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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
railroad cars and trucks transporting EHSs. The people in communities sur-
rounding industrial facilities where EHSs are manufactured, used, or stored
and in communities along the nation’s railways and highways are potentially
atrisk of being exposed to airborne EHSs during accidental releases. Pursuant
to the Superfund Amendments and Reauthorization Act of 1986, the U.S.
Environmental Protection Agency (EPA) has identified 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, along with the Agency for Toxic Substances and Disease Registry
(ATSDR), in 1991 requested that the National Research Council (NRC) de-
velop guidelines for establishing such levels. In response to that request, the
NRC published Guidelines for Developing Community Emergency Exposure
Levels for Hazardous Substances in 1993.

Using the 1993 NRC guidelines report, the National Advisory Committee
(NAC) on Acute Exposure Guideline Levels for Hazardous Substances —con-
sisting of members from EPA, the Department of Defense (DOD), the Depart-
ment of Energy (DOE), the Department of Transportation (DOT), other federal

'As defined pursuant to the Superfund Amendments and Reauthorization Act of
1986.
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and state governments, the chemical industry, academia, and other organiza-
tions from the private sector—has developed acute exposure guideline levels
(AEGLs) for approximately 80 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 Subcommittee on Acute Exposure
Guideline Levels, which prepared this report. This report is the second volume
in the series Acute Exposure Guideline Levels for Selected Airborne Chemi-
cals. It reviews the appropriateness of the AEGLSs for five chemicals for their
scientific validity, completeness, and consistency with the NRC guideline
reports.

This report has been reviewed in draft form by individuals chosen for their
diverse perspectives and technical expertise, in accordance with procedures
approved by the NRC’s Report Review Committee. The purpose of this inde-
pendent 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 institutional standards for objectivity, evidence, and
responsiveness to the study charge. The review comments and draft manuscript
remain confidential to protect the integrity of the deliberative process. We
wish to thank the following individuals for their review of this report: Leonard
Chiazze, Jr., of Georgetown University; Sidney Green of Howard University;
Sam Kacew of the University of Ottawa; and Ralph Kodell of the National
Center for Toxicological Research.

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 re-
lease. The review of this report was overseen by Robert A. Goyer, appointed
by the Division on Earth and Life Studies, who was responsible for making
certain that an independent examination of this report was carried out in accor-
dance with institutional procedures and that all review comments were care-
fully considered. Responsibility for the final content of this report rests en-
tirely with the authoring committee and the institution.

The subcommittee gratefully acknowledges the valuable assistance pro-
vided by the following persons: Roger Garrett, Paul Tobin, Ernest Falke, and
Letty Tahan (all from EPA); George Rusch (Honeywell, Inc.); William Bress
(Vermont Department of Health); George Rogers (University of Louisville);
Po Yung Lu, Cheryl Bast, and Sylvia Talmage (all from Oak Ridge National
Laboratory). Aida Neel was the project assistant. Kelly Clark edited the
report. We are grateful to James J. Reisa, director of the Board on Environ-
mental Studies and Toxicology (BEST), for his helpful comments. The sub-
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committee particularly acknowledges Kulbir Bakshi, project director for the
subcommittee, for bringing the report to completion. Finally, we would like
to thank all members of the subcommittee for their expertise and dedicated
effort throughout the development of this report.

Daniel Krewski, Chair
Subcommittee on Acute Exposure
Guideline Levels

Bailus Walker, Chair
Committee on Toxicology
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Intfroduction

This report is the second 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 chemi-
cals were being used at the plant, how dangerous they might be, and what steps
to take in case of emergency. This tragedy served to focus international atten-
tion 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 Department of
Transportation, assist Local Emergency Planning Committees (LEPCs) by
providing guidance for conducting health-hazard assessments for the develop-
ment of emergency-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 sub-
stances identified at hazardous 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”
(IDLH) values developed by the National Institute for Occupational Safety and
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Health (NIOSH) in experimental animals. Although several public and private
groups, such as the Occupational Safety and Health Administration (OSHA)
and the American Conference of Governmental Industrial Hygienists
(ACGIH), 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 h, and only once in a lifetime
for the general population, which includes infants, children, the elderly, and
persons with diseases, such as asthma, heart disease, or lung disease.

The National Research Council (NRC) Committee on Toxicology (COT)
has published many reports on emergency exposure guidance levels and
spacecraft maximum allowable concentrations for chemicals used by the De-
partment of Defense (DOD) and the National Aeronautics and Space Adminis-
tration (NASA) (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 emer-
gency 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 re-
quest, the NRC assigned this project to the COT Subcommittee on Guidelines
for Developing Community Emergency Exposure Levels for Hazardous Sub-
stances. The report of that subcommittee, Guidelines for Developing Commu-
nity 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 for Acute Exposure
Guideline Levels for Hazardous Substances (NAC)' 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 reflect the broad application of these values to planning, re-
sponse, and prevention in the community, the workplace, transportation, the
military, and the remediation of Superfund sites.

'NAC is composed of members from EPA, DOD, many other federal and state
agencies, industry, academia, and other organizations. The roster of NAC is shown
on page 8.
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AEGLs represent threshold exposure limits (exposure levels below which
adverse health effects are not likely to occur) for the general public and are
applicable to emergency exposures ranging from 10 min to 8 h. Three lev-
els— 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 vary-
ing degrees of severity of toxic effects.

The three AEGLs are defined as follows:

AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m’ [milligrams per cubic meter]) of a substance above which
itis predicted that the general population, including susceptible individu-
als, could experience notable discomfort, irritation, or certain asymptom-
atic 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, in-
cluding susceptible individuals, could experience irreversible or other
serious, long-lasting adverse health effects or an impaired ability to es-
cape.

AEGL-3 is the airborne concentration (expressed as ppm or mg/m?) of
a substance above which it is predicted that the general population, in-
cluding susceptible individuals, could experience life-threatening 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 progressive increase in the likelihood of occurrence and the severity of ef-
fects described for each corresponding AEGL. Although the AEGL values
represent threshold levels for the general public, including susceptible
subpopulations, such as infants, children, the elderly, persons with asthma, and
those with other illnesses, it is recognized that individuals, subject to unique
oridiosyncratic responses, could experience the effects described at concentra-
tions below the corresponding AEGL.
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SUMMARY OF REPORT ON
GUIDELINES FOR DEVELOPING AEGLS

As described in the Guidelines for Developing Community Emergency
Exposure Levels for Hazardous Substances (NRC 1993) and the NAC guide-
lines report Standing Operating Procedures on Acute Exposure Guideline
Levels for Hazardous Substances(NRC 2001), the first step in establishing
AEGLs for a chemical is to collect and review all relevant published and un-
published information available on a chemical. Various types of evidence are
assessed in establishing AEGL values for a chemical. These include informa-
tion from (1) chemical-physical characterizations, (2) structure-activity rela-
tionships, (3) in vitro toxicity studies, (4) animal toxicity studies, (5) con-
trolled human studies, (6) observations of humans involved in chemical acci-
dents, and (7) epidemiologic studies. Toxicity data from human studies are
most applicable and are used when available in preference to data from animal
studies and in vitro studies. Toxicity data from inhalation exposures are most
useful for setting AEGLSs for airborne chemicals because inhalation is the most
likely route of exposure and because extrapolation of data from other routes
would lead to additional uncertainty in the AEGL estimate.

For most chemicals, actual human toxicity data are not available or critical
information on exposure is lacking, so toxicity data from studies conducted in
laboratory animals are extrapolated to estimate the potential toxicity in hu-
mans. Such extrapolation requires experienced scientific judgment. The toxic-
ity data from 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,
the data from the most sensitive animal species are used to set AEGLs. Uncer-
tainty factors are commonly used when animal data are used to estimate mini-
mal risk levels for humans. The magnitude of uncertainty 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 considered for interspecies
extrapolation.

For substances that affect several organ systems or have multiple effects,
all end points—including reproductive (in both sexes), developmental,
neurotoxic, respiratory, and other organ-related effects—are evaluated, the
most important or most sensitive effect receiving the greatest attention. For
carcinogenic chemicals, theoretical excess carcinogenic risk is estimated, and
the AEGLs corresponding to carcinogenic risks of 1 in 10,000 (1 x 10%), 1 in
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100,000 (1 x 10®), and 1 in 1,000,000 (1 x 10°) exposed persons are esti-
mated.

REVIEW OF AEGL REPORTS

As NAC began developing chemical-specific AEGL reports, EPA and
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports
(NRC 1993; NRC in press). The NRC assigned this project to the COT Sub-
committee on Acute Exposure Guideline Levels. The subcommittee has ex-
pertise in toxicology, epidemiology, pharmacology, medicine, industrial hy-
giene, biostatistics, risk assessment, and risk communication.

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—QOak 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
published in the Federal Register for public comment. The reports are then
revised by NAC in response to the public comments, elevated from “proposed”
to “interim” status, and sent to the NRC Subcommittee on Acute Exposure
Guideline Levels for final evaluation.

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

Because of the enormous amount of data presented in the AEGL reports,
the NRC subcommittee cannot verify all the data used by NAC. The NRC
subcommittee relies on NAC for the accuracy and completeness of the toxicity
data cited in the AEGLs reports.

This report is the second volume in the series Acute Exposure Guideline
Levels for Selected Airborne Chemicals. AEGL reports for aniline, arsine,
monomethylhydrazine, and dimethylhydrazine were reviewed in the first
volume. AEGL documents for five chemicals—phosgene, propylene glycol
dinitrate, 1,1,1,2-tetrafluoroethane, 1,1-dichloro-1-fluoroethane, and hydrogen
cyanide—are published as an appendix to this report. The subcommittee
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concludes that the AEGLs developed in those documents 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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2
Propylene Glycol Dinitrate '

Acute Exposure Guideline Levels

SUMMARY

Otto Fuel 1, aliquid propellant used exclusively by the U.S. Nawy in
torpedoes and other weapon systems, is a mixture of three synthetic com-
pounds. 1,2-propylene glycol dinitrate (PGDN) (a nitrate ester explosve),
dibutyl sebacate (adesensitizer), and 2-nitrodiphenylamine(astabilizer). The

Also appropriate for Otto Fuel 1| (CAS Reg. No. 106602-80-60).

*Thisdocument was prepared ggtheA EGL Development Team comprising Sylvia
Talmage (Oak Ridge National L aboratory) and members of the National Advisory

Committee (NAC) on Acute Exposure Guideline Levels for Hazardous Substances
including William Bress (Chemical Manager) and Robert Snyder, William Pepelko,
and Kenneth Still (Chemical Reviewers). The NAC reviewed and revised the
document and AEGL valuesas deemed necessary. Both thedocument and the AEGL
valueswerethen reviewed by the N ational Research Council (NRC) Subcommitteeon
Acute Exposure Guideline Levels. The NRC subcommitteeconcludesthattheAEGLs
developed in this document are scientifically valid conclusions based on the data
reviewed by the NRC and are consistent with the NRC guidelinesreports (NRC 1993;
NRC 2001).
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primary component and the oneresponsible for the toxicity of Otto Fuel Il is
PGDN, a volatile liquid with a disagreeable odor. Because PGDN is the
primary and most toxic component of Otto Fuel 11 and becauseonly PGDN is
relatively volatile compared with the other components, AEGL s have been
derivedintermsof PGDN with the notation that the values are appropriate for
Otto Fuel II.

PGDN is a systemic toxicant with effects on the cardiovascular and cen-
tral nervous sysems. Itsvasodilatory action resultsin headaches during hu-
man exposures. Dizziness, loss of bdance, nasal congestion, eye irritation,
palpitations, and chest pains have also been reported. Methemoglobinemia
has been reported at the high concentrationsused in studieswithanimals. The
air-odor threshold in healthy subjectsis 0.2 partsper million (ppm), but warn-
ing properties are poor inasmuch as olfactory fatigue sets in after aslittle as
5 minutes (min) (Stewart et al. 1974). Within 24 hours (h) of exposure,
PGDN israpidly andcompl etely metabolized in vivo and eliminated primarily
in the urine as inorganic nitrate.

Few data were available that met the definitions of AEGL end points.
Oneinhalation study with 20 human subjects described headaches and slight
loss of balance at exposure concentrations of 0.1 to 1.5 ppm for exposure
durations of up to 8 h (Stewart et al. 1974). Acute exposure of monkeys for
6 h at concentrationsranging between 70 and 100 ppm resulted in severe signs
of toxicity including convulsions but no deaths (Jones et al. 1972). In the
same study, exposure of rats at ahigher concentration, 189 ppm for 4 h, re-
sulted in no toxic signs. Examination of the relationship between exposure
duration and concentrationfor bothmild and severe headachesin humansover
periods of 1 to 8 h determined that therelationship isC' x t = k.

