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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

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

4 Acute Exposure Guideline Levels

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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Chloroacetaldehyde'

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 Peter
Bos (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 Hazard-
ous 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 scientifically valid conclusions based on the
data reviewed by the NRC and are consistent with the NRC guidelines reports (NRC
1993, 2001).

48
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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

Chloroacetaldehyde is a colorless, volatile liquid with an acrid, penetrating
odor. It evaporates easily and dissolves in water. It is not flammable, but va-
por/air mixtures may be explosive at temperatures above 88°C. Chloroacetalde-
hyde can exist in combinations of four forms: monomer, monomer hydrate,
dimer hydrate, and cyclic trimer. Commercial aqueous solution of chloroacetal-
dehyde (45%) contains a 50:50 mixture of the monomer and dimer hydrates.
Chloroacetaldehyde is predominantly used as a chemical intermediate in the
manufacture of 2-aminothiazole and other compounds, in the control of algae,
bacteria, and fungi in water, and in a spinning solution of poly B-alanine.

The toxicity database on chloroacetaldehyde is poor. Apart from a brief
statement indicating that a concentration of 10 ppm produced lacrimation and
nasal irritation in humans, no information was available on human toxicity.
Chloroacetaldehyde is known to be a strong corrosive agent. The predominant
effect of chloroacetaldehyde in animals is direct, strong irritation of the eyes,
nose, and lungs (resulting in pulmonary edema and death), and has a very steep
concentration-response relationship. The best studies of these effects are by
Dow Chemical Company (1952) and Arts (1987). The first study exposed mice,
rats, and guinea pigs to chloroacetaldehyde at several concentrations and expo-
sure duration, ranging from 400 ppm for 6 min to 10 ppm for 7 h. Rats, mice,
and guinea pigs were also exposed repeatedly (eight exposures in 10 days) to
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chloroacetaldehyde at 5 ppm for 7 h (Dow Chemical Company 1952). In the
second study, rats were exposed at concentrations of 44-2,643 ppm for 1 h (Arts
1987). Both studies focused on mortality and reported nonlethal effects in a gen-
eral manner. In rats, the lowest concentration-time combinations that induced
lethality ranged from 25 ppm for 7 h (19 of 20 rats died) to 400 ppm for 0.1 h (1
of 20 rats died). No deaths were reported at concentration-time combinations
ranging from 10 ppm for 7 h to 100 ppm for 12 min. Lethality increased both
with concentration and with duration. A 1-h LCs, (lethal concentration, 50%
lethality) for rats was estimated to fall between 203 and 243 ppm. Guinea pigs
were less sensitive to chloroacetaldehyde than rats.

Nonlethal effects observed in these studies included ocular and nasal irri-
tation. Irritation was slight after repeated exposure to chloroacetaldehyde at 5
ppm, and was more pronounced after single exposures at concentrations greater
than 10 ppm. Pulmonary edema was found in some rats 2 weeks after being ex-
posed to chloroacetaldehyde at 44 ppm for 1 h. Animals in this study also exhib-
ited closed eyes and salivation. Pulmonary effects became more severe with
increasing concentrations in some animals that died.

Studies of the neurotoxicity of chloroacetaldehyde were not found; how-
ever, indirect evidence from experiments with the anticancer drugs ifosfamide
and cyclophosphamide (chloroacetaldehyde is a main metabolite of these drugs)
suggests that it may have neurotoxic effects. In addition, chloroacetaldehyde
was found to be mutagenic in several stains of Salmonella typhimurium, Asper-
gillus nidulans, Streptomyces coelicolor, and Chinese hamster V79 cells. Little
information was available on the carcinogenicity of chloroacetaldehyde.

AEGL-1 values are based on nasal and ocular irritation observed in rats af-
ter a single exposure to chloroacetaldehyde at concentrations of 10 ppm and
higher. Slight irritation was also observed in rabbits, rats, and mice, but not
guinea pigs, after repeated exposure to chloroacetaldehyde at 5 ppm (7 h/day)
(Dow Chemical Company 1952). Irritation was reported to be related to both
concentration and exposure duration. A concentration of 5 ppm was chosen as
the point of departure for the AEGL-1 values. A modifying factor of 2 was ap-
plied to reduce that concentration to a no-effect level. With the exception of the
10-min AEGL value, time scaling was performed using the equation C" x t = k.
The value of n was determined to be 1.2 based on mortality data. A total uncer-
tainty factor of 10 (two factors of 3) was considered sufficient for toxicokinetic
and toxicodynamic differences between species and for individual variability,
and no relevant differences in kinetics were assumed (the effects are attributed
to direct interaction of chloroacetaldehyde with the mucous membranes of the
nose and eyes). The 10-min AEGL-1 was set equal to the 30-min value, because
extrapolation from a 7-h exposure to a 10-min value had too much uncertainty.
The report of lacrimation and nasal irritation in humans within a few minutes of
exposure to chloroacetaldehyde at 10 ppm (Dow Chemical Company 1952) pro-
vided supporting data to derive AEGL-1 values on the basis of the rat data.

AEGL-2 values are based on impaired pulmonary function in rats. Data
from a well-performed and adequately documented study in rats (Arts 1987)
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were chosen for the point of departure for the 1-h AEGL value. A 1-h exposure
at 44 ppm (the lowest concentration tested) resulted in pulmonary edema in
some animals that were killed at the end of a 2-week observation period. A
modifying factor of 2 was applied to derive a no-effect level. A larger modifying
factor was considered unnecessary because of the steep concentration-response
curve of chloroacetaldehyde. Analogous to AEGL-1 values, a total uncertainty
factor of 10 was used to derive the AEGL-2 values; a larger uncertainty factor
would lead to unrealistically low values. AEGL-2 values for other time periods
were derived by time scaling.

For AEGL-3 values, two studies of the acute lethality of chloroacetalde-
hyde (Dow Chemical Company 1952; Arts 1987) were considered. The mortal-
ity data showed a steep concentration-response curve; mortality shifted from 0%
to close to 100% when concentration or exposure duration was doubled. Mortal-
ity data from the Arts (1987) study, in which rats were exposed to chloroacetal-
dehyde at 44-2,643 ppm for 1 h, was modeled using EPA benchmark dose soft-
ware (version 1.3.2) (EPA 2005). A benchmark concentration associated with a
5% response (BMCys) of 136 ppm was calculated, with a lower 95% confidence
limit (BMCLgs) of 99 ppm. Application of a total uncertainty factor of 10, on the
same basis as it used in deriving AEGL-1 and AEGL-2 values results, in a 1-h
AEGL value of 9.9 ppm. AEGL-3 values for the other time periods were derived
by time scaling.

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

TABLE 2-1 Summary of AEGL Values for Chloroacetaldehyde

End Point
Classification 10 min 30 min 1h 4h 8h (Reference)
AEGL-1 2.3 ppm 2.3 ppm 1.3 ppm 0.40 ppm 0.22 ppm  Ocular and
(nondisabling) (7.4 (7.4 (4.2 (13 (0.71 nasal
mg/m?) mg/m’) mg/m’) mg/m’) mg/m?) irritation
(Dow
Chemical
Company
1952)
AEGL-2 9.8 ppm 3.9 ppm 2.2 ppm 0.69 ppm 0.39ppm  Pulmonary
(disabling) (31 (13 (7.1 2.2 (1.5 edema

mg/m?) mg/m’) mg/m?*) mg/m?*) mg/m?) (Arts 1987)

AEGL-3 44 ppm 18 ppm 9.9 ppm 3.1 ppm 1.8 ppm Mortality,
(lethal) (140 (57 (32 (10 (5.6 BMCLgs
mg/m?) mg/m’) mg/m?*) mg/m?*) mg/m?) (Dow
Chemical
Company
1952; Arts
1987)
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1. INTRODUCTION

Chloroacetaldehyde is a colorless, volatile liquid with an acrid, penetrating
odor. It evaporates easily and dissolves in water. Chloroacetaldehyde is not
flammable, but vapor/air mixtures may be explosive at temperatures above 88°C
(see Table 2-2).

Chloroacetaldehyde can exist in combinations of four forms depending on
how it was prepared: monomer, monomer hydrate, dimer hydrate, and cyclic
trimer (Elmore et al. 1976). The monomer and dimer hydrates are formed in-
stantly when the anhydrous monomer is added to water. The cyclic trimer is
formed from the anhydrous monomer upon standing under dry conditions. The
cyclic trimer is only slightly soluble in water, but the monomer and dimer hy-
drates are formed when the cyclic trimer is heated in water. The anhydrous
monomer is obtained by cracking the cyclic trimer.

