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Preface

Extremely hazardous substances (EHSs)* can be released accidentally as a
result of chemical spills, industrial explosions, fires, or accidents involving rail-
road cars and trucks transporting EHSs. Workers and residents in communities
surrounding industrial facilities where EHSs are manufactured, used, or stored
and in communities along the nation’s railways and highways are potentially at
risk of being exposed to airborne EHSs during accidental releases or intentional
releases by terrorists. Pursuant to the Superfund Amendments and Reauthoriza-
tion Act of 1986, the U.S. Environmental Protection Agency (EPA) has identi-
fied approximately 400 EHSs on the basis of acute lethality data in rodents.

As part of its efforts to develop acute exposure guideline levels for EHSs,
EPA and the Agency for Toxic Substances and Disease Registry (ATSDR) in
1991 requested that the National Research Council (NRC) develop guidelines
for establishing such levels. In response to that request, the NRC published
Guidelines for Developing Community Emergency Exposure Levels for Hazard-
ous Substances in 1993. Subsequently, Standard Operating Procedures for De-
veloping Acute Exposure Guideline Levels for Hazardous Substances was pub-
lished in 2001, providing updated procedures, methodologies, and other
guidelines used by the National Advisory Committee (NAC) on Acute Exposure
Guideline Levels for Hazardous Substances and the Committee on Acute Expo-
sure Guideline Levels (AEGLs) in developing the AEGL values.

Using the 1993 and 2001 NRC guidelines reports, the NAC—consisting of
members from EPA, the Department of Defense (DOD), the Department of En-
ergy (DOE), the Department of Transportation (DOT), other federal and state
governments, the chemical industry, academia, and other organizations from the
private sector—has developed AEGLs for approximately 200 EHSs.

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

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

Xi
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Xii Preface

reviews the AEGLs for acrolein, carbon monoxide, 1,2-dichloroethene, ethylen-
imine, fluorine, hydrazine, peracetic acid, propylenimine, and sulfur dioxide for
scientific accuracy, completeness, and consistency with the NRC guideline re-
ports.

The committee’s review of the AEGL documents involved both oral and
written presentations to the committee by the NAC authors of the documents.
The committee examined the draft documents and provided comments and rec-
ommendations for how they could be improved in a series of interim reports.
The authors revised the draft AEGL documents based on the advice in the in-
terim reports and presented them for reexamination by the committee as many
times as necessary until the committee was satisfied that the AEGLs were scien-
tifically justified and consistent with the 1993 and 2001 NRC guideline reports.
After these determinations have been made for an AEGL document, it is pub-
lished as an appendix in a volume such as this one.

The 10 interim reports of the committee that led to this report were re-
viewed in draft form by individuals selected for their diverse perspectives and
technical expertise, in accordance with procedures approved by the NRC’s Re-
port Review Committee. The purpose of this independent review is to provide
candid and critical comments that will assist the institution in making its pub-
lished report as sound as possible and to ensure that the report meets institu-
tional standards for objectivity, evidence, and responsiveness to the study
charge. The review comments and draft manuscript remain confidential to pro-
tect the integrity of the deliberative process. We wish to thank the following
individuals for their review of the ten committee interim reports, which summa-
rize the committee’s conclusions and recommendations for improving NAC’s
AEGL documents for acrolein (fourteenth interim report, 2006), carbon monox-
ide (ninth, eleventh, thirteenth, and sixteenth interim reports, 2003, 2004, 2005,
and 2009, respectively), dichloroethene (third, eleventh, thirteenth, fourteenth,
and sixteenth interim reports, 2000, 2004, 2005, 2006, and 2009 respectively),
ethylenimine (fifth, ninth, tenth, twelfth, and fourteenth interim reports, 2001,
2003, 2004, 2005, and 2006 respectively), fluorine (second, eleventh, and thir-
teenth interim reports, 2000, 2004, and 2006 respectively), hydrazine (second,
tenth, twelfth, and fourteenth interim reports, 2000, 2004, 2005, and 2006 re-
spectively), peracetic acid (fourteenth interim report, 2006), propylenimine
(fifth, ninth, tenth, twelfth, and fourteenth interim reports, 2001, 2003, 2005, and
2006 respectively), and sulfur dioxide (thirteenth and fourteenth interim reports,
2005 and 2006 respectively): Deepak Bhalla (Wayne State University), Joseph
Borzelleca (Virginia Commonwealth University), Charles Feigley (University of
South Carolina), David Gaylor (Gaylor & Associates), Sidney Green (Howard
University), A. Wallace Hayes (Harvard School of Public Health), Rogene F.
Henderson (Lovelace Respiratory Research Institute), Sam Kacew (University
of Ottawa), Nancy Kerkvliet (Oregon State University), Charles R. Reinhardt
(DuPont Haskell Laboratory [retired]), Andrew G. Salmon (California Environ-
mental Protection Agency), and Bernard M. Wagner (New York University
Medical Center).
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Preface Xiii

