for
chlorobenzene are presented in Table 3-2.

2. HUMAN TOXICITY DATA
2.1. Acute Lethality

No data were available.

TABLE 3-1 Summary of AEGL Values for Chlorobenzene

End Point
Classification 10 min 30 min lh 4h 8h (Reference)
AEGL-1 10 ppm 10 ppm 10 ppm 10 ppm 10 ppm No irritant or CNS
(nondisabling) (47 (47 47 47 (47 effects (Ogata et al.
mg/m’) mg/m’) mg/m’) mg/m’) mg/m’) 1991; Knecht and
Woitowitz 2000)
AEGL-2 430 ppm 300 ppm 150 ppm 150 ppm 150 ppm  Narcosis (UBTL
(disabling) (2,021 (1,410 (705 (705 (705 1978)
mg/m’) mg/m’) mg/m’) mg/m’) mg/m’)
AEGL-3 1,100 ppm 800 ppm 400 ppm 400 ppm 400 ppm  No mortality in
(lethal) (5,170 (3,760 (1,880 (1,880 (1,880 rats or guinea pigs

mg/m’) mg/m’) mg/m’) mg/m?) mg/m’) (UBTL 1978)
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TABLE 3-2 Chemical and Physical Properties for Chlorobenzene

Parameter Value Reference
CAS registry no. 108-90-7
Synonyms Monochlorobenzene; benzene

chloride; phenylchloride; MCB;

chlorobenzol
Chemical formula C¢H;Cl
Molecular weight 112.56
Physical state Liquid ATSDR 1990
Color Colorless ATSDR 1990
Odor Aromatic, almond-like ATSDR 1990
Melting point -45.6°C ATSDR 1990
Boiling point 132°C ATSDR 1990
Liquid density (water = 1) 1.1058 g/cm’ ATSDR 1990
Solubility in water 500 mg/L at 20°C ATSDR 1990
Vapor pressure 8.8 mm Hg at 20°C ATSDR 1990
Flammability 1.8-9.6% ATSDR 1990
Lower explosive limit 1.3% NIOSH 2011
Conversion factors 1 mg/m® =0.22 ppm ATSDR 1990

1 ppm = 4.7 mg/m’

2.2. Nonlethal Toxicity
2.2.1. Case Reports

Several reviews including those of ACGIH (1991) and Hellman (1993)
cited reports in which inhalation and oral exposure to chlorobenzene are de-
scribed as having caused drowsiness, incoordination, and unconsciousness, as
well as irritation of the eyes and respiratory tract. However, exposure concentra-
tions were not specified.

Ruth (1986) reported that 205 ppm was an irritating concentration of
chlorobenzene, but the source of that information was not provided.

2.2.2. Experimental Studies
In a study investigating urinary metabolites of chlorobenzene, subjects

were asked to report subjective effects of the exposure (Ogata et al. 1991). Vol-
unteers were exposed to chlorobenzene at 60.2 + 3.9 ppm for 3 h in the morning
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and 4 h in the afternoon, with a 1-h break between exposures. The concentra-
tions were determined by gas chromatography and were reported to be constant
within a 5% range. All of the volunteers complained of a disagreeable odor and
drowsiness. Three had a heavy feeling in the head or headache, two had a throb-
bing pain in the eyes, and one had a sore throat. No information was given about
the onset of these complaints. Chlorobenzene did not affect pulse rates or sys-
tolic and diastolic pressure. Flicker fusion frequency values (frequency at which
successive flashes are seen as continuous) were reduced significantly from 39.1
to 35.9 cycles/second at the end of the 3-h exposure. No further effect was seen
in the afternoon. The significance of this finding is difficult to interpret.

Eight volunteers were exposed to chlorobenzene at 10 ppm for 8 h per day
for five consecutive days to determine the relationship between chlorobenzene
and urinary concentrations of its metabolites 4-chlorocatechol and chlorophenols
(Knecht and Woitowitz 2000). None of the subjects complained of irritant or
CNS effects (U. Knecht, Justus Liebig University Giessen, Germany, personal
commun., 2005).

2.2.3. Occupational and Epidemiologic Studies

The potential consequences of occupational exposure to chlorobenzene are
described in a report by Izmerov et al. (1988). These cases are not included in
the chapter because concentrations of chlorobenzene in those studies were un-
clear and coexposure to other chemicals was possible.

2.3. Neurotoxicity

Izmerov et al. (1988) described changes in electroencephalogram (EEG)
readings as “evident on an individual basis” during exposure to chlorobenzene
and as near-term and long-term effects. The specific changes were not de-
scribed. On the basis of changes in electrical brain activity, 0.2 mg/m® (0.044
ppm) appeared to be a threshold concentration (exposure duration unknown),
and 0.1 mg/m® (0.022 ppm) was a no-effect concentration. No further details
were provided in the Izmerov report, and the original publications were not
available. Therefore, these results are considered supplementary information.

2.4. Summary

No information is available on the acute lethality of chlorobenzene in hu-
mans. Chlorobenzene can be irritating to the eyes and respiratory tract, and signs
of CNS effects (drowsiness, heavy feeling in the head, and headache) have been
report in people exposed at 60 ppm for 7 h. Odor might have interfered with
subjective complaints of irritation. No complaints of irritation were described in
another study in which volunteer were exposed to chlorobenzene at 10 ppm for
8 h/day for 5 days.
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3. ANIMAL TOXICITY DATA
3.1. Acute Lethality

The acute lethality data on chlorobenzene in laboratory animals is pre-
sented in Table 3-3.

TABLE 3-3 Acute Lethality Data on Chlorobenzene in Laboratory Animals

Concentration Exposure
Species (sex) (ppm) Duration Effect Reference
Single exposure
Rats (male) 2,965 6h LCs Bonnet et al. 1982
Rats (or mice) 4,400 2h LCioo Rozenbaum et
al. 1947
Guinea pigs 7,970 30 min No mortality UBTL 1978
Rats 22,000 35h 2 of 3 died Eastman Kodak
Co. 1994
Rats 9,000 6h 2 of 3 died Eastman Kodak
Co. 1994
Rats 7,970 30 min No mortality UBTL 1978
Mice (female) 1,886 6h LCso Bonnet et al. 1979
Mice 7,832 2h LCgy Sanotsky and
Ulanova 1975
4,070 2h LCso
2,244 2h LCis
Related exposures
Rat (two- 450 6 h/d, 7 d/wk No mortality Nair et al. 1987
generation study) for up to 17 wk
Rabbits (pregnant) 3,000 6 h/d for 13 d Mortality John et al. 1984
1,000 No mortality
Rats (pregnant) 3,000 6 h/d for 10d Mortality John et al. 1984
1,000 No mortality
Rats 248 7h/d, 5 d/wk No mortality Dilley 1977
for 24 wk
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3.1.1. Rabbits

A description of a study by Rozenbaum et al. (1947) was obtained from a
report by ATSDR (1990), because the original publication could not be ob-
tained. Rabbits (sex and number not specified) exposed to chlorobenzene (head
only or whole body) at 550-660 ppm for 4 h died after 2 weeks, but no effects
were observed at 110-220 ppm. Rabbits were also reported to have died 2 weeks
after exposure to chlorobenzene at 537 ppm for 2 h. These results contrast with
findings in other studies. For example, repeated exposure of 32 male rabbits to
chlorobenzene at 248 ppm for up to 24 weeks did not increase mortality (Dilley
1977). In addition, no mortality was observed in a teratogenicity study of rabbits
exposed at 1,000 ppm (6 h/day for 10 days), but deaths were observed at 3,000
ppm (John et al. 1984) (see Section 3.3 for further details of this study).

3.1.2. Guinea Pigs

Groups of five guinea pigs per sex were exposed (whole body) to chloro-
benzene at mean (+ standard deviation [SD]) analytic concentrations of 2,990 +
53, 5,850 £ 1,350, or 7,970 + 355 ppm for 30 min, and were observed for 14
days. No deaths were observed at any concentration (UBTL 1978).

3.1.3. Rats

Bonnet et al. (1982) determined the 6-h LCs, for chlorobenzene in male
Sprague-Dawley rats. Twelve rats per concentration were exposed (whole body)
and observed for 14 days. Nominal test concentrations were not provided. Ac-
tual concentrations were determined using gas chromatography, but information
on the exposure concentrations was limited to a graph on log scale. It was esti-
mated that the lowest concentration tested in rats was approximately 2,000 ppm
and was associated with 8% mortality. The LCsy was 2,965 ppm (95% confi-
dence interval [CI]: 2,787-3,169 ppm), with a regression line of probit = -33 +
10.9 logC (the paper presented a positive intercept [+33] but the data indicate
that it should be -33). Hypotony, stereotypy, somnolence, tremor, and muscle
contractions were observed during exposure.