Commercial aqueous solution of chloroacetaldehyde (45%) contains a
50:50 mixture of the monomer and dimer hydrates (Elmore et al. 1976). The two
hydrates are dehydrated and converted to the monomer under gas-liquid phase
chromatography conditions. Chloroacetaldehyde is sufficiently stable to permit
its direct collection on silica gel and subsequent storage in a freezer.

TABLE 2-2 Chemical and Physical Properties for Chloroacetaldehyde

Parameter Value Reference
CAS registry no. 107-20-0 HSDB 2009
Synonyms Monochloroacetaldehyde; 2-chloro-1-ethanal Budavari et al. 1989
Chemical formula C,H;CIO Budavari et al. 1989
Molecular weight 78.50 Budavari et al. 1989
Physical state Liquid Budavari et al. 1989
Color Colorless HSDB 2009
Odor Acrid, penetrating Budavari et al. 1989
Melting point -16.3°C (40% aqueous solution) IPCS 2005
Boiling point 85-86°C (pure) Budavari et al. 1989
85-100°C IPCS 2005
90-100°C (40% aqueous solution) OSHA 1989
Vapor density (air = 2.7 IPCS 2005
Liquid density 1.19 (40% aqueous solution) IPCS 2005
(water = 1)
Solubility in water Yes Budavari et al. 1989
Vapor pressure 100 mm Hg at 45°C (40% aqueous solution) NIOSH 1991
110 mm Hg at 20°C HSDB 2009
Explosive Vapor/air mixtures may be explosive IPCS 2005
(40% aqueous solution) above 88°C
Conversion factors 1 mg/m* =0.312 ppm NIOSH 2011

1 ppm = 3.21 mg/m’
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No current information was found on the chemical production of
chloroacetaldehyde. The amount of chloroacetaldehyde manufactured or im-
ported in the United States in 1977 was reported to be 1-10 million pounds (EPA
1987).

Chloroacetaldehyde is used primarily as a chemical intermediate (EPA
1987) in the manufacture of 2-aminothiazole and other compounds (ACGIH
1991). It is also used in the control of algae, bacteria, and fungi in water, and in
a spinning solution of poly B-alanine (ACGIH 1991). Furthermore, it has its
application in tree-trunk debarking operations and in analytical chemistry as a
fluorescent label (McCann 1975).

2. HUMAN TOXICITY DATA
2.1. Acute Lethality

No case reports on human deaths from acute exposure to chloroacetalde-
hyde were found.

2.2. Nonlethal Toxicity

Case reports of nonlethal toxicity in humans were not found, nor were oc-
cupational or epidemiologic studies available. A report of the Dow Chemical
Company (1952) on acute mortality in experimental animals stated the follow-
ing: “Every concentration employed including the lowest (10 ppm) produced
lacrimation and nasal irritation in humans within a few minutes.” No additional
details were provided.

Several studies have investigated the toxicity of the antineoplastic agent
ifosfamide which indicate a causative role for chloroacetaldehyde (the main me-
tabolite of ifosfamide) in the development of nephrotoxicity (Loebstein et al.
1999; Skinner et al. 2000; Aleksa et al. 2001; Yaseen et al. 2008; Hanly et al.
2009). Additional information on ifosfamide-induced nephrotoxicity is reviewed
in Section 4.2.

2.3. Neurotoxicity

No reports on neurotoxicity induced by chloroacetaldehyde were found.
Goren et al. (1986), however, suggested a causative role for chloroacetaldehyde
(a main metabolite of the anticancer drug ifosfamide) in the development of neu-
rotoxic side-effects of ifosfamide chemotherapy. Cerebellar dysfunction, sei-
zures, and changes in mental status were reported in as many as 30% of patients
on high-dose treatment with ifosfamide. Blood concentrations of chloroacetal-
dehyde were 88 micromoles per liter (umol/L) at 6 h and 109 umol/L at 24 h in
two patients with neurotoxic effects (somnolescence, urinary incontinence, and
inappropriate behavior), compared with 45 umol/L at 6 h and 22 umol/L at 24 h
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in four patients without such effects. Rieger et al. (2004) conducted a retrospec-
tive trial of 60 cancer patients receiving ifosfamide as part of multiple drug che-
motherapy regimens to evaluate potential risk factors for ifosfamide-induced
encephalopathy. Sixteen patients (26.6%) developed neurologic symptoms; the
effects were not correlated with age, sex, hepatic function, or renal function.

2.4. Developmental and Reproductive Toxicity

No studies on developmental or reproductive toxicity of chloroacetalde-
hyde in humans were found.

2.5. Genotoxicity

No studies on the genotoxicity of chloroacetaldehyde in humans or on
human cells were found.

2.6. Carcinogenicity

No carcinogenicity studies of chloroacetaldehyde in humans were found.

2.7. Summary of Human Data

No information on chloroacetaldehyde toxicity in humans was available,
other than a brief statement that chloroacetaldehyde at 10 ppm produced lacri-
mation and nasal irritation in humans (Dow Chemical Company 1952). Studies
with ifosfamide suggest a causative role for chloroacetaldehyde (a main metabo-
lite of the drug) in neurologic and renal effects.

3. ANIMAL TOXICITY DATA
3.1. Acute Lethality

A summary of the data on acute lethality in laboratory animals exposed to
chloroacetaldehyde is presented in Table 2-3.

3.1.1. Guinea Pigs

Guinea pigs (10 animals/group; sex and strain not specified) were exposed
to chloroacetaldehyde at target concentrations of 25 (for 7 h), 50 (for 4 h), 100
(for 2 h), or 400 ppm (for 0.5 h). No details were provided on the purity the
chloroacetaldehyde or the exposure conditions. Target concentrations were
monitored during the experiment, but the method and measurements were not
specified. It was not clear whether an unexposed control group was used. Mor-
tality was observed only at 400 ppm; seven of 10 guinea pigs died (Dow Chemi-
cal Company 1952).
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3.1.2. Rats

Rats (19 or 20 animals/group; sex and strain not specified) were exposed
to chloroacetaldehyde at target concentrations of 10 (for 7 h), 25 (for 7 h), 50
(for 1, 3.5, or 4 h), 100 (for 0.2 or 2 h), or 400 ppm (for 0.1, 0.25, or 0.5 h). No
details were provided on the purity of the chloroacetaldehyde or the exposure
conditions. Target concentrations were monitored during the experiment, but the
method and measurements were not specified. It was not clear whether an unex-
posed control group was used. Mortality was related to the concentration and
exposure duration (see Table 2-3). No mortality was occurred at concentrations
(and durations) of 10 ppm (for 7 h), 50 ppm (for 1 h), and 100 ppm (for 0. 2 h).
One animal died at 400 ppm (0.1 h). Almost all of the rats died at 25 ppm (for 7
h), 50 ppm (for 3.5 h and 4 h), 100 ppm (for 2 h), and 400 ppm (for 0.25 and 0.5
h) (Dow Chemical Company 1952).

TABLE 2-3 Acute Lethality in Animals Exposed to Chloroacetaldehyde

Concentration Exposure
Species (ppm) Duration Mortality Reference
Guinea pig 25 7h 0/10 Dow Chemical
(n=10) 50 4h 0/10 Company 1952
100 2h 0/10
400 0.5h 7/10
Rat 10 7h 0/20 Dow Chemical
(n=19-20) 25 7h 19/20 Company 1952
50 lh 0/20
35h 20/20
4h 18/20
100 02h 0/19
2h 20/20
400 0.1h 1/20
0.25h 20/20
0.5h 19/20
Rat 44 lh 0/10 Arts 1987
(@=10) 159 3/10
203 4/10
243 10/10
309 10/10
596 10/10
2,643 10/10
203-243 lh LCs
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3.2. Nonlethal Toxicity

SPF-reared Borr:WISW rats (five animals/sex/group) were exposed
(whole body; individually housed) for 1 h to mean concentrations of chloroacet-
aldehyde (45.4% (w/w) at 44, 159, 203, 243, 309, 596, or 2,643 ppm (0.14, 0.51,
0.65,0.78,0.99, 1.91, or 8.47 g/m3, respectively). Concentrations of chloroacet-
aldehyde were continuously monitored during exposure. No unexposed control
animals were used. Relative humidity was high (51-91%) during exposure, due,
in part, to the large amount of water in the test material. The animals were ob-
served for up to 2 weeks. Mortality rates of 0% (44 ppm), 30% (159 ppm), 40%
(203 ppm), and 100% (=243 ppm) were found (see Table 2-3). Deaths were ob-
served during exposure (at the two highest concentrations) or within several
hours or 1-2 days after exposure. A 1-h LCsy value of 203-243 ppm was esti-
mated. Because of the steep concentration-effect curve and natural variability
between groups, it was not possible to determine an LCs, value for chloroacetal-
dehyde with 95% confidence intervals. The LCs value was estimated to be
closer to 203 ppm, because a considerable decrease in body weight that would
probably have lead to death was observed in some animals exposed at 159 and
203 (Arts 1987).