The AEGL-1 values were based on concentrations at 0.5 ppm and 0.1
ppm, which were the thresholds for mild headachesin healthy individuals at
exposuredurationsof 1 and 6 h, respectively (Stewart et al. 1974). Thiseffect
can be considered the threshold for mild discomfort (only one subject was
affected at each exposure), which falls within the definition of an AEGL-1.
The 0.5-ppm concentration was used to derive the 30-min and 1-h AEGL-1
values, and the 0.1-ppm concentration was used for the 4- and 8-h values.
Becausethetime and concentration val ueswere based on the most susceptible
subject, these concentrations were adjusted by an uncertainty factor (UF) of
3 to account for potential differences in human sensitivity and scaled to the
appropriate time periods using the C* x t = k relationship. A UF of 3 was
considered sufficient asno susceptible popul ations were identified (the head-
ache effect is the same asthat experienced by patients medicated with nitro-
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glycerin for angina, and the calculated concentrations of nitrite arising from
inhaled PGDN are far be ow those inducing methemoglobinemiain infants),
and the vasodilatory effects of PGDN, responsible for the headaches, are not
expected to vary greatly amongindividuals. The UF of 3 is supported by the
steep dose-response curve for induction of headachesin the key study. (The
threshold concentration and the concentration that induced headachesin ap-
proximately half of the individuds differed by a factor of 2) The 10-min
AEGL-1 value was set equal to the 30-min value.

The AEGL -2 valueswerebased on a0.5-ppm concentration, which caused
severe headaches accompanied by dizzinessin one subject and slight loss of
equilibrium in two subjectsin one of severd sensitive equilibrium tests after
6 h of exposure (Stewart et al. 1974). This concentration-exposure duration
was considered thethreshold for impaired inability to escape asdefined by the
AEGL-2. The 0.5-ppm concentration was adjusted by an intraspecies UF of
3to protect susceptible individuals and scal ed acrosstime for the 30-minand
1-, 4-, and 8-h time periods using the C' x t = k relationship, as was done for
the AEGL-1 derivation. The UF of 3 is supported by the less than 2-fold
difference amongindividualsfor theinduction of narcosis by central nervous
system depressants and by the steep dose-response curve for the induction of
headaches in the key study: namely, a2-fold difference in the threshold con-
centration and the concentration that induced headaches in the majority of
tested individuals. Because of the long exposure duration of 6 h for the cho-
sen end point, time scaling was not performed for the 10-min AEGL-2. The
10-min AEGL -2 was set equal to the 30-min value.

The AEGL -3 valueswere based on the 6-h exposure of squirrel monkeys
at concentrations that ranged between 70 and 100 ppm. This expasure re-
sulted in vomiting, palor, cold extremities, semiconscousness, and clonic
convulsions; these signs disappeared upon removal from the exposure cham-
ber (Jones et al. 1972). Because arange of concentrations were encountered
during the 6-h exposure, the lower concentration, 70 ppm, wassel ected asthe
basis for the AEGL-3. This value may be conservative as rats showed no
effects during a 4-h exposure at 189 ppm (Jones et a. 1972). The 70-ppm
concentration was adjusted by atotal UF of 10. Aninterspecies UF of 3 was
chosen because the monkey is an appropriate modd for extrapolation to hu-
mans. Both the monkey and human subjects showed changes in electrical
activity of the brain at similar PGDN concentrations. An intraspecies UF of
3 was considered sufficient for differences in the threshold for convulsions,
which are also attributable to central nervous depression. Because the end
point for the AEGL -3 values (convulsions and |ethality) isdifferent than the
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end point for AEGL-1 and AEGL -2 (headache), and no data on the relation-
ship between concentration and exposure duration are available for the end
point of convulsions, the more conservative values of n =3 and n= 1 were
used to scale from 6 h to the shorter (30-min and 1- and 4-h) and longer time
periods, respectively. The 10-min AEGL-3 was set equal to the 30-min
AEGL-3. The values are supported by the results of additional studies with
squirrel monkeysand dogsby Joneset a. (1972). Monkeysand dogs exposed
continuously at approximately 15 ppmfor 90 days (d) showed no overt clini-
cal signs; systemic toxicity consisted of biochemical and/or non-life-threaten-
ing histological changesin the liver, spleen, and kidneys.
The values appear in Table 2-1.

1. INTRODUCTION

Otto Fuel 1l isaliquid propellant used exclusively by the U.S. Navy in
MK-46 and MK-48 torpedoes and other weapon systems (Rivera 1974,
Gaworski et al. 1985). It is a mixture of three synthetic compounds. The
primary component is the explosive, 1,2-propylene glycol dinitrate (PGDN)
(approximatey 75%); dibutyl sebacate (23%) is added as a desensitizer, and
because pure PGDN is unstable, 2-nitrodiphenylamine (2%) is added as a
stabilizer (ATSDR 1995). PGDN, a nitrated ester, isavolatile liquid with a
disagreeable odor. Itsprimary useis as apropellant in Otto Fuel 1l (Forman
1988). Noinformation on production waslocated. Wiltshire Chemical Com-
pany in Gardena, California, wastheonly identified producer (ATSDR 1995).

Neither Otto Fuel 1l nor its componentsare highly acutely toxic, asindi-
cated by ora toxicity data. The ora LD, for Otto Fuel Il in male HA/ICR
mice was 1.6 mL/kg (2.24 g/kg) (Litton Bionetics 1979). For PGDN, oral
LD, valuesfor therat ranged from0.25-1.19 g/kg (Clark and Litchfield 1969;
Joneset a. 1972; Andersenand Mehl 1979). About 10% of topically applied
PGDN is absorbed through the skin (Clark and Litchfield 1967). Dibutyl
sebacate, a food flavoring agent and plasticizer, has a very low acute oral
toxicity; the oral no-effect level for lethality was 16 g/kg intherat (Bisesi
1994). Thelow vapor pressure of 3 mm Hg at 180°C severely limitsits risk
as an inhalation hazard. ATSDR (1995) reported an oral LD, value for 2-
nitrodiphenylamine in rats of 6.15 g/kg. Inadditiontoitsusein Otto Fuel Il,
2-nitrodiphenylamineis an orange-colored solvent dye (Sudan yellow 1339)
withalow vapor pressure of 1 x 10° mmHg at 25°C (Baughman and Perenich
1988; ATSDR 1995).
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TABLE 2-1 Summary of AEGL Vaues for PGDN (Otto Fuel 11) (ppm
[mg/m7])

10 30 End Point
Classification min min 1h 4 h 8 h (Reference)
AEGL-1? 0.33 0.33 0.17 0.05 0.03 Mildheadachesin

(Nondisabling) (2.3) (2.3) (1.1) (0.34) (0.17) humans
(Stewart et a. 1974)

AEGL-2 2.0 2.0 1.0 0.25 0.13 Severe headaches and
(Disabling) (14) (14) (6.8) (1.7) (0.8) slightimbalancein
humans
(Stewart et a. 1974)
AEGL-3 16 16 13 8.0 5.3 Convulsionsin
(Lethal) (114) (114) (93) (57) (38) monkeys

(Joneset a. 1972)

#The distinctive odor of PGDN will be noticeable to most individuals at the 0.33 and
0.17 ppm concentrations.

The vapor pressures of thethree components of Otto Fuel 11 differ consid-
erably. During vapor generationstudieswith Otto Fuel 11, PGDN wasthe only
component vaporizedintoinhal ationexposure chambersin sufficient quantity
to alow direct anaysis (Stewart et d. 1974; MacEwen and Vernot 1982). In
light of thelow toxicity of dibutyl sebacate and 2-nitrodi phenylamine and the
fact that they do not vaporize to a detectable extent at test compound genera
tion temperatures up to 45°C, the toxicity of Otto Fuel |1 has been evaluated
interms of PGDN. Chemical and physical datafor PGDN arelisted in Table
2-2.

At low concentrations, PGDN has been reported to cause cardiovascular,
irritant, and central nervous system effectsincludingheadaches, nasal conges-
tion, eyeirritation, and dizzinessin humans (Stewart et al. 1974; Hovath et al.
1981). Inanimal studiesthat used higher concentrati ons, methemo-gl obinemia
occurred (Joneset al. 1972). Theacuteand subchronic effects of PGDN were
studied in monkeys, dogs, rats, and guineapigs. Several studieswith humans
as well as with monkeys and rats addressed neurotoxicity. The air-odor
threshold in healthy subjects is 0.2 ppm, but warning properties are poor
inasmuch as olfactory fatigue sets in after as little as 5 min (Stewart et al.
1974).
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TABLE 2-2 Chemical and Physcal Data?

Parameter

Value

Reference

Synonyms (PGDN)

Chemical formula

Structure

Molecular weight

CAS registry number

Physical state

Color

Solubility in water

Vapor pressure (25°C)

Vapor density
(air =1)

Liquid density
(water = 1)

Melting point

Boiling point

Odor

Conversion factors

1,2-Propylene glycol dinitrate;
propylene glycol dinitrate; 1,2-
propanediol, dinitrate; propyl-

ene dinitrate; isopropylene ni-

trate; methynitroglycol

C3HeN ;05

NO,-O-CH,-CH-0O-NO,

CH?®

166

6423-43-4 (PGDN)
106602-80-6 (Otto Fuel 1)

Liquid

Colorless (PGDN)
red-orange (Otto Fuel I1)

1.3g/L
0.087 mm Hg

No data

14

No data
92°C

Decomposes above 121°C

Disagreeable (PGDN)
Distinctive (Otto Fuel II)

1 ppm = 7.14 mg/m®
1 mg/m®=0.14 ppm

ATSDR 1995

Gingell et al. 1994
ATSDR 1995

Gingell et al. 1994
ATSDR 1995

ATSDR 1995

ACGIH 1991
Gaworski et al.
1985

ACGIH 1991

Gaworski et al.
1985

Gingell et al. 1994

Gingell et al. 1994
Gaworski et al.
1985

ACGIH 1991
Gaworski et al.
1985

ATSDR 1995

®Data are for propylene glycol dinitrate (PGDN) unless specified otherwise.
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2. HUMAN TOXICITY DATA
2.1. Acute Lethality

Although sudden deaths due to circulatory failure have been reported
among workers exposed chronically to nitrated esters such as nitroglycerin
and ethyleneglycol dinitrate (Carmichael and Lieben 1963), no deaths attrib-
utable to cardiovascular effects were reported for U.S. Navy personnel in-
volved in torpedo maintenance work (Horvath et al. 1981; Forman et al.
1987). The sudden deaths for workersinthe explosivesindustry were attrib-
uted to a compensatory vasospasm that may produce coronary insufficiency
upon withdrawal from nitrate ester exposure.

2.2. Nonlethal Toxicity
2.2.1. Occupational Exposures

Horvath et al. (1981) evaluated the neurophysiologic effects of acute and
chronic exposure to PGDN of 87 workers employed in U.S. Navy torpedo
facilities. Prior to the evaluation, the subjects reported subjective symptoms
of frequent or occasional headaches (65% of respondents), nasal congestion
(31%), eyeirritation (26%), and dizziness (13%). Palpitations, dyspnea, chest
pain, and loss of balance were reported by small percentages of workers. For
the chronic exposure, evaluation of the workers included both quantitative
oculomotor functions (saccadesor synchroni zed eyetracking movements) and
ataxia tests;, comparison was made with a control group consisting of 21
nonexposed personnel from the samefacilities. Results of the testsindicated
no evidence of chronic neurotoxicity in either the study population or a sub-
group of 28 workers with the longest exposure to PGDN.

In the same study (Horvath et al. 1981), acute effectswere evaluated ina
subgroup of 29 workers by comparing test values before and after a torpedo
maintenance procedure, or “turnaround.” The maintenance procedures|asted
30-60 min. During thistime, PGDN concentrations, asindicated by approxi-
mately 400 grab samples (instantaneous atmospheric samples) taken in the
work area, ranged from 0.00 to 0.22 ppm (average value of 0.06 ppm; 88%
were <0.1 ppm, 50% were <0.05 ppm, and only one sample was above the
ACGIH TLV-Ceiling value of 0.2 ppm, which was in effect at that time).
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There were no decrements in the three ataxia tests (although the mean score
in onetest wasincreased), but mean saccadevel ocity wasstatistically signifi-
cantly decreased (by 37.3 degrees per second [s]), and mean saccade delay
time was statistically significantly increased (by 6.4 milliseconds). There
were no changes in saccade accuracy or (eye) smooth pursuit index. The
changes in the saccade test parameters did not correlate with peak PGDN
levels measured during the turnaround procedure. The workersinvolved in
the turnaround did not complain of headache or nasal congestion, athough
oneindividual involved in a spill developed a headache.