A 2-h LCyy value of 4,400 ppm for rats was determined by Rozenbaum et
al. (1947, as reported by BUA 1990). However, according to ATSDR (1990),
this study was performed in mice. The original publication could not be re-
trieved to clarify the discrepancy.

The following statement was found in a submission to the U.S. Environ-
mental Protection Agency (Eastman Kodak Co 1994): “Acute exposure to
22,000 ppm for 3% h killed 2/3 rats in 2% h while 9,000 ppm for 6 h killed 2/3
rats in 3 h.” A reference to unpublished data from the Eastman Kodak Company
was cited, but the original study was not available.
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Groups of five rats per sex were exposed (whole body) to chlorobenzene
at mean (+ SD) analytic concentrations of 2,990 + 53, 5,850 + 1,350, or 7,970 +
355 ppm for 30 min, and animals were observed for 14 days. No deaths were
observed at any concentration (UBTL 1978).

Repeated exposure of 32 male rats to chlorobenzene at 248 ppm for up to
24 weeks did not result in mortality (Dilley 1977). In addition, no mortality was
observed in a two-generation study (450 ppm, 6 h/day, 7 days/week for 17
weeks) (Nair et al. 1987) or in a rat developmental toxicity study (1,000 ppm,
6 h/day for 10 days) (John et al. 1984). However, in the latter study, increased
mortality was observed at 3,000 ppm (John et al. 1984).

3.1.4. Mice

Bonnet et al. (1979) determined the 6-h LCs, of chlorobenzene in female
mice (OF;). Groups of 25 mice were exposed to chlorobenzene (whole body)
and observed for 14 days. Nominal test concentrations were not provided. Ac-
tual concentrations were determined using gas chromatography. The analytic
concentrations were 90-100% of the nominal concentrations. No details on the
exposure concentrations were provided other than a graph on log scale. It was
estimated that the lowest concentration tested was approximately 1,500 ppm and
caused approximately 20% mortality. The LCs, was 1,886 ppm (95% CI: 1,781
-1,980 ppm), with a regression line of probit = -17.06 + 6.734 logC (the paper
presented a positive intercept [+17.06] but the data indicate that it should be
-17.06).

Izmerov et al. (1988) described a study by Sanotsky and Ulanova (1975)
that found a 2-h LCsy of 4,070 ppm, an LC4 of 2,244 ppm, and an LCg, of 7,832
ppm for chlorobenzene in mice. Izmerov also reported that another study re-
ported that exposure to chlorobenzene at 2,200 ppm (duration unknown) failed
to kill mice, but that at 4,400 ppm three of four mice died. Neither of the pri-
mary studies could be obtained.

A 2-h LCyq value of 4,400 ppm for mice was reported by Rozenbaum et
al. (1947, as cited by ATSDR 1990). However, according to BUA (1990), this
study was performed in rats. The original publication could not be retrieved to
clarify the discrepancy.

3.2. Nonlethal Toxicity

The acute nonlethal effects of chlorobenzene in laboratory animals are
summarized in Table 3-4.

3.2.1. Guinea Pigs

Groups of five guinea pigs per sex were exposed (whole body) to chloro-
benzene at mean (= SD) analytic concentrations of 2,990 + 53, 5,850 + 1,350, or
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7,970 + 355 ppm for 30 min, and were observed for 14 days. No deaths were
observed at any concentration. At 2,990 ppm, slight ocular and nasal irritation
was observed, but none of the animals were judged to have an impaired ability
to escape. At the next higher concentration of 5,850 ppm, all guinea pigs suf-
fered from narcosis and were judged to have impaired ability to escape. No
deaths occurred at the highest concentration but ataxia occurred within 10 min
and narcosis was evident after 15 min (UBTL 1978).

TABLE 3-4 Acute Nonlethal Effects of Chlorobenzene in Laboratory Animals

Species Concentration Exposure
(sex) (ppm) Duration Effect Reference
Guinea pigs 2,990 30 min Slight ocular and nasal UBTL 1978
irritation; no impaired
ability to escape.
5,850 30 min Narcosis in all guinea pigs.
7,970 30 min Ataxia within 10 min and
narcosis within 15 min.
Rats 2,990 30 min Slight ocular and nasal UBTL 1978
irritation; no impaired ability
to escape.
5,850 30 min Narcosis in most rats.
7,970 30 min Ataxia at 10 min and narcosis
within 25 min.
Rats (male) 1,500 8 h/d for Reduction in auditory-evoked Rebert et al. 1995
5d response.
1,000 No effect.
Rats (male) 611 4h Shortening of the tonic Frantik et al. 1994
extension of the hind limbs
by 37.5% after electrical
stimulation.
Mice (male) 1,054 5 min RDs, for sensory irritation. De Ceaurriz et
al. 1981
Mice 75 3 h, once No effect on host defense. Aranyi et al. 1986
orfor5d
Mice (female) 610 2h Increased velocity of the tonic  Frantik et al. 1994
extension of the hind limbs by
30% after electrical stimulation.
Mice (male) 650 4h Decrease in immobility in De Ceaurriz et
the “behavioral despair” al. 1983

swimming test by 2.
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3.2.2. Rats

Groups of five rats per sex were exposed (whole body) to chlorobenzene
at mean (+ SD) analytic concentrations of 2,990 + 53, 5,850 + 1,350, or 7,970 +
355 ppm for 30 min, and were observed for 14 days. No deaths were observed at
any concentration. At 2,990 ppm, slight ocular and nasal irritation was observed
but none of the animals were judged to suffer from impaired ability to escape.
At the next higher concentration of 5,850 ppm, most rats suffered from “narco-
sis” and were judged to have impaired ability to escape; the animals recovered
quickly after exposure ended. No deaths occurred at the highest concentration,
but ataxia was present at 10 min and narcosis was evident in all animals after 25
min of exposure (UBTL 1978).

Frantik et al. (1994) investigated the relative neurotoxicity of several sol-
vents. Groups of four adult male rats (albino, specific pathogen free) were ex-
posed at least three concentrations of chlorobenzene (analytic purity) or to am-
bient air. Inhalation exposure was performed in a dynamic system for 4 h, and
concentrations were measured by gas chromatography. The actual exposure
concentrations were not specified. Most animals were tested three or four times
at intervals of 3 weeks. Immediately after exposure, the animals received a short
electrical pulse through ear electrodes. The duration of subsequent tonic exten-
sion of the hind limbs was determined. This parameter was shown to be the most
sensitive and consistent. The study authors calculated the concentration required
to induce a 37.5% change in the neurologic response (decrease in duration of the
tonic extension from 8 to 5 seconds). A 37.5%-effect concentration of 611 ppm
(90% CI: 538-684 ppm) was reported for chlorobenzene. The slope was
0.061%/ppm. A 37.5% response corresponds, according to the study authors, to
a concentration that does not influence normal locomotor activity or induce be-
havioral excitation, so it may be considered a sensitive neurologic end point.

Rebert et al. (1995) studied the effect of chlorobenzene on the auditory
system of rats. Groups of eight or nine male Long Evans rats were exposed (whole
body) at target concentrations of chlorobenzene of 500-2,400 ppm for 8 h per day
for 5 days. Analytic concentrations determined by gas chromatography were
within 10% of the target concentrations. Auditory function was assessed 3-13 days
after exposure using the brainstem auditory-evoked response (integrated ampli-
tude) elicited by 16-kilohertz (kHz) tone pips over a range of 25-95 decibels (dB),
with 10 dB increments. The average response over 55-85 dB was compared with
controls. A reduction in the integrated amplitude of the response was found in
animals exposed at 2,000 ppm or 2,400 ppm in one experiment and at approxi-
mately 1,500 or 2,000 ppm in another (estimated from a figure) but not at 500 or
1,000 ppm (estimated from a figure). For one of the experiments, the effect was
still present 4 weeks after exposure. Although it was not a subject in the Rebert
et al. (1995) study, it is known that exposure to other organic solvents can result in
permanent hearing loss from the destruction of cochlear hair cells. A reduction in
body weight gain was observed at 2,000 and 2,400 ppm. No information was
available on body weights of animals exposed at 1,500 ppm or less. Other effects

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

Chlorobenzene 93

are not described in this study. The highest concentration of 2,400 ppm is close
to the 6-h LCsy of 2,965 ppm in the rat study by Bonnet et al. (1982).

3.2.3. Mice

Frantik et al. (1994) investigated the relative neurotoxicity of several sol-
vents. Groups of eight female H-strain mice were exposed to at least three con-
centrations of chlorobenzene (analytic purity) or to ambient air. Inhalation expo-
sure was performed in a dynamic system for 2 h and concentrations were
measured by gas chromatography. The concentrations of chlorobenzene were
not defined. Most animals were used three or four times at intervals of 3 weeks.
Immediately after inhalation, the animals received a short electrical pulse
through ear electrodes. The velocity of tonic extension from toxicity was deter-
mined. This parameter was shown to be the most sensitive and consistent. The
authors calculated the concentration needed to induce a 30% change in the neu-
rologic response (decrease in velocity of the tonic extension). For chloroben-
zene, a 30%-effect concentration of 610 ppm was reported (90% CI: 320-900
ppm). The slope was 0.041%/ppm. This 30% response level corresponds, ac-
cording to the study authors, to a concentration that does not influence normal
locomotor activity or induced behavioral excitation.