A summary of the nonlethal effects of chloroacetaldehyde in laboratory
animals is presented in Table 2-4.

3.2.1. Guinea Pigs and Rabbits

In the acute inhalation experiment with guinea pigs describe earlier (see
Section 3.1.1.), ocular and nasal irritation was found very early during exposure
at all concentrations tested (25-400 ppm) (Dow Chemical Company 1952). The
degree of irritation was related to concentration. Labored breathing was also
observed at the higher concentrations, and slight drowsiness was apparent at
some concentrations (not specified).

In a repeated-exposure study by Dow Chemical Company (1952), groups
of five male guinea pigs and one female rabbit (strains not specified) were ex-
posed to chloroacetaldehyde at 0 or 5 ppm for 7 h/day, 5 days/week, for a total
of eight exposures in 10 days. No details were provided on the purity of
chloroacetaldehyde, actual or nominal concentrations, or exposure conditions.
Slight ocular irritation was observed in the rabbit, but it was unclear from the
report whether nasal irritation was also present. No irritating effects were re-
ported in the guinea pigs. No effect on growth, organ weights, and gross pathol-
ogy were found in either species.

3.2.2. Rats

Rats (19 or 20 animals/group; sex and strain not specified) were exposed
to chloroacetaldehyde at target concentrations of 10 (for 7 h), 25 (for 7 h), 50
(for 1, 3.5, or 4 h), 100 (for 0.2 or 2 h), or 400 ppm (0.1, 0.25, or 0.5 h). No
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details were provided on the purity of the chloroacetaldehyde or the exposure
conditions. Target concentrations were monitored during the experiment, but the
method and measurements were not specified. It was not clear whether an unex-
posed control group was used. Ocular and nasal irritation was observed very
early during exposure at all concentrations. Degree of irritation was related to
concentration and duration of exposure. Labored breathing was also observed at
the higher concentrations, and slight drowsiness was apparent at some concen-
trations (not specified) (Dow Chemical Company 1952).

Groups of five male and five female rats (strain not specified) were ex-
posed to chloroacetaldehyde at 0 or 5 ppm for 7 h/day, 5 days/week, for a total
of eight exposures in 10 days. No details were provided on the purity of
chloroacetaldehyde, actual or nominal concentrations, or exposure conditions.
Exposed rats exhibited slight nasal irritation and very slight ocular irritation.
Growth of the male rats was slightly depressed, while the growth of the female
rats was comparable to that of the control animals. No effects on organ weight
or gross pathology were found (Dow Chemical Company 1952).

SPF-reared Borr:WISW rats (five animals/sex/group) were exposed
(whole body; individually housed) for 1 h to mean concentrations of chloroacet-
aldehyde (45.4% (w/w) at 44, 159, 203, 243, 309, 596, or 2,643 ppm (0.14, 0.51,
0.65, 0.78, 0.99, 1.91, or 8.47 g/m3, respectively). Concentrations of chloroacet-
aldehyde were continuously monitored during exposure. No unexposed control
animals were used. Relative humidity was high (51-91%) during exposure, due,
in part, to the large amount of water in the test material. The animals were ob-
served for up to 2 weeks. Descriptions of the observations were generally re-
ported and did not always specify the number of animals affected or the expo-
sure concentrations. Rats were restless and showed signs of discomfort (closed
eyes, salivation, and, at the higher concentrations, wet nares, nasal discharge,
and wet and soiled heads and breasts). At the highest concentration of 2,643
ppm, all rats exhibited labored respiration, accompanied by dyspnea and mouth
breathing. Mortality was observed at all concentration, except the lowest of 44
ppm (see Table 2-3). Many of the rats that died had bloodstains around the nose
and mouth. Rats exposed at the highest concentrations that did not die immedi-
ately were reported to have breathed “wheezingly”. Two rats exposed at 596
ppm became blind. No chloroacetaldehyde-induced effects on body weight we
found, although two animals in the 159- and 203-ppm groups lost a considerable
amount of weight. Animals that died during exposure or within the first 2 days
of observation had pulmonary edema, which was accompanied in some cases by
atelectasis and in most cases by hydrothorax. The investigators suggested that
the latter finding could be explained by induced hypertension, although no in-
formation was provided to support that conclusion. Pulmonary edema was also
observed in some animals exposed at the three lowest concentrations. The inves-
tigators concluded that the pulmonary effects suggested an impairment of pul-
monary function. The stomachs and intestines were often filled with air because
of mouth breathing, and an occasional thrombus was detected in the heart area
(Arts 1987).
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3.2.3. Mice

Groups of five female mice (strain not specified) were exposed to
chloroacetaldehyde at 0 or 5 ppm for 7 h/day, 5 days/week for a total of eight
exposures in 10 days. No details were provided on the purity of the chloroacet-
aldehyde, actual or nominal concentrations, or the exposure conditions. Mice
exhibited slight nasal irritation. No effects on growth, organ weights, or gross
pathology were found.

TABLE 2-4 Nonlethal Toxicity in Animals Exposed to Chloroacetaldehyde

Concentration
Species (ppm) Exposure Duration Effects Reference
Guinea pig 25 7h Concentration-related ocular and Dow
(n=10) 50 4h nasal irritation; labored breathing Chemical
100 2h at the higher concentrations; slight ~ Company
400 0.5h drowsiness (concentrations not 1952
specified)
Guinea pig 5 7h/d, 5 d/wk, No effects reported Dow
(n=735) 8 exposures Chemical
in10d Company
1952
Rabbit 5 7 h/d, 5 d/wk, Slight ocular irritation Dow
n=1) 8 exposures Chemical
in10d Company
1952
Rat 10 7h Concentration- and duration-related Dow
(n=190r20) 25 7h ocular and nasal irritation; labored =~ Chemical
50 1,35,4h breathing at higher concentrations; ~ Company
100 02,2h slight drowsiness (concentrations 1952
400 0.1,0.25,0.5h not specified)
Rat (n=10) 5 7h/d, 5 d/wk, Slight nasal irritation, very slight Dow
8 exposures ocular irritation Chemical
in10d Company
1952
Rat (n=10) 44 lh At all concentrations, closed eyes,  Arts 1987
159 salivation, and decreased pulmonary
203 function (e.g., pulmonary edema
243 [with some atelectasis and
309 hydrothorax], labored breathing).
596 At higher concentrations, wet
2,643 nares, nasal discharge, wet and
soiled heads and breasts.
Mouse (n=5) 5 7 h/d, 5 d/wk, Slight nasal irritation Dow
8 exposures Chemical
inl0d Company
1952
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3.3. Neurotoxicity

No neurotoxicity studies on experimental animals exposed to chloroacet-
aldehyde were found. However, a study on metabolism in rats found that
chloroacetaldehyde specifically affected mitochondrial long-chain fatty acid
metabolism. The rate of palmitic-acid oxidation, but not that of succinic-acid or
octanoic-acid oxidation, was affected. Such changes in fatty-acid metabolism
might play a role in encephalopathy and chronic fatigue observed after treatment
with the antitumor alkylating agents ifosfamide and cyclophosphamide, which
form chloroacetaldehyde as a main reactive metabolite (Visarius et al. 1999).

3.4. Developmental and Reproductive Toxicity

No studies on developmental or reproductive toxicity of chloroacetal-
dehyde in experimental animals were found.

