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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 lethality data in rodents.

As part of its efforts to develop acute exposure guideline levels for EHSs,
EPA and the Agency for Toxic Substances and Disease Registry (ATSDR) in
1991 requested that the National Research Council (NRC) develop guidelines
for establishing such levels. In response to that request, the NRC published
Guidelines for Developing Community Emergency Exposure Levels for Hazard-
ous Substances in 1993.

Using the 1993 NRC guidelines report, the National Advisory Committee
(NAC) on Acute Exposure Guideline Levels for Hazardous Substances—
consisting of members from EPA, the Department of Defense (DOD), the De-
partment of Energy (DOE), the Department of Transportation, other federal and
state governments, the chemical industry, academia, and other organizations
from the private sector—has developed acute exposure guideline levels
(AEGLs) for approximately 200 EHSs.

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

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

Xi
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xii Preface

series Acute Exposure Guideline Levels for Selected Airborne Chemicals. 1t re-
views the AEGLs for allylamine, ammonia, aniline, arsine, crotonaldehyde,
trans and cis + trans, 1, 1-dimethylhydrazine, 1, 2-dimethylhydrazine, iron pen-
tacarbonyl, methyl hydrazine, nickel carbonyl, phosphine, and 8 metal
phosphides for scientific accuracy, completeness, and consistency with the NRC
guideline reports.

This report was reviewed in draft by individuals selected for their diverse
perspectives and technical expertise, in accordance with procedures approved by
the NRC's Report Review Committee. The purpose of this independent review is
to provide candid and critical comments that will assist the institution in making
its published report as sound as possible and to ensure that the report meets insti-
tutional 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 this report: Deepak K. Bhalla, Wayne State Uni-
versity; David W. Gaylor, Gaylor and Associates, LLC; and Samuel Kacew,
University of Ottawa.

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 the report before its release.
The review of this report was overseen by Robert Goyer, University of Western
Ontario (Emeritus). Appointed by the National Research Council, he was re-
sponsible for making certain that an independent examination of this report was
carried out in accordance with institutional procedures and that all review com-
ments were carefully considered. Responsibility for the final content of this re-
port rests entirely with the authoring committee and the institution.

After the review of the draft was completed, the committee evaluated
AEGLs that were developed for 8 metal phosphides. Because the acute toxicity
of metal phosphides results from the phosphine generated from hydrolysis of the
metal phosphides, their AEGL values are likewise based upon phosphine
AEGLs. Therefore Chapter 10 of this report was expanded to present AEGL
values for phosphine and the metal phosphides. We wish to thank Ian Greaves,
University of Minnesota, and Wallace Hayes, Harvard School of Public Health,
for their review of this revised chapter. The review was overseen by Samuel
Kacew.

The committee gratefully acknowledges the valuable assistance provided
by the following persons: Ernest Falke, Marquea D. King, Iris A. Camacho, and
Paul Tobin (all from EPA); George Rusch (Honeywell, Inc.); Cheryl Bast, Syl-
via Talmage, Robert Young, and Sylvia Milanez (all from Oak Ridge National
Laboratory). We are grateful to James J. Reisa, director of the Board on Envi-
ronmental Studies and Toxicology (BEST), for his helpful comments. Other
staff members who contributed to this effort are Raymond Wassel (senior pro-
gram officer), Aida Neel (program associate), Ruth Crossgrove (senior editor),
Radiah Rose (senior editorial assistant), and Mirsada Karalic-Loncarevic (man-
ager, Technical Information Center). The committee particularly acknowledges
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Kulbir Bakshi, project director for the committee, for bringing the report to
completion. Finally, we would like to thank all members of the committee for
their expertise and dedicated effort throughout the development of this report.

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

William E. Halperin, Chair
Committee on Toxicology
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Introduction

This report is the sixth volume in the series Acute Exposure Guideline
Levels for Selected Airborne Chemicals.

In the Bhopal disaster of 1984, approximately 2,000 residents living near a
chemical plant were killed and 20,000 more suffered irreversible damage to their
eyes and lungs following accidental release of methyl isocyanate. The toll was
particularly high because the community had little idea what chemicals were
being used at the plant, how dangerous they might be, or what steps to take an
emergency. This tragedy served to focus international attention on the need for
governments to identify hazardous substances and to assist local communities in
planning how to deal with emergency exposures.

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

As a first step in assisting the LEPCs, EPA identified approximately 400
EHSs largely on the basis of their immediately dangerous to life and health val-
ues, developed by the National Institute for Occupational Safety and Health in
experimental animals. Although several public and private groups, such as the
Occupational Safety and Health Administration and the American Conference of
Governmental Industrial Hygienists, have established exposure limits for some
substances and some exposures (e.g., workplace or ambient air quality), these
limits are not easily or directly translated into emergency exposure limits for
exposures at high levels but of short duration, usually less than 1 hour (h), and

Copyright © National Academy of Sciences. All rights reserved.
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4 Acute Exposure Guideline Levels

only once in a lifetime for the general population, which includes infants (from
birth to 3 years of age), children, the elderly, and persons with diseases, such as
asthma or heart disease.

The National Research Council (NRC) Committee on Toxicology (COT)
has published many reports on emergency exposure guidance levels and space-
craft maximum allowable concentrations for chemicals used by the U.S. De-
partment of Defense (DOD) and the National Aeronautics and Space Admini-
stration (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 1986a,b, 1987, 1988, 1994,
1996a,b, 2000). COT has also published guidelines for developing emergency
exposure guidance levels for military personnel and for astronauts (NRC 1986b,
1992). Because of COT’s experience in recommending 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 Guidelines for Developing Commu-
nity Emergency Exposure Levels for Hazardous Substances. The report of that
subcommittee, Guidelines for Developing Community Emergency Exposure
Levels for Hazardous Substances (NRC 1993), provides step-by-step guidance
for setting emergency exposure levels for EHSs. Guidance is given on what data
are needed, what data are available, how to evaluate the data, and how to present
the results.

In November1995 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 (AEGLs) for high-priority, acutely toxic
chemicals. The NRC’s previous name for acute exposure levels—community
emergency exposure levels (CEELs)—was replaced by the term AEGLs to re-
flect the broad application of these values to planning, response, and prevention
in the community, the workplace, transportation, the military, and the remedia-
tion of Superfund sites.

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

AEGL-1 is the airborne concentration (expressed as parts per million
[ppm] or milligrams per cubic meter [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

'NAC is composed of members from EPA, DOD, many other federal and state agen-
cies, industry, academia, and other organizations. The NAC roster is shown on page 9.
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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 adverse health effects or
death.

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

SUMMARY OF REPORT ON GUIDELINES
FOR DEVELOPING AEGLS

As described in Guidelines for Developing Community Emergency Expo-
sure Levels for Hazardous Substances (NRC 1993) and the NRC guidelines re-
port, Standing Operating Procedures for Developing Acute Exposure Guideline
Levels for Hazardous Chemicals (NRC 2001a), the first step in establishing
AEGLs for a chemical is to collect and review all relevant published and unpub-
lished information. Various types of evidence are assessed in establishing AEGL
values for a chemical. These include information from (1) chemical-physical
characterizations, (2) structure-activity relationships, (3) in vitro toxicity studies,
(4) animal toxicity studies, (5) controlled human studies, (6) observations of
humans involved in chemical accidents, and (7) epidemiologic studies. Toxicity
data from human studies are most applicable and are used when available in
preference to data from in vivo and in vitro studies. Toxicity data from inhala-
tion exposures are most useful for setting AEGLs for airborne chemicals be-
cause inhalation is the most likely route of exposure and because extrapolation
of data from other routes would lead to additional uncertainty in the AEGL es-
timate.

For most chemicals, actual human toxicity data are not available or critical
information on exposure is lacking, so toxicity data from studies conducted in
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laboratory animals are extrapolated to estimate the potential toxicity in humans.
Such extrapolation requires experienced scientific judgment. The toxicity data
for animal species most representative of humans in terms of pharmacodynamic
and pharmacokinetic properties are used for determining AEGLs. If data are not
available on the species that best represents humans, data from the most sensi-
tive animal species are used. Uncertainty factors are commonly used when ani-
mal data are used to estimate risk levels for humans. The magnitude of uncer-
tainty factors depends on the quality of the animal data used to determine the no-
observed-adverse-effect level (NOAEL) and the mode of action of the substance
in question. When available, pharmacokinetic data on tissue doses are consid-
ered for interspecies extrapolation.

For substances that affect several organ systems or exert multiple effects,
all endpoints (including reproductive (in both genders), developmental, neuro-
toxic, respiratory, and other organ-related effects are evaluated, the most impor-
tant or most sensitive effect receiving the greatest attention. For carcinogenic
chemicals, excess carcinogenic risk is estimated, and the AEGLs corresponding
to carcinogenic risks of 1 in 10,000 (1 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, the EPA and
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports
(NRC 1993, 2001a). The NRC assigned this project to the COT Committee on
Acute Exposure Guideline Levels. The committee has expertise in toxicology,
epidemiology, occupational health, pharmacology, medicine, pharmacokinetics,
industrial hygiene, and risk assessment.

The AEGL draft reports are initially prepared by ad hoc AEGL develop-
ment teams consisting of a chemical manager, two chemical reviewers, and a
staff scientist of the NAC contractor—OQOak Ridge National Laboratory. The
draft documents are then reviewed by NAC and elevated from “draft” to “pro-
posed” status. After the AEGL documents are approved by NAC, they are pub-
lished in the Federal Register for public comment. The reports are then revised
by NAC in response to the public comments, elevated from “proposed” to “in-
terim” status, and sent to the NRC Committee on Acute Exposure Guideline
Levels for final evaluation.

The NRC committee’s review of the AEGL reports prepared by NAC and
its contractors involves oral and written presentations to the committee by the
authors of the reports. The NRC committee provides advice and recommenda-
tions for revisions to ensure scientific validity and consistency with the NRC
guideline reports (NRC 1993, 2001a). The revised reports are presented at sub-
sequent meetings until the subcommittee is satisfied with the reviews.
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Because of the enormous amount of data presented in AEGL reports, the
NRC committee cannot verify all of the data used by NAC. The NRC committee
relies on NAC for the accuracy and completeness of the toxicity data cited in the
AEGL reports.

Thus far, the committee has prepared five reports in the series Acute Ex-
posure Guideline Levels for Selected Airborne Chemicals (NRC 2001b, 2002,
2003, 2004, 2007). This report is the sixth volume in that series. AEGL docu-
ments for allylamine, ammonia, aniline, arsine, crotonaldehyde, cis/trans-, cro-
tonaldehyde, trans-iso, 1, 1-dimethylhydrazine, iron pentacarbonyl, methyl hy-
drazine, nickel carbonyl, phosphine, and 8 metal phosphides are each published
as an appendix to this report. The committee concludes that the AEGLs devel-
oped in these appendixes are scientifically valid conclusions based on the data
reviewed by NAC and are consistent with the NRC guideline reports. AEGL
reports for additional chemicals will be presented in subsequent volumes.
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Acute Exposure Guideline Levels

PREFACE

Under the authority of the Federal Advisory Committee Act (P.L. 92-463)
of 1972, the National Advisory Committee for Acute Exposure Guideline Levels
for Hazardous Substances has been established to identify, review, and interpret
relevant toxicologic and other scientific data and develop acute exposure guide-
line levels (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 min, 30 min, 1 h, 4 h, 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
[ppm] or milligrams per cubic meter [mg/m’]) of a substance above which it is
predicted that the general population, including susceptible individuals, could

'This document was prepared by the AEGL Development Team composed of Sylvia
Milanez (Oak Ridge National Laboratory) and Loren Koller, Chemical Manager (Na-
tional Advisory Committee [NAC] on Acute Exposure Guideline Levels for Hazardous
Substances). The NAC reviewed and revised the document and AEGLs as deemed neces-
sary. Both the document and the AEGL values were then reviewed by the National Re-
search Council (NRC) Committee on Acute Exposure Guideline Levels. The NRC com-
mittee 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
guideline reports (NRC 1993, 2001).

13
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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 health effects or death.

Airborne concentrations below the 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 effects.
With increasing airborne concentrations above each AEGL, there is a progres-
sive increase in the likelihood of occurrence and the severity of effects described
for each corresponding AEGL. Although the AEGL values represent threshold
levels for the general public, including susceptible subpopulations, such as in-
fants, children, the elderly, persons with asthma, and those with other illnesses,
it is recognized that individuals, subject to unique or idiosyncratic responses,
could experience the effects described at concentrations below the correspond-
ing AEGL.

SUMMARY

Allylamine is a colorless or yellowish volatile liquid with a very sharp
ammonia-like odor that is irritating to mucous membranes. It is highly flamma-
ble and moderately reactive with oxidizing materials. Industrially, it is used in
the vulcanization of rubber and in the synthesis of pharmaceuticals. In addition
to being a severe respiratory, eye, and skin irritant, allylamine is a cardiovascu-
lar toxin when administered at high doses orally, by injection, or by inhalation.
Allylamine cardiotoxicity is proposed to be related to its metabolism to acrolein
and hydrogen peroxide.