De Ceaurriz et al. (1983) tested the effect of chlorobenzene on the dura-
tion of immobility during a 3-min “behavioral despair” swimming test. Groups
of 10 male Swiss OF; mice were exposed (whole body) for 4 h to chlorobenzene
at 0, 650, 785, 875, or 1,000 ppm. The analytic concentrations were determined
using gas-liquid chromatography but the results were not provided, so it was
assumed that the stated concentrations were the analytic concentrations. After
exposure, mice were placed in water, and duration of immobility was deter-
mined over 3 min and compared with that of control animals. A significant and
concentration-dependent decrease in immobility of -28, -45, -53, and -82% was
found at 650, 785, 875, and 1,000 ppm, respectively. The concentration at which
there was a 50% decrease in immobility was estimated to be 804 ppm (95% CI:
718-887 ppm).

De Ceaurriz et al. (1981) determined the concentration of chlorobenzene
that reduced the respiratory rate by 50% (RDsp) in mice. Groups of six male
Swiss OF; mice were exposed (head only) for 5 min to at least four different
concentrations of chlorobenzene. Respiratory rate was determined during expo-
sure with a plethysmograph. The analytic concentration was determined using
gas chromatography, but it is unclear whether the RDs, of 1,054 ppm was based
on target, nominal, or analytic concentrations.

Aranyi et al. (1986) examined the effect of chlorobenzene on murine host
defenses. Groups of approximately 150 female mice were exposed to chloroben-
zene at 75 ppm for 3 h once or five times on 5 consecutive days. Analytic con-
centrations were determined using gas chromatography and were in close
agreement with the target concentrations. Host defense status was determined by
challenge with Streptococcus zooepidemicus and Klebsiella pneumonia. Deaths
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were recorded daily over a 14-day observation period. No effect on mortality
from streptococcus challenge or on bactericidal activity was found.

3.3. Developmental and Reproductive Toxicity

Groups of 32-33 pregnant female F344 rats were exposed by inhalation
(whole body) to chlorobenzene at 0, 75, 210, or 590 ppm (99.982% pure, nomi-
nal concentrations) for 6 h per day on gestation days 6-15 (Hayes et al. 1982;
John et al. 1984). Animals were killed on day 21 of gestation and the fetuses
examined. Chlorobenzene concentrations in the chamber were determined with
infrared spectrophotometry. The time-weighted average analytic concentrations
were within 7-8% of the target concentrations. The exposure conditions of this
study were chosen on the basis of a preliminary range-finding study in which
test atmospheres of 0, 300, 1,000, and 3,000 ppm were generated, and 10 rats
per concentration were exposed 6 h/day on gestation days 6-5 and sacrificed on
day 16.

In the range-finding study, 3,000 ppm induced severe irritation of the eyes
and nasal area, signs of narcosis, and mortality (or a moribund state). The time
of onset of these effects was not specified. Effects observed at 1,000 ppm in-
cluded a reduction in absolute body weight, reduced food consumption, internal
and external lesions, an increase in relative kidney and liver weights, reduction
in thymus size, and an increase in the number of resorptions. At 300 ppm, only a
small decrease in body weight gain (on days 6-8) and an increase in relative
liver weight were observed.

In the main study, maternal toxicity observed only at the highest concen-
tration of 590 ppm, and consisted of a significant reduction in weight gain on
days 6-8 and a significant increase in absolute and relative liver weights. No
effects were found on pregnancy rate, litter size, resorptions, fetal body weights,
or the incidence of external or soft-tissue alterations. At the highest concentra-
tion some increases in skeletal variations, such as a delay in ossification, were
found (Hayes et al. 1982; John et al. 1984).

In another study, groups of 30 pregnant New Zealand white rabbits were
exposed (whole body) to chlorobenzene at 0, 75, 210, or 590 ppm (99.982%
pure, nominal concentrations) for 6 h/day on gestation days 6-18 (Hayes et al.
1982; John et al. 1984). Animals were killed on day 29 of gestation and the fe-
tuses were examined. Chlorobenzene concentrations in the chamber were deter-
mined with infrared spectrophotometry. The time-weighted average concentra-
tions were within 7-8% of the target concentrations. These exposure conditions
were chosen on the basis of a preliminary range-finding study in which groups
of seven rabbits were exposed at 0, 300, 1,000, and 3,000 ppm for 6 h/day on
gestation days 6-18, and sacrificed on day 19.

The effects observed at 3,000 ppm in the range-finding study with rabbits
were mortality (or moribund state) during exposure, severe systemic toxicity and
hepatotoxicity, reduced weight gain, and macroscopic changes of the liver. Ef-
fects observed at 1,000 ppm included reduced bodyweight gain on days 6-8 and
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macroscopic changes of the liver. Slight liver effects (not described) were found
at 300 ppm.

Maternal toxicity observed only in the 210- and 590-ppm groups, and con-
sisted of a significant increase in absolute and relative liver weights. No effects
were found on pregnancy rate, litter size, resorptions, or fetal body weights. A
small but not significant increase in head and facial anomalies and heart defects
was found in the 210- and 590-ppm groups. The incidence of an extra (thoracic)
rib (variation) was significantly increased in the offspring from does exposed at
580 ppm (Hayes et al. 1982; John et al. 1984).

Because of the small increase in malformations, the rabbit study was
repeated using concentrations of chlorobenzene at 10, 30, 75, and 590 ppm. Ma-
ternal toxicity was found only in the 590-ppm group, and consisted of an increase
in liver weight. The percentage of litters with resorptions was significantly in-
creased at 590 ppm, but this observation was within the historical-control range.
No effects were found on pregnancy rate, litter size, fetal body weights, or the
incidence of external, skeletal, or soft-tissue alterations (Hayes et al. 1982 John et
al. 1984). It was concluded from these studies in rats and rabbits that chloroben-
zene does not induce teratogenic or embryolethal effects at up to maternally-toxic
concentrations.

Nair et al. (1987) performed a two-generation reproduction study in rats
exposed to chlorobenzene by inhalation. Groups of 30 male and 30 female CD
rats were exposed (whole body) to target concentrations of 0, 50, 150, or 450
ppm for 6 h/day, 7 days per week. The analytic concentrations of chlorobenzene
were determined using a MIRAN 1A organic vapor analyzer, and were found to
be approximately 10% higher than target concentrations. No effects on mortal-
ity, body weight, food consumption, reproductive parameters, pup viability, or
survival were found. Hepatic toxicity was mainly seen at 150 and 450 ppm. In-
creases in the incidence of small flaccid testes and in the incidence and severity
of unilateral or bilateral degeneration (minimal to severe) of the germinal epithe-
lium were found at 450 ppm in both generations. Three of six affected rats ex-
posed at the highest concentration in each generation sired litters. Small in-
creases in these effects were also seen at 150 ppm. An increased incidence of
dilated renal pelvis was observed in males of the F, generation exposed at the
highest concentration and in all treated males of the F; generation. Microscopi-
cally, an increase in renal degeneration and inflammatory lesions was found at
the two highest concentrations.

The transfer of chlorobenzene to the fetus of pregnant mice after inhala-
tion exposure at 500 ppm for 1 h was shown by Shimada (1988b). It can be con-
cluded that chlorobenzene does not affect fertility in rats at concentrations up to
those that induce over maternal toxicity.

3.4. Genotoxicity

The genotoxicity of chlorobenzene has been evaluated in several in vitro
and in vivo models, as reviewed by NTP (1985), ATSDR (1990), BUA (1990),

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

96 Acute Exposure Guideline Levels

IPCS (1991), and Hellman (1993), reported in more recent studies. A sum-
mary of the information presented in these reviews are presented in the sec-
tions below.

3.4.1. In Vitro Studies

Results of several in vitro genotoxicity studies in nonmammlian test sys-
tems, including Salmonella typhimurium (Lawlor et al. 1979; Haworth et al.
1983; Shimizu et al. 1983; Simmon et al.1979, NTP 1985), Escherichia coli
(Lawlor et al. 1979), Aspergillus nidulans (Prasad 1970; Prasad and Pramer
1968), and Saccharomyces cerevisiae (Monsanto Company 1976), indicate that
chlorobenzene does not induce DNA damage or gene mutations. However,
chlorobenzene did induce mutations in Actinomycetes antibioticus (Keskinova
1968) and in another study of S. cerevisiae (Simmon et al. 1979).