3.5. Genotoxicity

Early indications of the genotoxicity of chloroacetaldehyde came from
studies on the highly genotoxic compound vinyl chloride. The genotoxicity of
vinyl chloride has been attributed to its metabolite chloroacetaldehyde, among
others. The genotoxicity of chloroacetaldehyde was reviewed by Bartsch et al.
(1976). Mutagenic responses were seen with Salmonella typhimurium TA100,
TA1530, and TA1535. Relatively high toxicity in S. typhimurium TA1530 was
found for chloroacetaldehyde compared with other mutagenic metabolites of
vinyl chloride. A post-mitochondrial mouse-liver fraction decreased the
mutagenic effect of chloroacetaldehyde on S. #yphimurium TA100. Chloroacet-
aldehyde was further shown to be a strong mutagen in the Chinese hamster V79
cell system, inducing 8-azaguanine-resistant mutants. The chemical was also
high cytotoxicity to those cells. Chloroacetaldehyde reacted covalently with
adenine and cytidine in vitro. ACGIH (1991) reported that chloroacetaldehyde
was mutagenic in the forward mutation system of Aspergillus nidulans, and in
the forward and back mutation system of Streptomyces coelicolor.

3.6. Carcinogenicity

No carcinogenicity studies on inhalation exposure to chloroacetaldehyde
were found. For other routes of exposure (skin application, skin initiation-
promotion [promoter: phorbol myristate acetate], repeated subcutaneous injec-
tions, and intragastric feeding), Van Duuren et al. (1979) found that chloroacet-
aldehyde was not carcinogenic in male and female Ha:ICR Swiss mice, despite
the fact that chloroacetaldehyde was mutagenic in microorganisms and Chinese
hamster V-79 cells and was strongly implicated as the proximal carcinogenic
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metabolite formed from the animal and human carcinogen vinyl chloride (see
Bartsch et al. 1976; Goldschmidt 1984; NRC 2012). However, chloroacetalde-
hyde was not hepatocarcinogenic in male B6C3F; mice (Daniel et al. 1992). In
that study, chloroacetaldehyde was administered in drinking water at a target
concentration of 0.1 g/ (mean measured dose: 0.095 = 0.006 g/L) for 104
weeks. The mean daily-ingested dose was calculated to be 17 mg/kg/day. The
only obvious target organ was the liver, as indicated by an increase in the abso-
lute and relative organ weight. A significant increase in the prevalence of he-
patic tumors was found. Prevalence rates for carcinomas, adenomas, and com-
bined tumors (adenomas and carcinomas) were 31, 8, and 38% in treated rats,
compared with 10, 5, and 15% among controls. Furthermore, hepatocellular
hyperplastic nodules (a preneoplastic lesion) occurred in the liver in the
chloroacetaldehyde group (8%) but not in the control group. Histotologic effects
in the liver were mild and included cytomegaly, necrosis, and chronic active
inflammation.

3.7. Summary of Animal Data

The database on chloroacetaldehyde is poor. Most of the available data are
on the lethal and irritant effects of chloroacetaldehyde. In rats, the lowest con-
centration-duration combinations found to induce lethality ranged from 25 ppm
for 7 h (19 of 20 rats died) to 400 ppm for 0.1 h (1 of 20 rats died). No deaths
were reported in rats at concentration-duration combinations ranging from 10
ppm for 7 h to 100 ppm for 0.2 h. Lethality increased both with concentration
and with duration. A 1-h LCs, for rats was estimated to be between 203 and 243
ppm. Guinea pigs were less sensitive than rats to chloroacetaldehyde.

Chloroacetaldehyde is a strong corrosive agent, and has been shown to be
very irritating to the eyes and nose of laboratory animals. These effects occur
soon after onset of exposure and are related to concentration and duration of
exposure. Repeated exposure to chloroacetaldehyde at 5 ppm induced slight
nasal and ocular irritation. Irritation became more pronounced with single expo-
sures to chloroacetaldehyde at concentrations greater than 10 ppm. Pulmonary
edema was observed in some rats 2 weeks after exposure to chloroacetaldehyde
at 44 ppm for 1-h. Closed eyes and salivation were also observed at that concen-
tration. Pulmonary effects became more severe with increasing concentrations.
Animals that died had pulmonary edema, often accompanied by atelectasis and
hydrothorax. Although no neurotoxicity studies of chloroacetaldehyde were
found, some indirect indications of such effects are suggested by experiments
with ifosfamide and cyclophosphamide.

Chloroacetaldehyde was found to be mutagenic in several stains of S. #)-
phimurium, A. nidulans, S. coelicolor, and Chinese hamster V79 cells.

Little information was available on the carcinogenicity of chloroacetalde-
hyde. However, the target organ for chloroacetaldehyde appears to the liver, as
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evidenced by increased absolute and relative liver weights, increased hepatic
tumors and preneoplastic lesions, and mild histologic effects.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition
Absorption, Distribution, and Excretion

No reports on absorption, distribution, and excretion of chloroacetalde-
hyde were found.

Metabolism

Joqueviel et al. (1997) summarized information on the metabolic pathways
of chloroacetaldehyde. Little information was available on the metabolism of
chloroacetaldehyde. What information was available was from in vitro and in
vivo studies of rat hepatocytes. The metabolic pathways of chloroacetate and
chloroethanol were better documented, and were used to develop a metabolism
scheme. In brief, chloroacetaldehyde can be oxidized to chloroacetic acid by
aldehyde dehydrogenase, followed by conjugation with glutathione, and finally
the formation of the urinary metabolite thiodiglycolic acid. Chloroacetaldehyde
may also be directly conjugated with glutathione. This scheme was in close
agreement with the metabolic pathways for vinyl chloride (ATSDR 1997; NRC
2012).

4.2. Mechanism of Toxicity

No in vivo studies on the mechanism of toxicity of chloroacetaldehyde
following inhalation exposure in humans or animals were found. Studies of
other routes of exposure included a study of rats exposed to chloroacetaldehyde
by intraperitoneal injection (Visarius et al. 1999) and in vitro studies using iso-
lated rat hepatocytes (Sood and O’Brien 1993, 1994) and liver enzymes (Sharpe
and Carter 1993), human kidney tubules (Dubourg et al. 2001, 2002), and per-
fused rabbit hearts (Joqueviel et al. 1997). In addition, studies of two human
lung-cancer cell lines were available (Manzano et al. 1996). In all of these stud-
ies, chloroacetaldehyde was investigated as a metabolite of vinyl chloride or the
alkylating antitumor agents ifosfamide and cyclophosphamide to understand the
mechanism of hepatoxicity, nephrotoxicity, cardiotoxicity, encephalopathy, and
chronic fatigue observed after exposure or treatment with those agents. These
studies are summarized below. Collectively, they indicate that chloroacetalde-
hyde has the potential to cause serious effects in different organs once it be-
comes systemically available. However, because chloroacetaldehyde is very
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reactive, effects on the respiratory tract are likely to be predominant following
inhalation exposure. Although the potential for chloroacetaldehyde to produce
systemic effects cannot be ruled out, it is probable that the respiratory tract will
be most sensitive to inhalation exposure; this is supported by results of studies in
animals (see Section 3.2).

Hepatoxicity

Chloroacetaldehyde induced a loss in viability of isolated rat hepatocytes
in a concentration- and time-dependent manner. Chloroacetaldehyde was me-
tabolized rapidly and the cytotoxic effects were irreversible (Sood and O’Brien
1993). Cytosolic and mitochondrial rat-liver aldehyde dehydrogenases seemed
to play a significant role in the metabolism of chloroacetaldehyde (Sharpe and
Carter 1993; Sood and O’Brien 1994). Cytotoxicity in isolated rat hepatocytes
was enhanced markedly if hepatocyte alcohol or aldehyde dehydrogenase was
inhibited before exposure to chloroacetaldehyde. Furthermore, the metabolites
chloroacetate and chloroethanol were far less toxic than chloroacetaldehyde.
Sood and O’Brien (1993, 1994) found that the concentration of glutathione, re-
versible thiol protein adduct formation (such as hemithioacetals or thioacetals),
mitochondrial toxicity, and lipid peroxidation were involved in chloroacetalde-
hyde-induced hepatocyte cytotoxicity. Hepatocytes from fasted rats were more
susceptible to chloroacetaldehyde. These in vitro results were confirmed in vivo
by Visarius et al. (1999).