AEGL-1 values were based on a study in which 35 young adult human
volunteers were exposed for 5 min to 2.5, 5, or 10 ppm allylamine (10-14 per
concentration; sex and age not specified; Hine et al. 1960). A group was also
exposed briefly to 14 ppm, which was reported as intolerable and exposure was
almost immediately terminated. The subjects graded their sensory responses for
eye irritation, nose irritation, pulmonary discomfort, central nervous system
(CNS) effects (headache, nausea), and olfactory cognition on a five-point scale
(0 = absent; 1 = slight; 2 = moderate; 3 = severe; 4 = extreme or intolerable). All
subjects detected the odor of allylamine, and there were dose-related increases in
the incidence of slight or moderate eye irritation (21%, 15%, 50%), nose irrita-
tion (50%, 54%, 100%), and pulmonary discomfort (29%, 46%, 50%) at 2.5, 5,
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and 10 ppm, respectively. CNS effects were not dose related. The same AEGL-1
value was used for 10 min to 8 h because mild sensory irritation or discomfort
does not generally vary greatly with time. The AEGL-1 point of departure was
1.25 ppm, which was obtained by applying a modifying factor (MF) of 2-2.5
ppm, which was the lowest effect level. The MF was used because exposure was
for only 5 min, and it is unclear whether “moderate” irritation or discomfort is
comparable to “notable” irritation or discomfort, which exceeds the scope of
AEGL-1. An intraspecies uncertainty factor of 3 was applied because allylamine
acts as a contact irritant, and the severity of its effects is not expected to vary
greatly among humans. Also, use of a greater uncertainty factor would yield a
concentration below 0.2 ppm, which was a no-effect level for workers exposed
for up to 4 h (Shell Oil Co. 1992). The derived AEGL-1 value of 0.42 ppm for
10 min to 8 h is also consistent with two mouse respiratory irritation studies
(Gagnaire et al. 1989, 1993), from which it is predicted that exposure for a few
hours to 0.9 ppm would cause sensory irritation in humans but that 0.09 ppm
would not (Alarie 1981).

AEGL-2 values were based on two studies. The 10-, 30-, and 60-min
AEGLs were developed from the Hine et al. (1960) human 5-min exposure
study that was used to derive AEGL-1 values but using 10 ppm as the point of
departure. Ten ppm caused slight or moderate eye and nose irritation and pul-
monary discomfort and was the no-observed-adverse-effect level (NOAEL) for
“intolerable” irritation that occurred at 14 ppm. The same value was adopted for
10-60 min because the degree of irritation or discomfort resulting from exposure
to 10 ppm was not expected to increase over a 1-h period beyond the scope of
AEGL-2. An intraspecies uncertainty factor of 3 was used because allylamine
acts as a contact irritant and the severity of its effects is not expected to vary
greatly among humans. The resulting AEGL-2 value of 3.3 ppm was not
adopted for 4 or 8 h, however, because a rat study (Guzman et al. 1961) indi-
cated that exposure to 3.3 ppm for 4 or 8 h may cause cardiotoxicity. In the latter
study, exposure to 40 ppm for 16 h was a NOAEL for cardiovascular lesions,
which were seen from exposure to 60 ppm for 14 h (myofibril fragment damage,
perivascular edema, and cellular infiltration). Time-concentration scaling was
performed using the ten Berge et al. (1986) equation C" x t = k, where n = 1.7
was calculated from a linear regression of the Guzman et al. (1961) rat cardio-
toxicity data. An interspecies uncertainty factor of 5 was applied because the
mechanism of toxicity is similar among several mammalian species (and hu-
mans) but differences in susceptibility are unknown, and an uncertainty factor of
3 yields values approaching the no-observed-effect level (NOEL) for lethality
from pulmonary lesions for a 4- or 8-h exposure. An intraspecies uncertainty
factor of 10 was used because the variability of the cardiotoxic response to al-
lylamine among humans is undefined, and potentially sensitive populations exist
(diabetics, persons with congestive heart failure). This yields 4- and 8-h AEGLs
of 1.8 and 1.2 ppm, respectively, indicating that for these longer exposure dura-
tions, cardiotoxicity is a more sensitive end point than eye and respiratory
irritation.
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AEGL-3 values were derived from a study on rat inhalation with a lethal
concentration in 50% of the sample (LCs,) in which exposures were for 1, 4, or
8 h (Hine et al. 1960). All treated rats showed signs of eye and respiratory tract
irritation, and some had lacrimation and red nasal discharge. Rats that died had
stomachs distended with air, fluid-filled lungs, alveolar hemorrhage, and pulmo-
nary edema. The NOEL for lethality, as represented by LCy; (1% lethality) val-
ues calculated using probit analysis, was the AEGL-3 end point. The 1-h, 4-h,
and 8-h AEGLs were obtained using the respective LCy; values. The 10- and 30-
min AEGLs were derived from the 1-h LCy; using the relationship C" x t =k ,
where n = 0.85 was calculated from the Hine et al.LCsy data. An uncertainty
factor of 30 was applied: 10 to account for interspecies variability (lack of acute
toxicity studies from other species with AEGL-3 level end points) and 3 for hu-
man variability (the steep dose-response (~2-fold increase in concentration
caused mortality to increase from 0 to 100%) indicates that the NOEL for lethal-
ity due to direct destruction of lung tissue is not likely to vary greatly among
humans). The derived AEGL-3 values, as well as the AEGL-1 and AEGL-2
values, are shown in Table 1-1.

1. INTRODUCTION

Allylamine is a colorless or yellowish volatile liquid that is highly flam-
mable and moderately reactive with oxidizing materials (HSDB 2003). It is
completely soluble in water with a pK, of 9.7 and has a very sharp ammonia-like
odor that is irritating to mucous membranes (Budavari et al. 1996; HSDB 2003;
Boor and Hysmith 1987).? Industrially, it is used in the vulcanization of rubber
and in the synthesis of commercial products, including mercurial diuretics, seda-
tives, and antiseptics (Benya and Harbison 1994). Allylamine is manufactured
by the amination of alkyl halides (e.g., allyl chloride and ammonia) and is also a
natural constituent of foodstuffs (Budavari et al. 1996; HSDB 2003).

In addition to being a severe respiratory, eye, and skin irritant, allylamine
is cardiotoxic when administered at high doses orally, by inhalation, or by injec-
tion. It has been used to induce cardiac and vascular lesions in laboratory ani-
mals to model human cardiovascular disease. Allylamine cardiotoxicity is pro-
posed to be related to its metabolism to acrolein and hydrogen peroxide in
cardiac and vascular tissues (Boor and Hysmith 1987; Ramos et al. 1988). Al-
lylamine lethal inhalation toxicity has been examined in rats and mice and its
nonlethal inhalation toxicity in single- and multiple-exposure studies using
monkeys, rats, mice, and rabbits. Studies with human volunteers and exposures
in the workplace have yielded limited information about the irritant and toxic
effects of short-term inhalation exposure. The allylamine odor threshold is

?pK, is the negative log of the acid dissociation constant.
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TABLE 1-1 Summary of AEGL Values for Allylamine

End Point
Classification 10 min 30 min 1h 4h 8h (Reference)
AEGL-1¢ 0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm Mild human irritation

(nondisabling) (0.98 (0.98 (0.98 (0.98 (0.98 or discomfort (Hine
mg/m’)  mg/m’) mg/m’) mgm’) mgm’) etal 1960)

AEGL-2 33ppm  33ppm 33ppm 1.8ppm 1.2ppm Human eye and
(disabling) 7.7 7.7 7.7 4.2 2.8 respiratory irritation
mg/m’) mgm’) mgm’) mgm’) mg/m’) and NOAEL for
severe irritation (<1
h; Hine et al. 1960);
NOAEL for
cardiovascular lesions
in rats (>4 h; Guzman

etal. 1961)
AEGL-3 150ppm 40 ppm 18 ppm 3.5ppm 23 ppm Lethality NOEL in
(lethal) (350 93 (42 (8.2 (5.4 rats (Hine et al. 1960)

mg/m’) mg/m’) mgm’) mgm’) mg/m’)

“Odor threshold is <2.5 ppm.

<2.5ppm based on the human study of Hine et al. (1960) and is reported as 6.2
ppm by Summer (1971). Allylamine chemical and physical properties are listed
in Table 1-2.

2. HUMAN TOXICITY DATA
2.1. Acute Lethality
No quantitative data were located regarding lethal allylamine exposure in
humans. It was reported that allylamine inhalation may cause irregular respira-

tion, cyanosis, excitement, convulsions, and death, although neither further de-
tails nor the source of this information was provided (HSDB 2003).

2.2. Nonlethal Toxicity
2.2.1. Odor Threshold/Odor Awareness
A published odor threshold was not found for allylamine. An unpublished
source (van Doorn et al. 2002) reported 3.7 ppm as the odor detection threshold

(OTsy; that is, the concentration at which 50% of the odor panel observed an
odor without necessarily recognizing it). A value of 3.7 conflicts with a sensory
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TABLE 1-2 Chemical and Physical Data

Property

Descriptor or Value

Reference

Synonyms

Chemical formula
Molecular weight
CAS registry number

Physical state
Color
Solubility in water

Acid ionization constant, pK,

Vapor pressure
Vapor density (air = 1)

Liquid density (water = 1)

Melting point
Boiling point

Flammability/explosive limits

Conversion factors

Monoallylamine; 2-
propenamine; 3-
aminopropylene
CH,= CHCH, NH,
57.10

107-11-9

Liquid

Colorless or yellowish
Completely miscible
9.7

242 mm Hg at 25°C
1.97

0.76 at 20/4°C

—88°C

55-58°C

2.2-22%

1 mg/m® = 0.428 ppm

Budavari et al. 1996

Budavari et al. 1996
Budavari et al. 1996

Benya and Harbison
1994

Budavari et al. 1996
HSDB 2003
Budavari et al. 1996
HSDB 2003
HSDB 2003

Benya and Harbison
1994

Verschueren 1996
HSDB 2003
Budavari et al. 1996
HSDB 2003
Verschueren 1996

1 ppm = 2.33 mg/m’

threshold experimental study, in which all 36 volunteers exposed to allylamine
for 5 min reported “olfactory cognition” at the lowest concentration tested of 2.5
ppm (Hine et al. 1960; see Section 2.2.2). Additionally, if the methodology of
van Doorn et al. (2002) is used to calculate an LOA (level of distinct odor
awareness; see Appendix B), a value of 58 ppm is calculated, which exceeds a
concentration (i.e., 14 ppm) found to be intolerable by humans (Hine et al.
1960). The method used to determine the 3.7-ppm odor threshold was not re-
ported, which may explain its discrepancy with the Hine et al. study (e.g., a
higher concentration may be needed for detection by sniffing for a few seconds
than by inhalation for 5 min).

2.2.2. Experimental Studies

The sensory threshold for detecting inhaled allylamine was examined in
35 young adult human volunteers exposed for 5 min to 2.5, 5, 10, or 14 ppm
(10-14 per concentration; sex and age not specified; Hine et al. 1960). It was not
specified whether the same persons were exposed to more than one concentra-
tion. To compensate for the loss of allylamine upon the entrance of subjects into
the 16,680-L chamber, the initial concentration of allylamine in the chamber
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was about 10% greater than the target air allylamine concentration for the low
concentrations and about 1% greater at the high allylamine concentrations (not
specified which concentrations were considered low or high). The air allylamine
concentration was continuously monitored by a recording infrared spectropho-
tometer. The subjects graded their sensory responses for eye irritation, nose irri-
tation, pulmonary discomfort, CNS effects, and olfactory cognition on a five-
point scale, ranging from “absent” to “extreme” (intolerable); results are shown
in Table 1-3.

All test subjects detected the odor of allylamine at the lowest concentra-
tion tested (2.5 ppm). At 2.5, 5, and 10 ppm, respectively, there were dose-
related increases in the incidence of slight or moderate eye irritation (21%, 15%,
and 50%), nose irritation (50%, 54%, 100%), and pulmonary discomfort (29%,
46%, 50%). The incidence of slight or mild CNS effects, such as slight headache
or nausea, was not dose related (21%, 0%, and 10% at 2.5, 5.0, and 10 ppm). At
14 ppm “irritation of [the] eyes, nose, and throat and pulmonary discomfort were
considered intolerable, and exposure was terminated almost at once.” The num-
ber of subjects exposed to 14 ppm and their individual sensory evaluations were
not given.

Summer (1971) reported 6.2 ppm as the odor threshold for allylamine and
80 ppm as the concentration at which it becomes irritating to humans. It was not
described in detail how these values were obtained (i.e. exposure duration, range
of concentrations tested), although it appears that they may have been obtained
by a panel of “sniffers,” and thus exposure was for a few seconds. These values
are much higher than the concentration (2.5 ppm) found to be detected by all
exposed human subjects (13/13) within 5 min, with some subjects even experi-
encing mild respiratory irritation (Hine et al. 1960). The reason for the discrep-
ancy between the two studies is unknown; it may be due to the different expo-
sure durations.

TABLE 1-3 Sensory Responses of Human Subjects to a 5-Min Allylamine
Inhalation Exposure”

Exposure Concentration and Grade of Response
10 ppm (n = 10) 25ppm (n=130r14) Sppm (n=13)

Effect 01 2 3 4 0 1 2 3 4 01234
Olfactory cognition 3 9 1 4 9 2 5 3
Eye irritation 11 2 11 2 5 41

Nose irritation 7 5 2 6 1 55
Pulmonary discomfort 10 2 2 6 541

CNS effects 112 1 13 9 1

“Test subjects graded their responses as follows: 0 = absent; 1 = slight; 2 = moderate; 3 =
severe; 4 = extreme (intolerable).