Results of in vitro studies in mammalian cells have yielded conflicting re-
sults regarding the genotoxic potential of chlorobenzene. Chlorobenzene did not
induce gene mutations in mouse lymphoma cells (Monsanto Company 1976),
unscheduled DNA repair in rat liver cells (Shimada et al. 1983); Williams et al.
1989), or chromosome aberrations (Loveday et al. 1989). However, chloroben-
zene induced gene mutations in mouse lymphoma cells (McGregor et al. 1988)
and sister-chromatid exchange (Loveday et al. 1989). Chlorobenzene also pro-
duced decreases in cell proliferation and mitotic indices and an increase in sis-
ter-chromatid exchange rat bone-marrow cells (Khalil and Odeh 1994).

3.4.2. In Vivo Studies on Animals

Results of in vivo studies indicate that chlorobenzene has some potential
to induce genotoxicity, although conflicting results have been reported. In stud-
ies of interactions with DNA, chlorobenzene has been reported to bind DNA in
mouse liver, kidneys, and lungs (Grilli et al. 1985), and a guanine DNA adduct
was found in the urine of rats after exposure to chlorobenzene (Krewet et al.
1989). Chlorobenzene also inducted DNA damage in peripheral lymphocytes,
but not bone-marrow cells from mice following in vivo exposure (Vaghef and
Hellman 1995). Chlorobenzene induced a dose-related increase in the formation
of micronucleated polychromatic erythrocytes in the femoral bone marrow of
mice (Mohtashamipur et al. 1987). In contrast, in vivo exposure to chloroben-
zene did not induce mirconucleus formation in erythrocytes of the bone marrow
of mice (Shelby et al. 1993), dominant lethal mutations or sister-chromatid ex-
change in mice (Feldt 1985), or recessive lethal mutations in Drosophila
melanogaster (Valencia 1982).

3.4.3. Conclusion

The available information indicates that chlorobenzene has some potential
to induce DNA damage, which is further underpinned by the formation of
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epoxide-containing metabolites. However, because of conflicting results from
mutagenic tests in vitro and in vivo, it is unclear whether the genotoxic activity
could represent a risk to human health.

3.5. Carcinogenicity

No inhalation carcinogenicity studies are available for chlorobenzene.
However, a gavage study in rats and mice was performed by NTP (1985). That
study concluded that chlorobenzene increased the occurrence of neoplastic nod-
ules of the liver at high dose (120 milligrams per kilogram of body weight per
day) in male F344/N rats, providing some, but not clear evidence, of carcino-
genicity in male rats. Carcinogenic effects of chlorobenzene were not observed
in female F344/N rats or in male or female B6C3F; mice.

3.6. Summary

Only a few animal studies provide LCs, values. Bonnet et al. (1979) re-
ported 6-h LCs, values of 2,965 ppm and 1,886 ppm for male rats and female
mice, respectively. The concentration-response curve in rats was steep; the ex-
trapolated concentration range between 0-100% was covered by a factor of ap-
proximately 3. However, in mice the concentration-response curve was com-
paratively shallow and was covered by a factor of approximately 10. No deaths
were observed in rats or guinea pigs exposed at concentrations up to 7,970 ppm
for 30 min (UBTL 1978). Other studies were had limitations in their reporting or
were only available as a summary.

An RDs, for sensory irritation of 1,054 ppm in mice was assessed for
chlorobenzene (De Ceaurriz et al. 1981). Chlorobenzene was moderately irritat-
ing to the skin and not irritating to the eye in standard tests (Mihail 1984). Slight
ocular and nasal irritation was observed in rats and guinea pigs exposed at 2,990
ppm for 30 min (UBTL 1978). Ocular irritation in the rat was also observed af-
ter repeated exposure to chlorobenzene at 3,000 ppm (John et al. 1984).

Similar to many other volatile organic compounds, exposure to suffi-
ciently high concentrations of chlorobenzene can induce signs of CNS depres-
sion. CNS effects are concentration-related in a continuum of slight effects
(lightheadedness) to narcosis, and eventually lead to death from paralysis of the
respiratory center.

Animal data related to neurotoxicity are available include clinical effects
observed in standard studies and as measurements of specific parameters in spe-
cific studies. Ataxia and narcosis were reported in most rats and all guinea pigs
exposed to chlorobenzene at 5,850 ppm for 30 min; the effects occurred earlier
in guinea pigs than in rats (UBTL 1978). Several clinical effects indicative of
neurotoxicity were reported in the acute toxicity study on rats by Bonnet et al.
(1982). However, no information on the concentrations at which those effects
were observed was provided. Frantik et al. (1994) studied chlorobenzene expo-
sure in relation to the duration of the tonic extension of the hind limbs after a
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short electrical pulse in rats and mice. Neurologic responses (decrease in veloc-
ity of the tonic extension) of 30% and 37.5% were found in rats and mice, re-
spectively, exposed at 610 ppm for 4 h. This effect is considered a relatively
mild end point. Rebert et al. (1995) determined that the concentration threshold
for auditory changes in rats was 1,500 ppm (exposed for 8 h/ day for 5 days) and
that the no-observed effect level was 1,000 ppm. The concentration of chloro-
benzene that caused a 50% decrease in the duration of immobility in a “behav-
ioral despair” swimming test in mice was 804 ppm for 4 h (De Ceaurriz et al.
1983). This effect is considered a relatively mild end point.

The developmental studies of chlorobenzene in rats and rabbits (John et al.
1984) indicates that chlorobenzene does not induce irreversible structural effects
in animals when tested at up to maternally toxic concentrations of 590 ppm (for
6 h). In rats, an increase in fetal skeletal variations, such as delayed ossification,
was found at 590 ppm.

A two-generation test of chlorobenzene in rats (Nair et al. 1987) indicates
that chlorobenzene does not influence fertility at up to concentrations inducing
systemic toxicity in the parents of 450 ppm (for 6 h).

In vitro studies indicate that chlorobenzene does not induce DNA damage
or gene mutations in bacterial tests. Contradicting results were found in gene
mutation tests on yeast and DNA damage and gene-mutation tests using mam-
malian cells. Results of an in vitro test showed that chlorobenzene did not in-
duce chromosome damage. Based on the in vitro tests, DNA damage and gene
mutations cannot be excluded. In vivo studies indicate that chlorobenzene has
some potential for DNA damage. The results of the chromosome mutation tests
were contradictory. A mutagenic potential in vivo for chlorobenzene cannot be
excluded. Overall, the available information indicates that chlorobenzene has
some potential to induce DNA damage, perhaps associated with the formation of
epoxide-containing metabolites. However, because of conflicting results of the
in vitro and in vivo mutagenic tests, it is unclear whether the potential measured
in some of the studies represents a risk to human health.

The carcinogenicity of chlorobenzene was only tested in an oral study in
rats and mice (NTP 1985). NTP concluded that chlorobenzene increased the
occurrence of neoplastic nodules of the liver at 120 mg/kg/day in male F344/N
rats, but not in female F344/N rats or in male or female B6C3F; mice.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition
4.1.1. Absorption

Ogata and Shimada (1983) determined the metabolites excreted in the
urine of two workers exposed to chlorobenzene at 0.84 ppm for 415 min or 0.5
ppm for 228 min and compared it with their estimated intake. The main chloro-
benzene metabolites recovered in the urine were p-chlorobenzenemercaptic acid
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(MA) and 4-chlorocatechol (4-CC). Comparison of combined urinary metabo-
lites to the estimated dose of chlorobenzene ([MA + 4-CC] + estimated dose of
chlorobenzene expressed as mmole/kg body weight) were 0.38 and 0.45 for the
0.84 ppm (415 min) and 0.5 ppm (228 min) exposures, respectively.

Knecht and Woitowitz (2000) exposed eight volunteers to chlorobenzene
atl0 ppm for 8 h/day, with an interruption of 45 min, for 5 successive days to
determine a biologic tolerance level. Chlorobenzene concentrations in the blood
were determined at the end of each day and every 10 min after the last exposure
for 3.5 h. In one volunteer, the blood concentration was determined every hour
up to 4 h during exposure. Urinary concentrations of metabolites were collected
daily at before, during, and after exposure, and for 24 h after the last exposure.
Chlorobenzene in blood reached a steady-state level within 1 h during a 4-h ex-
posure at 10 ppm. No estimate of pulmonary absorption was provided.

4.1.2. Distribution

Sullivan et al. (1983) determined the distribution of '*C-labeled chloro-
benzene in rats after single or repeated 8-h exposures. Radioactivity in all tis-
sues, except fat, increased in proportion to the exposure concentration. The
amount of radiolabel in fat increased 30-fold between 100 and 700 ppm. Imme-
diately after exposure, radioactivity was highest in fat tissues. The preferential
distribution of chlorobenzene to adipose tissue reflects the lipophilic nature of
this compound, and is confirmed in a study with mice by Shimada (1988a).