Forman et al. (1987) (see also Helmkamp et al. [1984] for prdiminary
study) evaluated cardiac morbidity among U.S. Navy “torpedoman’ s mates,”
agroup potentially exposed to PGDN while engaged in torpedo maintenance
work. Cardiovascular events in this group were compared with both a
nonexposed group of torpedomen and anonexposed groupinthejob category
“fire control technician”. The torpedoman’s mate group consisted of 1,352
men, with an average yearly population of 822; hospitalization records were
availablefor 1970 through 1979. The nonexposed-torpedomen control group
consisted of 14,336 individuals over the 10-y period with ayearly average of
4,906. Thefirecontrol technician control group consisted of 29,129 individu-
aswith ayearly average of 11,198. Measured concentrations of PGDN in-
cluded those of the Horvath et al. (1981) study and current surveys in which
8-htime-weighted averageswerebelow 0.05 ppm. Cardiacincidencesconsid-
ered were myocardial infarction, angina pectoris, and cardiac arrhythmia.
Age-adjusted incidenceratesand rel ative risk were cal cul ated for each group.
There were higher incidences of hospitalizations for myocardial infarctions
and angina pectoris but not cardiac arrhythmias in the torpedoman’ s mates
than in either control group. Relative risk was significant for myocardial
infarction and angina pectoris when compared with the torpedoman control
group (2.6 and 3.8, respectively; p < 0.05) but not when compared with the
firecontrol technicians. Whenincidencesof myocardial infarctionand angina
pectoris were combined, relative risk was significant when compared with
boththe unexposed torpedoman and firecontrol technician control groups(2.6
and 2.9, respectively; p < 0.05). Deaths attributable to cardiovascular events
occurred in the control groups but nat in the torpedoman’ s mate group. The
authors discuss biases in the study, including the hea thy worker syndrome
and the small number of actual hospitalizations. For example, only four hos-
pitalizations for myocardial infarction and two hospitalizations for angina
pectoris occurred in the torpedoman’ s mates group over the 10-y period.
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2.2.2. Experimental Studies

Stewart et al. (1974) exposed human volunteersto PGDN in a controlled
environment chamber. “Each group underwent a training program in the
chamber. The experiments were conducted in a double-blind mode. How-
ever, in those experiments in which the odor of PGDN was detectable, both
the subjects and the research staff were aware that exposure to PGDN was
occurring, although the magnitude of the exposure wasnot disclosed to them.”
Exposure concentrations were 0.0 (control), 0.03, 0.1, 0.2 (range, 0.21-0.26),
0.35 (range, 0.33-0.37), 0.5, or 1.5 (1.2 and 1.5) ppm, and exposures lasted
from 1to 8 h. The exposuresat 0.2 ppmwere repeated on adaily basisfor 5
d. Selected exposure concentrations, exposure durations, and the number of
subjectstested are summarized in Table 2-3. Seventeen healthy malesubjects
(ages 22-25), usually in groups of three, participated in the exposures. In
addition, one of the exposures (to 0.5 ppm) included two male members of the
research staff, ages 45 and 51, and a 24-y-old femalefor atotal of 20 subjects.

PGDN was generated from asample of Otto Fuel |1 by blowingair across
aPyrex reservoir of the compoundto thereturn air duct of the ar conditioner.
Eighty percent of theair wasrecirculated. The concentration of PGDN inthe
air was monitored continuously by aninfrared spectrophotometer and by agas
chromatograph fitted with an electron capture detector. The vaporized Otto
Fuel 11 was 99% pure PGDN as measured by infrared analysis.

Testing of the subjects consisted of both subjective evaluationsand physi-
ological and central nervous system responses observed under medical super-
vision. The lowest concentration a which odor was detected was 0.2 ppm
(four of nine subjects), but the ability to detect the odor disappeared within 5
min. Subjective symptoms consisted of headache and eye irritation. At 0.1
ppm, two of the subj ects experienced mildheadache (Table 2-3). Oneof these
subjects had devel oped headache during each of the control exposures and
during the exposure at 0.03 ppm. Theother subject devel oped headache after
6 h, and the headache continued for several hours postexposure.

Of the nine subjects exposed at 0.21-0.26 ppm (18 exposures; al nine
subjectstook part in the8-h exposures, and three of the nine were exposed for
8 h on two separate occasions), seven devel oped headaches of varying inten-
sity. Theheadachesweremildinintensity for two of three subjectsduringthe
2-h exposure. During thetwelve 8-h exposures, there were five incidences of
mild headache and six incidencesof severe headache. The number of subjects
in each category of headache could not be ascertained from the data. The



TABLE 2-3 Human Responses to PGDN

0.0 0.03 0.1 0.21-0.26 0.35 0.5 15

ppm  ppm ppm ppm ppm ppm ppm

1-8h 1h 4h 8h 1h 4h 8h 1h 2h 8h 1h 2h 8h 1h 2h 73h 1h 32h
Number of subjects 262 2 3 3 2 3 3 3 3 9 3 3 3 3 3 3 2 6
Number detecting odor 0 0 0 o o0 o o 2 3 2 1 2 2 1 2 6
Number developing 1 o 1* o o0 1° 1 0 2 5 0 3 1 1 0 0
mild headache
Number developing 0 0 0 o 0 O o o o 6 o0 0 2 0 2 6
severe headache
Number developing eye 0 0 0 o 0 O o o o 1 o 1 0 0 2 6

irritation

2Groups of eight and nine male subjects participated in a series of 4-h training sessions and all 17 male subjects, in groups of two to six,

participated in a series of control exposures lasting from 1 to 8 h.

® Nine subjects participated in 12 exposures; numbersin columnimmediately below refer to incidences per 12 exposuresrather than individuals.
*Thisindividual developed amild headache during each of the control exposures.

Source: Modified from Stewart et al. (1974).

08
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visual evoked response (V ER), acomplex waveformrepresenti ng the summed
electrical activity of many neurons, was minimally altered in the majority of
subjects but with no consistent pattern of response. No decrements in test
performanceor alterationsin monitored physiol ogical parameters occurred at
this concentration. Subjects repeatedly exposed to this concentration devel-
opedtol eranceto theinductionof headache, but thealterationin visual evoked
response morphology appeared cumulative.

At0.35 ppm, all three subjects exposed for 2 h devel oped mild headaches,
and one of three subjects exposed for 8 h devel oped amild headache. Two of
three subjectsexposed for 8 h devel oped severe headaches. One subject also
developed slight eye irritation, which persisted throughout the 2 h exposure.
Four of the nine subjects detected the odor of the compound, which they
described as mild at this concentration; however, the odor was not detectable
after 5 minof exposure. The morphology of thevisual evokedresponse, while
variable, wasaltered, particularly inthree subjectsexposed for 8 h. The expo-
sure produced an increase in the peak-to-peak amplitude of the 3-4-5 wave
complex. The authors interpreted the VER changes as consistent with the
VER changes produced by central nervous system depression.

Groups of three subjects were exposed at 0.5 ppm for time periods of 1,
2, 0or 7.3 h. Seven of the nine subjects developed headaches during these
exposures, beginning with a mild headache after 1 h of exposure (Table 2-3).
After exposure for 6.25 h, balance became impaired in two of three subjects
(heel-to-toe test with eyes closed), and at 7.3 h, al three subjects had abnor-
mal modified Romberg tests (postural stability with the eyes closed) as well
as abnormal heel-to-toe tests with their eyes closed. One subject wasunable
toperform anormal heel-to-toetest with hiseyesopen. Theauthorscompared
theequilibrium disturbance with ethanol intoxication, which produced ablood
acohol concentrationin the 100-150 mg/100 mL range. Thesethree subjects
a so had amean el evation of diastolic blood pressureof 12 mmHg, whichwas
not accompanied by alterations in pulse or cardiac rhythm. Headaches be-
cameincreasingly severeand throbbingfor all three subjectsduring exposure,
and one of the three subjects reported dizziness and nausea after 6 h of expo-
sure. Three members of the research staff, two males and one female, were
exposed at this concentration for aperiod of 1.25 hand all developed amild
headache. These latter three exposures appear to be in additionto that of the
nine subjects described above.

All eight subjects exposed a 1.5 ppm reported eye irritation (without
conjunctivitis or excessive lacrimation) after 40 min of exposure. All of the
subjects devel oped severe headaches, three after 30 min of exposure and the
remainingfive after 40-90 min of exposure. Headaches became so severethat
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exposure was terminated after 3.2 h. Headaches persisted for 1 to 7.5 h after
exposure. These subjects showed a dramatic alteration in the VER with an
increased amplitude in the peak-to-peak voltage of one of the wave
complexes. Therewasashiftto control valuesafter 160-180 min of exposure,
but VER were altered for 48 h after exposure.

None of the exposures produced changes in clinical chemistry values
(blood count, blood nitrate, blood urea nitrogen, serum enzymes, and serum
electrolytesor urinalysisand nitrate and nitrite urinary excretion), spontane-
ous electrical activity of the cortex of the brain (detected by EEG), pulserate
and sinusrhythm, or pulmonary function. Visual and auditory acuity, exercise
EK G, and time estimation tests did not differ from control values for any of
the exposures. Only one of several cognitive tests was affected by exposure
and the change occurred only in the four subjects exposed at 1.5 ppm. The
test was taken during the time the subjects were experiencing severe head-
aches.

2.3. Neurotoxicity

Torpedo maintenance workers exposed to PGDN at concentrations of O-
0.22 ppm (average of approximately 0.06 ppm) for 30-60 min exhibited signif-
icantly altered responsesin some oculomotor performancetests but nostatisti-
cally significant decrement in balance (see Section 2.2.1 for further details)
(Horvath et al. 1981). The oculomotor function changes observedin workers
after acute exposuresto Otto Fuel || werenot observedin chronically exposed
workers. Eight-hour time-weighted average (TWA) concentrations during
chronic exposures were below 0.05 ppm (Forman et al. 1987).

Human volunteers exposed to PGDN at various concentrations of also
exhibited central nervous system effects (Stewart et al. 1974). At 0.35 ppm,
the VER wasaltered, particularly at 8 h. This effect became more pronounced
at 0.5 ppm and 1.5 ppm, after 45-90 min at the latter concentration. After 6.25
h of exposure at 0.5 ppm, two subjects had abnorma heel-to-toe bal ance tests
withtheir eyes closed, and after 8 h, all three subjects had abnormal modified
Romberg tests aswell as abnormal heel-to-toe testswith eyes closed. Atthis
time, one subject was unable to perform the heel-to-toe test with open eyes.

2.4. Developmental and Reproductive Effects

The Naval Health Research Center investigated pregnancy outcomes of
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women engaged intorpedo repair work and compared their spontaneous abor-
tion rate with three other groups: unexposed female torpedomen munitions
workers, hospital corpsmen, and other uniformed U.S. Navy enlisted females
(NHRC 1986). Duringtheyears of thestudy, 1980-1983, there were no spon-
taneous abortions among the five PGDN-exposed pregnant women.

2.5. Genotoxicity

No studieswere located regarding genotoxic effectsin humans exposed
to PGDN or Otto Fuel I1.

2.6. Carcinogenicity

No studies were located regarding carcinogenicity in humans exposed to
PGDN or Otto Fuel II.

2.7. Summary

No deaths attributable to exposure to Otto Fuel Il or its primary compo-
nent, PGDN, were reported in the available literature, but relative risk for
combined myocardial infarction and angina pectoris among torpedomen
chronically exposed at unknown concentrations of Otto Fuel II and PGDN
were significantly elevated compared with control groups (Forman et al.
1987). The number of subjectshospitaized with these cardiovascular events
was small. Symptoms described during occupational exposures included
headaches, nasal congegtion, eye irritation, and dizziness (Horvath et d.
1981). Acute exposures to an average concentration of approximately 0.06
ppm resulted in no effects on motor coordination and only subtle changesin
eye movements. There were no spontaneous abortions among five PGDN-
exposed female U.S. Navy personnel. No information on genotoxicity or
carcinogenicity in humans was located.

PGDN has effects on the cardiovascular and central nervous systems.
Exposure of healthy, primarily male subjects to PGDN at a concentration of
0.03 ppmfor 8 h was without adverse effects. A mild headache was present
in one of three subjects after exposure at 0.1 ppm for 6 h. Adverse effects
became more severe at higher concentrations and shorter exposure durations:
0.2 ppm for 8 h produced severe headache in six of 12 exposures; 0.35 ppm
for 8 h produced severe headachein two of three subjects and disturbance of
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the VER in three of threesubjects; 0.5 ppmresulted in severe headachein one
of three subjects after 2 h and produced impairment of balance after 6.25 h
and ataxia a 7.3 h; 1.5 ppm for 3.2 h produced throbbing and painful head-
aches in six of six subjects accompanied by some abnormal cognitive and
coordination tests. Nonincapacitating eyeirritation was al so reported during
the exposures at 1.5 ppm

Based on the Stewart et a. (1974) study, the threshold for odor detection
in healthy adultsis 0.2 ppm, and the threshold for eye irritation is 1.5 ppm,
although one of three subjects devel oped eyeirritation during a 2-h exposure
at 0.35 ppm.