Source: Data from Hine et al. 1960. Reprinted with permission; copyright 1960, Ameri-
can Medical Association.
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2.2.3. Case Reports

Workers at a chemical manufacturing company exposed to mono-, di-, and
tri-allylamine (simultaneously) occasionally reported symptoms, including
tightness, congestion, and pain in the chest (especially on breathing or cough-
ing), sore throat, runny nose, nausea, vomiting, red eyeballs, tightness in the jaw
and behind the ears, and hurting teeth but had normal cardiac creatine phos-
phokinase levels and electrocardiograms (EKGs) (Shell Oil Co. 1992). The
symptoms were ameliorated by drinking Coca-Cola. Neither the exposure time
(typically several minutes) nor air allylamine concentration was measured. Plant
supervisors and the company’s industrial hygienist stated that symptoms were
reported only when spills and leaks occurred, and 18 of 22 questionnaires filled
out by workers (September-October 1981) checked “yes” for a question asking,
“Was there was a spill or other unusual exposure at the time symptoms began?”’
The four people who checked “no” had numerous exposures and did not identify
discrete incidents. To test a new stationary air sampler, ambient samples (no
spills, etc.) were collected in five areas of the chemical plant (in September
1981) where workers could be present for up to 4 h on a typical day. In April
1982, personal monitoring was conducted by the company industrial hygienist.
Workers were not evaluated. The air concentration was <0.1 to 0.2 ppm for
monoallylamine, <0.01 to 0.3 ppm for diallylamine, and <0.01 to 0.6 ppm for
triallylamine, all potential sources of product line leaks and of a maintenance
procedure requiring opening of a product line. All air samples were below the
limit of quantitation (LOQ) (0.5 or 5 ppm) for all three amines. People working
in these areas wore protective clothing and/or respirators and were not exam-
ined. It is unlikely that symptoms would have been experienced by workers in
either monitoring situation since there were no unintentional spills or leaks.

Guzman et al. (1961) carefully examined operators working with al-
lylamine and did not find any cardiovascular effects, despite occasional com-
plaints of irritation of the mucous membranes, nausea, and disagreeable odor.
No experimental details or quantitative results were provided.

2.2.4. Accidents

During the course of an acute inhalation study in mice, leaks developed in
the apparatus and the workers fixing the leaks were exposed to an unknown
concentration of allylamine vapors (Hart 1939). [The mice were exposed to
24,437-31,035 ppm allylamine in a 5-L bell jar connected to a flowmeter, and
airflow was 750 mL/min.] The vapors initially caused severe irritation of the
mucous membranes of the nose, mouth, and eyes, which developed into an in-
tense burning with lacrimation, coryza, and sneezing. The symptoms disap-
peared quickly (not specified) after exposure ceased.
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2.3. Neurotoxicity

No human neurotoxicity studies were located with allylamine exposure by
any route.

2.4. Developmental/Reproductive Toxicity

No studies on the developmental or reproductive effects of allylamine in
humans were located.

2.5. Genotoxicity

No studies on the genotoxicity of allylamine in humans were located.

2.6. Carcinogenicity

No studies on the carcinogenicity of allylamine in humans were located
(nor of its proposed metabolite, acrolein). Neither the U.S. Environmental Pro-
tection Agency (EPA) nor the International Agency for Research on Cancer
(IARC) has classified allylamine as to its carcinogenic potential.

2.7. Summary

No human data were located involving acute lethal exposure to allylamine.
Sensory irritation was experienced by volunteers exposed to 2.5-10 ppm for 5
min, whereas exposure to about 14 ppm was immediately intolerable (Hine et al.
1960). There were several case reports and accidents involving occupational
exposure to allylamine, in which workers experienced chest pain and respiratory
irritation, although neither exposure durations nor concentrations were available.
No studies were located describing developmental, reproductive, genotoxic, or
carcinogenic effects in humans.

3. ANIMAL TOXICITY DATA
3.1. Acute Lethality
Lethality as a toxic end point was described in several rat and mouse acute
inhalation exposure studies. Kulagina (1975) reported an LCs; of 320 mg/m’

(137 ppm) for mammals, although no further experimental details were pro-
vided.
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3.1.1. Rats

Hine et al. (1960) determined allylamine LCs, values using groups of five
male Long-Evans (Princeton strain) rats exposed for 1, 4, or 8§ h. Exposure to
evaporated liquid allylamine was in a 19.5-L cylindrical glass chamber. Air con-
centrations of allylamine were calculated using the standard gas concentration
formula of Jacobs (1949); the actual concentration of allylamine in the chamber
was not measured. The rats were observed for signs of toxicity during the expo-
sure and for the ensuing 10 days. The resulting mortality and LCs, values as
given by Hine et al. for the rats are shown in Table 1-4. At all concentrations
tested, allylamine was irritating to the mucous membranes of the eyes and respi-
ratory tract (as indicated by face-washing motions) and the rats appeared “de-
pressed.” At higher concentrations (not specified), there was lacrimation and
nasal discharge, which became tinged with blood at the end of the exposure (ex-
posure durations were not specified). Rats that died from allylamine exposure
had stomachs distended with air, fluid-filled lungs with hemorrhage in the alveo-
lar spaces, and pulmonary edema; those surviving the 10-day observation period
had no notable gross or microscopic pathology.

Guzman et al. (1961) attempted to define the allylamine inhalation expo-
sure required to produce heart lesions in male Long-Evans rats from a single
exposure of allylamine. The allylamine concentrations tested were 20-100 ppm,
and the exposure duration was 4-48 h (1-20 rats per exposure scenario; see Ta-
ble 1-5). The rats (120-180 g) were killed periodically for histologic examina-
tion of the heart (i.c., 8 h to 14 days after the start of exposure). Heart lesions
were found at most exposure concentrations, but in some cases lesions were not
induced regardless of the exposure scenario. Rats exposed for <24 h generally
had mild lesions. Two rats died spontaneously, one after 4 h of exposure to 100
ppm and one after 8 h of exposure to 40 ppm; only the latter had heart lesions (a
fibrinoid degenerative thrombus, a vessel change, and diffuse cellular infiltrate).
It is possible that lethality would have resulted in some of these cases were the
animals not killed so quickly after cessation of exposure. The results are summa-
rized in Table 1-5.

Guzman et al. (1961) also conducted a series of multiple-exposure al-
lylamine inhalation studies to examine the cardiotoxic effects of prolonged ex-
posure. Male Long-Evans rats (15/concentration) were given 50 7-h exposures
to 0, 5, 10, 20, or 40 ppm (5 days/week; Hine et al. 1960; Guzman et al. 1961).
Exposure to vaporized liquid allylamine was in 200-L stainless steel chambers.
Air allylamine concentrations were sampled periodically, and allylamine was
measured using a method designed to measure ammonia (Goldman and Jacobs
1953). No effects were seen in rats exposed to 5 ppm, with the exception of one
rat that was considered an outlier (it had heart lesions, extensive abdominal tu-
mors, hepatic abscess, and lung atelectasis). Rats exposed to 10 ppm and higher
had lowered weight gain, which was correlated at 20 ppm with depletion of
body fat. Rats exposed to 40 ppm became emaciated and had dull fur and,
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TABLE 1-4 Lethality of Rats Exposed to Allylamine Vapor

Nominal Time of
Exposure Death (from
Concentration Hours of Start of LCsy LCy
(ppm) Exposure Mortality —Exposure) Observations (ppm)  (ppm)*
1,000 1 1/5 4h Eye and
1,500 1/5 4h respiratory
2,250 3/5 24h initation, Elo"dy

nasal discharge,
3,380 5/5 2-4 h “depressed” 286 104
133 4 0/5 — appearance. Rats
200 0/5 — that died had
300 3/5 2-4h Ztoma(cihz "

1stended with air

430 5/ 2-4h and fluid-filled
89 8 075 * hemorrhagic lungs 177 69.2
133 0/5 - and pulmonary
200 4/5 8-24h edema.
300 5/5 8-24h

“Calculated by probit analysis from LCs, data.
Source: Data from Hine et al. 1960. Reprinted with permission; copyright 1960, Ameri-
can Medical Association.

enlarged hearts and 5/15 died (not reported how long after beginning of treat-
ment). One-third of the 40-ppm rats had pneumonia with cyanosis, a thorax full
of clear liquid, rust-colored lungs, and a small spleen. Liver weights were in-
creased at all allylamine concentrations and kidney weight at 20 ppm; however,
there was no relationship to concentration in either case. Lesions in the heart and
blood vessels were induced in 1/9 animals examined that were exposed to 20
ppm and 8/8 at 40 ppm. The most common heart lesions were interstitial fibrosis
with areas of necrosis, muscle bundle polymorphonuclear cell infiltration, and
inflammation of the smaller blood vessels. This study is summarized with all
other multiple-exposure inhalation animal studies (described in the following
sections) in Table 1-6.

In an experiment to evaluate the effect of inhaled allylamine on EKGs,
young adult Fischer 344 rats (5/sex) were exposed to 100 or 150 ppm for 6
h/day for 10 days over a 3-week-period (Lynch et al. 1983). Allylamine vapor
was generated by metering liquid allylamine into the tangential air-feed mani-
fold air stream at the top of the inhalation chamber; the concentration was moni-
tored with an infrared analyzer. The EKGs were obtained prior to and on the day
after the last allylamine exposure. Rats were killed and necropsied immediately
following their EKGs; premature decedents were refrigerated and necropsied
within 12 h of death if possible. During exposure, rats were seen sneezing and
tearing, and they kept their eyes closed and their noses buried in their fur. Three
of five males and three of five females in the 150-ppm group did not survive the
10-day exposure; all 100-ppm rats survived the 10-day treatment. Body weights
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TABLE 1-5 Cardiotoxic Effects in Rats After a Single Allylamine Inhalation
Exposure

Total No. No. of Rats
Exposure Concentration of Rats Killed at
Time (h) (ppm) Exposed Given Time” Lesion Histologic Heart Changes

0 0 5 All at 14 days 0 Occasional suggestive areas of
round-cell infiltration

4 100 8 2 at 4 days 0 Slight perivascular edema;
1 death at 5 0 possible cellular infiltrate
days ? One definite myocardial lesion
2 at 5 days +
3 at 7 days
8 40 1 Died at 8 h + Fibrinoid degenerative
thrombus, one decisive vessel
change, diffuse cellular
infiltrate
14 60 4 latl18h + Scattered myofibril fragments
with loss of striation
1 at 2 days + Scattered myofibril fragments
+ with loss of striation
2 at 8 days Perivascular edema, cellular
infiltration
16 40 20 Il1at817h 0 Occasional suggestive areas of
4 at 7 days 0 round-cell infiltration, edema
Sat14days 0 of some small vessel walls
20 50 3 lat<20h + Scattered myofibril fragments
2 at 8 days + with loss of striation
Widespread endothelial lesion
24 100/60” 3 2at<24h + Scattered myofibril fragments
(6 W/18 h) with loss of striation, suggested
1 at 2 days + perivascular lymphocytic
cuffing
Same, more pronounced
32 40 5 All at 3 days +° Well-established heart lesions
in 2/5 rats
48 20 18 2 at 2 days + Several small areas of typical
6 at 4 days + “infarcted cardiopathy”
6 at 7 days + Several small areas of typical
4at13days 0 “infarcted cardiopathy”

Several small areas of typical
“infarcted cardiopathy”

“Calculated from the beginning of the exposure period. All animals were killed except as
noted.

bExposure was to 100 ppm for 6 h followed by 60 ppm for 18 h.

“This field was left blank in the study report but should be as shown here.

Source: Data from Guzman et al. 1961. Reprinted with permission; copyright 1961,
American Medical Association.
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TABLE 1-6 Allylamine Multiple-Exposure Rat Lethality Studies

Exposure Concentration
Animal  Description (ppm) Effect Reference
Long- 7 h/day for 50 5 No effect (one outlier)  Hine et al.
Evans days 10 Lower weight gain 1960; Guzman
rats (5 days/week) 20 Fat depletion; heart etal. 1961
lesions (1/8)
40 Emaciation, heart

lesions, pneumonia,
5/15 died (not specified

when)
F-344 6 h/day for 10 100 Eye and nasal irritation, Lynch et al.
rats days cardiotoxicity, lower 1983
(5 days/week) body weight (bw)
150 Eye and nasal irritation,

cardiotoxicity, lower
bw, 6/10 died

F-344 6 h/day, 5 4 Lower bw starting at 2 Lynch et al.
rats days/week for <24 weeks 1989

weeks

Killed after 30, 60, 40 Lower bw; higher

120 days heart/bw ratio after 120

days

Killed after 30, 60, 80 Lower bw; higher

120 days heart/bw ratio and

Killed after 30, 60, cardiotoxicity after >30

90 days days, 22/50 died

were depressed for the 100- and 150-ppm animals, but they returned to control
levels for the 100-ppm rats by the end of exposure. At both 100 and 150 ppm,
heart weights and heart/body-weight ratios were increased and liver weights
were decreased (statistical significance not specified), although the liver/body-
weight ratios were unaffected. All 10 150-ppm rats had gross necrotic ventricu-
lar lesions. The EKGs of the survivors (while anesthetized) had an axis shift,
complete inversion of the QRS complex, and attenuation of QRS amplitudes.
The 100-ppm rats had less severe cardiac lesions and EKG changes.