4.1.3. Metabolism

The metabolism of chlorobenzene has been investigated in several species
(summarized in ATSDR 1990; BUA 1990; IPCS 1991). The first step in chloro-
benzene metabolism is hepatic oxidation by cytochrome P450 to mainly chloro-
benzene-3,4-epoxide, but also to chlorobenzene-2,3-epoxide and 3-chlorophenol.
The epoxides are converted enzymatically by glutathione-transferase to water-
soluble mercapturic-acid derivates and by epoxide hydratase via dihydrodihy-
droxychlorobenzene to chlorocathechols. Nonenzymatic rearrangement of the
epoxides results in the formation of chlorophenols. The chlorophenols and chloro-
cathechols can be eliminated in the urine directly or after conjugation with glu-
curonic acid or sulfate. There was some indication that metabolism was saturated
in rats exposed at 400 ppm. Metabolism can be affected by pretreatment with mi-
crosomal enzyme-inducing agents and by glutathione depletion. Binding of
chlorobenzene to protein, RNA, and DNA was shown in several studies and were
probably caused by the reactivity of the epoxide (BUA 1990).

4.1.4. Excretion

Chlorobenzene is eliminated unchanged via the lungs and as metabolites
principally in the urine and to a smaller extent in the feces. The main urinary
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metabolites are 4-chlorocatechol conjugates and 4-chlorophenylmercapturic
acid. The percentage eliminated via the lungs increases with concentration. The
elimination of inhaled chlorobenzene consists of a quick first phase (probably
exhalation of chlorobenzene) and a second slower phase (probably metabolism
and urinary excretion) (ATSDR 1990).

4.2. Mechanism of Toxicity

Acute inhalation exposure to chlorobenzene results in contact irritation
and CNS depression. Repeated also results in toxicity to several organs includ-
ing the liver, kidneys, and white blood cells.

As with many volatile organic compounds, the concentration of chloro-
benzene in the brain is probably the pivotal factor for CNS depression. Accord-
ing to De Jongh et al. (1998), the calculated concentration of chlorobenzene in
the lipid phase of the brain shows a good correlation with acute mortality data
for several volatile organic compounds. So, the concentration of chlorobenzene
in the brain lipid phase probably determines the potential for CNS depression
and, eventually, death from paralysis of the respiratory center.

No information is available on the mechanism of the toxicity to several
organs including liver, kidneys, and white blood cells after inhalation exposure.
However, studies (Reid 1973; Reid and Krishna 1973) with intraperitoneal ex-
posure to radioactive chlorobenzene show covalent binding to proteins. Also,
pretreatment with cytochrome-P450 inhibitors or inducers reduced or potenti-
ated the binding and the renal and hepatic necrosis. This suggests that toxic ef-
fects in the liver and kidneys and probably also white blood cells (or bone mar-
row) are from reactive metabolites. The reactive epoxides are normally removed
by the enzymatic reaction with glutathione or by epoxide hydratase. Repeated
exposure can, therefore, result in glutathione depletion. A decrease in glu-
tathione can result in an increase in covalent binding and toxicity.

The mechanism of action for the toxicity of chlorobenzene is unknown
and, therefore, the appropriate dose metric cannot be assessed. Physiologically-
based pharmacokinetic (PBPK) modeling could provide some additional insight
by evaluating correlations between selected dose metrics and dose-response data
from toxicity studies. However, not all metabolites can be modeled in sufficient
detail currently and the available data are scarce for appropriate dose-response
modeling. Therefore, the uncertainty was judged to be too large for using the
PBPK-modeling to derive AEGL values.

4.3. Structure-Activity Relationships

No quantitative structure-activity relationships were found for chloroben-
zene and its congeners. However, chlorobenzene shares its CNS-depressing ac-
tion with other aromatic compounds like benzene, toluene, and xylene. A com-
parison of LCsy values for several aromatic compounds (Bonnet et al. 1979,
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1982), indicated that chlorobenzene was one of most toxic compounds. Only
dichlorobenzene was more toxic than chlorobenzene.

4.4. Other Relevant Information
4.4.1. Irritation and Sensitization

Chlorobenzene was considered moderately irritating to the skin and nonir-
ritating to the eye in the OECD 404 and 405 tests (Suberg 1983). A maximiza-
tion test gave no indication of a sensitizing potential (Mihail 1984).

5. DATA ANALYSIS FOR AEGL-1
5.1. Summary of Human Data Relevant to AEGL-1

Ogata et al. (1991) exposed four volunteers to a chlorobenzene at 60 ppm
for 3 h in the morning and 4 h in the afternoon, with a 1-h break between expo-
sures. All volunteers complained of a disagreeable odor and of drowsiness after
exposure ended. Three subjects had a heavy feeling in the head or had head-
aches, two reported throbbing pain in the eyes, and one complained of sore
throat. No information was given about the time of onset of these complaints.
No effect on pulse rate or systolic and diastolic pressure was found. Flicker fu-
sion frequency values were reduced significantly at the end of the 3-h exposure
period in the morning, indicating lowered perception, but no further effect was
seen in the afternoon. The significance of this finding is difficult to interpret.

Knecht and Woitowitz (2000) exposed eight volunteers to chlorobenzene
at 10 ppm for 8 h/day for 5 days to determine the relationship between exposure
and urinary concentrations of 4-chlorocatechol and chlorophenols. None of the
subjects complained of irritant or CNS effects (U. Knecht, Justus Liebig Univer-
sity Giessen, Germany, personal commun. 2005).

5.2. Summary of Animal Data Relevant to AEGL-1

No adequate animal data relevant to the type of effects defined by the
AEGL-1 were found.

5.3. Derivation of AEGL-1

Effects in subjects exposed to chlorobenzene at 60 ppm are indicative of
slight CNS depression and local irritation (Ogata et al. 1991), and are considered
evidence of discomfort. These effects were not observed is subjects exposed at
10 ppm for 8 h (Knecht and Woitowitz 2000). Thus, 10 ppm was chosen as a
conservative point of departure for the derivation of AEGL-1 values. Because
human data are used, an interspecies uncertainty factor of 1 was used. Despite
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the fact that only a few subjects were tested, an uncertainty factor of 1 for in-
traspecies variability was considered appropriate because of the conservatism of
the point of departure already provides a margin of safety. (The point of depar-
ture of 10 ppm was obtained from a repeated-exposure study, and effects ob-
served at 60 ppm were rather slight.) No information about the time dependency
of the effects at 10 or 60 ppm is available. Because the effects at 60 ppm include
irritation and CNS effects (drowsiness, heavy feeling in the head, and headache),
the 8-h AEGL-1 value of 10 ppm is considered appropriate for all time points.
Furthermore, Knecht and Woitowitz (2000) reported that chlorobenzene concen-
trations in blood reached a steady-state level within 1 h. AEGL-1 values for
chlorobenzene are presented in Table 3-5.

6. DATA ANALYSIS FOR AEGL-2

6.1. Summary of Human Data Relevant to AEGL-2

No human data were available that adequately address toxicity end points
as defined by AEGL-2.

6.2. Summary of Animal Data Relevant to AEGL-2

Slight ocular and nasal irritation was found in guinea pigs exposed to
chlorobenzene at a mean (+ SD) analytic concentration of 2,990 + 53 ppm, but
none of the animals was judged to suffer from impaired ability to escape. At the
next higher concentration tested of 5,850 + 1,350 ppm, all guinea pigs and most
rats suffered from narcosis and were judged to have impaired ability to escape
(UBTL 1978). Frantik et al. (1994) determined that a 37.5% decrease in the du-
ration of tonic extension of the hind limbs of rats after a short electrical pulse
was induced after a 4-h exposure at 611 ppm. A comparable study in mice found
a 30% effect level at 610 ppm. The investigators noted that these concentrations
were not expected to influence normal locomotor activity or to induce behav-
ioral excitation, based on extrapolation from concentration-response data. Rebert
et al. (1995) determined a no-observed-effect level of 1,000 ppm for auditory
effects in rats exposed for 8 h/day for 5 days. Because organic solvents can in-
duce permanent hearing loss, this was considered a relevant end point for
AEGL-2 derivation. However, whether permanent hearing loss can be induced
by single exposure is unclear. De Ceaurriz et al. (1983) conducted a study to
evaluate behavioral response to swimming in an enclosed space (escape behav-
ior followed by immobility), and estimated the concentration of chlorobenzene
to elicit a 50% decrease in immobility to be 804 ppm. However, no signs of tox-
icity, such as motor impairment, were reported in response to chlorobenzene
exposure. Thus, this effect was considered a subtle change in neurobehavior.

Repeated exposure of rats and rabbits to chlorobenzene resulted in severe
effects at concentrations of 1,000 ppm and greater, in limited effects around 500
ppm, and no effects at 200 ppm (Hayes et al. 1982; John et al. 1984).
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TABLE 3-5 AEGL-1 Values for Chlorobenzene

10 min 30 min lh 4h 8h
10 ppm 10 ppm 10 ppm 10 ppm 10 ppm
(47 mg/m’) (47 mg/m®) (47 mg/m®) (47 mg/m®) (47 mg/m’)

6.3. Derivation of AEGL-2

There are no adequate human data for deriving AEGL-2 values, so animal
data were used. The threshold for AEGL-2 effects (impaired ability to escape) in
rats and guinea pigs appears to be between 2,900 ppm, which produced slight
ocular and nasal irritation, 5,980 ppm, which produced narcosis (UBTL 1978).