Nephrotoxicity

Dubourg et al. (2001) investigated the mechanism of nephrotoxicity on
isolated tubular (mainly proximal) fragments of human kidney -cortex.
Chloroacetaldehyde was highly toxic to human kidney tubules. A dramatic de-
crease in cellular adenosine triphosphate (ATP) concentrations occurred. Con-
centrations of CoA (substrate of pyruvate dehydrogenase) and acetyl-CoA (acti-
vator of pyruvate carboxylase) were virtually depleted. The correlation between
the cellular depletion of CoA and acetyl-CoA and nephrotoxic effects demon-
strated the importance of thiol compounds in the mechanism of the nephrotoxic-
ity. Chloroacetaldehyde was metabolized at high rates, presumably by oxidation
via aldehyde dehydrogenase (a very active enzyme in human kidneys).
Chloroacetate, which is less toxic than chloroacetaldehyde, was the only major
product of chloroacetaldehyde metabolism by human kidney tubules. Results of
this study strongly suggest that chloroacetaldehyde is detoxified by metabolism
at high rates to the non-nephrotoxic metabolite chloroacetate and by binding to
thiol compounds in isolated human kidney tubules. Dubourg et al. (2002) dem-
onstrated that pediatric tubules are not more sensitive than adult tubules to the
toxic effects of chloroacetaldehyde and the rate of chloroacetaldehyde uptake.
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Several studies have investigated the mechanism of toxicity of ifosfamide,
and indicate a causative role for chloroacetaldehyde in the development of
nephrotoxicity (Loebstein et al. 1999; Skinner et al. 2000; Aleksa et al. 2001;
Yaseen et al. 2008; Hanly et al. 2009). Ifosfamide is a pro-drug that undergoes
intracellular oxidization to its active form by cytotochome P450 monooxy-
genases in the liver and kidneys; in the process, chloroacetaldehyde and acrolein
are formed. Ifosfamide-induced nephrotoxicity might occur in any section of the
nephron, but most commonly occurs in the proximal tubule (Hanly et al. 2009).
Several mechanisms are probably involved in the development of chloroacetal-
dehyde-induced nephrotoxicity, including ATP depletion, inhibition of ATPase,
collapse of the cellular protein gradient though alterations of mitochondria, the
generation of reactive oxygen species, and inhibition of endocytosis (Yaseen et
al. 2008; Hanly et al. 2009). Results of a clinical study by Loebstein et al. (1999)
suggest that age is a risk factor in the development of ifosfamide-induced
nephrotoxicity, with younger patients at greater risk possibly because they have
a greater rate of renal metabolism (Loebstein et al. 1999). However, Skinner et
al. (2000) did not find an association between age and ifosfamide-induced
nephrotoxicity. Differences in study designs and other confounding factors (e.g.,
concomitant therapy with other antineoplastic agents) might have contributed to
conflicting results regarding age dependence of ifosfamide-induced nephrotoxic-
ity (Aleksa et al. 2001).

Cardiotoxicity

Lawrence et al. (1972) reported that intravenous injections of chloroacet-
aldehyde produced lethal cardiotoxicity in less than 90 min in rabbits; the
greater the dose, the earlier the cardiac arrest. The mechanism of cardiotoxicity
was studied in more detail in an isolated perfused-rabbit-heart model by Jo-
queviel et al. (1997). Numerous arrhythmias followed by a decrease in the num-
ber and strength of ventricular contractions and swelling of the heart were ob-
served after chloroacetaldehyde treatment. The major metabolite formed was
chloroacetate, which was far less toxic than chloroacetaldehyde and did not re-
sult in cardiotoxic symptoms. Their findings suggest that the mechanism of car-
diotoxicity might be similar to that found in rat hepatocytes and in a rat renal
model (lipid peroxidation, glutathione depletion, reversible thiol-protein-adduct
formation, and mitochondrial toxicity with ATP depletion).

Lung

Manzano et al. (1996) demonstrated in two human lung-cancer cell lines
(large-cell carcinoma cell line COR-L23/R and adenocarcinoma cell line
MOR/RO04) that chloroacetaldehyde depleted intracellular glutathione concentra-
tions in the lung.
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4.3. Other Relevant Information
4.3.1. Irritation and Sensitization

Chloroacetaldehyde vapor was highly irritating to the nose and eyes of
guinea pigs, rabbits, rats, and mice (5-400 ppm for 6 min to 7 h; single or re-
peated exposure) (Dow Chemical Company 1952). Irritation was observed very
early in exposure and at low concentrations (single exposure at >10 ppm; re-
peated exposure at >5 ppm) (see Section 3.2.). The degree of irritation increased
with concentration and exposure duration. Lacrimation and nasal irritation were
also reported in humans at 10 ppm within a few minutes (no further details pro-
vided). In addition, the following signs of discomfort that might be related to
nasal or ocular irritation were reported in rats exposed at 44-2,643 ppm for 1 h:
closed eyes, wet nares, nasal discharge (at the higher concentrations), blindness
(at 596 ppm), and bloodstains around the nose and mouth of the rats that died
(>159 ppm) (Arts 1987)]. Salivation and labored respiration (at 2,643 ppm),
accompanied by dyspnea and mouth breathing, suggest that chloroacetaldehyde
was irritating to the throat and respiratory tract.

In the European Union, chloroacetaldehyde has been labeled as C; R34
(corrosive; causes burns) (EC/JRC 2012).

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

No information is available on chloroacetaldehyde toxicity in humans
other than a brief statement that a concentration of 10 ppm produced lacrimation
and nasal irritation in humans within a few minutes of exposure (Dow Chemical
Company 1952).

5.2. Summary of Animal Data Relevant to AEGL-1

The database on chloroacetaldehyde is poor. The few studies available in-
dicate that its predominant effect is direct, strong irritation of the eyes, nose, and
lungs (resulting in pulmonary edema and death) (Dow Chemical Company
1952; Arts 1987). Effects appeared to be related to concentration and exposure
duration, and the studies indicate a very steep concentration-response relation-
ship. The effects occur at concentrations of 10 ppm and higher in rats and guinea
pigs and appear soon after onset of exposure. Repeated exposure at 5 ppm (7
h/day, eight exposures in 10 days) induced slight nasal or ocular irritation in
rabbits, rats, and mice. Guinea pigs were less sensitive (Dow Chemical Com-
pany 1952).
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5.3. Derivation of AEGL-1

The predominant effect of acute exposures to chloroacetaldehyde is irrita-
tion of the eyes and respiratory tract. Because no direct information is available
on chloroacetaldehyde toxicity in humans, the AEGL-1 values are based on
animal data. A single 7-h exposure to chloroacetaldehyde at concentrations of 10
ppm and higher in rats and at 25 ppm and higher in guinea pigs induced ocular
and nasal irritation. However, effects were very slight to slight in rats, mice, and
one rabbit exposed daily at 5 ppm (the lowest concentration tested) for 7 h per
day for up to eight exposures in 10 days. No effects were reported in guinea pigs
(Dow Chemical Company 1952). No effects were found during gross pathologic
exams or on organ weights. A concentration of 5 ppm was chosen as the point of
departure for calculating the AEGL-1 values, and a modifying factor of 2 was
applied to obtain a no-observed-adverse-effect level of 2.5 ppm. Although the
critical effect is local irritation, the irritation was related to both concentration
and exposure duration. Therefore, it was considered inappropriate to set the
same values for all time periods. Instead, time scaling was performed using the
equation C" x t = k. The value of n was determined to be 1.2 based on mortality
data (see Section 7.3).

A total uncertainty factor of 10 (two factors of 3) was considered suffi-
cient for toxicokinetic and toxicodynamic differences between species and in
individual variability. Irritant effects were attributed to direct interaction of
chloroacetaldehyde; therefore, no relevant differences in kinetics were assumed.
The resulting AEGL-1 values are presented in Table 2-5. The 10-min AEGL-1
value was set equal to the 30-min value because extrapolation from a 7-h expo-
sure to a 10-min value had too much uncertainty. The report of lacrimation and
nasal irritation in humans within a few minutes of exposure to chloroacetalde-
hyde at 10 ppm (Dow Chemical Company 1952) provides support for deriving
AEGL-1 values on the basis of the rat data.

6. DATA ANALYSIS FOR AEGL-2
6.1. Summary of Human Data Relevant to AEGL-2

No human data relevant to effects defined by AEGL-2 were found.