In a follow-up study, Lynch et al. (1989) assessed cardiac toxicity in male
and female F-344 rats (50 rats/group) exposed to 0, 4, or 40 ppm of allylamine
for up to 24 weeks (Study I) and 0 or 80 ppm for up to 20 weeks (Study II). Ex-
posure was for 6 h/day, 5 days/week. Rats were weighed every 2 weeks and
were killed following 30, 60, or 120 days of exposure in Study I and 30, 60, or
90 days of exposure in Study II, at which time histopathology was performed.
Clinical chemistry was evaluated at 30, 90, and 120 days and hematology and
electrophysiology when the rats were put to death at 90 and 120 days. No treat-
ment-related effects were seen in hematology or clinical chemistry parameters.
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All treated animals had lowered body-weight gains throughout the study (values
not given). The heart/body-weight ratio was increased in the 40-ppm rats after
120 days and in the 80-ppm rats at all time points but was accompanied by
histopathologic changes (cardiac necrosis and fibrosis) in only the 80-ppm
groups (all time points). Some of the 80-ppm rats (22/50) had moderate cardiac
necrosis and died before being put to death, although the time of death was not
given. Heart electrophysiology (PQ and QT intervals increased) was affected in
only the 80-ppm males put to death at 90-days. This study is summarized in Ta-
ble 1-6. (The description of this study was incomplete; only body weights were
reported for 24 weeks for Group I and 20 weeks for Group II; other parameters
were reported for only the 30-, 60-, 90-, and/or 120-day periods when rats were
killed.)

3.1.2. Mice

During a 10-min inhalation exposure to 1.27 mM/L allylamine (31,035
ppm), 28 of 30 white mice died; the two survivors died within 48 h (Hart 1939).
Mice exposed to 1.10 or 1.00 mM/L (26,881 and 24,437 ppm) had mortality
rates of 8/30 and 14/30, respectively, after the 10-min treatment; all survivors
died by 48 h after exposure. Clinical signs, in order of appearance, were na-
sooral irritation, ear flushing, irregular respiration, cyanosis, delirium, convul-
sions, coma, and death. Exposures were in a 5-L bell jar connected to a flow-
meter; a flow rate of 750 cc/min was maintained through the jar. No other
details of the allylamine concentration analysis were given.

3.2. Nonlethal Toxicity

Inhalation studies in which no lethality occurred were conducted using
rats, mice, rabbits, and monkeys. The results are summarized in Table 1-7.

3.2.1. Nonhuman Primates

Three male rhesus monkeys and one female (2.4-3.7 kg) were adminis-
tered 73 exposures of 40 ppm allylamine for 4 h/day, 5 days/week, and were
subsequently examined for cardiac effects (Guzman et al. 1961). Exposure was
in a 200-L steel chamber into which allylamine was delivered by a constant-
drive syringe and vaporized; the air allylamine concentrations were measured
periodically. The airflow in the chamber was not described; however, in another
study conducted by the same group in which a 200-L chamber was used, the
dynamic airflow ranged from 10 to 15 L/min (Hine et al. 1960). It was not re-
ported whether there were any control animals. EKGs were performed on the
monkeys at the beginning and at the end of the experimental period. None of
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TABLE 1-7 Multiple-Exposure Nonlethal Animal Studies
Concentration Exposure

Animal (ppm) Description Effect Reference
Long- 40 7 h/day for 10  Acute arteriole inflammation, Guzman et
Evans rats days focal muscle bundle necrosis, al. 1961

(5 day/week) EKG changes.

7 h/day for 20 As for 10 days but more

days severe; “healing” seen in

some areas.
7 h/day for 40 Fragmentation of muscle
days bundles, edematous arterioles
(non-acute).

Long- 40 4 h/day for 73 No detectable (gross or Guzman et
Evans rats days microscopic) heart lesions al. 1961
Rhesus (5 day/week)
monkeys
Albino
rabbits
Swiss mice 27 6 h/day for 4- No histologic changes in Zissu 1995

14 days nose, trachea, lungs

the animals died prematurely, and there were no gross or microscopic heart
lesions, alterations in heart/body-weight ratios, or changes in EKGs after the
73 exposures.

3.2.2. Rats

Guzman et al. (1961) conducted an extensive series of both single-
exposure and multiple-exposure studies to define the conditions that cause car-
diotoxicity in male Long-Evans rats. In the single-exposure study, rats received
20-100 ppm of allylamine for 4-48 h. In the multiple-exposure study the rats
received 50 (5 days/week) 7-h exposures to 5-40 ppm allylamine. Since mortal-
ity occurred at the highest doses tested in each study, they are described in Sec-
tion 3.1.1 and summarized in Table 1-5. Guzman et al. also conducted two mul-
tiple-exposure experiments in which mortality did not occur; these are described
below.

To determine the rate of induction of heart lesions, Guzman et al. sub-
jected groups of 9-11 male Long-Evans rats to 10, 20, or 40 7-h exposures to 40
ppm allylamine (one rat had 17 exposures). Rats were killed immediately after
the final exposure for gross and microscopic examination. EKGs were per-
formed on the rats at the beginning and at the end of the experimental period.
After 10 exposures, pathologic changes seen in the heart varied from inflamma-
tion of the smaller arteriole walls to focal necrosis of large areas of muscle bun-
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dles. Similar but more severe changes occurred after 20 exposures, and “stages
of healing” were seen in some areas. Heart lesions seen after 40 exposures ap-
peared different: They were not “acute” and consisted of fragmentation of mus-
cle bundles with replacement by loose edematous fibrous tissue, as well as
edema in the arteriole outer coat. Abnormal EKGs (mainly elevation of the ST
segment) were seen in some of the rats with heart lesions.

In another experiment, Guzman et al. examined species, differences in
susceptibility to the cardiotoxic effect of allylamine. Rats (10 males) were ex-
posed to 40 ppm of allylamine for 4 h/day for 73 days (5 days/week). Rabbits
and monkeys were similarly treated, as described in the following sections. The
prolonged treatment resulted in no detectable gross or microscopic heart lesions
or deaths in the rats; other effects (such as irritation) were not addressed.

In an inhalation exposure study for which there were incomplete experi-
mental data (e.g., number of animals exposed, exposure duration labeled as
“variable,” individual animal results; Research Pathology Associates 1984), F-
344 rats exposed to 100 or 150 ppm of allylamine for 5 or 10 days (hours/day
not specified) had moderate myocardial necrosis. In another part of the study,
nearly all rats of both sexes exposed to 80 ppm for 30, 60, 90, or a “variable”
number of days had slight or moderate myocardial necrosis and fibrosis. Thymic
atrophy and hepatocellular necrosis were found in two to four animals/sex in the
“variable” -days exposure group, although no controls were available for com-
parison of incidences.

3.2.3. Mice

The RDsy (i.e., concentration of allylamine causing a 50% decrease in the
breathing rate; Gagnaire et al. 1989) of male OF; Swiss mice was determined to
be 9 ppm in two oronasal exposure studies. In one study, exposure was for a
total of 15 min to 3-12 ppm (Gagnaire et al. 1989), and in the other total expo-
sure was for 60 min to 6.3, 16.4, 23.6, or 43.3 ppm (Gagnaire et al. 1993). Mice
were exposed by enclosing the head in a 200-L stainless steel exposure chamber
into which allylamine vapor was delivered by bubbling air through the liquid
amine. The effect on breathing rate was maximal 10-15 min after exposure in
both studies; recovery after the 15-min exposure occurred within 1 min; recov-
ery after the 60-min exposure was slower.

Pulmonary toxicity was analogously assessed in anesthetized, tracheally
cannulated (TC) mice exposed to 38, 59, 79, or 205 ppm of allylamine for 120
min and an RD5TC of 157 ppm was determined (RDs,TC is the concentration
of allylamine causing a 50% decrease in the breathing rate of tracheally cannu-
lated mice; Gagnaire et al. 1993). The maximal decrease in the breathing rate
was seen after 15-60 min of exposure; recovery after the 120-min exposure was
incomplete at 79 and 205 ppm during the ensuing 30-min observation period.
The higher value of the RD5yTC compared to the RDs, indicated that the respira-
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tory toxicity of allylamine was primarily related to its upper-airway irritant ef-
fects.

Zissu (1995) exposed male OF; Swiss mice by inhalation of 27 ppm al-
lylamine (target concentration based on 3 times the RDs) for 6 h/day for 4, 9, or
14 days. No mortality occurred and no histologic lesions were seen in any part
of the nasal passages (respiratory or olfactory epithelium) or in the trachea or
lungs. Zissu concluded that respiratory histopathologic changes were not a func-
tion of sensory irritation for allylamine.

3.2.4. Rabbits

No gross or microscopic heart lesions were detected in five male albino
rabbits exposed 73 times to 40 ppm allylamine for 4 h/day (5 days/week; there
were three controls; Guzman et al. 1961). The animals’ heart/body-weight ratios
were normal, there were no mortalities, and no clinical observations (e.g., irrita-
tion) were reported. Exposure was in a 200-L steel chamber into which al-
lylamine was delivered by a constant-drive syringe and vaporized; the chamber
concentrations were measured periodically.

The method of Draize was used to evaluate the degree of eye irritation in
the rabbits’ eyes to which 0.05 mL of undiluted compound (38 mg) was applied,
followed by a 20-second (s) wash with distilled water (Hine et al. 1960). Read-
ings were made after 1, 24, 48, and 72 h; allylamine proved to be too irritating to
the rabbits’ eyes to permit differential measurements.

3.3. Neurotoxicity

No studies were located that assessed the neurotoxicity of allylamine ex-
posure on animals.

3.4. Developmental/Reproductive Toxicity

No studies were located that assessed in vivo effects of allylamine expo-
sure on animals. The embryotoxic potential of allylamine was estimated using
the in vitro Chick Embryotoxicity Screening Test (CHEST) and fertilized eggs
from White Leghorn fowl (Jelinek et al. 1985). The beginning of the embryotox-
icity range on day 1.5 (defined as a shortening of the embryo trunk length after a
24-h exposure) was between 3 and 30 pg/embryo (i.e., highest ineffective con-
centration to lowest effective concentration). Application of 3-30 pg allylamine
to 2- to 4-day-old embryos until day 8 did not result in body malformations; the
mortality rate was 48%.
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3.5. Genotoxicity

Allylamine was not mutagenic in the Sa/monella/microsome preincubation
assay when tested at concentrations of 0, 1, 3, 10, 33, 100, 333, 1,000, or 3,333
pg/plate using strains TA98, TA100, TA1535, and TA1537. Testing was in the
presence or absence of Aroclor-induced rat or hamster liver S9 (Zeiger et al.
1987). Negative results were also obtained by Lijinsky and Andrews (1980) with
the Salmonella/microsome preincubation assay using strains TA98, TA100,
TA1535, TA1537, and TA1538 (1-1,000 pg/plate) and by McMahon et al.
(1979) using 10 Salmonella and E. coli tester strains and agar plates with gradi-
ents of 0.1-1,000 pug/mL allylamine, with or without Aroclor-induced rat or
hamster liver S9.

3.6. Carcinogenicity

No studies on the carcinogenicity of allylamine in animals were located.
Neither EPA nor IARC has classified allylamine as to carcinogenicity. The al-
lylamine metabolite acrolein EPA weight-of-evidence characterization, under
the 1999 Draft Revised Guidelines for Carcinogen Risk Assessment, is that the
potential carcinogenicity of acrolein cannot be determined because the existing
“data are inadequate for an assessment of human carcinogenic potential for ei-
ther the oral or inhalation route of exposure” (EPA 2004).

3.7. Summary

Allylamine inhalation caused cardiotoxicity in rats in several single- and
multiple-exposure studies, which, unfortunately, did not record any accompany-
ing sensory irritation. Cardiovascular lesions were not found following inhala-
tion exposure in species other than rats but were induced in a variety of animal
species by the oral, parenteral, inhalation, and intravenous routes (Boor et al.
1979; Boor and Hysmith 1987). The single-exposure data from Guzman et al.
(1961) suggest that exposure concentration is a relatively greater factor than
time in inducing cardiotoxicity. For example, 0/20 rats developed lesions from
exposure to 40 ppm for 16 h, but 4/4 had cardiac lesions from exposure to 60
ppm for 14 h. Consistent with this result, the concentration-time relationship as
defined by the ten Berge et al. (1986) equation C" x t =k yields 1.7 as the expo-
nent n using this study’s data.

No in vivo developmental, reproductive, or carcinogenicity studies were
located. Allylamine was not mutagenic in any conducted Sa/monella/microsome
preincubation assays.
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4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition

No information was located regarding allylamine metabolism after inhala-
tion exposure, but some animal toxicokinetic data were found for oral and intra-
venous administration.

In a toxicokinetics study conducted by Boor (1985), allylamine was ab-
sorbed by male Sprague-Dawley rats within minutes of gavage administration of
150 mg/kg radiolabeled allylamine. Radioactivity was found in numerous or-
gans, the greatest amount being in the aorta and coronary arteries, where levels
were about 5- to 10-fold greater than in most other organs, including the myo-
cardium. A fraction (30-40%) of the animals, however, had counts in the aorta
that were 10- to 20-fold lower than those of the majority of the animals at all
time points. The liver and kidney had the next highest amounts of radioactivity.
Radioactivity was quickly eliminated: Liver counts dropped to low levels by 45
min and the half-life was <I h in other organs, including the adrenals, aorta,
coronaries, heart, kidneys, and lung. Half-lives were not determined for some
organs due to low and irregular levels of label in the postabsorptive phase (brain,
blood, liver, pancreas, skeletal muscle, spleen, and fat). About 60% of the given
radioactivity was excreted in the urine by 24 h, after which time there was little
additional excretion, possibly due to retention in blood and other organs. No
radioactivity was found in the feces at any time (up to 96 h after gavage).