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations, nor did they see the final draft of this volume before its re-
lease. The review of the interim report completed in 2005 was overseen by Sid-
ney Green, Jr. (Howard University). The review of the interim report completed
in 2006 was overseen by Robert A. Goyer, professor emeritus, University of
Western Ontario. Appointed by the NRC, they were responsible for making cer-
tain that an independent examination of the interim reports were carried out in
accordance with institutional procedures and that all review comments were
carefully considered. Responsibility for the final content of this report rests en-
tirely with the authoring committee and the institution.

The committee gratefully acknowledges the valuable assistance provided
by the following persons: Iris A. Camacho, Ernest Falke, Marquea D. King, and
Paul Tobin (all from EPA); George Rusch (Honeywell, Inc.). The committee ac-
knowledges James J. Reisa, director of the Board on Environmental Studies and
Toxicology, and Susan Martel, Senior Program Officer for Toxicology, for their
helpful guidance. Kulbir Bakshi, project director for his work in this project, and
Raymond Wassel for bringing the report to completion. Other staff members
who contributed to this effort are Keegan Sawyer (associate program officer),
Ruth Crossgrove (senior editor), Radiah Rose (manager, Editorial Projects),
Mirsada Karalic-Loncarevic (manager, Technical Information Center), Aida
Neel (program associate), and Korin Thompson (project assistant). Finally, we
would like to thank all members of the committee for their expertise and dedi-
cated effort throughout the development of this report.

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

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

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

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

As a first step in assisting the LEPCs, EPA identified approximately 400
EHSs largely on the basis of their immediately dangerous to life and health val-
ues, developed by the National Institute for Occupational Safety and Health in
experimental animals. Although several public and private groups, such as the
Occupational Safety and Health Administration and the American Conference of
Governmental Industrial Hygienists, have established exposure limits for some
substances and some exposures (e.g., workplace or ambient air quality), these
limits are not easily or directly translated into emergency exposure limits for
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exposures at high levels but of short duration, usually less than 1 hour (h), and
only once in a lifetime for the general population, which includes infants (from
birth to 3 years (y) of age), children, the elderly, and persons with diseases, such
as asthma or heart disease.

The National Research Council (NRC) Committee on Toxicology (COT)
has published many reports on emergency exposure guidance levels and space-
craft maximum allowable concentrations for chemicals used by the U.S. De-
partment of Defense (DOD) and the National Aeronautics and Space Admini-
stration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 1986a, 1987, 1988,
1994, 1996a,b, 2000a, 2002a, 2007a, 2008a). COT has also published guidelines
for developing emergency exposure guidance levels for military personnel and
for astronauts (NRC 1986b, 1992, 2000b). Because of COT’s experience in rec-
ommending emergency exposure levels for short-term exposures, in 1991 EPA
and ATSDR requested that COT develop criteria and methods for developing
emergency exposure levels for EHSs for the general population. In response to
that request, the NRC assigned this project to the COT Subcommittee on Guide-
lines for Developing Community Emergency Exposure Levels for Hazardous
Substances. The report of that subcommittee, Guidelines for Developing Com-
munity Emergency Exposure Levels for Hazardous Substances (NRC 1993),
provides step-by-step guidance for setting emergency exposure levels for EHSs.
Guidance is given on what data are needed, what data are available, how to
evaluate the data, and how to present the results.

In November 1995, the National Advisory Committee (NAC)' for Acute
Exposure Guideline Levels for Hazardous Substances was established to iden-
tify, review, and interpret relevant toxicologic and other scientific data and to
develop acute exposure guideline levels (AEGLs) for high-priority, acutely toxic
chemicals. The NRC’s previous name for acute exposure levels—community
emergency exposure levels (CEELs)—was replaced by the term AEGLs to re-
flect the broad application of these values to planning, response, and prevention
in the community, the workplace, transportation, the military, and the remedia-
tion of Superfund sites.