6.2. Summary of Animal Data Relevant to AEGL-2

Decreased pulmonary function, pulmonary edema, closed eyes, and blind-
ness were the relevant effects for deriving AEGL-2 values for chloroacetalde-
hyde. Effects on the lungs were found in guinea pigs and rats (Dow Chemical
Company 1952). Chloroacetaldehyde at nominal concentrations of 10-400 ppm
for durations ranging from 7 h to 6 min caused labored breathing in rats at the
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TABLE 2-5 AEGL-1 Values for Chloroacetaldehyde
10 min 30 min 1h 4h 8h

2.3 ppm 2.3 ppm 1.3 ppm 0.40 ppm 0.22 ppm
(7.4 mg/m?) (7.4 mg/m?) (4.2 mg/m?) (1.3 mg/m?) (0.71 mg/m®)

higher concentrations tested. Furthermore, at some concentrations (not speci-
fied), slight drowsiness was apparent. No effects on organ weights or gross pa-
thology findings were observed in rats, mice, guinea pigs, or one rabbit exposed
to chloroacetaldehyde at 5 ppm for 7 h/day, for eight exposures in 10 days. Pul-
monary toxicity was confirmed in a well-performed and adequately reported
study of rats exposed to chloroacetaldehyde at concentrations of 44-2,643 ppm
(analytically determined) for 1 h (Arts 1987). Shortly after the start of the ex-
periment, labored respiration accompanied by dyspnea and mouth breathing was
detected in all animals at the highest concentration (2,643 ppm). Closed eyes
were also observed (concentrations not specified). Rats exposed at the highest
concentrations that did not die immediately were described as breathing “wheez-
ingly”. The animals that died during exposure or within the first 2 days of ob-
servation had pulmonary edema accompanied in some cases by atelectasis and
in most cases by hydrothorax. The latter finding could be explained by induced
hypertension. Pulmonary edema was also observed in some animals in the three
lowest-concentration groups (number of animals affected was not reported) that
were killed at the end of the 2-week observation period. Effects indicated im-
pairment of pulmonary function.

6.3. Derivation of AEGL-2

Impaired pulmonary function was the most relevant adverse effect for de-
riving AEGL-2 values for chloroacetaldehyde. A concentration of 44 ppm was
the lowest-observed-adverse-effect level for this effect. A modifying factor or 2
was applied to obtain a point of departure of 22 ppm, because of an incomplete
database; specifically, a no-effect level for AEGL-2 effects could not be identi-
fied, and effects were more severe than those that define AEGL-2 values. Ac-
cording to NRC (2001), application of an additional modifying factor may be
necessary when an incomplete database exists. The modifying factor represents
an adjustment for uncertainties in the overall database. It “reflects professional
judgment on the entire database available for the specific agent” and is applied
on a case-by-case basis. Data from Tables 2-3 and 2-4 indicate that the concen-
tration-response curve for chloroacetaldehyde is very steep (e.g., about a two-
fold difference in exposure duration or concentration between 0% or 100% mor-
tality). Therefore a relatively small modifying factor of 2 was considered suffi-
cient to derive a no-effect level.
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A total uncertainty factor of 10 (two factors of 3) was considered suffi-
cient for toxicokinetic and toxicodynamic differences between species and for
individual variability for the following reasons. The effects were attributed to
direct interaction of chloroacetaldehyde; therefore, no relevant differences in
kinetics were assumed. The concentration-response curve appears to be very
steep, indicating that a larger factor is unnecessary. Considering the effects at
the lower exposure concentrations, a higher uncertainty factor would lead to
unrealistically low values for AEGL-2. For time periods other than 1 h, time
scaling was performed using the equation C" x t = k, with n = 1.2 based on
mortality data (see Section 7.3). The resulting AEGL-2 values are presented in
Table 2-6.

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

No adequate human data that address the level of effects defined by the
AEGL-3 were found.

7.2. Summary of Animal Data Relevant to AEGL-3

Two studies of the acute lethality of chloroacetaldehyde were available
(Dow Chemical Company 1952; Arts 1987). One study provided mortality data
in rats and guinea pigs for exposures varying both in concentration and exposure
duration (Dow Chemical Company 1952). At the concentrations tested, mortal-
ity was either 0% or close to 100%. The concentration-response curve was very
steep, and rats were more susceptible than guinea pigs to chloroacetaldehyde.
Slight nasal irritation was observed in rats exposed at 5 ppm for 7 h/day for
eight exposures in 10 days, but nearly all of the rats exposed once at 25 ppm for
7 h died (Dow Chemical Company 1952). Arts (1987) studied mortality in rats
exposed to chloroacetaldehyde for 1 h at several concentrations. Because of the
steep concentration-response curve and the natural variability between the
groups, it was not possible to determine an exact LCsy with a 95% confidence
interval. The LCsy was between 203 and 243 ppm (mortality rates of 4/10 and
10/10, respectively).

7.3. Derivation of AEGL-3

Mortality data from Dow Chemical Company (1952) show a steep concen-
tration-response curve for chloroacetaldehyde. Doubling of the concentration or
the exposure duration shifted mortality from 0% to close to 100%. Concentra-
tion-response modeling of the data resulted in confidence intervals that were too
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large and was, therefore, inappropriate. An additional problem was a lack of
study details (e.g., only nominal concentrations of chloroacetaldehyde were re-
ported). Inclusion of the Arts (1987) data in the modeling only slightly improved
the analyses. Using the “Doseresp”-software developed by ten Berge, a value for
n of 1.2 (with a 95% confidence interval of 0.88-1.53) for time scaling was de-
rived from the Dow Chemical Company (1952) study in rats (see Table 2-3).
Inclusion of the Arts (1987) data did not change the outcome significantly.

Mortality data from the Arts (1987) study (see Table 2-3) were analyzed
using EPA benchmark dose software (version 1.3.2) (EPA 2005). Benchmark
concentrations for a 1% response (BMCy,;) and for a 5% response (BMCys) were
118 ppm and 136 ppm, respectively. The lower 95% confidence limit for the
BMCys (BMCLys) for a 1-h exposure was 99 ppm.

A total uncertainty factor of 10 (two factors of 3) was considered suffi-
cient for toxicokinetic and toxicodynamic differences between species and for
individual variability for the following reasons. The effects were attributed to
direct interaction of chloroacetaldehyde and, therefore, no relevant differences
in kinetics were assumed. The concentration-response curve appeared to be very
steep, indicating that a larger factor is unnecessary. Doubling the exposure dura-
tion or concentration increased the mortality from 0% to 100%. Considering the
response at the lower exposure concentrations, a larger uncertainty factor would
lead to unrealistically low AEGL-3 values (see Tables 2-3 and 2-4).

The point of departure for calculating the AEGL-3 1-h value was the 1-h
BMCLs of 99 ppm. Application of a total uncertainty factor of 10 results in 9.9
ppm for a 1-h exposure. AEGL-3 values for the other time periods were derived
by time scaling according to the dose-response regression equation C" x t =k,
with n = 1.2 based on mortality data (Dow Chemical Company 1952). The re-
sulting AEGL-2 values are presented in Table 2-7.

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

The AEGLs values for chloroacetaldehyde are summarized in Table 2-8.

TABLE 2-6 AEGL-2 Values for Chloroacetaldehyde
10 min 30 min lh 4h 8h

9.8 ppm 3.9 ppm 2.2 ppm 0.69 ppm 0.39 ppm
(31 mg/m?) (13 mg/m®) (7.1 mg/m*) (2.2 mg/m*) (1.5 mg/m*)

TABLE 2-7 AEGL-3 Values for Chloroacetaldehyde
10 min 30 min lh 4h 8h

44 ppm 18 ppm 9.9 ppm 3.1 ppm 1.8 ppm
(140 mg/m®) (57 mg/m’) (32 mg/m®) (10 mg/m®) (5.6 mg/m®)
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TABLE 2-8 Summary of AEGL Values for Chloroacetaldehyde

Exposure Duration

Classification 10 min 30 min lh 4h 8h

AEGL-1 2.3 ppm 2.3 ppm 1.3 ppm 0.40 ppm 0.22 ppm
(nondisabling) (7.4 mg/m’) (74 mg/m’)  (42mg/m’) (1.3 mg/m’) (0.71 mg/m’)
AEGL-2 9.8 ppm 3.9 ppm 2.2 ppm 0.69 ppm 0.39 ppm
(disabling) (31 mg/m’) (13 mg/m?) (7.1 mg/m®) (2.2 mg/m®) (1.5 mg/m’®)
AEGL-3 44 ppm 18 ppm 9.9 ppm 3.1 ppm 1.8 ppm
(lethal) (140 mg/m®) (57 mg/m’) (32 mg/m’) (10 mg/m®) (5.6 mg/m’)

TABLE 2-9 Extant Standards and Guidelines for Chloroacetaldehyde
Exposure Duration
Guideline 10 min 30 min Lh 4h 8h

AEGL-1 2.3 ppm 2.3 ppm 1.3 ppm 0.40 ppm 0.22 ppm
(74 mg/m’)  (7.4mg/m’)  (42mgm’) (1.3 mgm’)  (0.71 mg/m?)