3. ANIMAL TOXICITY DATA
3.1. Acute Lethality

No acute studies involving lethality and the exposure durations relevant
to AEGL derivations were located. Jones et al. (1972) reported deaths in
preliminary, range-finding studies in which single animals were exposed to
PGDN. Because pure PGDN is chemically unstable, a physiologically and
chemically inert stabilizer of low volatility was added. Exposure concentra-
tions are based on the PGDN concentration of the mixture. One rabbit that
was exposed to PGDN mig at a mean concentration of 240 mg/m?® (34 ppm)
for 23 h/d died on day 4. The rabbit became cyanotic on day 4 and died with
amethemoglobin value of 32.8%. A squirrel monkey exposed at 415 mg/m®
(approximately 60 ppm) for 23 h/d died on day 3 and had a methemoglobin
level of 40.2%. In acontinuousinhalation study by the same authors (Jones
et a. 1972), one of nine squirrel monkeys exposed a 236 mg/m® (33 ppm)
died on day 31 of exposure. Adult filarid parasitesinthe abdominal cavities
of amajority of the monkeys were the only gross abnormality observed at
autopsy. No further details onthe deathswere available. However, theseand
other authors(Clark and Litchfield 1969; Andersen and Mehl 1973) attribute
deaths to methemoglobinemia and the resulting anoxia. Rats treated with
lethal doses of PGDN (either oral or subcutaneous) were ataxic and lethargic
with signs of methemoglobinemia and respiratory depression (Clark and
Litchfidd 1969). Death consistent with anoxia occurred up to 48 h after
administration.
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TABLE 2-4 Summary of Acute Sublethal Effectsin Animals

Exposure
Species  Concentration Duration Effect Reference
Monkey  70-100 ppm 6 h Vomiting, pallor, cold  Joneset al.
extremities, 1972
Semiconscousness,
clonic convulsions
Rat 189 ppm 4h No toxic signs Jones et al.

1972

3.2. Nonlethal Toxicity

Acute studies are summarized in Table 2-4. These studies and effects
following longer-term exposures are described in the following text.

3.2.1. Nonhuman Primates

In arange-finding sudy prior to a continuous inhalation study, squirrel
monkeys (number not specified) exposed a 500-700 mg/m® (70-100 ppm)
PGDN for 6 h developed vomiting, pallor, cold extremities, semicon-
sciousness and clonic convulsions (Jones et al. 1972). These signs disap-
peared within 30-45 min after removal from the exposure chambers. In a
follow-up study by the same authors (Jones et al. 1972), groups of three male
squirrel monkeys were exposed to PGDN at concentrations of 67, 108, or
236 mg/m® (approximately 10, 15, or 33 ppm) continuously, 24 h/d, for 90 d.
Groups of three monkeys served as control groupsfor each exposure. PGDN
was generated from heated flasks over which pre-dried air was drawn into a
dilution air stream upstream of the exposure chambers. The chamber air was
sampled and monitored by a modified diphenylamine color analysis for ni-
trates; the concentrations were similar to nominal inputs determined gravi-
metrically. Hematology parameters were measured prior to and after expo-
sure; methemoglobin was measured weekly during the exposure to 33 ppm.
Although onemonkey died on day 31 of exposure at 33 ppm (possi bly compli-
cated by a parasitic infection; see Section 3.1), these animals did not show
signsof intoxication during the exposures, and body weight gainsof surviving
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animaswere normal. Fatty infiltration was present in the liver of monkeys
exposed at 10 ppm. Heavy iron-positive deposits cons stent with mononuclear
cell infiltrates and focal necrosiswere present intheliver, spleen, and kidney
sections of monkeys exposed at 33 ppm. Monkeys exposed at 15 and 33 ppm
also had elevated serum urea nitrogen levels and decreased serum alkaline
phosphatase activity. In monkeys exposed at 33 ppm, methemoglobin levels
increased to 17% by day 14, declining by day 42 to approximate control lev-
els.

3.2.2. Dogs

Groupsof two malebeagle dogswere exposedto PGDN at concentrations
of 67, 108, or 236 mg/m® (approximately 10, 15, or 33 ppm) continuously, 24
h/d, for 90 d (Jones et al. 1972). Six dogs (two per exposure) served as con-
trol groups. PGDN was generated as in the study with monkeys. All dogs
gainedweight at anormal rate, but hemogl obin and hematocrit were decreased
by 63% and 37% in the two dogs in the 33-ppm exposure group. Livers
showed dose-related changes, including hemosiderin depositsin the 10-ppm
group, hemosiderindepositsand fatty changesinthe 15-ppmgroup, and heavy
hemasiderin deposits accompanied by focal necrosis in the 33-ppm group.
The 33-ppm exposuregroup also had iron-positive depositsin the spleen and
kidneys. The methemoglobin level reached 23% on day 14 of exposure at 33
ppm and declined thereafter but did not return to control values.

3.2.3. Rats

Six rats (strain unidentified) were exposed for 4 h to a mist of PGDN at
aconcentration of 1,350 mg/m? (189 ppm) (Joneset d. 1972). Notoxic signs
were noted during the exposure or within the 14 d postexposure period. The
mean methemoglobinlevel immediately postexposurewas23.5%. Inrepeated
inhalation studies by the same authors, eight male Sprague-Dawley derived
ratswere exposed at aconcentration of 65 mg/m? (approximately 10 ppm) for
7 hid, 5 d/week (wk), for atotal of 30 exposures. No mortalitiesor clinical
signs of intoxication were observed. All rats gained weight at anormal rate,
hematol ogy values remained normal, and histopathological examinations of
major organs failed to reveal any effects.

Jones et al. (1972) also exposed 15 Sprague-Dawley-derived rats of both
gendersto PGDN at concentrations of approximately 10, 15, or 33 ppm con-
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tinuoudly, 24 h/d, for 90 d. An additional group of 15 rats served asa control
group and weretreated the same asthe exposed groups except for the addition
of PGDN to the exposurechamber. Fatty depositswere observedinthelivers
of rats exposed & 10 ppm, and femal e rats exposed at 33 ppm showed focal
necrosis of the liver and acute tubular necrods of the kidneys. Male rats
appeared normal. Methemoglobin levelsof two rats exposed at 33 ppm were
elevated to 12.8% by day 14 but decreased with continued exposure.

3.2.4. Guinea pigs

Groups of 15 Hartley-derived guinea pigs were exposed to PGDN at
concentrations of approximately 10, 15, or 33 ppm continuously, 24 h/d, for
90d (Joneset al. 1972). A concurrent control group of 15 animalswasplaced
in an exposure chamber without the addition of PGDN. Fatty deposits were
observedin theliversof guineapigsexposedat 10 ppm. Guinea pigs exposed
at 15 ppm consistently showed foci of pulmonary hemorrhage, and vacuolar
changes occurred in the liver of all guinea pigs exposed at 33 ppm.

3.3. Neurotoxicity

Two male rhesus monkeys trained in free operant avoidance tests were
exposed to PGDN at concentrations of 2-33 ppm and observed for successful
completion of the avoidance test and VER (Mattsson et al. 1981). The
avoidancetest involved response to ared light by operating alever within 10
sof thelight cuein order to avoid an electrical shock. For the VER, the A-B-
C complex, comparable to the 3-4-5 complex in the Stewart et al. (1974)
study, was measured in response to flashesfrom astrobelight. The monkeys
weretestedindividually, each at several concentrations, whichwereseparated
by a 1-wk interval. One monkey was exposed at 2 ppm three times and also
at 7 and 20 ppm. The other monkey was exposed at 3, 10, and 33 ppm. Expo-
sure durations were 4 h. Halothane at one-tenth of the concentration that
produces anesthesiain monkeys served as areference depressant. Free oper-
ant behavior was not affected by any PGDN concentration, but the VER was
statistically significantly altered by exposure to PGDN (p < 0.05). The C
wave increased 20% in amplitude a 2 ppm and decreased 25% at higher
concentrations; there were no changes in amplitude of the A and B waves or
in thelatency of thewaveforms. No changes occurred inone of threetrialsat
2 ppm and in the trial at 10 ppm. During the course of the training, the au-
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thors found that the C wave could be increased or decreased by 30% to 40%
by changes in the environment or a change in the tension of the operant re-
sponse lever tension, and therefore the authors suggested that the changes
observed during the exposures might have been caused by the irritating or
distracting properties of the vapor. Hal othane produced significant increases
inthe A, B, and C waves and slowed the latency of the B and C wavesbut did
not change free operant avoidance behavior.

In longer-term exposures, two rhesus monkeys were exposed to PGDN
vaporsfor 125 d at concentrations that wereincreased in incrementsfrom 0.3
to 4.2 ppm (Mattsson et al. 1981). Two monkeys served as controls. Daily
testing involving either the cued or free operant avoidance tests showed no
effectson either type of avoidance performance, and there was no disruption
of the ability to discriminate between the two avoidance schedul es.

Threemalesqui rrel monkeyspreviously trainedto performvisua discrim-
ination or visual acuity threshold tests were exposed continuously for 90 d to
PGDN at aconcentration of 262 mg/m? (approximately 37 ppm) (Jones et al.
1972). The animas were removed from the exposure chambers for a 2-h
period once aweek for the respective behavior tests. A fourth trained monkey
exposed to filtered room air under the same conditions served as the control.
Theonly sign duringexposurewas mydriad s(excessivedilatation of the pupil
of the eye), whichincreased from slight to moderate. Therewere no changes
in avoidance behavior in the monkeys as determined by the visual tests.

Groups of 13-14 anesthetized mde Sprague-Dawley rats that had previ-
ously been trained on the accelerod, a test of motor performance, were in-
jected with saline (control) or 5 or 10 puL of PGDN (0.01 or 0.02 pL/kg; ap-
proximeately 0.007 or 0.014 ug/kg) directly into thecisternamagnaof thebrain
(Bogo et al. 1987). Motor performance was tested 12 min after injection,
hourly for 6 h, and at 24 hiin ratsthat had not been grossly traumatized by the
injection procedure. Compared with the control group, no change in motor
performance was observed in ratsinjected with 5 uL of PGDN. A significant
decrease in motor performance was observed during the first 2 hiin ratsin-
jected with 10 pL. The authors suggest that thisstudy confirms the observa-
tions of PGDN-induced changes in human motor performance.

3.4. Developmental and Reproductive Effects

Groups of 28 or 47 (high-dose) pregnant Crl:CD BR rats were treated
dermally with neat Otto Fuel Il at doses of 0, 400, 2,000, or 4,000 mg/kg/d
beginning on day 5 of pregnancy (Cooper et a. 1993). On day 20 of preg-
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nancy the dams were euthanized and the totad number of fetuses, corpora
lutea, implantation sites, and resorption sites were recorded. Fetuses were
examinedfor grossly visibleabnormalities. Half of thefetuseswereexamined
for soft tissue abnormalities, and half of thefetuseswere examined for skeletal
deformities. The highest dose was toxic, resulting in a maternal mortality of
53% and significantly lower body weights of surviving damsand fetuses; fetal
resorptions per dam were increased and viable fetuses and fetuses per dam
were significantly decreased in this group (al, p < 0.05). Damsreceiving 4
g/kg/d displayed a moderate erythema of the skin in the area exposed to the
fuel. Body weights of dams and fetuseswereal so significantly reducedinthe
group receiving 2 g/kg/d. No other parameters were affected in the 2 g/kg/d
groups, and none of the measured parameterswere ateredin the 400 mg/kg/d
group. There wasno evidence of terata erythemaat any concentration.

In the same study (Cooper et al. 1993), pregnant New Zealand white
rabbitswere dermally treated with neat Otto Fuel Il at arateof 0, 100, 316, or
1 g/kg/d on days 6-18 of pregnancy. Although body weightsof dams treated
with 1 g/kg/d lagged behind the other groups on days 20 and 25 of pregnancy,
no differences were present at sacrifice on day 28 of pregnancy. The number
of corporalutea, implantation sites, and resorption sitesandfetal body weights
did not differ significantly between treated and control groups. Therewas no
evidenceof terata. Marked erythema of the skininthe areaof application was
observed in the group treated with 1 g/kg/d.