Orally administered allylamine was shown to be metabolized to acrolein
and hydrogen peroxide, which may both be responsible for the observed toxic
effects (Boor et al. 1987). The metabolite acrolein has been detected in both rat
and human aorta, myocardium, and liver homogenates incubated with al-
lylamine (Boor and Nelson 1982). The acrolein is believed to be subsequently
conjugated with glutathione to form 3-hydroxypropylmercapturic acid, which
was the sole metabolite in the urine of Sprague-Dawley rats collected 24 and 48
h after gavage with 150 mg/kg radiolabeled allylamine (2 pCi/kg '*C-labeled;
Boor et al. 1987). Male Sprague-Dawley rats given 5-150 mg/kg of allylamine
by gavage excreted 44-48% of the given dose as 3-hydroxypropylmercapturic
acid over 0-24 h, and only 3% during 24-48 h, whereas 75% of a given dose of
acrolein (13 mg/kg) was metabolized to 3-hydroxypropylmercapturic acid after
24 h (Sanduja et al. 1989). Consistent with glutathione involvement in al-
lylamine metabolism, a depletion of reduced glutathione in the aorta, blood, and
lungs was shown to occur and be maximal 1-6 h after gavage treatment with
allylamine (Awasthi and Boor 1994).

It is proposed that the metabolism of allylamine to acrolein and hydrogen
peroxide occurs via benzylamine oxidase, which is a form of amine oxidase with
high activity in vascular tissue, especially the aorta (Boor et al. 1987). Consis-
tent with this, the benzylamine oxidase inhibitor, semicarbazide, protected myo-
cytes from toxic effects of allylamine in vitro, whereas the monoamine oxidase
inhibitors clorgyline and pargyline were ineffective (Ramos et al. 1988).
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4.2. Mechanism of Toxicity

Allylamine has been shown to cause severe myocardial damage and vas-
cular smooth muscle lesions in a variety of animal species upon acute exposure
(Boor and Hysmith 1987). It has been used to cause lesions (proliferation of
smooth muscle cells and fibrosis) that mimic human atherosclerosis by the oral,
parenteral, inhalation, and intravenous routes (Boor et al. 1979; Boor and
Hysmith 1987). Allylamine cardiovascular toxicity was shown in many mam-
malian species to be dependent on metabolism of allylamine by semicarbazide-
sensitive amine oxidase (SSAO) to acrolein, hydrogen peroxide, and ammonia
(Lyles 1996). SSAO is found in many tissues in mammals. Its activity in human
and rat tissue homogenates was shown to be the highest in the aorta, followed by
the lungs and digestive system, but very little activity was found in cardiac en-
dothelial cells or myocytes (Lewinsohn et al. 1978; Lyles 1996). (SSAO activity
was measured as nanomoles of benzylamine hydrochloride metabolized/
milligrams of protein/30 min.)

Mechanisms proposed for allylamine-induced cardiovascular toxicity im-
plicate the metabolite acrolein as the major toxicant. One mechanism proposes
that the cardiac and vascular damage is caused by lipid peroxidation by acrolein,
modulation of the cellular glutathione status, and damage of the mitochondrial
membranes by acrolein (or another unknown metabolite) and hydrogen peroxide
(Awasthi and Boor 1994; Ramos et al. 1994). Consistent with mitochondrial
membrane injury, 20 min after intravenous injection of allylamine, aortic mito-
chondrial malate dehydrogenase activity decreased, whereas cytosolic malate
dehydrogenase activity increased (Hysmith and Boor 1985). Examination of
Sprague-Dawley rats 1, 3, and 5 h after gavage with 150 mg of allylamine/kg
showed a marked depletion in free-sulfhydryl (SH) content in the aorta, epicar-
dium, and endocardium; a marked increase in the formation of thiobarbiturate-
reactive substance by aortic mitochondria; and increased capacity to generate
hydroxyl radicals (deoxyribose degradation method) in the aorta (Awasthi and
Boor 1994).

More recently, Conklin et al. (2001) proposed a two-step model for al-
lylamine-induced cardiotoxicity: (1) metabolism of allylamine by SSAO to ac-
rolein, hydrogen peroxide, and ammonia and (2) injury of the coronary artery
vascular smooth muscle cells by acrolein and possibly the other metabolites,
which causes its hypercontraction and vasospasm and results in ischemia and
subendocardial necrosis. This model was supported by a study in which isolated
rings of rat coronary artery and thoracic aorta incubated with 100-1,000 uM
allylamine or acrolein exhibited increased basal tension and vasospasm (in-
creased contraction and slow-wave vasomotion) and irreversibly inhibited vessel
contractility (Conklin et al. 2001). There was no effect, however, on endothe-
lium-dependent acetylcholine-induced relaxation of either vessel. Pretreatment
with the SSAO inhibitor semicarbazide reduced or eliminated most effects in
both tissues. Effects for the two compounds were similar, with some qualitative
and quantitative differences. Conklin et al. also showed that SSAO activity was
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comparable in human homogenized coronary arteries and aorta, and both were
inhibited by semicarbazide.

4.3. Structure-Activity Relationships

The structurally related secondary amines di(B-methyl-allyl)amine, dial-
lylamine, and B-methylallylamine caused a greater incidence of mortality than
allylamine (on a molar basis) during a 10-min exposure of white mice (Hart
1939). The mice exhibited the same symptoms as those produced by allylamine
during the 10 min (e.g., nasooral irritation followed by vasodilation of the ex-
tremities, arrhythmic respiration, cyanosis, convulsions, coma, and death). Inha-
lation of allyl chloride and allyl alcohol generally appeared to have effects simi-
lar to that of allylamine.

A comparison of the LCs, values derived by Hine et al. (1960) indicated
that allylamine was about twice as toxic as triallylamine and about 10 times as
toxic as diallylamine. Saturation of the double bond decreased toxicity, as n-
propylamine was considerably less toxic in both acute and chronic vapor expo-
sure than allylamine.

The concentration of allylamine that lowered the breathing rate of male
OF; Swiss mice by 50% after 15 min of exposure (the RDsy),—9 ppm—was
comparable to the RDs, values of other allylic respiratory tract irritants: dial-
lylamine (4 ppm), allyl glycidyl ether (5.7 ppm), allyl acetate (2.9 ppm), allyl
alcohol (3.9 ppm), allyl ether (5 ppm), and acrolein (2.9 ppm), although it was
much lower than that of other nonallylic amines (RDs, values of 51-202 ppm;
Gagnaire et al. 1989).

4.4. Other Relevant Information
4.4.1. Species Variability

Allylamine has been used experimentally to induce and study cardiovascu-
lar lesions in rats, dogs, calves, monkeys, and rabbits when administered intra-
venously, intradermally, orally, and/or by intraarterial injection (Boor et al.
1979; Boor and Hysmith 1987). The lesions were shown to be dependent on the
metabolism of allylamine by SSAO, of which tissue levels were greatest in the
aorta and coronary arteries (Lewinsohn et al. 1978; Conklin et al. 2001; Boor
and Hysmith 1987; Lyles 1996). SSAO specificity for allylamine as a substrate
has not been determined, and Lyles (1996) has shown that substrate specificity
of plasma and tissue SSAO varied considerably among species for a number of
aromatic and aliphatic amines. Inhalation exposure was also capable of inducing
cardiovascular lesions, although this was shown only in rats. The data thus sug-
gest that a similar mechanism is responsible for cardiovascular injury in many

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 6

http://lwww.nap.edu/catalog/12018.html

34 Acute Exposure Guideline Levels

mammalian species (also humans), but the susceptibility of different species by
the inhalation route is unknown.

Data were scant regarding species variability from acute lethal exposures.
Although the oral lethal dose in 50% (LDsg) of the rats and mice was within a
factor of 2 (Boor and Hysmith 1987), LCs, was determined only for rats.

4.4.2. Susceptible Populations

Two populations exist that may be susceptible to allylamine toxicity due
to their increased levels of plasma SSAO activity. This enzyme metabolizes
allylamine to acrolein, hydrogen peroxide, and ammonia, which was shown to
be a key step in allylamine-induced cardiovascular damage in several animal
studies. Elevated levels of SSAO were found in patients with insulin-dependent
diabetes mellitus (Boomsma et al. 1995) and congestive heart failure (Boomsma
et al. 1997). SSAO levels increased with the severity of the disease, and patients
with both maladies had higher SSAO levels than those with either malady alone.
Since endothelial dysfunction is present in both diseases, Boomsma et al. specu-
lated that SSAO may be involved in the pathogenesis of vascular endothelial
damage.

4.4.3. Concentration-Exposure Duration Relationship

The AEGL-1 was based on mild irritation experienced by human volun-
teers from exposure to 2.5 ppm of allylamine for 5 min (Hine et al. 1960). No
concentration-time scaling was performed because mild irritant effects do not
generally vary greatly with time and the same AEGL-1 value was used for 10
min to 8§ h.

The 10, 30, and 60-min AEGL-2 values were based on human exposure to
10 ppm for 5 min, which caused slight or moderate eye and nose irritation, pul-
monary discomfort, and severe olfactory cognition and which was the NOAEL
for “extreme or intolerable” irritation (Hine et al. 1960). The same AEGL-2
value was adopted for 10-60 min because the degree of irritation from exposure
for 5 min was not expected to increase over a 1-h period beyond the scope of
AEGL-2. The 4- and 8-h AEGL-2 values were derived from the Guzman et al.
(1961) rat cardiotoxicity study, which was also used to determine the exponent n
= 1.7 in ten Berge et al. (1986) concentration-time relationship equation C" x t =
k. In the Guzman et al. study, male Long-Evans rats were exposed to 20-100
ppm of allylamine for 4-48 h (shown in Table 1-5), and the responses designated
as “+” for histologic heart changes were used in the regression analysis to obtain
n. An outlier that died after an 8-h exposure to 40 ppm was excluded (a very
similar value is obtained for n if this outlier is included, although R? decreases
from 0.89 to 0.86). The regression output and graph obtained from the Guzman
et al. data are shown in Appendix B.
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The Guzman et al. rat study would have yielded 4.1 ppm for the 1-h
AEGL-2. The same value would be appropriate for 10 and 30 min because scal-
ing from 16 h to <1 h involves unacceptably high inherent uncertainty (analo-
gous to scaling from >4 h to 10 min) and the 1-h value would be adopted to be
protective of human health. However, the human irritation study (Hine et al.
1960) yielded AEGL-2 values of 3.3 ppm for 10-60 min, providing a more sen-
sitive end point for this time period than the rat cardiotoxicity study.

For allylamine AEGL-3 derivation, the exponent n was determined by re-
gression analysis to be 0.85 (rounded from 0.8458), based on the rat LCs study
of Hine et al. (1960; shown in Table 1-4). In this study, male Long-Evans rats
were exposed for 1, 4, or 8 h, each time to four different concentrations of al-
lylamine (air allylamine concentrations were calculated and not measured). Rats
that died from exposure had stomachs distended with air, fluid-filled lungs, al-
veolar hemorrhage, and pulmonary edema. The regression output graph obtained
from the Hine et al. data is shown in Appendix B.

4.4.4. Concurrent Exposure Issues

Inhalation exposure (whole-body) can also result in inadvertent exposure
of the skin, which can potentially add significantly to allylamine toxicity. Sev-
eral studies indicate that allylamine is absorbed through the skin and can cause
acute lethality. Application of 0.05 or 0.10 mL allylamine (39 and 76 mg, re-
spectively, based on a density of 0.76 g/mL) on a 1-cm” piece of toweling to the
shaved abdominal skin of albino rats caused skin necrosis and death after 5-18 h
(animal weight not given; Hart 1939). Application of 0.025 mL (19 mg) of al-
lylamine caused slight skin irritation. In a skin corrosivity study conducted by
Springborn Life Sciences (1989), one of three New Zealand female albino rab-
bits died from 3 min of skin exposure to 0.5 mL (about 176 mg/kg) allylamine
applied on a gauze patch. The animal died between 1 and 24 h after exposure
and had dark red lungs on necropsy. The two surviving rabbits had labored
breathing and decreased activity as well as edema and hair loss directly below
the area of the test article application. All three rabbits had skin corrosion (ne-
crosis) immediately after the 3-min exposure, and eschar formation was evident
from 24 h through the 7-day observation period.