Behavioral and neurophysiologic effects were observed in rats and mice at
concentrations below 2,990 ppm (De Ceaurriz et al. 1983; Frantik et al. 1994;
Rebert et al. 1995); however, these observations were not considered suitable
bases for a point of departure for AEGL-2 values for the following reasons. Ef-
fects on brainstem auditory-evoked potential in rats were associated with re-
peated exposures at >1,000 ppm (8 h/day for 5 days) (Rebert et al. 1995), and
represent changes in sensitivity of the brain (or cochlear hair cells) to detect
sound at specific frequencies. The effects cannot be associated reliably with
concentrations would cause hearing loss sufficient to impair escape, nor can they
be extrapolated to single exposures as the effect observed might reflect cumula-
tive exposures over 5 days (Rebert et al. 1995).

Inhibition of electrically-evoked seizures in rats and mice (Frantik et al.
1994) was observed with chlorobenzene at 611 and 610 ppm, respectively. Sup-
pression of such seizure activity has been shown to be a predictor of CNS
depressing activity (e.g., narcosis) at higher concentrations for a variety of sub-
stances (Frantik et al. 1994). However, the CNS effects observed occurred at
concentrations below the levels that would be expected to produce CNS depres-
sion of sufficient magnitude to impair mobility or escape (based on results of
UBTL 1978). In addition, narcosis was not reported in the Frantik et al. (1994)
study.

Shortening the duration of the immobility response in mice occurred in as-
sociation with a 4-h exposure to chlorobenzene at 650 ppm (De Ceaurriz et al.
1983). This effect has been reported in rats and mice after treatment with antide-
pressant drugs (De Ceaurriz et al. 1983). The mechanism for the response to
chlorobenzene is not understood, although a CNS effect is suggested (De Ceaur-
riz et al. 1983). The effects in the De Ceaurriz et al. (1983) study would not be
sufficient to affect mobility (or escape) in the absence of a panic stimulus. In
mice, the effect was to shorten the duration of immobility, not to produce im-
mobility or lengthen the period of immobility. In addition, narcosis was not re-
ported in the study.

Given that the neurosensory and behavioral and effects observed at lower
concentrations are not directly relevant to AEGL-2 effects, the most appropriate
point of departure is the absence of AEGL-2 related effects in rats and guinea
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pigs exposed at 2,990 ppm for 30 min (UBTL 1978). An interspecies uncertainty
factor of 3 was applied because data were comparable for rats and guinea pigs,
suggesting no large interspecies differences, and the critical effect is CNS de-
pression. The concentration of chlorobenzene in the brain is probably related
directly to inhalation rate. Therefore, humans probably require higher external
exposures that rodents to obtain a similar concentration of chlorobenzene in the
blood or brain. Experience with anesthetic gases shows that interindividual vari-
ability in CNS depression is generally not greater than a factor of 2 or 3. There-
fore, an intraspecies uncertainty factor of 3 was used. A combined uncertainty
factor of 10 was considered appropriate because a larger factor would result in
AEGL-2 values that would conflict with human data (values would be lower
than 60 ppm, a concentration shown to cause only minor effects in humans).
With a combined uncertainty actor of 10, the 30-min AEGL-2 is 300 ppm.

The 30-min value was extrapolated across time periods using the equation
C" x t =Kk, with default values of n = 1 for extrapolation to 10-min and n = 3 for
extrapolation to 1-h values. The 4- and 8-h values were set equal to the 1-h value
because a steady-state chlorobenzene concentration in blood is reached within 1
h and its elimination is rapid. Furthermore, time scaling would result in 4- and
8-h AEGL-2 values (37 and 19 ppm, respectively) that conflict with human data
(Ogata et al. 1991). AEGL-2 values are presented in Table 3-6.

7. DATA ANALYSIS FOR AEGL-3
7.1. Summary of Human Data Relevant to AEGL-3

No human mortality data on chlorobenzene were available.

7.2. Summary of Animal Data Relevant to AEGL-3

Several animal studies relevant to deriving AGEL-3 values were available,
but most were available only from descriptions in secondary sources or were
from older literature that lacked adequate details. Mortality data on rabbits ex-
posed to chlorobenzene at 550-660 ppm (Rozenbaum et al. 1947 could not be
used because the results were from a secondary source and the findings con-
flicted with a developmental-toxicity study in which no mortality occurred in
rabbits exposed at 1,000 ppm (John et al. 1984). No deaths occurred in guinea
pigs exposed at 2,990, 5,850, or 7,970 ppm for 30 min (UBTL 1978).

Bonnet et al. (1982) estimated a 6-h LCs, of 2,965 ppm for chlorobenzene
in male Sprague-Dawley rats. This estimate is consistent with the results of a
range-finding developmental-toxicity study in rats, in which deaths were ob-
served at 3,000 ppm but not at 1,000 ppm (John et al. 1984). However, the
results of Bonnet et al. (1982) conflict with those of Rebert et al. (1995), who
reported no deaths in male Long Evans rats exposed at 1,000-2,400 ppm for
8 h/day for 5 days. Strain differences might have contributed to these conflicting
results.
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There are several studies of acute mortality in mice exposed to chloroben-
zene, but most descriptions lack adequate detail. A 6-h LCsy of 1,886 ppm in
mice was reported by Bonnet et al. (1979). Mice appear to be more sensitive
than rats to chlorobenzene.

7.3. Derivation of AEGL-3

Data in rats and guinea pigs reported by UBTL (1978) provide the most
appropriate point of departure for AEGL-3 derivation. No mortality occurred in
either species after exposure to chlorobenzene at 7,970 ppm for 30 min. Inter-
species and intraspecies factors of 3 were applied on the same basis they were
applied in the derivation of AEGL-2 values. Time scaling was also performed in
the same fashion as for the AEGL-2 calculations, and the 4- and 8-h AEGL-3
values were set equal to the 1-h value. Time scaling with n = 1 would result in
an 8-h AEGL-3 value of 50 ppm, which would not be consistent with the obser-
vation that only slight CNS depression and irritation occurred in humans ex-
posed at 60 ppm for 7 h. Table 3-7 summarizes the AEGL-3 values. These val-
ues are consistent with the AEGL-2 values (see Table 3-6) and are supported by
the 6-h LCy; of 1,873 ppm calculated from the probit equation reported by Bon-
net et al. (1982).

8. SUMMARY OF AEGLS
8.1. AEGL Values and Toxicity End Points

AEGL values for chlorobenzene are presented in Table 3-8.

8.2. Comparison with Other Standards and Guidelines

The immediate danger to life or health (IDLH) value of 1,000 ppm was
based on acute inhalation toxicity studies. With exception of the 10-min AEGL-
3 value, all AEGL-values are below the IDLH value. The 8-h AEGL-2 value is
about twice as high as the PEL-TWA (permissible exposure limits - time
weighted average) established by the Occupational Safety and Health Admini-
stration. The TLV-TWA (threshold limit value - time weighted average) of the
American Conference of Governmental Industrial Hygienists and analogous
German and Dutch standards are equal to the 8-h AEGL-1 value. A summary of
extant standards and guidelines for chlorobenzene is provided in Table 3-9.