Dibutyl sebacate was tested for reproductive toxicity in a dietary study
with Sprague-Dawley rats: 6.25% (approximately 5.6 g/kg/d) in the diet for
10wk prior to breeding (Smith 1953). No effect onfertility, litter size, or pup
survival wasfound. However, pupsfromtreated damsweighed lessthan pups
from the control group.

3.5. Genotoxicity

The genotoxicity of Otto Fuel |1 was evaluated in a series of assays con-
ducted by Litton Bionetics (1979). Otto Fuel |1 was not mutagenic in micro-
bial assays involving five drains of Salmonella typhimurium or in
Saccharomyces cerevisiae D4, with or without exogenous metabolic activa-
tion. Thetest compound was active in inducing mutations at the TK locusin
L5178Y mouse lymphomacellsat concentrationsthat were clearly cytotoxic.
Otto Fuel |1 failed to induce sister chromatid exchangesin the same cell line,
either with or without metabolic activation. In the mouse bone marrow
cytogenetic analysis, the test compound was administered acutely and
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subchronically (fivedoses). Chromosomal aberrationswerenot el evated com-
paredwiththecontrol values, but the presence of ring chromosomes suggested
weak activity. Otto Fuel 1l was not active in the dominant |ethal assay with
mice.

3.6. Chronic Toxicity and Carcinogenicity

Fischer 344 rats and C57BL/6 mice were exposed to vaporized Otto Fuel
Il at concentrations of 0, 1.4, or 240 mg/m? (0 and approximately 0.20 or 34
ppm) for 6 h/d, 5 d/wk for 1y, and purebred beagle dogs were exposed at O or
0.20 ppm for 6 hd, 5 d/wk for 14 months (mo) (MacEwen and Vernot 1982;
Gaworski et a. 1985). For both rats and mice, groups of 100 males and 100
femaleswere exposed at the 0- and 34-ppm concentrationsand 75 animals per
gender were studied at the 0.20-ppm concentration. For dogs, the exposure
groups consisted of three males and three females. Separate generation sys-
temswere used for the exposures, but atmosphereswere generatedinasimilar
manner by heating the fuel and passing the vapor into the exposure chambers
withacontrolled air sweep. The lower concentration was monitored with an
infrared analyzer; the higher concentration was monitored with a gas
chromatograph. Ten male and ten female rodents from each exposure group
were sacrificed at 1y after initiation of exposures. The remaining rodents
wereheld for 1y postexposure. The dogs exposed at 0.20 ppm were exposed
for an additional 60 d for atotal of 14 mo, at which timethey were necropsied.
During the study, animals were weighed and monitored for hematology and
clinical chemistry changes. Grossand histological examinationsof all lesions
and major tissues and organs were performed.

For rats, differencesin the examined parameters among exposure groups
were minor and generally did not reflect a dose-response relationship. Only
very dlight pulmonary inflammatory changes were present in the treated
groups compared with the control group. Bone tumors, three osteosarcomas
(malerats, one in the 0.2-ppm group and two in the 34-ppm group) and one
osteoma (femde rat, 0.2-ppm group) were observed in the treated rats,
whereas none were observed in the concurrent control groups. Thesearerare
tumors and could be indicative of atumorigenic response; however, the lack
of a doseresponse relationship, particularly with the large differences in
treatment concentrations, suggeststhat thetumorswerenot treatment rel ated.

No remarkable changes or |esions were present in treated mice at either
the end of exposure or at terminal sacrificecompared withthe control groups.
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Infact, lesions such asulcerative dermatitis were generally more prevalent in
the control mice than in the treated mice.

Although dogs exposed to an atmosphere containing 0.20 ppm of Otto
Fuel Il had slightly decreased hematocrit and hemogl obin valuesandincreased
methemogl obin levels (<5%) and liver weightsrelative to body wei ght com-
pared with controls, there were no overt signs of toxicity and no increased
incidences of tumors. As noted, these parameterswere either not affected or
affected to alesser degree in mice and rats.

Inachronictoxicity sudy, groupsof 20 male andfemal e Sprague-Dawley
ratswereadministered adiet containing 6.25% dibuty| sebacate (Smith 1953).
Thedoseranged between 2.5 and 7.2 g/lkg/d over the courseof thestudy. This
concentration did not affect growth or survival. No grossor histopathol ogical
changes attributabl e to treatment were observed.

3.7. Summary

No dataon lethality following acute exposures of <1 day were available.
Squirrel monkeys exposed to PGDN at concentrations of 70-100 ppmfor 6 h
exhibited vomiting, pallor, cold extremities, semiconsciousness, and clonic
convulsions. Rats exposed at 189 ppm for 4 h exhibited no overt signs of
intoxication, although the mean methemogl obin level wasincreased to 23.5%
(Jones et a. 1972).

In neurotoxicity studieswith PGDN, 4-h exposures of rhesus monkeys at
2-33 ppm (Mattsson et al. 1981) and continuous exposures of squirrel mon-
keysat 37 ppm (Jones et al. 1972) did not change trained avoidance behavior,
althoughtheVERwassignificantly altered (increaseinthe C-wave amplitude)
in the rhesus monkeys exposed at 2 ppm for 4 h. Increasesin the same wave
were observed in humans exposed at 0.35to 1.5 ppm (Stewart et al. 1974).
TheVER changes are subclinical disruptionsof the extraocular motor system
and arenot functionally significant. TheVER changeswerevery minimal and
were not reflected in the cognitive abilities of humans exposed at 1.5 ppm for
3 h. The cued avoidance and free operant avoi dance of monkeys exposed at
2-33 ppmfor 6 h were unchanged.

When applied dermally to rats and rabbits, PGDN was not teratogenic and
showed no evidence as a reproductive and developmental toxicant at doses
that were less than maternally toxic (Cooper et a. 1993). Inrats, lower fetal
weights reflected the lower body weights of surviving dams.

In abattery of mutagenicity and genotoxicity studies, PGDN tested nega-
tive except in L5178Y mouse lymphoma cells where it induced mutations at
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concentrations that were cytotoxic (Litton Bionetics 1979). There were no
clear treatment-related increases in tumors in rats or mice exposed to vapor-
ized Otto Fuel 1l at concentrations of 0, 0.20, or 34 ppm for 1y or in beagle
dogs exposed at 0.20 ppm for 14 mo (MacEwen and Vernot 1982; Gaworski
et al. 1985).

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition

Absorptionof PGDN duringinhalation occursin humans, asevidenced by
symptoms of headache and changesin blood pressure. During exposures of
human subjects at 1.5 ppm for 3.2 h, the circulating concentration was less
than 5 ppb (the analytical limit of detection). After 1 h of exposure at 1.5
ppm, the expired breath of the subjects contained 20-35 ppb; no PGDN was
detected in the breath 15 min after exposure (Stewart et al. 1974). Dermal
absorption also occurs, as evidenced by deaths of rabbits with elevated
methemogl obinand urinary nitrogen|evelsfollowing repeated applications of
4 g/kg (Joneset al. 1972). About 10% of topically applied PGDN isabsorbed
through the intact skin of rats, asindicated by blood pressure changesrelative
to subcutaneous injections (Clark and Litchfield 1969).

Plasmalevels of PGDN of rhesus monkeys could not be detected during
inhalation exposures at concentrations <0.8 ppm (Mattsson et al. 1981).
Plasma PGDN was approximately 35 pg/mL during 20 d of exposure at 1.6
ppm and 170 pg/mL during 14 d of exposure a 4.2 ppm. Plasma PGDN was
not detectable within 24 h of termination of exposure.

Metabolism of PGDN israpidand followsfirst order kinetics(Kylinet al.
1964). Metabolism occursintheliver and withinthe erythrocyte, resultingin
mononitratesand inorganic nitrate; the latter is eliminatedin the urine. Clark
and Litchfield (1969) studied the metabolism of PGDN in Alderley Park rats
in vitro and in vivo following a subcutaneous injection of 65 mg/kg. Blood
PGDN, the mononitrates, and blood inorganic nitrite and nitrate were mea-
sured at varioustimes after incubation or administration. In vitro metabolism
took place in the erythrocytes yielding primarily propylene glycol 2-
mononitrate and inorganic nitrate by 3 h; the remainder was propylene glycol
1-mononitrate and unmetabolized PGDN. Fifty percent of the 50 pg/mL dose
was metabolized in the first hour and 50% of the remainder in the next hour.

Following subcutaneous injection, circulating PGDN peaked within 1 h
and then declined to an undetectable level by 8-12 h postinjection. The 2-
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mononitrate was the predominant isomer in blood and the time course of
metabolismwas similar to that of thein vitro experiment. The major metabo-
lite in urine was inorganic nitrate, accounting for 56% of the administered
dose. Parent PGDN and nitrite were almost undetectablein urine. Excretion
was complete at 24 h. The following metabolic scheme was proposed: reduc-
tion of anitrate group to yield an unstable organic nitrite-nitrate intermediate
followed by hydrolyss to yield the mononitrate and inorganic nitrite. The
inorganic nitriteinthe bloodisoxidized toinorganic nitrate, which isexcreted
in the urine.

4.2. Mechanisms of Toxicity

PGDN haseffectson both thecardiovascular and central nervoussystems.
Themost commonly encountered symptom of exposureto PGDN isheadache
due to vasodilation of cerebral blood vessels. Nitrate and nitrite esers are
vasodilators, resulting in rapid lowering of sysolic and, to alesser extent,
diastolic blood pressure with acompensatory tachycardia. Administration of
nitrites producesdilation of meningeal blood vessels (viarelaxation of vascu-
lar smooth muscle), which is the basis for the transient pulsating headache
(Nickerson 1975). Headache of presumed vascul ar origin isafrequent com-
plaint following therapeutic doses of the structurally similar nitrate triester
nitroglycerin for the treatment of angina. Vasodilation of the dural arteriesis
the probabl e cause of headaches and nasal congestion experienced by torpedo
maintenance workers in the study of Horvath et al. (1981).

Vasodilationisattributableto nitric oxide (NO), which is produced either
directly fromthenitroester or liberated by decomposition of NOintermediates
(Feelisch and Noack 1987). Either glutathione in cells of vascular tissue or
sulfhydryl groups of proteinsin these tissues may beresponsible for convert-
ing nitratesto NO. Nitric oxide activates guanylyl cyclase, which increases
intracellular levels of cyclic guanosine 3'5-monophosphate and thereby pro-
duces vasodilation (Kelly and Smith 1996; Robertson and Robertson 1996).

To study the effect of PGDN on cerebral blood flow, Godin et a. (1995)
injected male Sprague-Dawley rats (through a jugular vein cannula) with
PGDN at 0.1 to 30 mg/kg and measured cerebral blood flow with afiberoptic
laser-Doppler flow probein contact with the brain. Following asmall initial
drop in cerebral perfusion that lasted 1 min, blood flow rapidly increased and
reached a maximum 2 min after injection. The increase in perfusion was
correlated with dose, but due to the small number of animals and individual
variability, a clear dose-response relationship was not obtained.



94 ACUTE EXPOSURE GUIDELINE LEVELS FOR SELECTED AIRBORNE CHEMICALS

Peripheral vasodilation can precipitate afall in blood pressure. Intrave-
nous injection of mae Fischer 344 rats with PGDN at 0.1 to 30 mg/kg pro-
duced adose-related fall in systolic blood pressure within 1 min (Godinet al.
1995). No drop in blood pressure in rats was observed over a 30-45 min
period during exposure to an atmosphere of saturated PGDN vapor (82-90
ppm) generated from Otto Fuel Il (Godin et al. 1993).

An effect on blood pressure was shown in the study by Clark and Litch-
field (1969) in which subcutaneous injections of PGDN to anesthetized reats
at 5, 10, 20, 40, 80, or 160 mg/kg resulted in adose-rdated fdl in mean arte-
rial blood pressure (measured in the cannulized femoral artery) within 30min
withrecovery over thenext 12h. Themaximum drop inblood pressure corre-
lated with the maximum concentration of PGDN in the blood. However, a
dropinblood pressuredid not occur in human volunteerswhoinhaled 0.5 ppm
PGDN for 7.3 h. Rather, amean devation of diastolic blood pressure of 12
mm Hg was associated with severe and throbbing headaches (Stewart et al.
1974). A drop in blood pressure and decreas ng stroke volume can result in
brain ischemia, causing the dizziness and weakness reported by one subject
after exposure at 0.5 ppm for 6 hinthe Stewart et al. (1974) study aswell as
in occupationaly exposed workers (Horvath et a. 1981).