Hine et al. (1960) determined a dermal LDsy of 35 mg/kg from an oc-
cluded exposure of New Zealand male rabbits for several hours to 13, 25, 50, or
100 mg of allylamine/kg (using undiluted allylamine, 0.76 g/mL). No deaths
resulted from the application of 13 or 25 mg/kg of allylamine (observation pe-
riod unclear, perhaps several weeks); 3/3 rabbits died 3-24 h after treatment with
50 mg allylamine/kg, and 3/3 died 3-4 h after application of 100 mg. There was
considerable local erythema and eschar formation at the application site. Rabbits
that died usually had fluid in the pleural cavity and dilation of the gastroenteric
veins. All had severely congested lungs. Liver lesions were seen in one rabbit
that died 8 h after exposure and in one rabbit killed 10 days after exposure.
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5. DATA ANALYSIS FOR AEGL-1
5.1. Summary of Human Data Relevant to AEGL-1

Two human studies were considered potentially useful for AEGL-1 deri-
vation. Hine et al. (1960) conducted a quantitative experiment in which 35 vol-
unteers were exposed to 2.5, 5, or 10 ppm of allylamine for 5 min and to 14 ppm
for <1 min. All subjects detected the odor, and there were dose-related increases
in the incidence of slight or moderate eye irritation (21%, 15%, 50%), nose irri-
tation (50%, 54%, 100%), and pulmonary discomfort (29%, 46%, 50%) at 2.5,
5, and 10 ppm, respectively. Those exposed briefly to 14 ppm reported it to be
intolerable. CNS effects (i.e., slight headache and nausea) were reported but
were not dose related. In the other human study, stationary air samplings at vari-
ous areas of a chemical manufacturing plant showed ambient concentrations of
allylamine ranging from <0.1 to 0.2 ppm, as well as di- and tri-allylamine at
roughly similar air concentrations (each <0.1 to 0.6 ppm; Shell Oil Co. 1992).
Worker exposure to these concentrations was for up to 4 h/day over an unde-
fined period of days/years, but workers were not examined when these air con-
centrations were measured. Workers experienced chest tightness/congestion/
pain, sore throat, runny nose, nausea, vomiting, red eyeballs, tightness in the jaw
and behind the ears, and hurting teeth only when spills or leaks occurred, at
which time allylamine concentrations were not measured.

5.2. Summary of Animal Data Relevant to AEGL-1

There were no short-term animal studies appropriate for an AEGL-1 de-
termination. In many studies the focus was on a cardiotoxicity end point, and
observations regarding irritation or other reversible effects were not reported
(e.g., Guzman et al. 1961; see Section 6.2).

5.3. Derivation of AEGL-1

AEGL-1 values were based on the Hine et al. (1960) a study in which 35
young adult human volunteers were exposed for 5 min to 2.5, 5, or 10 ppm of
allylamine, which caused dose-related increases in the incidence of slight or
moderate eye irritation, nose irritation, and pulmonary discomfort but not CNS
effects. The same AEGL-1 value was used for 10 min to 8 h because mild sen-
sory irritation or discomfort does not generally vary greatly with time. The
AEGL-1 point of departure was 1.25 ppm, which was obtained by applying a
modifying factor of 2 to 2.5 ppm, which was the lowest effect level. The MF
was used because exposure was for only 5 min and it is unclear whether “mod-
erate” irritation or discomfort is comparable to “notable” irritation or discom-
fort, which exceeds the scope of AEGL-1. An intraspecies uncertainty factor of
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3 was applied because allylamine acts as a contact irritant, and the severity of its
effects is not expected to vary greatly among humans. Also, use of a greater
uncertainty factor would yield a concentration below 0.2 ppm, which was a no-
effect level for workers exposed for up to 4 h (Shell Oil Co. 1992). The derived
AEGL-1 value of 0.42 ppm for 10 min to 8 h is also consistent with two mouse
respiratory irritation studies (Gagnaire et al. 1989, 1993), from which it is pre-
dicted that exposure for a few hours to 0.9 ppm would cause sensory irritation in
humans but that 0.09 ppm would not (Alarie 1981). According to Alarie, expo-
sure to 0.1 of the RDs (i.e., 0.9 ppm) for several hours to days should result in
some sensory irritation in humans, whereas 0.01 x RDs, (0.09 ppm) should
cause no sensory irritation. The results are summarized in Table 1-8.

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

The only human study useful for AEGL-2 derivation is that of Hine et al.
(1960), which was used to derive AEGL-1 values. Human volunteers exposed
for 5 min to 2.5-10 ppm allylamine had slight to moderate eye and nose irrita-
tion and pulmonary discomfort, whereas at the next higher concentration tested,
~14 ppm, exposure was “intolerable” (extreme pulmonary discomfort and irrita-
tion of the eyes, nose, and throat) and was almost immediately terminated.

6.2. Summary of Animal Data Relevant to AEGL-2

The only relevant single-exposure study evaluated male Long-Evans rats
exposed to 20-100 ppm for 4-48 h and examined histologically 8 h to 14 days
after the start of exposure (Guzman et al. 1961). Heart lesions included scattered
myofibril fragments with loss of striation, perivascular edema, and cellular infil-
tration.

AEGL-2 values can also be derived from two multiple-exposure rat stud-
ies conducted by Guzman et al. (1961), using a single exposure as a conserva-
tive estimate of exposure duration. Male Long-Evans rats given 50 7-h expo-
sures to 0, 5, 10, 20, or 40 ppm of allylamine (5 days/week) had no effects at 5
ppm; lowered weight gains at 10 ppm; heart and blood vessel lesions and deple-
tion of body fat at 20 ppm; and cardiotoxicity, lung congestion, emaciation, and

TABLE 1-8 AEGL-1 Values for Allylamine
10 min 30 min 1h 4h 8h
0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm

(0.98 mg/m®) (0.98 mg/m®)  (0.98 mg/m?) (0.98 mg/m®) (0.98 mg/m®)

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 6

http://lwww.nap.edu/catalog/12018.html

38 Acute Exposure Guideline Levels

5/15 mortality at 40 ppm (Hine et al. 1960; Guzman et al. 1961). AEGL-2 val-
ues could be derived using a single exposure to 10 ppm (20 ppm would be a
NOEL for lethality). In a second experiment, rats were examined after 10, 20, or
40 7-h exposures to 40 ppm, revealing extensive heart and blood vessel his-
tologic changes and altered EKGs after 10 exposures (Guzman et al. 1961); a
single 7-h exposure to 40 ppm could be used to derive AEGL-2 values.

6.3. Derivation of AEGL-2

AEGL-2 values were based on two studies: the 10-, 30-, and 60-min val-
ues were based on sensory irritation in human volunteers (Hine et al. 1960), and
the 4- and 8-h values were based on cardiotoxicity in rats (Guzman et al. 1961)
because cardiotoxicity was a more sensitive end point than sensory irritation
when exposure was for 4 or 8 h.

The 10-, 30-, and 60-min AEGLs were developed from the Hine et al. hu-
man 5-min exposure study that was used to derive AEGL-1 values, but using 10
ppm as the point of departure. Ten ppm caused slight or moderate eye and nose
irritation and pulmonary discomfort and was the NOAEL for “intolerable” irrita-
tion that occurred at 14 ppm. The same value was adopted for 10-60 min be-
cause the degree of irritation or discomfort resulting from exposure to 10 ppm
was not expected to increase over a 1-h period beyond the scope of AEGL-2. An
intraspecies uncertainty factor of 3 was used because allylamine is acting as a
contact irritant, and the severity of its effects is not expected to vary greatly
among humans. The resulting AEGL-2 values of 3.3 ppm were not adopted for 4
or 8 h, however, because a rat study (Guzman et al. 1961) indicated that expo-
sure to 3.3 ppm for 4 or 8 h may cause cardiotoxicity. In the latter study, expo-
sure to 40 ppm for 16 h was a NOAEL for cardiovascular lesions, which were
seen from exposure to 60 ppm for 14 h (myofibril fragment damage, perivascu-
lar edema, and cellular infiltration). Time-concentration scaling was performed
using the ten Berge et al. (1986) equation C" x t = k, where n = 1.7 was calcu-
lated from a linear regression of the Guzman et al. (1961) rat cardiotoxicity data.
An interspecies uncertainty factor of 5 was applied because the mechanism of
toxicity is similar among several mammalian species (and humans), but differ-
ences in susceptibility are unknown, and an uncertainty factor of 3 yields values
approaching the NOEL for lethality from pulmonary lesions for a 4- or an 8-h
exposure. An intraspecies uncertainty factor of 10 was used because the variabil-
ity of the cardiotoxic response to allylamine among humans is undefined, and
potentially sensitive populations exist (diabetics, persons with congestive heart
failure). This yields 4- and 8-h AEGLs of 1.8 and 1.2 ppm, respectively, indicat-
ing that for these longer exposure durations, cardiotoxicity is a more sensitive
end point than eye and respiratory irritation. The AEGL-2 values for allylamine
are summarized in Table 1-9; the calculations are detailed in Appendix A.
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TABLE 1-9 AEGL-2 Values for Allylamine

10 min 30 min 1h 4h 8h
3.3 ppm 3.3 ppm 3.3 ppm 1.8 ppm 1.2 ppm
(7.7 mg/m®) 77 mgm®) (77 mg/m’)  (42mgm’) (2.8 mg/m’)

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

Although it was noted that acute allylamine exposure may lead to death
(HSDB 2003), no quantitative human data were located for AEGL-3 derivation.

7.2. Summary of Animal Data Relevant to AEGL-3

There were two single-exposure rat studies and one multiple-exposure rat
study that were considered for AEGL-3 derivation. In one single-exposure
study, Long-Evans rats were exposed for 1, 4, or 8 h to determine the LC;, val-
ues for allylamine (Hine et al. 1960). Rats dying from exposure had stomachs
distended with air, fluid-filled lungs, alveolar hemorrhage, and pulmonary
edema. In a single-exposure study conducted by Guzman et al. (1961), male
Long-Evans rats were administered 20-100 ppm for 4-48 h, and were examined
histologically 8 h to 14 days after the start of dosing. One rat (of eight tested)
died after exposure to 100 ppm for 4 h and had cardiovascular lesions.

In a multiple-exposure study conducted by Lynch et al. (1983), Fischer
344 rats (5/sex) exposed to 100 or 150 ppm of allylamine for 6 h/day for 10 days
all survived exposure to 100 ppm, but 3/5 males and 3/5 females died at 150
ppm. Both dose groups had increased heart weights and heart lesions, and the
150-ppm rats had altered EKGs; a single 6-h exposure to 100 ppm could be con-
sidered a NOEL for lethality.

7.3. Derivation of AEGL-3

The Hine et al. (1960) rat LCs, study was used to derive AEGL-3 values.
Rats that died had stomachs distended with air, fluid-filled lungs, alveolar hem-
orrhage, and pulmonary edema. The 1-h, 4-h, and 8-h AEGLs were obtained
directly from the 1-h, 4-h, and 8-h LCy values (533.2, 104.1, and 69.2 ppm,
respectively) calculated by probit analysis from the mortality data. The 10-min
and 30-min AEGLs were derived from the 1-h LCy; using the relationship C" x t
= k, where n = 0.85 was calculated from this study LCs, data. An uncertainty
factor of 30 was applied: 10 to account for interspecies variability (lack of acute
toxicity studies from other species with AEGL-3 level end points) and 3 for hu-
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man variability [the steep dose-response (~2-fold increase in concentration
caused mortality to increase from 0 to 100%) indicates that the NOEL for lethal-
ity due to direct destruction of lung tissue is not likely to vary greatly among
humans]. The Hine et al. study had a high level of confidence because all of the
three LCy; values were obtained from the mortality data of 20 animals (four
concentrations for each exposure time, five rats at each concentration), and
extrapolation was only required for the 10- and 30-min time points. The
derived AEGL-3 values are shown in Table 1-10; calculations are detailed in
Appendix A.

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

A summary of the AEGL values for allylamine and their relationship to
one another is shown in Table 1-11. Extrapolation across time was performed by
exponential scaling (ten Berge et al. 1986) using the relationship C" x t = k,
where n = 1.7 for 4- and 8-h AEGL-2 derivations and n = 0.85 was used for
AEGL-3 derivation. Concentration-time scaling was not performed for develop-
ing AEGL-1 values or the 10 to 60 min AEGL-2 values.

AEGL-1 values were based on a study in which 35 young adult human
volunteers were exposed for 5 min to 2.5, 5, or 10 ppm of allylamine (Hine et al.
1960). A group was also exposed briefly to 14 ppm, which was reported as in-
tolerable, and exposure was almost immediately terminated. All subjects de-
tected the odor of allylamine, and there were dose-related increases in the inci-
dence of slight or moderate eye irritation (21%, 15%, 50%), nose irritation

TABLE 1-10 AEGL-3 Values for Allylamine

10 min 30 min lh 4h 8h
150 ppm 40 ppm 18 ppm 3.5 ppm 2.3 ppm
(350 mg/m’) 93 mgm’)  (42mgm’)  (82mgm’) (5.4 mgm’)

TABLE 1-11 Summary of AEGL Values for Allylamine

Classification 10 min 30 min 1h 4h 8h

AEGL-1 0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm
(nondisabling) (0.98 mg/m®) (0.98 mg/m®) (0.98 mg/m®) (0.98 mg/m’) (0.98 mg/m’)
AEGL-2 3.3 ppm 3.3 ppm 3.3 ppm 1.8 ppm 1.2 ppm
(disabling) (7.7 mg/m*) (7.7 mg/m*) (7.7 mg/m*) (4.2 mg/m*) (2.8 mg/m?)
AEGL-3 150 ppm 40 ppm 18 ppm 3.5 ppm 2.3 ppm
(lethal) (350 mg/m’) (93 mg/m®) (42 mg/m®) (8.2 mg/m’) (5.4 mg/m’)
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(50%, 54%, 100%), and pulmonary discomfort (29%, 46%, 50%) at 2.5, 5, and
10 ppm, respectively. The incidence of CNS effects was not dose related. The
same AEGL-1 value was used for 10 min to 8 h because mild sensory irritation
or discomfort does not generally vary greatly with time. The AEGL-1 point of
departure was 1.25 ppm, which was obtained by applying a modifying factor of
2-2.5 ppm, which was the lowest effect level. The MF was used because expo-
sure was for only 5 min and it is unclear whether “moderate” irritation or dis-
comfort is comparable to “notable” irritation or discomfort, which exceeds the
scope of AEGL-1. An intraspecies uncertainty factor of 3 was applied because
allylamine acts as a contact irritant, and the severity of its effects is not expected
to vary greatly among humans. Also, use of a greater uncertainty factor would
yield a concentration below 0.2 ppm, which was a no-effect level for workers
exposed for up to 4 h (Shell Oil Co. 1992). The derived AEGL-1 value of 0.42
ppm for 10 min to 8 h is also consistent with two mouse respiratory irritation
studies (Gagnaire et al. 1989, 1993), from which it is predicted that exposure for
a few hours to 0.9 ppm would cause sensory irritation in humans but that 0.09
ppm would not (Alarie 1981).