TABLE 3-6 AEGL-2 Values for Chlorobenzene
10 min 30 min 1h 4h 8h

430 ppm 300 ppm 150 ppm 150 ppm 150 ppm
(2,021 mg/m®) (1,410 mg/m®) (705 mg/m’) (705 mg/m°) (705 mg/m°)
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TABLE 3-7 AEGL-3 Values for Chlorobenzene
10 min 30 min 1h 4h 8h

1,100 ppm 800 ppm 400 ppm 400 ppm 400 ppm
(5,170 mg/m®) (3,760 mg/m’) (1,880 mg/m’) (1,880 mg/m’) (1,880 mg/m’)

TABLE 3-8 Summary of AEGL Values for Chlorobenzene

Exposure Duration

Classification 10 min 30 min 1h 4h 8h

AEGL-1 10 ppm 10 ppm 10 ppm 10 ppm 10 ppm
(nondisabling) (47 mg/m®) (47 mg/m’) (47 mg/m?) (47 mg/m?) (47 mg/m®)
AEGL-2 430 ppm 300 ppm 150 ppm 150 ppm 150 ppm
(disabling) (2,021 mg/m®) (1,410 mg/m®) (705 mg/m®) (705 mg/m®) (705 mg/m’)
AEGL-3 1,100 ppm 800 ppm 400 ppm 400 ppm 400 ppm
(lethal) (5,170 mg/m®) (3,760 mg/m’) (1,880 mg/m’) (1,880 mg/m’) (1,880 mg/m’)

TABLE 3-9 Extant Standards and Guidelines for Chlorobenzene

Exposure Duration

Guideline 10 min 30 min 1h 4h 8h
AEGL-1 10 ppm 10 ppm 10 ppm 10 ppm 10 ppm
(47 mg/m®) (47 mg/m®) (47 mg/m®) (47 mg/m®) (47 mg/m®)
AEGL-2 430 ppm 300 ppm 150 ppm 150 ppm 150 ppm
(2,021 mg/m®) (1,410 mg/m®) (705 mg/m®) (705 mg/m’) (705 mg/m’)
AEGL-3 1,100 ppm 800 ppm 400 ppm 400 ppm 400 ppm
(5,170 mg/m®) (3,760 mg/m’) (1,880 mg/m®) (1,880 mg/m’) (1,880 mg/m’)
ERPG-1 (AIHA)" 30 ppm
ERPG-2 (AIHA) 500 ppm
ERPG-3 (AIHA) 1,000 ppm
IDLH (NIOSH)” 1,000 ppm
TLV-TWA 10 ppm
(ACGIH)*
PEL-TWA 75 ppm
(OSHAY’
MAK 10 ppm
(Germany)®
MAC ; 10 ppm
(The Netherlands)’

“ERPG (emergency response planning guidelines, American Industrial Hygiene Associa-
tion) (ATHA 2010)

The ERPG-1 is the maximum airborne concentration below which it is believed nearly all
individuals could be exposed for up to 1 h without experiencing other than mild, transient
adverse health effects or without perceiving a clearly defined objectionable odor.

The ERPG-2 is the maximum airborne concentration below which it is believed nearly all
individuals could be exposed for up to 1 h without experiencing or developing irreversi-
ble or other serious health effects or symptoms that could impair an individual’s ability to
take protection action.
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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.

’IDLH (immediately dangerous to life or health, National Institute for Occupational
Safety and Health) (NIOSH 1994) represents the maximum concentration from which
one could escape within 30 min without any escape-impairing symptoms, or any irre-
versible health effects.

“TLV-TWA (threshold limit value — time weighted average, American Conference of
Governmental Industrial Hygienists) (ACGIH 2010) 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.

YPEL-TWA (permissible exposure limits - time weighted average, Occupational Safety
and Health Administration) (29 CFR 1910.1000 [2006]) is defined analogous to the
ACGIH TLV-TWA, but is for exposures of no more than 10 h/day, 40 h/week. .

‘MAK (maximale arbeitsplatzkonzentration [maximum workplace concentration])
(Deutsche forschungsgemeinschaft [German Research Association] (DFG 2005) is de-
fined analogous to the ACGIH TLV-TWA.

MAC (maximaal aanvaaarde concentratic [maximal accepted concentration]) Dutch
Expert Committee for Occupational Standards,, The Netherlands (MSZW 2004) is de-
fined analogous to the ACGIH TLV-TWA.

8.3. Data Quality and Research Needs

Human data are scarce. Only two kinetic studies of chlorobenzene in hu-
mans were found, and no adequate studies of toxic effects in human were avail-
able. Of the studies relevant to AEGL-2 values, only one study was of sufficient
quality, in which rats and guinea pigs were exposed for 30 min to nonlethal con-
centrations.
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APPENDIX A

DERIVATION OF AEGLS VALUES FOR CHLOROBENZENE

Key studies:

Toxicity end point:

Time scaling:

Uncertainty factors:

Calculations:
10-min AEGL-1:
30-min AEGL-1:
1-h AEGL-1:
4-h AEGL-1:
8-h AEGL-1:

Key study:

Derivation of AEGL-1 Values

Ogata, M., and Y. Shimada. 1983. Differences in
urinary monochlorobenzene metabolites between
rats and humans. Int. Arch. Occup. Environ.
Health 53(1):51-57.

Knecht, U., and H.J. Woitowitz. 2000. Human
toxicokinetics of inhaled monochlorobenzene:
Latest experimental findings regarding
re-evaluation of the biological tolerance value.
Int. Arch. Occup. Environ. Health 73(8):543-554.

Slight CNS effects (drowsiness, heavy feeling
in the head, and headache) and local irritation at
60 ppm (7 h with a 1-h break after 3 h) and no
effects at 10 ppm (8 h/day for 5 days). The latter
concentration was used as the point of departure.

None, because chlorobenzene concentrations in
blood reach a steady-state level within 1 h.

1 for interspecies differences
1 for intraspecies variability

Set equal to 8-h AEGL-1 value of 10 ppm
Set equal to 8-h AEGL-1 value of 10 ppm
Set equal to 8-h AEGL-1 value of 10 ppm
Set equal to 8-h AEGL-1 value of 10 ppm

10 ppm

Derivation of AEGL-2 Values

UBTL (Utah Biomedical Test Laboratory). 1978.
Utah Biomedical Test Laboratory Report on
NIOSH Sponsored Inhalation Study for IDLH
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Toxicity end point:

Time scaling:

Uncertainty factors:

Calculations:

10-min AEGL-2:

30-min AEGL-2:
1-h AEGL-2:
4-h AEGL-2:
8-h AEGL-2:

Key study:

Acute Exposure Guideline Levels

Values (Final Report) with Cover Letter Dated
102291. Submitted by Shell Oil Company to U.S.
Environmental Protection Agency, Washington,
DC. EPA Document No. TSCATS 88-920000156.
Microfiche No. OTS 0534605.

Narcosis in rats and guinea pigs.

2,990 ppm for 30 min was extrapolated across
time periods using the equation C" x t =k, with
default values of n = 1 for extrapolation to 10-min
and n = 3 for extrapolation to 1-h values. The

4- and 8-h values were set equal to the 1-h value
because a steady-state chlorobenzene
concentration in blood is reached within 1 h

and for reasons of consistency with human data.
Cxt=k:

k = (2,990 ppm)’ x 30 min = 8.02 x 10'' ppm-min
C'xt=k:

k =2,990 ppm x 30 min = 89,700 ppm-min

3 for interspecies differences
3 for intraspecies variability

[(8.02 x 10" ppm-min) + 10 min]"* + 10 = 430
ppm (rounded)

2,990 ppm + 10 =300 ppm (rounded)
(89,700 ppm-min + 60 min) + 10 = 150 ppm
Set equal to 1-h AEGL-2 value of 150 ppm

Set equal to 1-h AEGL-2 value of 150 ppm

Derivation of AEGL-3 Values

UBTL (Utah Biomedical Test Laboratory). 1978.
Utah Biomedical Test Laboratory Report on
NIOSH Sponsored Inhalation Study for IDLH
Values (Final Report) with Cover Letter Dated
102291. Submitted by Shell Oil Company to U.S.
Environmental Protection Agency, Washington,
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Toxicity end point:

Time scaling:

Uncertainty factors:

Calculations:

10-min AEGL-3:

30-min AEGL-3:

1-h AEGL-3:

4-h AEGL-3:

8-h AEGL-3:

115

DC. EPA Document No. TSCATS 88-920000156.
Microfiche No. OTS 0534605

No mortality in rats or guinea pigs.

7,970 ppm for 30 min was extrapolated across
time periods using C" x t = k, with default values
of n =1 for extrapolation to 10-min and n =3 for
extrapolation to 1-h values. The 4- and 8-h values
were set equal to the 1-h value because a steady-
state chlorobenzene concentration in blood is
reached in 1 h and for reasons of consistency
with AEGL-2 values.