The sudden deaths of workersin theexpl osivesindustry have been attrib-
uted to aseries of cardiovascular eventsthat occur after repeated occupational
exposures (Carmichael andLieben 1963). Acute exposuresresultin adepres-
sion of both the systolic and diastolic blood pressure. Continued exposureto
low concentrations of nitrate estersproducesaprogressiveriseinthediastolic
blood pressure from the previously depressed level without acomparablerise
inthe systolic blood pressure. Thisnarrowing of the pulse pressure combined
with an increased diastolic pressure and high pul se rate, which occursfollow-
ing cessation of exposure, may contribute to acute myocardial ischemia.

High doses of PGDN are associated with increased circulating
methemoglobin. Methemoglobin and blood nitrate levels were not increased
in human subj ects exposed at concentrationsup to 1.5 ppmfor 3.2 h (Stewart
et al. 1974). Subcutaneousinjection of ratswith PGDN at 0, 25, 50, 100, 200,
or 400 mg/kg resulted in adose-rd ated methemogl obinemiawith valuesrang-
ing from <10% at <50 mg/kg to approximately 85% at 400 mg/kg (Clark and
Litchfidd 1969). At the LD, (approximately 500 mg/kg) in rats, almost
complete conversion of hemoglobin to methemogl obin was achieved. Maxi-
mal methemogl obinlevel swerereached 2-3h afterinjection. Methemoglobin
reached peak |evel sof approximately 20% during the second week of continu-
ous inhalation exposure of dogs and monkeys to 33 ppm (Jones et al. 1972).
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PGDN also acts asa central nervous system depressant in humans. The
changesin the VER, disturbances in postural balance (Stewart et al. 1974),
and changes in oculomotor performance (Horvath et d. 1981) are consistent
with central nervous system depression. The concentrationsin these studies
did not greatly influencecognitivefunctions. Similarly, higher concentrations
had little or no effect on monkeystrainedin avoidancetests (Joneset al. 1971,
Mattsson et al. 1981). The mechanism of central nervous system depression
induced by PGDN exposureis poorly understood but may be the same as that
of volatile aneghetics. The difference in susceptibility of individualsto cen-
tral nervous sysem depressants such asvol atile anesthetics varies by no more
than 2-fold as indicated by the minimum aveolar concentration (MAC), the
concentration that produces immobility in 50% of patients (Kennedy and
Longnecker 1996; Marshall and Longnecker 1996).

4.3. Structure-Activity Relationships

As noted under M echanisms of Toxicity (Section 4.2), nitrate and nitrite
esters are vasodilators with resulting hypotension (Nickerson 1975). Thera-
peuticdosesof nitroglycerinfor relief of anginaareassociatedwith headaches
of vascular origin. Both PGDN and the structurally rel ated ethylene glycol
dinitrate produce headaches in humans and methemoglobinemia and hypo-
tension in rats (Andersen and Mehl 1979).

4.4. Other Relevant Information
4.4.1. Species Differences

The erythrocytes of several species show different susceptibilities to
PGDN-induced methemoglobin formation (Wyman et al. 1985). Blood was
collected from Fischer 344 rats, Hartley guineapigs, beagledogs, and humans,
and PGDN-induced methemoglobin was determined in whole-cell prepara-
tions, hemolysates, and partially purifiedhemoglobinsolutions. A comparison
of the net rate of methemoglobin formation in erythrocytes and stroma-free
hemolysates over a 4-h period revealed that dogs showed the highest rate,
followed by the guinea pig; the guinea pigwas greater thantherat, and therat
wasgreater than the human. In enzyme-free hemogl obin preparations, therate
of methemoglobin formation was essentially in the same order, with dog
greater than guinea pig, guinea pig greater than rat, and rat equal to human.
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Activities of the erythrocyte enzymes methemogl obin reductase, glutathione-
S-transferase, catalase, superoxide dismutase, glutathione peroxidase, 6-
phosphogluconate dehydrogenase, and glucose-6-phosphate dehydrogenase
failed to correlate with methemoglobin formation. The primary determinant
of methemoglobin formation appeared to be the structure of each species
hemoglobin molecule.

M ethemogl obin formation during chronicinhal ation exposuresat 33 ppm
indicated that dogs and monkeys are more susceptible to PGDN-induced
methemogl obinemia than rats and guinea pigs (Jones et al. 1972). Slightly
higher methemoglobin levels were present in the dog than in the monkey.
During a 1-y exposure of rats and dogs, similar low level s of methemoglobin
were induced in dogs exposed at 0.2 ppm and rats exposed at 33 ppm
(Gaworski et al. 1985).

Acute subcutaneous LD, valuesin the rat, mouse, and cat were 463-524,
1,208, and 200-300 mg/kg, respectively, indicating that by thisroute of admin-
istration the cat is approximately twice as sensitive astherat, whichinturnis
approximately twice as sensitive as the mouse (Clark and Litchfield 1969).

4.4.2. Susceptible Populations

A review of theliterature on PGDN did not reveal human populationsthat
areunusudly susceptibletothischemicad. The ederly, especially those with
heart disease, may be susceptibleto the vasodil atory effects of PGDN. How-
ever, similar nitrate esters are used to treat heart patients with angina, and
those patients may have developed a tolerance to induction of headaches.
Older persons with arteriosclerosis or cardiac disease may have a limited
ability to constrict blood vessels or to increase cardiac output in response to
the vasodilatation action of PGDN and, therefore, may have a greater degree
of hypotension than other individuals (ATSDR 1995). Compensatory
vasospasm following withdrawal from nitrate ester exposure has been de-
scribed in chronic exposures but not following an acute exposure. Although
methemogl obinemiaoccurred inlaboratory animal sat high concentrations, an
in vitro study showed that the hemoglobin of humans is less susceptible to
PGDN-induced methemogl obin formation than the hemogl obin of laboratory
animals. Theexposurelevelsof PGDN intheoccupational and human experi-
mental studies did not result in methemoglobinemia.

Thereis probably awide variation in the susceptibility of individudsin
the population to the induction of headache from various simuli. However,
in the case of individuas exposed to PGDN in the study by Stewart et al.
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(1974), thedifferencein concentrationthat induced mild headachein the most
susceptible individual (0.1 ppm for 8 h) and the concentration that induced
headaches in approximately half of the tested individuals (0.21-0.26 ppm for
8 h) was small, indicating little individual variation with this direct-acting
chemical. At the 1.5-ppm concentration, induction of severe headachesinall
individual s was rapid; the range of times was between 30 and 90 min.

I nfantsare more susceptibl e to methemogl obin-generating chemical sthan
adults as they have reduced levels of nicotine adenine dinucleotide (NADH,
the cofactor [ el ectron donor] for methemogl obinreductase) and ahigh concen-
tration of fetal hemoglobin in their erythrocytes (fetal hemoglobin is more
oxidizable than adult hemoglobin) (Seger 1992). NADH lacks full activity
until infantsare 4 mo of age. Becauseinfants aremore susceptiblethan adults
to methemoglobin formation from nitrites and nitrates, there may be some
concern that nitrite and nitrate released from inhaled PGDN may form
methemoglobinininfants. Following cal culation of theAEGL values(Appen-
dix A), the amounts of nitrogen (N) released from exposure to PGDN at the
8-h AEGL concentrations were calculated and compared with EPA’s (1999)
oral reference dose (RfD) for infants (Appendix B). EPA’s RfD for nitrate-
nitrogen (NO,") was based on aclinical study in newborn infants tha showed
that ingegtion of 6.4 mg/d (1.6 mg/kg/d for a 4 kg infant) of nitrate-nitrogen
failed to increase circul ating methemoglobin. Although nitrate to nitrite con-
version occursintheachlorhydric neonatal gut, theassumption was madethat
systemic bioavailability in the infant is equivalent following ingestion and
inhalation. The amount of nitrate-nitrogen taken up by an infant at the 8-h
AEGL-3 is4.8 mg. The calculation showsthat at the AEGL-3 the amount
taken up by inhalationis below the RfD if the absorbed N were to be rel eased
asnitrate. Becausetherewere no datafor nitrite-nitrogen (NO,"), EPA applied
a modifying factor of 10 to derive a RfD for nitrite-nitrogen. Metabolism
studies with PGDN show that released nitrite-nitrate is rgpidly converted to
nitrate, and nitrite was almost undetectable in the urine. Therefore, it isun-
likely that methemoglobin induced from nitrite from PGDN would approach
lethal levelsat AEGL-3.

4.4.3. Concentration—Exposure Duration Relationship

Datafromthe study by Stewart et al. (1974) suggest that the rel ationship
between exposure concentration and exposure duration for end points of both
mild and severe headaches is approximately linear (i.e., mild headaches in-
duced by 6, 2, 2, and 1 h at exposure concentrationsof 0.1, 0.2, 0.3, and 0.5
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ppm, respectively, and severe headaches induced at 8, 8, 2, and 1 h at expo-
sure concentrations of 0.2, 0.3, 0.5, and 1.5 ppm, respectively). The concen-
tration x time product is approximately 0.5 for mild headaches and approxi-
mately 1.6 for severeheadaches. Thelinear relationship is consistent with an
nvalueof 1intherelationship between concentrationandtime, C" xt=k. No
data were available to calcul ate the relationship between concentration and
time for other end points.

4.4.4. Concurrent Exposures

PGDN may be absorbed percutaneously. A comparison of blood pressure
changes in anesthetized rats administered PGDN by the subcutaneous and
dermal routes suggests that at least 10% of a cutaneous dose penetrates the
skin within 30 min (Clark and Litchfield 1969). When PGDN doses of 5 to
450 mg/kg (1.2 to 108 mg/animal) were applied to a 1-cm” area of the shaved
intact dorsal skin of anesthetized maleFischer 344 rats, the percent absorbed,
as measured in the excised skin 30-45 min later, ranged from 75% at the 5
mg/kg dose to 20% at the 450 mg/kg dose (Godin et a. 1993). The relation-
ship between the applied dose and the percent absorption was not linear over
the range of applied doses.

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

Occupational exposuresand the study with human volunteersindicatethat
exposuresat |low concentrations cause headaches and signsof central nervous
system depression. No headaches were reported and no equilibrium distur-
bances were measured during occupational exposures of healthy workersto
Otto Fuel 11 (measured as PGDN) at concentrations <0.22 ppm (average of
approximately 0.06 ppm) for periods of 30-60 min, although subtle changes
in eye movements were recorded (Horvath et al. 1981). In a study with
healthy but previously unexposed male volunteers, the threshold for odor
detection was 0.2 ppm (Stewart et al. 1974). Mild headaches were reported
in one of three subjects after a 6-h exposure at 0.1 ppm, in two of three sub-
jects after a2-h exposure a 0.2 ppm, and in one of three subjects after al-h
exposure at 0.5 ppm. Severe headaches occurred after an 8-h exposureat 0.2
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(six of 12 exposures) and 0.35 ppm and after a 2-h exposure at 0.5 ppm (one
of three subjects).

5.2. Summary of Animal Data Relevant to AEGL-1

Few data on acute exposures with effects that meet the definition of an
AEGL-1 werelocated. No clinical signsof intoxication wereobserved in rats
exposed to PGDN at a concentration of 189 ppm for 4 h when the
methemoglobin level was 23.5% (Jones et al. 1972). Repeated exposures of
ratsat 10 ppm resulted in no toxic signs, changes in hematology parameters,
or organ lesions (Joneset al. 1972).

5.3. Derivation of AEGL-1

Thestudy by Stewart et al. (1974) with human volunteersisrelevant to the
derivation of AEGL-1 values. Within the definition of an AEGL-1, both
heal thy and susceptibleindividual s could experience mild discomfort. A mild
headache can be considered mild discomfort and the threshold concentration-
time at which one or more subjectsfirst developed a mild headache was used
to derivethe AEGL -1 values. No subjects (other than the one that devel oped
a headache during the control sessions) developed headaches during an 8-h
exposureat 0.03 ppm. Thehighest concentrations and exposuredurationsthat
did not result in headache and the lowest concentrations and expasure dura-
tions that resulted in mild headaches are as follows:

No headache _ Mild headaches

0.03 ppmfor 8 h 0.1 ppm after 6 h

0.1 ppmfor 3-4 h 0.2 ppm (0.21-0.26) for 2 h
0.2ppmforlh 0.35 ppmfor>2h
0.35ppmfor 1 h 0.5ppmfor1h

The subjects were primarily healthy young males. Because no susceptible
populations were identified (angina patients are not considered at additional
risk and the absorbed dose at these concentrationsis far below that inducing
methemogl obinemia), an intraspecies uncertanty factor (UF) of 3 was used.
Theintraspecies UF of 3issupported by the steep dose-response curvefor the
induction of headaches: namely, a2-fold differencein thethreshold concentra-
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TABLE 2-5 AEGL-1 Vauesfor PGDN (Otto Fuel I1) (ppm [mg/m®])

10 min 30 min 1h 4 h 8h
0.33 0.33 0.17 0.05 0.03
(2.3) (2.3) (1.1) (0.3) (0.17)

tion of PGDN and the concentration that induces headache in the majority of
healthy individuals.