AEGL-2 values were based on two studies. The 10-, 30-, and 60-min
AEGLs were developed from the Hine et al. (1960) human 5-min exposure
study that was used to derive AEGL-1 values, but using 10 ppm as the point of
departure. Ten ppm caused slight or moderate eye and nose irritation and pul-
monary discomfort and was the NOAEL for “intolerable” irritation that occurred
at 14 ppm. The same value was adopted for 10-60 min because the degree of
irritation or discomfort resulting from exposure to 10 ppm was not expected to
increase over a 1-h period beyond the scope of AEGL-2. An intraspecies uncer-
tainty factor of 3 was used because allylamine acts as a contact irritant, and the
severity of its effects is not expected to vary greatly among humans. The result-
ing AEGL-2 values of 3.3 ppm were not adopted for 4 or 8 h, however, because
a rat study (Guzman et al. 1961) indicated that exposure to 3.3 ppm for 4 or 8§ h
may cause cardiotoxicity. In the latter study, exposure to 40 ppm for 16 h was a
NOAEL for cardiovascular lesions, which were seen from exposure to 60 ppm
for 14 h (myofibril fragment damage, perivascular edema, and cellular infiltra-
tion). Time-concentration scaling was performed using the ten Berge et al.
(1986) equation C" x t =k, where n = 1.7 was calculated from a linear regression
of the Guzman et al. rat cardiotoxicity data. An interspecies uncertainty factor of
5 was applied because the mechanism of toxicity is similar among several
mammalian species (and humans), but differences in susceptibility are unknown,
and an uncertainty factor of 3 yields values approaching the NOEL for lethality
from pulmonary lesions for a 4- or an 8-h exposure. An intraspecies uncertainty
factor of 10 was used because the variability of the cardiotoxic response to al-
lylamine among humans is undefined, and potentially sensitive populations exist
(diabetics, persons with congestive heart failure). This yields 4- and 8-h AEGLs
of 1.8 and 1.2 ppm, respectively, indicating that for these longer exposure dura-
tions, cardiotoxicity is a more sensitive end point than eye and respiratory
irritation.

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 6

http://lwww.nap.edu/catalog/12018.html

42 Acute Exposure Guideline Levels

AEGL-3 values were derived from a rat inhalation LCsy study in which
exposures were for 1, 4, or 8 h (Hine et al. 1960). All treated rats showed signs
of eye and respiratory tract irritation, and some had lacrimation and red nasal
discharge. Rats that died had stomachs distended with air, fluid-filled lungs,
alveolar hemorrhage, and pulmonary edema. The NOEL for lethality, as repre-
sented by LCy; values calculated using probit analysis, was the AEGL-3 toxicity
end point. The 1-h, 4-h, and 8-h AEGLs were obtained using the respective LCy,
values. The 10-min and 30-min AEGLs were derived from the 1-h LCy; using
the relationship C" x t = k, where n = 0.85 was calculated from this study’s LCs
data. An uncertainty factor of 30 was applied: 10 to account for interspecies
variability (lack of acute toxicity studies from other species with AEGL-3 level
end points) and 3 for human variability [the steep dose-response (~2-fold in-
crease in concentration caused mortality to increase from 0 to 100%) indicates
that the NOEL for lethality due to direct destruction of lung tissue is not likely
to vary greatly among humans].

8.2. Comparison with Other Standards and Guidelines

The existing standards and guidelines for allylamine are shown in Table 1-
12. There are currently no established U.S. standards for exposure to allylamine.
In a preliminary criteria document that has not been accepted, the National Insti-
tute for Occupational Safety and Health recommended an occupational exposure
limit of 0.6 ppm as the ceiling limit for any 15-min period in a 10-h work shift
(NIOSH 1979; cited in Boor and Hysmith 1987); this document is out of print
and was not available for use in the present AEGL report). In the former Soviet
Union the maximum allowed daily (8-h) concentration in work room air was 0.5
mg/m’ (0.2 ppm; ILO-CIS 1991).

TABLE 1-12 Extant Standards and Guidelines for Allylamine (Values in ppm)

Guideline 10 min 30 min l1h 4h 8h
AEGL-1 0.42 0.42 0.42 0.42 0.42
AEGL-2 33 33 33 1.8 1.2
AEGL-3 150 40 18 3.5 2.3
LLV (Sweden)” 2
STV (Sweden)® 6 (15 min)

“LLV (level limit value), Swedish Occupational Exposure Limit Values, by Ordinance of
the Swedish National Board of Occupational Safety and Health, adopted July 28, 2000;
defined analogous to the ACGIH TLV-TWA.

STV (short-term value), Swedish Occupational Exposure Limit Values, by Ordinance of
the Swedish National Board of Occupational Safety and Health, adopted July 28, 2000;
defined as a recommended value consisting of a time-weighted average for exposure
during a reference period of 15 min.
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Guzman et al. (1961) recommended that under normal operating circum-
stances air allylamine concentrations should not be greater than 5 ppm, pre-
sumably based on examination of operators working with allylamine and on
results obtained in an earlier study where humans were exposed to 2.5-14 ppm
of allylamine for 5 min (Hine et al. 1960).

Gagnaire et al. (1989, 1993) derived an RDs, value of 9 ppm for al-
lylamine (concentration in air causing a 50% reduction in the breathing rate of
mice from a 15-min inhalation exposure) and based on 0.1 x RDs,, proposed <1
ppm as the highest permitted industrial exposure. At this concentration, humans
are expected to experience slight discomfort; 0.01 x RDs, would be expected to
produce no sensory irritation; 0.03 x RDs, (the geometric mean of 0.1 and 0.01),
that is, 0.27 ppm, is suggested to be a convenient Threshold Limit Value (Gag-
naire et al. 1989).

8.3. Data Adequacy and Research Needs

The data available for AEGL-1 derivation were adequate. Two human ex-
posure studies were available with consistent results, and the developed AEGL
values were supported by a mouse RDs study. An odor threshold was not de-
finitively established to confirm that the 0.42-ppm concentration that was de-
rived for AEGL-1 would be detectable by humans.

The database for AEGL-2 and AEGL-3 was moderate. An AEGL-2 data
gap was the lack of acute exposure studies in which cardiotoxicity occurred with
animals other than rats. Although there were data indicating that the mechanism
of allylamine toxicity was similar among mammals and between rats and hu-
mans, there was no information regarding the relative species susceptibilities.
There were no AEGL-3 level end point acute toxicity studies with species other
than rats, and further studies are needed. The key study for AEGL-3 derivation
was based on calculated air allylamine concentrations, and it was not stated
whether these were confirmed experimentally. This study, however, was well
conducted.
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Modifying factor:
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APPENDIX A

Derivation of AEGL-1 Values

Hine et al. (1960). Thirty five young adult human volun-
teers were exposed for 5 min to 2.5, 5, or 10 ppm of al-
lylamine (10-14/concentration; sex and age not speci-
fied). A group was also exposed briefly to 14 ppm,
which was reported as intolerable, and exposure was al-
most immediately terminated. All subjects detected the
odor of allylamine, and there were dose-related in-
creases in the incidence of slight or moderate eye irrita-
tion (21%, 15%, 50%), nose irritation (50%, 54%,
100%), and pulmonary discomfort (29%, 46%, 50%) at
2.5, 5, and 10 ppm, respectively. The AEGL-1 point of
departure was 1.25 ppm, which was obtained by apply-
ing a modifying factor of 2 to the lowest effect level of
2.5 ppm.

Mild sensory irritation or discomfort in humans exposed
to 1.25 ppm for 10 min to 8 h.

None: The same AEGL-1 value was used for 10 min to
8 h because mild sensory irritation or discomfort does
not vary greatly with time.

Total uncertainty factor: 3.
Not applicable.

3; allylamine acts as a contact irritant, and the severity
of its effects is not expected to vary greatly among hu-
mans. Also, use of a greater uncertainty factor would
yield a concentration below 0.2 ppm, which was a no-
effect level for workers exposed for up to 4 h (Shell Oil
Co. 1992).

2, because exposure was for only 5 min and it is unclear
whether “moderate” irritation or discomfort is compara-
ble to “notable” irritation or discomfort, which exceeds
the scope of AEGL-1.
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Calculations:
10-min AEGL-1:
30-min AEGL-1:
1-h AEGL-1:
4-h AEGL-1:

8-h AEGL-1:

10, 30, and 60 min

Key study:

Toxicity end point:

Scaling:

Uncertainty factors:

Interspecies:

Intraspecies:

Acute Exposure Guideline Levels

2.5 ppm/6 = 0.42 ppm (0.98 mg/m®’
2.5 ppm/6 = 0.42 ppm (0.98 mg/m”)
2.5 ppm/6 = 0.42 ppm (0.98 mg/m”)
2.5 ppm/6 = 0.42 ppm (0.98 mg/m”

2.5 ppm/6 = 0.42 ppm (0.98 mg/m”)

Derivation of AEGL-2 Values

Hine et al. (1960); same study used to derive AEGL-1
values. Young adult human volunteers (35; sex and ages
unknown) were exposed to 2.5, 5, 10, or 14 ppm. The
AEGL-2 point of departure was 10 ppm, which caused
slight or moderate eye and nose irritation and pulmonary
discomfort and was the NOAEL for “intolerable” irrita-
tion seen at 14 ppm.

Human sensory irritation or discomfort; NOAEL for
“intolerable” irritation.

None; the degree of irritation or discomfort resulting
from exposure to 10 ppm was not expected to increase
over a 1-h period beyond the scope of AEGL-2.

Total uncertainty factor: 3.

Not applicable.

3; used because allylamine acts as a contact irritant, and

the severity of its effects is not expected to vary greatly
among humans.

Calculations for 10, 30, and 60 min:

10 ppm/3 = 3.3 ppm (7.7 mg/m°)

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 6

http://lwww.nap.edu/catalog/12018.html

Allylamine

4and 8 h

Key study:

Toxicity end point:

Scaling:

Uncertainty factors:

Interspecies:

Intraspecies:
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Guzman et al. (1961). Male Long-Evans rats exposed to
40 ppm for 16 h had heart morphology comparable to
controls (NOAEL), but rats exposed to 60 ppm for 14 h
had cardiovascular lesions consisting of scattered myo-
fibril fragments with loss of striation, perivascular
edema, and cellular infiltration (LOAEL).

NOAEL for cardiovascular lesions.

C"7 x t =k (ten Berge et al. 1986); n = 1.7 was calcu-
lated from a linear regression of the Guzman et al.
(1961) rat cardiotoxicity data.

Total uncertainty factor: 50.

5; the mechanism of toxicity is similar among several
mammalian species (and humans), but differences in
susceptibility are unknown; 3 yields values approaching
NOEL for lethality from pulmonary lesions.

10; the variability of cardiotoxic response among hu-
mans is unknown, and potentially sensitive populations
exist (diabetics, persons with congestive heart failure).

Calculations for 4 and 8 h:

Concentration 40 ppm'”’ x time (16 h) =k = 10.95 ppm'’-h

UF (50)

4-h AEGL-2:

8-h AEGL-2:

Key study:

C"" x4h=10.95 ppm'’-h
4-h AEGL-2 = 1.8 ppm (4.2 mg/m’)

C'"x 8 h=10.95 ppm'’-h
8-h AEGL-2 =C = 1.2 ppm (2.8 mg/m°)

Derivation of AEGL-3 Values

Hine et al. 1960. Rat inhalation LCs, study. All treated
rats showed signs of eye and respiratory tract irritation,
and some had lacrimation and red nasal discharge. Rats
dying from exposure had stomachs distended with air,
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fluid-filled lungs, alveolar hemorrhage, and pulmonary
edema.

Toxicity end point: Lethality NOELs, estimated from LCy, values obtained
by probit analysis:
1-h LC01 =533 ppm
4-h LCy; = 104 ppm
8-h LCy; = 69.2 ppm

Scaling: C*® x t =k (data from Hine et al. 1960; ten Berge et al.
1986).
Note: Only the 10- and 30-min AEGL-3 values required scal-

ing (used the 1-h LCy)).
Uncertainty factors: ~ Total uncertainty factor: 30.

Interspecies: 10; to account for the lack of acute toxicity studies with
AEGL-3 end points from other species.

Intraspecies: 3; steep dose-response (~2-fold increase in concentra-
tion caused mortality to increase from 0 to 100%) indi-
cates the NOEL for lethality due to direct destruction of
lung tissue is not likely to vary greatly among humans.