Cxt=k:

k = (7,970 ppm)’ x 30 min = 1.52 x 10" ppm-min
C'xt=k:

k=7,970 ppm % 30 min = 239,100 ppm-min

3 for interspecies differences
3 for intraspecies variability

[(1.52 x 10" ppm-min) + 10 min]"* = 10 = 1,100
ppm (rounded)

7,970 ppm + 10 = 800 ppm (rounded)

(239,100 ppm-min + 60 min) + 10 = 400 ppm
(rounded)

Set equal to 1-h AEGL-3 value of 400 ppm

Set equal to 1-h AEGL-3 value of 400 ppm
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APPENDIX B

CATEGORY PLOT FOR CHLOROBENZENE

Chemical Toxicity - All

Chlorobenzene
100000,0000
o
10000,00( 8 — O
O . O Human - No effect
g ) O Human Discomfort
1000,0000 12~ O Human - Disabling
g_ C) C) aec | 2 O Animal - No effect
e () O Animal - Discomfort
L O Animal Disabling
100,0000 () O Animal - Some
|::| Lethality
@® Animal - Lethal
—&— AEGL
AEGL}1
100000 (]
1,0000
0 60 120 180 240 300 360 420 480
Minutes
FIGURE B-1 Category plot of animal and human data and AEGL values for chloro-
benzene.
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APPENDIX C
ACUTE EXPOSURE GUIDELINE LEVELS FOR CHLOROBENZENE

Derivation Summary for Chlorobenzene

AEGL-1 VALUES
10 min 30 min 1h 4h 8h
10 ppm 10 ppm 10 ppm 10 ppm 10 ppm
(47 mg/m’) (47 mg/m’) (47 mg/m’) (47 mg/m’) (47 mg/m’)
Key references:
Study 1: Ogata, M., and Y. Shimada. 1983 Differences in urinary
monochlorobenzene metabolites between rats and humans. Int. Arch. Occup.
Environ. Health 53(1):51-57.
Study 2: Knecht, U., and H.J. Woitowitz. 2000. Human toxicokinetics of inhaled
monochlorobenzene: Latest experimental findings regarding re-evaluation of the
biological tolerance value. Int. Arch. Occup. Environ. Health 73(8):543-554.
Test species/Strain/Number: Humans, 4 subjects (study 1), 8 subjects (study 2)

Exposure route/Concentrations/Durations: Study 1: inhalation, 60 ppm, 7-h exposure
with a 1-h break after 3 h; Study 2: inhalation, 10 ppm, 8 h/day for 5 days

Effects: Study 1: slight CNS effects (drowsiness, heavy feeling in the head, and
headache) and local irritation at 60 ppm; Study 2: no effects at 10 ppm.

End point/Concentration/Rationale: No discomfort effects at 10 ppm

Uncertainty factors/Rationale:

Total uncertainty factor: 1

Interspecies: 1, data are from a human study
Intraspecies: 1, effects at 60 ppm were very slight

Modifying factor: None

Animal-to-human dosimetric adjustment: Not relevant

Time scaling: None. No information on time dependency is available in the studies,
but the observed effects do not indicate a strong time dependencys; this is also
supported by absorption data.

Data adequacy: The key studies were evaluations of the kinetics of chlorobenzene,
and were not designed to determine toxicity.

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

430 ppm 300 ppm 150 ppm 150 ppm 150 ppm
(2,021 mg/m’) (1,410 mg/m’) (705 mg/m’) (705 mg/m’) (705 mg/m’)
Key reference: UBTL (Utah Biomedical Test Laboratory). 1978. Utah Biomedical
Test Laboratory Report on NIOSH Sponsored Inhalation Study for IDLH Values

(Continued)
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AEGL-2 VALUES Continued

10 min 30 min 1h 4h 8h

430 ppm 300 ppm 150 ppm 150 ppm 150 ppm
(2,021 mg/m’) (1,410 mg/m’) (705 mg/m®) (705 mg/m’) (705 mg/m’)
(continued)

(Final Report) with Cover Letter Dated 102291. U.S. EPA/OPTS Public Files
0OTS0534605. Submitted by Shell Oil Company to U.S. Environmental Protection
Agency, Washington, DC. EPA Document No. TSCATS 88-920000156. Microfiche
No. OTS 0534605.

Test species/Strain/Number: Rats and guinea pigs, strains unknown, five per sex
per species.

Exposure route/Concentrations/Durations: Inhalation, 2,990, 5,850, or 7,970 ppm
for 30 min; 14-day observation.

Effects:

2,990 ppm: Slight ocular and nasal irritation

5,850 ppm: Narcosis and impaired ability to escape

7,970 ppm: No deaths; ataxia and narcosis

End point/Concentration/Rationale: No narcosis at 2,990 ppm for 30 min; no
animals suffered from impaired ability to escape.

Uncertainty factors/Rationale:

Total uncertainty factor: 10 (a larger uncertainty factor would lead to AEGL-2
values that conflict with human data)

Interspecies: 3, data were comparable for rats and guinea pigs suggesting no large
interspecies differences, and the critical effect is CNS depression.

Intraspecies: 3, interindividual variability for CNS depression by comparable gases
generally will not be greater than a factor of 2 or 3.

Modifying factor: None

Animal-to-human dosimetric adjustment: None

Time scaling: C" x t =k; default values of n =3 for 10-min value and n =1 for
60-min value. AEGL-2 values for 4 and 8 h are set equal to the 1-h value because
chlorobenzene concentrations in blood reach a steady-state within 1 h and its
elimination is rapid. Time scaling would result in 4- and 8-h AEGL-2 values that
would conflict with human data.

Data adequacy: Only one study (30-min exposures at three concentrations) aimed
at identifying an immediately dangerous to life and health value.

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

1,100 ppm 800 ppm 400 ppm 400 ppm 400 ppm
(5,170 mg/m’) (3,760 mg/m’) (1,880 mg/m’) (1,880 mg/m’) (1,880 mg/m’)
Key reference: UBTL (Utah Biomedical Test Laboratory). 1978. Utah Biomedical
Test Laboratory Report on NIOSH Sponsored Inhalation Study for IDLH Values

(Continued)
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AEGL-3 VALUES Continued
10 min 30 min 1h 4h 8h
1,100 ppm 800 ppm 400 ppm 400 ppm 400 ppm
(5,170 mg/m’) (3,760 mg/m’) (1,880 mg/m’) (1,880 mg/m®) (1,880 mg/m")
(Final Report) with Cover Letter Dated 102291. Submitted by Shell Oil Company
to U.S. Environmental Protection Agency, Washington, DC. EPA Document No.
TSCATS 88-920000156. Microfiche No. OTS 0534605
Test species/Strain/Number: Rats and guinea pigs, strains unknown, five per sex
per species.
Exposure route/Concentrations/Durations: Inhalation, 2,990, 5,850, or 7,970 ppm
for 30 min; 14-day observation.
Effects:
2,990 ppm: Slight ocular and nasal irritation
5,850 ppm: Narcosis and impaired ability to escape
7,970 ppm: No deaths; ataxia and narcosis
End point/Concentration/Rationale: No deaths after 30-min exposure at 7,970 ppm.

Uncertainty factors/Rationale:

Total uncertainty factor: 10 (a larger factor would lead to AEGL-3 values that
would conflict with AEGL-2 values)

Interspecies: 3, data were comparable for rats and guinea pigs suggesting no
large interspecies differences, and the critical effect is CNS depression.
Intraspecies: 3, interindividual variability for CNS depression by comparable
gases generally will not be greater than a factor of 2 or 3.

Modifying factor: None

Animal-to-human dosimetric adjustment: None

Time scaling: C" x t =k; default values of n =3 for 10-min value and n =1 for
1-h value. AEGL-3 values for 4- and 8-h are set equal to the 1-h value because
chlorobenzene concentrations in blood reach a steady-state within 1 h and its
elimination is rapid. Furthermore, time scaling would result in 4- and 8-h
AEGL-3 values that would conflict with AEGL-2 values and human data.

Data adequacy: Sufficient
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Preface

Extremely hazardous substances (EHSs)? 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 |ethality datain 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 (AEGL ) 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 AEGL s 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. Thisreport isthe twelfth volumein

2As defined pursuant to the Superfund Amendments and Reauithorization 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 AEGL s 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 chemicalswill 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-
caly 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 avolume 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 ingtitution 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 Y ork 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 Technica In-
formation Center), and Tamara Dawson (program associate). Finaly, | would
like to thank all members of the committee for their expertise and dedicated ef-
fort throughout the devel opment 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
L evels of Selected Airborne Chemicals

This report is the twelfth volume in the series Acute Exposure Guideline
Levelsfor Selected Airborne Chemicals.

In the Bhopal disaster of 1984, approximately 2,000 residents living near a
chemical plant werekilled 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 communitiesin
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 aso 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 afirst 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 tranglated into emergency exposure limits for exposures at high levels

3
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but of short duration, usually less than 1 hour (h), and only once in alifetime 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, 20003, 2002a, 20073, 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 resullts.

In November 1995, the National Advisory Committee (NAC)* 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 (AEGL s) 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.

AEGL s represent threshold exposure limits (exposure levels below which
adverse health effects are not likely to occur) for the genera 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 AEGL s are defined as follows:

INAC 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 AEGLSs 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/m® [milligrams per cubic meter]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory
effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or mg/m°) of a
substance above which it is predicted that the general population, including 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/m°) 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 genera public, including susceptible subpopulations, such as in-
fants, children, the elderly, persons with asthma, and those with other illnesses,
it isrecognized 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
AEGLsfor achemical isto 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 AEGLSs 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 AEGLSs. 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 extrapol ation.

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 AEGLSs corresponding
to carcinogenic risks of 1 in 10,000 (1 x 10, 1 in 100,000 (1 x 10®), and 1 in
1,000,000 (1 x 10°®) 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, 20014). 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-
guently 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 Levelsfor 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 al 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,
2002h, 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
AEGLSs developed in these appendixes are scientifically valid conclusions based
on the data reviewed by NAC and are consistent with the NRC guideline reports.
AEGL reportsfor additional chemicalswill be presented in subsequent volumes.
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