AEGL-2 9.8 ppm 3.9 ppm 2.2 ppm 0.69 ppm 0.39 ppm
(31 mg/m®) (13 mg/m®) (71 mg/m’) (22 mg/m*) (1.5 mg/m’)

AEGL-3 44 ppm 18 ppm 9.9 ppm 3.1 ppm 1.8 ppm
(140 mg/m®) (57 mg/m®)  32mgm’) (10 mg/m’) (5.6 mg/m’)

IDLH (NIOSH)* 45 ppm
TLV-C (ACGIH)" 1 ppm

PEL-C (OSHA)* 1 ppm
REL-C (NIOSH)* 1 ppm

MAC 1 ppm

(The Netherlands)®

“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-C (threshold limit value-ceiling, American Conference of Governmental Industrial
Hygienists) (ACGIH 2010) is a value that must not be exceeded during any part of the
workday.

“PEL-C (permissible exposure limit-ceiling, Occupational Safety and Health Administra-
tion) (29 CFR 1910.1000 [2006]) is defined analogous to the ACGIH TLV-C.

9REL-C (recommended exposure limit-ceiling, National Institute for Occupational Safety
and Health) (NIOSH 2011) is defined analogous to the ACGIH TLV-C.

‘MAC (maximaal aanvaaarde concentratie [maximal accepted concentration]), (Dutch
Expert Committee for Occupational Standards, The Netherlands (MSZV 2004 ) is de-
fined analogous to the ACGIH TLV-TWA (the time weighted average concentration for a
normal 8-h workday and a 40-ho workweek, to which nearly all workers may be repeat-
edly exposed, day after day, without adverse effect).
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8.2. Comparison with Other Standards and Guidelines

The Immediately Dangerous to Life or Health (IDLH) value for
chloroacetaldehyde of 45 ppm is based on an analogy with crotonaldehyde. Cro-
tonaldehyde at 45 ppm was disagreeable to human subjects and caused conjunc-
tival irritation. The IDLH might be a conservative value because acute toxicity
data at concentrations greater than 45 ppm are lacking.

The general standards for chloroacetaldehyde are based on the prevention
of ocular and nasal irritation. Because of the corrosive properties of chloroacet-
aldehyde, the standards are set as ceiling values. The 10- and 30-min AEGL-1
values are about two-fold greater than the ceiling value of 1 ppm. However,
considering the severity of irritation in relation to the exposure concentrations,
as observed in the animal experiments (single and repeated exposure), exposure
to chloroacetaldehyde at 2.3 ppm for up to 30 min will probably not lead to sig-
nificant ocular or nasal irritation in humans.

8.3. Data Quality and Research Needs

No relevant, adequately-documented human data on chloroacetaldehyde
were available. AEGL-1 values were based on data from repeated-exposure
studies in animals, because no adequate acute-exposure studies of relevant
AEGL-1 end points in animals were found. However, one of the repeated-
exposure studies had inadequate details and both studies mainly focused on le-
thality and described nonlethal effects in a general manner without relating them
to specific concentrations of chloroacetaldehyde. AEGL-2 values were based on
a clear effect level; a no-observed-adverse-effect level could not be determined.
However, because the critical end points for chloroacetaldehyde are fairly well
understood, the uncertainties in the AEGL values are not expected to be large.
An adequate animal experiment focusing on AEGL-1 and AEGL-2 end points
after single exposure might be helpful to reduce uncertainties.
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APPENDIX A

DERIVATION OF AEGL VALUES FOR CHLOROACETALDEHYDE

Key study:

Toxicity end point:

Time scaling:

Uncertainty factors:

Modifying factor:

Calculations:

10-min AEGL-1:

30-min AEGL-1:

1-h AEGL-1:

4-h AEGL-1:

8-h AEGL-1:

Derivation of AEGL-1 Values

Dow Chemical Company. 1952. Toxicity of
Chloroacetaldehyde. Document No. SEHQ-0392-
28338. EPA Document No. 88920001475.
Microfiche No. OTS0536151.

5 ppm for 7 h, lowest-observed-adverse-eftect
level for nasal and ocular irritation. The point of
departure was 2.5 ppm after a modifying factor of
2 was applied (see below).

C" x t=k; n= 1.2 based on lethality data
k = (2.5 ppm)'? x 420 min = 1,261 ppm-min

3 for interspecies differences
3 for intraspecies variability
Total uncertainty factor of 10

A modifying factor of 2 was applied to reduce
the lowest-observed-adverse-effect level to a
no-effect level.

Set equal to the 30-min AEGL of 2.3 ppm
(= 7.4 mg/m’)

C'? x 30 min = 1,261 ppm-min
C=22.5ppm
22.5+10 = 2.3 ppm (rounded) (= 7.4 mg/m"*)

C'? x 60 min = 1,261 ppm-min
C=12.7 ppm
12.7 = 10 = 1.3 ppm (rounded) (= 4.2 mg/m"*)

C'? x 240 min = 1,261 ppm-min
C=4.0 ppm
4.0 + 10 = 0.40 ppm (rounded) (= 1.3 mg/m”*)

C'? x 480 min = 1,261 ppm-min
C=22ppm
2.2+ 10=0.22 ppm (rounded) (= 0.71 mg/m°)
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Key study:

Toxicity end point:

Time scaling:

Uncertainty factors:

Modifying factor:

Calculations:

10-min AEGL-2:

30-min AEGL-2:

1-h AEGL-2:

4-h AEGL-2:

8-h AEGL-2:
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Derivation of AEGL-2 Values

Arts, J.H.E. 1987. Acute (One-Hour) Inhalation
Toxicity Study of Chloroacetaldehyde in Rats.
Report No. V 87.094/261236. Organization for
Applied Scientific Research (TNO), Zeist, The
Netherlands [online]. Available: http://yosemite.
epa.gov/oppts/epatscat8.nsf/by+Service/731D954
2E140E7DC85256F2600655CA2/$File/88870000
029.pdf [accessed Feb. 10, 2012].

44 ppm for 1 h, lowest-observed-adverse-effect
level for impaired pulmonary function. The point
of departure was 22 ppm after a modifying factor
of 2 was applied (see below).

C" x t=k; n= 1.2 based on lethality data
k = (22 ppm)"?* x 60 min = 2,449 ppm-min

3 for interspecies differences
3 for intraspecies variability
Total uncertainty factor of 10

A modifying factor of 2 was applied to reduce the
lowest-observed-adverse-effect level, because the
pulmonary effects were more severe than those
that define AEGL-2 values.

C'? x 10 min = 2,449 ppm-min
C=97.9 ppm
97.9 + 10 = 9.8 ppm (rounded) (= 31 mg/m’)

C'? x 30 min = 2,449 ppm-min
C=39.2 ppm
39.2 + 10 = 3.9 ppm (rounded) (= 13 mg/m’)

22 ppm = 10 =2.2 ppm (= 7.1 mg/m’)

C'? x 240 min = 2,449 ppm-min
C=6.9 ppm
6.9 +10 = 0.69 ppm (= 2.2 mg/m’)

C'? x 480 min = 2,449 ppm-min
C=39ppm
3.9+10 =0.39 ppm (= 1.5 mg/m’)
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Key studies:

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:

Acute Exposure Guideline Levels

Derivation of AEGL-3 Values

Arts, J.H.E. 1987. Acute (One-Hour) Inhalation
Toxicity Study of Chloroacetaldehyde in Rats.
Report No. V 87.094/261236. Organization for
Applied Scientific Research (TNO), Zeist, The
Netherlands [online]. Available: http://yosemite.
epa.gov/oppts/epatscat8.nsf/by+Service/731D954
2E140E7DC85256F2600655CA2/$File/88870000
029.pdf [accessed Feb. 10, 2012].

Dow Chemical Company. 1952. Toxicity of
Chloroacetaldehyde. Document No. 8EHQ-0392-
28338. EPA Document No. 88920001475.
Microfiche No. OTS0536151.

Lethality in rats exposed for 1 h. The 1-h BMCys
is 136 ppm, with a lower 95% confidence limit of
99 ppm (the point of departure).