The data from Stewart et al. (1974) provide appropriate concentrations
and exposure timesto derive AEGL-1 values. The starting pointsare 1 h at
0.5ppmand 6 h at 0.1 ppm. Using avalue of n = 1 inthe concentration-time
scaling equation of C" x t = k, the 30-min value was cal culated from the 1-h
valueof 0.5 ppm (k = 0.167 ppm-h) and the 4- and 8-h values were cal cul ated
from the 6-h value of 0.1 ppm (k = 0.2 ppm-h). The 10-min AEGL-1 was set
equal to the 30-min value. Calculationsarein Appendix A, and the resulting
values are listed in Table 2-5.

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

Occupational and controlled human volunteer studiesindicate that expo-
sures at low concentrations of PGDN cause headaches and central nervous
systemdepression. No headacheswere reported and no equilibrium problems
wererecorded during occupationa exposures of healthy workersto Otto Fuel
Il (measured as PGDN) at concentrations <0.22 ppm (average of approxi-
mately 0.06 ppm) for periods of 30-60 min, although subtle changes in eye
movements were recorded (Horvath et al. 1981). In a study with healthy but
previously unexposed male volunteers, mild headaches were reported after a
6-h exposure at 0.1 ppm and after a 2-h exposure at 0.21-0.26 ppm (Stewart
etal. 1974). Severeheadachesoccurred after an 8-h exposureat 0.21-0.26 and
0.35 ppm, after a2-h exposure at 0.5 ppm, and after a1-h exposureat 1.5 ppm.
The VER was altered after 45-90 min of exposure a 0.5 ppm. Changes in
VER are not considered an adverse effect in the absence of a sensory effect
or motor impairment. One subject reported dizziness and nausea after 6 h of
exposure at 0.5 ppm. A dlight loss of eguilibrium in one of several neuro-
behavioral tests (heel-to-toe test with eyes closed) first occurred after 6.25 h
of exposure at 0.5 ppm; loss of balance increased with increasing exposure
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time, becoming more severe after 8 h of exposure. There were no reported
changes in cognitive tests at this concentration.

6.2. Summary of Animal Data Relevant to AEGL-2

Few data on acute exposures with effects that meet the definition of an
AEGL-2 werelocated. No clinical signsof intoxication wereobserved in rats
exposed to PGDN at 189 ppm for 4 h. The methemoglobin level was 23.5%
(Joneset a. 1972). Exposure of monkeysto PGDN at aconcentration of 33
ppm for 4 h failed to affect performance in an operant avoidance behavioral
test but altered the VER (Mattsson et al. 1981).

6.3. Derivation of AEGL-2

The study by Stewart et al. (1974) with human volunteers exposed to
PGDN is relevant to derivation of AEGL-2 values. Within the definition of
an AEGL -2, both healthy and suscepti bl eindividua scoul dexperience notable
but nondisabling effects The alteration in VER as well as the decrease in
saccade velocity observed in the occupational exposures are subclinical dis-
ruptions of the extraocular motor system and are not functionally significant.
Although the slight loss of balance observed at 6.25 h of exposureat 0.5 ppm
wouldnot causeirreversible or other serious, long-lasting effectsorimpair the
ability to escape, it could be considered a threshold for inability to escape.
After exposure at 1.5 ppm, severe, throbbing headaches became incapacitat-
ing, and the exposure wasterminated after 3.2 h. Eyeirritationat thisconcen-
tration was without conjunctivitis or excessive lacrimation.

The severe headache accompanied by slight loss of equilibrium in one of
several sensitive equilibrium tests after a 6.25-h (rounded down to 6 h) expo-
sure at 0.5 ppm was considered the threshold for inability to escape and was
used to derivethe AEGL-2 values. A UF of 3 was used to adjust the value as
no susceptible popul ations were identified and the threshold for narcosisfor
most anesthetics does not differ among individuals by more than a factor of
2 (Kennedy and Longnecker 1996; Marshall and Longnecker 1996). The
intraspecies UF of 3 is supported by the steep dose-response curve for the
induction of headaches: namely, a2-fold differenceinthethreshold concentra-
tion of PGDN and the concentration that induces headache in the majority of
healthy individuals(Stewart et a. 1974). The 6-h 0.5-ppm concentration was
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TABLE 2-6 AEGL-2 Vauesfor PGDN (Otto Fuel I1) (ppm [mg/m?®])

10 min 30 min 1h 4 h 8h
2.0 2.0 1.0 0.25 0.13
(43) (43) (6.8) (1.7) (0.8)

adjusted by aUF of 3and scded tothe 30-minand 1-, 4-, and 8-h timeperiods
using C" x t = k wheren = 1 (based on the concentration and time data for
headaches) and k = 1 ppm-h. Because of thelong exposure duration of thekey
study, the 10-minvalue was set equal to the 30-min value. Calculationsarein
Appendix A, andthe values are listed in Table 2-6.

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

No human data relevant to the definition of an AEGL-3 were |ocated.

7.2. Summary of Animal Data Relevant to AEGL-3

Few data on acute exposure with effects that meet the definition of an
AEGL-3 were located. As noted for the AEGL-2 above, no overt signs of
intoxication were observedin rats exposed to PGDN at a concentration of 189
ppm for 4 h. The methemoglobin level was 23.5% (Jones et al. 1972), which
may be manifest as clinical cyanoss but does not produce hypoxia (Seger
1992). Exposure of an unspecified number of monkeysto PGDN at concen-
trations of 70-100 ppm for 6 h resulted in semiconsciousness and clonic con-
vulsions. Thesesignsresolved within 30-45 min after removal fromexposure
(Joneset a. 1972). Nogrossor histopathological effectswere observedinthe
brain, spinal cord, or nerves of monkeys and dogs continuously exposed at 33
ppm for 90 d (Jones et al. 1972) or in the organs and tissues of rats and mice
repeatedy exposed at 33 ppm for 1y (MacEwen and Vernot 1982; Gaworski
et al. 1985). With the exception of the death of one of nine monkeys on day
31 of exposure, this repeated daily inhalation at 33 ppm had no effect on
survival. Continuous exposure of dogs and guinea pigs at 33 ppm for 90 d
also had no effect on survival (Joneset al. 1972).
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7.3. Derivation of AEGL-3

Two animal studies conducted with high exposure concentrations are
suitablefor deriving the AEGL-3 values. No deaths and no toxic signs were
observed in rats exposed to a PGDN mist at 189 ppm for 4 h and no deaths
occurred in monkeys exposed at >70 ppm (70-100 ppm) for 6 h (Jones et al.
1972). Although no deaths occurred, the severe signs during exposure of
monkeys at >70 ppm for 6 h can be considered the threshold for lethality.
These signs are consistent with central nervous system depression and/or
cardiovascular effects and suggest that the monkey is maore susceptible to
inhaled PGDN than therat. The study with monkeys was chosen asthe basis
for the AEGL -3 because the monkey is more susceptible than the rat and the
respiratory tract of the monkey is more similar to the human respiratory tract
than that of therat. The magnitude of interspeciesdifferencein susceptibility
to PGDN isunknown, but the mechanism of actionissimilar for all mammals,
and the difference between monkeys and humans would not be great (both
monkeys and humans showed changes in VER at similar concentrations).
Because the most susceptibl e test species was chosen, the 70-ppm concentra-
tion was adjusted by an interspecies UF of 3. For extreme centrd nervous
systemdepression |eading to convulsions, anintraspeciesUF of 3wasconsid-
ered sufficient (concentrations of anesthetics causing narcosisin infants and
adults generally do not differ by more than a factor of 2 [Kennedy and
Longnecker 1996; Marshall and Longnecker 1996]). The intraspecies UF of
3 is supported by the steep dose-response curve for the induction of head-
aches; namely, a2-fold differenceinthethreshol d concentration of PGDN and
the concentration that inducesheadachein the majority of healthy individuals
(Stewart et al. 1974). Theresult is adjustment by atotal UF of 10. Because
an nvalue of lisrelevant to the end point of headaches and the end point for
the AEGL-3 is convulsions, the more conservative n values of 1 and 3, with
k values of 2,058 ppm-h and 42 ppnrh, were used to time-scale from the 6-h
exposure duration to the longer and shorter time periods, respectively. The
10-min AEGL-3 was set equal to the 30-min value. Calculations arein Ap-
pendix A, and theresulting values are listed in Table 2-7.

Thesevaluesare supported by theresultsof subchronic studieswith squir-
rel monkeys and dogs (Joneset al. 1972). Monkeys and dogs exposed contin-
uously at approximately 15 ppm for 90 d showed no overt clinical signs; sys-
temic toxicity consisted of biochemical and/or non-life-threatening
histological changesin the liver, spleen, and kidneys.
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TABLE 2-7 AEGL-3 Vauesfor PGDN (Otto Fuel I1) (ppm [mg/m?®])

10 min 30 min 1h 4 h 8h
16 16 13 8.0 5.3
(114) (114) (93) (57) (38)

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

The AEGL values and toxicity end points are summarized in Table 2-8.

8.2. Comparisons with Other Standards and Guidelines

PGDN has limited uses and only workplace standards have been devel-
oped. Both the ACGIH TLV-TWA and NIOSH REL TWA are 0.05 ppm.
Therecommended ACGIH TLV-TWA is based on the study of Stewart et al.
(1974) in which volunteers exposed at 0.5 ppm for 6 to 8 h showed a marked
impairment of their performance on simple behaviord tests, and volunteers
exposed at 0.2 ppm or greater showed a disruption of the visual evoked re-
sponse and headache. The 8-h TWA value of 0.05 ppm derived by ACGIH
and NIOSH for healthy workersisidentical to the4-h AEGL-1andisslightly
greater than the 8-h AEGL -1 of 0.03 ppm.

TABLE 2-8 Summary of AEGL Values (ppm [mg/m?])

Exposure Duration

Classification 10 min 30 min 1lh 4 h 8h
AEGL-1 0.33 0.33 0.17 0.05 0.03
(Nondisabling) (2.3) (2.3) (1.1) (0.3) (0.17)
AEGL-2 2.0 2.0 1.0 0.25 0.13
(Disabling) (14) (14) (6.8) (1.7) (0.8)
AEGL-3 16 16 13 8.0 5.3

(Lethal) (114) (114) (93) (57) (38)
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8.3. Data Adequacy and Research Needs

Datafrom human exposureswereusedto derivethe AEGL-1and AEGL-2
values. The study on which the AEGL-1 and AEGL -2 were based was wdll
designed, conducted, and documented and used 20 volunteers. In addition,
supporting datawere available. Occupational data were available to support
themargin of saf ety associated with the AEGL -1 val ues; devel opmental toxic-
ity data were available from both occupational exposures and experimental
animal studies; specific neurotoxicity tests were performed with both human
and animal subjects; and a battery of genotoxicity and chronic toxicity
bioassayswerereported. Moreover, the mechanism of actionfor the headache
associated with nitrate esters iswell understood from medical applications.
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APPENDIX A

DERIVATION OF AEGL VALUES

Derivation of AEGL-1

Key study: Stewart et al. 1974

Toxicity end paint: Mild headache (threshold); 1 hat 0.5 ppmand 6 h at
0.1 ppm

Scaling: C' x t = k based on concentrations and exposure du-

rations for the end points of mild and severe head-
ache in the key study.

Uncertainty factor: 3; no unusudly susceptible popul ations were identi-
fied and the end point was a threshold effect. More
severe headaches are known to occur in some
patients medicated with other nitrate esters and the
threshold for vasodilatation in the key study did not
vary greatly among individuals.

Calculations: Cxt=k
30-minand 1-h AEGL-1: (0.5 ppm/3) x 1 h =
0.167 ppm-h
4- and 8-h AEGL-1: (0.1 ppm/3) x 6 h = 0.2 ppm-h
10-min AEGL-I: Set equal to the 30-min value
30-min AEGL-I: Cxt=k
C x%h=0.167 ppm-h
C=0.33 ppm
1-h AEGL-I: 0.5 ppm/3 =0.17 ppm
4-h AEGL-I: Cxt=k

Cx4h=0.2ppmh
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C =0.05ppm

8-h AEGL-I: Cxt=k
Cx8h=0.2ppmh
C=0.03 ppm

Derivation of AEGL-2

Key study: Stewart et a. 1974

Toxicity end point: Severe headache and threshold for central nervous
system effects after 6-h exposure at 0.5 ppm

Scaling: C' x t = k based on concentrations and exposure du-
rations for the end points of mild and severe
headache in the key study

Uncertainty factor: 3; severe headaches are known to occur in angina
pati entsmedicated with nitroglycerin and the thresh-
old for vasodilatation does not vary greatly among
individuals. The effect was also a threshold effect
for central nervoussystemsdepression (no changein
cognitive ahilities; slightimbaance inone of several
sensitivemotor tests). Individual variationin suscep-
tibility to central nervoussystem depressants such as
anesthetics varies no more than 2-fold.