Calculations for 10 and 30 min:

Concentration 533 ppm”® x time (1 h) =k = 11.54 ppm**®-h
UF 30)

10-min AEGL-3: C** % 0.167 h=11.54 ppm”*-h
10-min AEGL-3 = 150 ppm (350 mg/m°)

30-min AEGL-3: C** x 0.5 h=11.54 ppm**>-h
30-min AEGL-3 = 40 ppm (93 mg/m”)

Calculations for 1, 4, and 8 h:

1-h AEGL-3: C =533 ppm (= LCy)
1-h AEGL-3 = 533 ppm/30 = 18 ppm (42 mg/m’)

4-h AEGL-3: C =104 ppm (= LCyy)
4-h AEGL-3 = 104 ppm/30 = 3.5 ppm (8.2 mg/m°)
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8-h AEGL-3: C=69.2 ppm (= LCy))
8-h AEGL-3 = 69.2 ppm/30 = 2.3 ppm (5.4 mg/m°)

APPENDIX B

Derivation of the Level of Distinct Odor Awareness

The level of distinct odor awareness (LOA) represents the concentration
above which it is predicted that more than half of the exposed population will
experience at least a distinct odor intensity; about 10% of the population will
experience a strong odor intensity. The LOA should help chemical emergency
responders in assessing public awareness of the exposure due to odor perception.
The LOA derivation follows the guidance given by van Doorn et al. (2002).

An odor detection threshold (OTsy; i.e., the concentration at which 50% of
the odor panel observed an odor without necessarily recognizing it) of 3.7 ppm
was reported for allylamine by van Doorn et al (2002). This value conflicts with
a sensory threshold experimental study in which all 36 volunteers exposed to
allylamine for 5 min reported “olfactory cognition” at the lowest concentration
tested of 2.5 ppm. Proceeding with the use of 3.7 ppm yields the following:

The concentration (C) leading to an odor intensity (I) of distinct odor de-
tection (I = 3) is derived using the Fechner function:

[ =k x log (C/OTs) + 0.5.

For the Fechner coefficient the default of k, = 2.33 will be used due to the
lack of chemical-specific data:

3=2.33 x log (C/3.7) + 0.5, which can be rearranged to log
(C/3.7)=(3-0.5)/2.33 =1.07 and results in
C=(10""7) x 3.7 =43.5 ppm.

The resulting concentration is multiplied by an empirical field correction
factor. It takes into account that in everyday life such factors as sex, age, sleep,
smoking, upper-airway infections and allergies, and distraction increase the odor
detection threshold by a factor of 4. In addition, it takes into account that odor
perception is very fast (about 5 s), which leads to the perception of concentration
peaks. Based on current knowledge, a factor of 1/3 is applied to adjust for peak
exposure. Adjustment for distraction and peak exposure leads to a correction
factor of 4/3 = 1.33.

LOA =43.5 x 1.33 =58 ppm.

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 6
http://lwww.nap.edu/catalog/12018.html

52 Acute Exposure Guideline Levels
The calculated LOA for allylamine is 58 ppm, which exceeds a concentra-
tion (i.e., 14 ppm) found to be intolerable by humans (Hine et al. 1960). There-

fore, the calculated LOA conflicts with human empirical data, as did the OTsy,
and neither the LOA nor the OTs, is considered valid.

APPENDIX C

Time-Scaling Calculations
Allylamine: AEGL-2 n-Value Derivation

Derivation of n for C" x t = k, Based on Rat Cardiotoxicity Data (Guzman et al.

1961)
Input Data: Regression Output:

Log Time Log
Concentration Concentration (h) Time Intercept 3.4443
100 2.0000 4 2.3802 Slope —0.5845
60 1.7782 14 2.9243 R Squared 0.8922
50 1.6990 20 3.0792 Correlation —0.9446
40 1.6021 32 3.2833 Degrees of freedom 3
20 1.3010 48 3.4594 Observations 5
n=1.71.
k =781244.19.

22

®

o

Log Concentration

1.2

22 24 26 2.8 3 3.2 3.4 3.6
Log Time

FIGURE 1-1 Best-fit concentration (ppm allylamine) % time (exposure dura-
tion in hours) curve. Linear progression of rat lethality data.
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Allylamine: AEGL-3 n-Value Derivation

Derivation of n for C" x t =k, Based on Rat LCs, Study Data of Hine et

al. (1960)
Input Data: Regression Output:
Log
Concentration Concentration  Time (h) Log Time Intercept 3.2567
1,933 3.2862 1 0.0000 Slope —-1.1823
286 2.4564 4 0.6021 R? 0.9798
177 2.2480 8 0.9031 Correlation —0.9898
Degrees of freedom 1
Observations 3
n=0.8457765
k =1568.14929.
3.4L
3.2
3
c 28
2
g
t
S 26
S
o
§T 24 =
|
22
2
0 0.2 0.4 0.6 0.8 1

Log Time

FIGURE 1-2 Best-fit concentration (ppm allylamine) x time (exposure dura-
tion in hours) curve. Linear progression of rat lethality data.
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APPENDIX E

Acute Exposure Guideline Levels for Allylamine
Derivation Summary for Allylamine AEGLs (107-11-9)

AEGL-1 VALUES

10 min 30 min 1h 4h 8h

0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm 0.42 ppm

Key Reference: Hine, C.H., J.K. Kodama, R.J. Guzman, and G.S. Loquvam. 1960.
The toxicity of allylamines. Arch. Environ. Health 1:343-352.

Test Species/Strain/Number: Young adult human volunteers (age and sex not speci-
fied), 10-14/concentration

Exposure Route/Concentrations/Durations: Inhalation; 2.5, 5, or 10 ppm for 5 min;
14 ppm <1 min.

Effects: All subjects detected the odor of allylamine. At 2.5, 5, and 10 ppm, respec-
tively, there were dose-related increases in the incidence of slight or moderate eye
irritation (21%, 15%, 50%), nose irritation (50%, 54%, 100%), and pulmonary dis-
comfort (29%, 46%, 50%). The incidence of CNS effects was not dose related. The
AEGL-1 point of departure was 1.25 ppm, which was obtained by applying a modi-
fying factor of 2 to the lowest effect level of 2.5 ppm, to ensure that effects do not
exceed AEGL-1 severity.

End point/Concentration/Rationale: Mild sensory irritation or discomfort in humans
exposed to 1.25 ppm for 10 min to 8§ h.

Uncertainty Factors/Rationale:

Uncertainty Factors: Total uncertainty factor: 3.

Interspecies: Not applicable.

Intraspecies: 3; allylamine acts as a contact irritant, and the severity of its effects is
not expected to vary greatly among humans. Also, use of a greater uncertainty factor
would yield a concentration below 0.2 ppm, which was a no-effect level for workers
exposed for up to 4 h (Shell Oil Co. 1992).

Modifying Factor: 2; applied because exposure was for only 5 min and it is unclear
whether “moderate” irritation or discomfort is comparable to “notable” irritation or
discomfort, which exceeds the scope of AEGL-1.

Animal to Human Dosimetric Adjustment: None.

Time Scaling: None; same AEGL value is adopted for 10 min to 8 h because mild
sensory irritation or discomfort is not expected to vary greatly over time.

Data Adequacy: Dataset was adequate. A human experimental study was used to
develop AEGL-1 values, which are supported by an occupational monitoring study
indicating 0.2 ppm was a no-effect level in workers (Shell Oil Co. 1992) and by two
mouse RDs, studies (Gagnaire et al. 1989, 1993) from which it is predicted that 0.9
ppm should result in some sensory irritation in humans, whereas 0.09 ppm should
cause no sensory irritation (Alarie 1981).
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AEGL-2 VALUES

10 min 30 min 1h 4h 8h

3.3 ppm 3.3 ppm 3.3 ppm 1.8 ppm 1.2 ppm

Key Reference: Hine, C.H., J.K. Ko-
dama, R.J. Guzman, and G.S. Loqu-
vam. 1960. The toxicity of allylamines.
Arch. Environ. Health 1:343-352.

Key Reference: Guzman, R.J., G.S. Loqu-
vam, J.K. Kodama, and C.H. Hine. 1961.
Myocarditis produced by allylamines.
Arch. Environ. Health 2:62-73.

Test Species/Strain/Sex/Number:
Young adult humans (age and sex un-
specified), 10-14/concentration

Test Species/Strain/Sex/Number: Male
Long-Evans rats; 1-20/group, as shown in
Table 1-5 of Section 3.1.1.

Exposure Route/Concentrations/
Durations:

Inhalation; 2.5, 5, or 10 ppm for 5 min;
14 ppm <1 min.

Exposure Route/Concentrations/Durations:
Inhalation; exposure to 20-100 ppm for
4-48 h, as shown in Table 1-5 of Section
3.1.1. Rats within dose groups were killed
for analysis 8 h to 14 days after the start of
exposure.

Effects: At 2.5, 5, and 10 ppm, respec-
tively, there were dose-related in-
creases in the incidence of slight or
moderate eye irritation (21%, 15%,
50%), nose irritation (50%, 54%,
100%), and pulmonary discomfort
(29%, 46%, 50%); the point of depar-
ture was 10 ppm, which was NOAEL
for “intolerable” seen at 14 ppm.

Effects: Depending on exposure scenario,
ranged from no noted cardiovascular effects
to severe myocardial and/or cardiovascular
lesions; there were several deaths, as shown
in Table 1-5 of Section 3.1.1. The LOAEL
for cardiovascular lesions was exposure to
60 ppm for 14 h, and the NOAEL was ex-
posure to 40 ppm for 16 h.

End point/Concentration/Rationale:
Sensory irritation or discomfort in hu-
mans and the NOAEL for “intolerable”
irritation.

End point/Concentration/Rationale: Expo-
sure to 40 ppm for 16 h was the NOAEL
for cardiovascular lesions.

Uncertainty Factors/Rationale:

Total uncertainty factor: 3.
Interspecies: Not applicable.
Intraspecies: 3: Used because
allylamine is acting as a contact
irritant, and the severity of its effects is
not expected to vary greatly among
humans.

Uncertainty Factors/Rationale:

Total uncertainty factor: 50.

Interspecies: 5; mechanism of toxicity is
similar among several mammalian species
(and humans), but differences in suscepti-
bility are unknown; 3 yielded values ap-
proaching the NOEL for lethality from
pulmonary lesions.

Intraspecies: 10; variability of cardiotoxic
response among humans is unknown, and
potentially sensitive populations exist (dia-
betics, persons with congestive heart fail-
ure).

Modifying Factor: None.

Modifying Factor: None.

Animal to Human Dosimetric Adjust-
ment: None.

Animal to Human Dosimetric Adjustment:
None.

(Continued)
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AEGL-2 VALUES Continued

10 min 30 min 1h 4h 8h
3.3 ppm 3.3 ppm 3.3 ppm 1.8 ppm 1.2 ppm
Time Scaling: None, because the de- Time Scaling: C" x t =k, where n=1.7

gree of irritation is expected to remain  [n is based on regression analysis of
within the scope of AEGL-2 for 60 Guzman et al. (1961) cardiotoxicity data].
min.

Data Adequacy: Dataset was limited but adequate. All derived AEGL-2 values were
well below 14 ppm, which was “intolerable” to human volunteers (Hine et al. 1960).

AEGL-3 VALUES
10 min 30 min l1h 4h 8h
150 ppm 40 ppm 18 ppm 3.5 ppm 2.3 ppm
Reference: Hine, C.H., J.K. Kodama, R.J. Guzman, and G.S. Loquvam. 1960. The
toxicity of allylamines. Arch. Environ. Health 1:343-352.
Test Species/Strain/Sex/Number: Long-Evans rats, five/dose group.
Exposure Route/Concentrations/Durations: Inhalation for 1, 4, or 8 h; see below:
Effects: All treated rats showed signs of eye and respiratory tract irritation, and some
had lacrimation and red nasal discharge. Rats that died had stomachs distended with
air, fluid-filled lungs, alveolar hemorrhage, and pulmonary edema. Mortality rates
and calculated LCs, and LC,; values are as follows:

1-h exposure 4-h exposure 8-h exposure
Concentration Mortality Concentration Mortality Concentration Mortality
1,000 ppm 1/5 133 ppm 0/5 89 ppm 0/5

1,500 ppm 1/5 200 ppm 0/5 133 ppm 0/5

2,250 ppm 3/5 300 ppm 3/5 200 ppm 4/5

3,380 ppm 5/5 450 ppm 5/5 300 ppm 5/5
LCso= 1933 ppm LCso=286 ppm LCso =177 ppm

LCy; =533 ppm LCy; = 104 ppm LCy; = 69.2 ppm

End point/Concentration/Rationale: LCy, values, representing the lethality NOEL,
were calculated by probit analysis using 1-, 4-, and 8-h exposure data from the key
study.

Uncertainty Factors/Rationale:

Total uncertainty factor: 30.

Uncertainty factors: Total uncertainty factor: 30.

Interspecies: 10; to account for the lack of acute toxicity studies with AEGL-3 end
points from other species.

Intraspecies: 3; steep dose-response (~2-fold increase in concentration caused mor-
tality to increase from 0 to 100%) indicates the NOEL for lethality due to direct de-
struction of lung tissue is not likely to vary greatly among humans.

Modifying Factor: Not applicable.

Animal to Human Dosimetric Adjustment: Not applied.

Time Scaling: C" x t = k, where n = 0.85, based on regression analysis of key study.
Time scaling was used only for derivation of the 10- and 30-min values, using the 1-
h LCy.

Data Adequacy: The dataset was limited but adequate. The key rat study was well
conducted, and the data were internally consistent.
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