C" x t=k; n= 1.2 based on lethality data
k = (99 ppm)'?* x 60 min = 14,891 ppm-min

3 for interspecies differences
3 for intraspecies variability
Total uncertainty factor of 10

C'? x 10 min = 14,891 ppm-min
C =441 ppm
441 + 10 = 44 ppm (rounded) (= 140 mg/m’)

C'? x 30 min = 14,891 ppm-min
C=176 ppm
176 + 10 = 18 ppm (rounded) (= 57 mg/m?)

99 ppm =+ 10 =9.9 ppm (= 32 mg/m")

C'? x 240 min = 14,891 ppm-min
C=31ppm
31+ 10=3.1 ppm (= 10 mg/m’)

C'? x 480 min = 14,891 ppm-min
C=18 ppm
18+ 10 = 1.8 ppm (= 5.6 mg/m’)
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APPENDIX B

ACUTE EXPOSURE GUIDELINE LEVELS FOR
CHLOROACETALDEHYDE

Derivation Summary for Chloroacetaldehyde

AEGL-1 VALUES

77

10 min 30 min 1h 4h 8h

2.3 ppm 2.3 ppm 1.3 ppm 0.40 ppm 0.22 ppm
(74 mg/m’)  (74mgm’)  (42mgm’)  (1.3mgm’)  (0.71 mg/m’)

Key reference: Dow Chemical Company. 1952. Toxicity of Chloroacetaldehyde.
Document No. 8EHQ-0392-28338. EPA Document No. 88920001475. Microfiche
No. OTS0536151.

Test species/Strain/Number:
Guinea pigs (strain not specified): 5
Rabbit (strain not specified): 1
Rats (strain not specified): 10
Mice (strain not specified): 5

Exposure route/Concentrations/Durations: Inhalation, chloroacetaldehyde at 0 or 5
ppm for 7 h/d, 5 d/wk for a total of eight exposures in 10 d.

Effects at 5 ppm:
Guinea pigs: no effects
Rabbit: slight ocular irritation
Rats: slight nasal irritation, very slight ocular irritation
Mice: slight nasal irritation

End point/Concentration/Rationale: Rabbit, rats, and mice had slight nasal and
ocular irritation after 7 h of exposure at 5 ppm (lowest-observed-adverse-effect
level).

Uncertainty factors/Rationale:
Total uncertainty factor: 10 was considered sufficient for toxicokinetic and
toxicodynamic differences between species and individual variability. The effects

were attributed to direct interaction of chloroacetaldehyde and, therefore, no relevant

differences in kinetics between species and between humans were assumed.
Interspecies: 3
Intraspecies: 3

Modifying factor: A modifying factor of 2 was applied to reduce 5 ppm to a
no-effect level of 2.5 ppm.

Animal-to-human dosimetric adjustment: Not applied

Time scaling: C" x t = k; n = 1.2 based on lethality data

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

2.3 ppm 2.3 ppm 1.3 ppm 0.40 ppm 0.22 ppm
(74mgm’)  (74mgm’) (42mgm’) (13mgm’)  (0.71 mg/m’)
Data adequacy: No human data were available. Lacrimation and nasal irritation
reported in humans within a few minutes of exposure to chloroacetaldehyde at 10
ppm (Dow Chemical Company 1952) provides supporting data for deriving AEGL-1
values on the basis of rat data. No adequate animal data identifying a no-effect level
for ocular and nasal irritation were available.

AEGL-2 VALUES
10 min 30 min lh 4h 8h
9.8 ppm 3.9 ppm 2.2 ppm 0.69 ppm 0.39 ppm
(31 mg/m’) (13 mg/m’) (7.1 mg/m’) (2.2 mg/m’) (1.5 mg/m’)
Key reference: Arts, J.H.E. 1987. Acute (One-Hour) Inhalation Toxicity Study of
Chloroacetaldehyde in Rats. Report No. V §7.094/261236. Organization for Applied
Scientific Research (TNO), Zeist, The Netherlands.

Test species/Strain/Number: SPF-reared Borr: WISW rats (5 animals/sex/group)

Exposure route/Concentrations/Durations: Inhalation, mean actual concentrations of
chloroacetaldehyde at 44, 159, 203, 243, 309, 596, and 2,643 ppm for 1 h.

Effects:

44 ppm: closed eyes, salivation; pulmonary edema (still presented 2 weeks
after exposure)

159 ppm: 3/10 deaths

203 ppm: 4/10 deaths

243 ppm: 100% mortality

309 ppm: 100% mortality

596 ppm: 100% mortality

2,643 ppm: 100% mortality

End point/Concentration/Rationale: Pulmonary edema at 44 ppm, the lowest
concentration tested.

Uncertainty factors/Rationale:
Total uncertainty factor: 10 was considered sufficient for toxicokinetic and
toxicodynamic differences between species and individual variability. The effects
were attributed to direct interaction of chloroacetaldehyde and, therefore, no relevant
differences in kinetics between species and between humans were assumed.
Interspecies: 3
Intraspecies: 3
Modifying factor: A modifying factor of 2 was applied because of an incomplete
database (a no-effect level was not identified). A factor of 2 was considered
sufficient because of the steep concentration-response curve.

(Continued)

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

Chloroacetaldehyde 79

AEGL-2 VALUES Continued
10 min 30 min l1h 4h 8h
9.8 ppm 3.9 ppm 2.2 ppm 0.69 ppm 0.39 ppm
(31 mg/m®) (13 mg/m®) (7.1 mgm’)  (22mgm’) (1.5 mg/m’)
Animal-to-human dosimetric adjustment: Not applied
Time scaling: C" x t =k; n = 1.2 based on lethality data

Data adequacy: No human data were available. A no-effect level for effects
defined by the AEGL-2 could not be determined. However, because of the steep
concentration-response curve and the additional animal data, the uncertainties in
the AEGL-2 values probably not very large.

AEGL-3 VALUES

10 min 30 min 1h 4h 8h
44 ppm 18 ppm 9.9 ppm 3.1 ppm 1.8 ppm
(140 mg/m®) (57 mg/m’) (32mg/m’) (10 mg/m’) (5.6 mg/m’)

Key references: (1) Dow Chemical Company. 1952. Toxicity of Chloroacetaldehyde.
Document No. 8EHQ-0392-28338. EPA Document No. 88920001475. Microfiche
No. OTS0536151. (2) Arts, J.H.E. 1987. Acute (One-Hour) Inhalation Toxicity
Study of Chloroacetaldehyde in Rats. Report No. V 87.094/261236. Organization for
Applied Scientific Research (TNO), Zeist, The Netherlands.

Test species/Strain/Number: SPF-reared Borr: WISW rats (5 animals/sex/group)

Exposure Route/Concentrations/Durations: Inhalation, mean actual concentrations of
44,159, 203, 243, 309, 596, and 2,643 ppm for 1 h

Effects:
44 ppm: 0/10 deaths
159 ppm: 3/10 deaths
203 ppm: 4/10 deaths
243 ppm: 100% mortality
309 ppm: 100% mortality
596 ppm: 100% mortality
2,643 ppm: 100% mortality

End point/Concentration/Rationale: A BMCLys of 99 ppm for 1 h was calculated
using EPA benchmark dose software (EPA 2005).

Uncertainty factors/Rationale:
Total uncertainty factor: 10 was considered sufficient for toxicokinetic and
toxicodynamic differences between species and individual variability. The effects
were attributed to direct interaction of chloroacetaldehyde and, therefore, no relevant
differences in kinetics between species and between humans were assumed.
Interspecies: 3
Intraspecies: 3

(Continued)
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AEGL-3 VALUES Continued

10 min 30 min 1h 4h 8h
44 ppm 18 ppm 9.9 ppm 3.1 ppm 1.8 ppm
(140 mg/m®) (57 mg/m’) (32mg/m’) (10 mg/m’) (5.6 mg/m’)

Modifying factor: Not applied

Animal-to-human dosimetric adjustment: Not applied
Time scaling: C" x t =k; n = 1.2 based on lethality data
Data adequacy: Sufficient for deriving AEGL-3 values.
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APPENDIX C

CATEGORY GRAPH OF TOXICITY DATA AND AEGL
VALUES FOR CHLOROACETALDEHYDE

Chloroacetaldehyde Toxicity
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FIGURE C-1 Category graph of toxicity data and AEGLs values for chloroacetaldehyde.
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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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