Calculations: Cxt=k

(0.5ppm/3) x6 h =1 ppm-h
10-min AEGL-2: Set equal to the 30-min value
30-min AEGL-2: Cxt=k

C x Y hour =1ppm-h
C=2ppm
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1-h AEGL-2: Cxt=k
Cx1h=1ppmh
C=1ppm

4-h AEGL-2: Cxt=k
Cx4h=1ppmh
C=0.25ppm

8-h AEGL-2: Cxt=k
Cx8h=1ppmh
C=0.13 ppm

Derivation of AEGL-3
Key study: Jones et al. 1972

Toxicity end point: Severe effects (vomiting, pallor, cold extremities,
semiconscousness, and clonic convulsions) in mon-
keys exposed at 70-100 ppm for 6 h; no effects in
rats exposed at 189 ppm for 4 h

Scaling: Default values of n = 3 for shorter exposure dura-
tionsand n = 1 for longer exposure duréaions

Uncertainty factors: Interspecies. 3 - The monkey was more susceptible
than the rat; the lowest concentration in arangewas
chosen (70 ppm); humans and monkeys showed
changesinthevisual evoked response at similar con-
centrations; the monkey is a good model for the hu-
man. The concentration inducing central nervous
system depression does not vary greatly among
mammalian species.

Intraspecies: 3- Individual variationin susceptibility
to central nervous system depressants such as anes-
thetics varies no more than 2-fold.



Calculations:

10-min AEGL-3:

30-min AEGL-3:

1-h AEGL-3:

4-h AEGL-3:

8-h AEGL-3:

PROPYLENE GLYCOL DINITRATE

30-min and 1- and 4-h exposure durations:
C’xt=k
(70 ppm/10)® x 6 h = 2,058 ppm-h

8-h exposureduration: C x t =k
(70 ppm/10) x 6 h = 42 ppnrh

Set equal to the 30-min value

Cxt=k
C?*x % h =2,058 ppmh
C =16 ppm

Cxt=k
C*x1h=2,058 ppm-h
C =13 ppm

Cxt=k
C*x4h =2,058ppmh
C=8.0ppm

Cxt=k
C x 8h=42ppnh
C=53ppm

113
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APPENDIX B

Potential Methemoglobin Formation in Infants

Calculation of N released from exposure to PGDN at the 8-h AEGL concen-
trations:

Assumptions:
« abreathing rate in infants of 4.5 m’/day (U.S. EPA Exposure Factors
Handbook)
» 100% of the PGDN that entersthe lung is absorbed into the circul atory
system
« 1 molecule of N per molecule of PGDN (M.W. = 14/166)
(the 2-mononitrate is the predominant metabolite in the blood)

45m® x 8h/24 h x 0.17 mg/m® = 0.26 x 14/166 = 0.02 mg
45m* x 8 h/24 h x 0.8 mg/m® = 0.12 x 14/166 = 0.10 mg
4.5m® x 8 h/24 h x 38 mg/m® = 57 x 14/166 = 4.8 mg

EPA’s reference dose for nitrate-nitrogen (NO,’) is based on aclinical study
in newborn infants. That study showed that ingestion of 6.4 mg/d of nitrate-
nitrogen did not causean increasein the circulating methemoglobin ininfants.
The NOEL of 6.4 mg/d for methemoglobin formation in infantsishigher than
theamount of nitrogen rel eased from PGDN even assuming compl ete systemic
bioavailability upon inhalation and complete in vivo conversion of PGDN to
NO, during exposureto the 8-h AEGL-3.
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APPENDIX C

DERIVATION SUMMARY FOR
ACUTE EXPOSURE GUIDELINE LEVELS
PROPYLENE GLYCOL DINITRATE (CAS No. 6423-43-4)

AEGL-1
10 min 30 min 1h 4h 8h
0.33 ppm 0.33 ppm 0.17 ppm 0.05 ppm 0.03 ppm

Key reference:  Stewart, R.D., J.E. Peterson, P.E. Newton, C.L. Hake, M.J.
Hosko, A. J. Lebrun, and G.M. Lawton. 1974. Experimental
human exposure to propylene glycol dinitrate. Toxicol. Appl.
Pharmacol. 30:377-395.

Test species/Strain/Number: 20 human subjects

Exposure route/Concentrations/Durations: Inhalation; 0.0, 0.03, 0.1, 0.2, 0.35,
1.2, or 1.5 ppm for periods of 1 to 8 h. Subjective evaluations and
physiological and central nervous system responses reported.

Effects: No headache: 0.03 ppm for 8 h
0.1 ppm for 3-4 h
0.2 ppmfor 1 h
0.35 ppmfor 1 h

Mild headache: 0.1 ppm after 6 h

0.2 ppm (0.21-0.26 ppm) for 2 h
0.35 ppm for >2 h
0.5ppmfor 1h

End point/Concentration/Rationale: Threshold for mild headachein 1 of 3
subjects after a 6-h exposure at 0.1 ppm and after a 1-h exposure at 0.5 ppm.
The threshold for mild headache falls within the AEGL-1 definition of mild
discomfort.

Uncertainty factors/Rationale:
Total uncertainty factor: 3
Interspecies:  Not applicable; human subjects tested.
Intraspecies: 3 - no unusually susceptible populations were identified.
Because the time and concentration values were based on a threshold,
these concentrations were adjusted by an uncertainty factor of 3 to ac-
count for differences in human sensitivity. More severe headaches are
often experienced by heart patients medicated with nitroglycerin for an-
gina and these concentrations are far below those inducing
methemoglobinemia in infants.
(Continued)
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AEGL-1 Continued

M odifying factor: Not applicable

Animal to human dosimetric adjustment: Not applicable; human data used.

Timescaling: C"x t =k wheren =1 (k= 0.167 ppm-hour for the 30-min value
and 0.2 ppm-h for the 4- and 8-h values). Data from the key study suggest that
the relationship between exposure concentration and exposure duration for end
points of both mild and severe headaches is approximately linear (i.e., mild
headaches induced by 6, 2, 2, and 1 h at exposure concentrations of 0.1, 0.2, 0.3,
and 0.5 ppm, respectively, and severe headaches induced at 8, 8, 2, and 1 h at
exposure concentrations of 0.2, 0.3, 0.5, and 1.5 ppm, respectively). The concen-
tration x time product is approximately 0.5 for mild headaches and approxi-
mately 1.6 for severe headaches. The linear relationship is consistent with an n
value of 1 in the relationship between concentration and time, C" x t = k. The 1-h
value was used to extrapolate to the shorter duration (30 min) and the 6-h value
was used to extrapolate to the longer durations (4 and 8 h). The 10-min value
was set equal to the 30-min value.

Data adequacy: The key study was well designed, conducted, and documented;
used 20 human subjects; and utilized a range of concentrations and exposure du-
rations. Occupational exposures support the 8-h AEGL value. The mechanism
of headache induction (vasodilation) is well understood and occurs following
therapeutic administration of nitrate estersto humans. Animal studies utilized
several mammalian species and addressed metabolism, neurotoxicity, develop-
mental and reproductive toxicity, and potential carcinogenicity.
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AEGL-2
10 min 30 min 1h 4 h 8 h
2.0 ppm 2.0 ppm 1.0 ppm 0.25 ppm 0.13 ppm

Key reference:  Stewart, R.D., J.E. Peterson, P.E. Newton, C.L. Hake, M.J.
Hosko, A. J. Lebrun, and G.M. Lawton. 1974. Experimental
human exposure to propylene glycol dinitrate. Toxicol. Appl.
Pharmacol. 30:377-395.

Test species/Strain/Sex/Number: 20 human subj ects

Exposure route/Concentrations/Durations. Inhalation; 0.0, 0.03, 0.1, 0.2, 0.3,
0.35, 1.2, or 1.5 ppm for periods of 1to 8 h. Subjective evaluations and
physiologica and central nervous system responses reported.

Effects: Severe headache:

0.21-0.26 ppm for 8 h

0.35 ppm for 8 h

0.5 ppmfor 2 h

1.5ppmfor1lh
Changein visual evoked response: 0.35 ppm for 8 h
Threshold for impairment of balance: 0.5 ppm for 6 h
Threshold for abnormal cognitivetest: 1.5 ppm for 3.2 h

End point/Concentration/Rationale: A 6-h exposure at 0.5 ppm which resulted in
severe headache and was the threshold for loss of equilibrium fallswithin the
AEGL-2 definition of threshold for impaired ability to escape.

Uncertainty Factors/Rationale:
Total uncertainty factor: 3

Interspecies. Not applicable; human subjects tested.

Intraspecies: 3 - no unusually susceptible populations were identified. The
threshold for vasodilatation does not vary greatly among individuals.
Furthermore, severe headaches are often experienced by heart patients
medicated with nitroglycerin for angina and these concentrations are far
below those inducing methemoglobinemia ininfants. The threshold for
anesthetic effects also does not differ greatly among individuals.

M odifying factor: Not applicable

Animal to human dosimetric adjustment: Not applicable, human data used.

Time scaling: C" x t = k wheren = 1 and k = 1 ppm-h. Data from the key study
suggest that the relationship between exposure concentration and exposure dura-
tion for end points of both mild and severe headaches is approximately linear
(i.e., mild headaches induced by 6, 2, 2, and 1 h at exposure concentrations of
0.1, 0.2, 0.3, and 0.5 ppm, respectively, and severe headaches induced at 8, 8, 2,
and 1 h at exposure concentrations of 0.2, 0.3, 0.5, and 1.5

(Continued)
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AEGL-2 Continued

ppm, respectively). The concentration x time product is approximately 0.5 for
mild headaches and approximately 1.6 for severe headaches. The linear relation-
ship is consistent with an n value of 1 in the relationship between concentration
and time, C" x t = k. Because of the long exposure duration of the key study, the
10-min AEGL-2 was not time-scal ed, but was set equal to the 30-min value.

Data adequacy: The key study was well designed, conducted and documented;
used 20 human subjects; and utilized a range of concentrations and exposure du-
rations. The mechanism of headache induction (vasodilation) iswell understood
and occurs following therapeutic administration of nitrate esters to humans. Ani-
mal studies utilized several mammalian species and addressed metabolism,
neurotoxicity, developmental and reproductive toxicity, and potential carcinoge-
nicity.
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AEGL-3
10 min 30 min 1min 4 min 8 min
16 ppm 16 ppm 13 ppm 8.0 ppm 5.3 ppm

Key reference: Jones, R.A., J.A. Strickland, and J. Siegel. 1972. Toxicity of
propylene glycol 1,2-dinitrate in experimental animals. Toxicol.
Appl. Pharmacol. 22:128-137.

Test species/Strain/Sex/Number: Squirrel monkeys (number and sex not stated)

Exposure route/Concentrations/Durations. Inhalation; 70-100 ppm for 6 h

Effects: Severe effects (vomiting, pallor, cold extremities, semiconsciousness,
and clonic convulsions)

End point/Concentration/Rationale: The 6-h exposure at 70-100 ppm was a
NOEL for lethality in monkeys

Uncertainty factors/Rationale:
Total uncertainty factor: 10

Interspecies: 3 - the monkey was more susceptible than the rat, the lowest
concentration in arange was chosen, humans and monkeys showed
changes in the visual evoked response at similar concentrations, and the
monkey is a good model for the human.
Intraspecies: 3 - thethreshold for central nervous system effects (narco-
sis) does not vary greatly among individuals.

M odifying factor: Not applicable

Animal to human dosimetric adjustment: Not applied.

Time scaling: Default values of n = 3 and n = 1 for shorter and longer time-
scaling durations, respectively, with respective k value of 2,058 ppm-h and 42
ppm-h, because no data were available for time scaling the central nervous system
end points of convulsions and narcosis. Because of the long exposure duration of
the key study, the 10-min value was not time scaled but was set equal to the 30-
min AEGL-3.

Data adequacy: Although the key study lacked details of methodology, the
AEGL -3 values are supported by the additional observation of no adverse effects
in rats exposed at a concentration of 189 ppm for 4 h (Jones et al. 1972). The
AEGL-3 values are also supported by subchronic and chronic exposures of sev-
eral animal species at concentrations up to 34 ppm with no life-threatening
effects.