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

AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m’ [milligrams per cubic meter]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory

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

CLEAN CHEMISTRY EXHIBIT 1025

. . _ _ IPR2025-01459 — Page 21
Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 8

NRC Committee Review of Acute Exposure Guideline Levels 5

effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

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

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

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

SUMMARY OF REPORT ON
GUIDELINES FOR DEVELOPING AEGLS

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

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

For substances that affect several organ systems or have multiple effects,
all end points (including reproductive [in both genders], developmental, neuro-
toxic, respiratory, and other organ-related effects) are evaluated, the most impor-
tant or most sensitive effect receiving the greatest attention. For carcinogenic
chemicals, excess carcinogenic risk is estimated, and the AEGLs corresponding
to carcinogenic risks of 1 in 10,000 (1 x 10™*), 1 in 100,000 (1 x 107), and 1 in
1,000,000 (1 x 10°) exposed persons are estimated.

REVIEW OF AEGL REPORTS

As NAC began developing chemical-specific AEGL reports, EPA and
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports
(NRC 1993, 2001a). The NRC assigned this project to the COT Committee on
Acute Exposure Guideline Levels. The committee has expertise in toxicology,
epidemiology, occupational health, pharmacology, medicine, pharmacokinetics,
industrial hygiene, and risk assessment.

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

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

Because of the enormous amount of data presented in AEGL reports, the
NRC committee cannot verify all of the data used by NAC. The NRC committee
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relies on NAC for the accuracy and completeness of the toxicity data cited in the
AEGL reports. Thus far, the committee has prepared seven reports in the series
Acute Exposure Guideline Levels for Selected Airborne Chemicals (NRC 2001b,
2002b, 2003, 2004, 2007b, 2008b, 2009). This report is the eighth volume in that
series. AEGL documents for acrolein, carbon monoxide, cis-1,2-dichloroethene,
trans-1,2-dichloroethene, ethylenimine, fluorine, hydrazine, peracetic acid, propyl-
eneimine, and sulfur dioxide are each published as an appendix in this report. The
committee concludes that the AEGLs developed in these appendixes are scientifi-
cally 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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7
Peracetic Acid’

Acute Exposure Guideline Levels

PREFACE

Under the authority of the Federal Advisory Committee Act (FACA) P. L.
92-463 of 1972, the National Advisory Committee for Acute Exposure Guide-
line Levels for Hazardous Substances (NAC/AEGL Committee) has been estab-
lished to identify, review and interpret relevant toxicologic and other scientific
data and develop AEGLs for high priority, acutely toxic chemicals.

AEGLs represent threshold exposure limits for the general public and are
applicable to emergency exposure periods ranging from 10 min (min) to 8 hs
(h). Three levels—AEGL-1, AEGL-2 and AEGL-3—are developed for each of
five exposure periods (10 and 30 min, 1 h, 4 h, and 8 h) and are distinguished by
varying degrees of severity of toxic effects. The three AEGLs are defined as
follows:

AEGL-1 is the airborne concentration (expressed as parts per million or
milligrams per cubic meter [ppm or mg/m’]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic, non-sensory

"This document was prepared by the AEGL Development Team composed of
Kowetha Davidson (Oak Ridge National Laboratory) and Chemical Manager William
Bress (National Advisory Committee [NAC] on Acute Exposure Guideline Levels for
Hazardous Substances). The NAC reviewed and revised the document and AEGLs as
deemed necessary. Both the document and the AEGL values were then reviewed by the
National Research Council (NRC) Committee on Acute Exposure Guideline Levels. The
NRC committee has concluded that the AEGLs developed in this document are scientifi-
cally valid conclusions based on the data reviewed by the NRC and are consistent with
the NRC guideline reports (NRC 1993, 2001).

327
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effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

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

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

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

SUMMARY

Peracetic acid is produced by the catalytic action of sulfuric acid on acetic
acid and hydrogen peroxide. Technical or commercial peracetic acid products
contain different concentrations of peracetic acid, acetic acid, and hydrogen per-
oxide, but the concentration of peracetic acid does not exceed 40%. Peracetic
acid is unstable; it decomposes to its original constituents under conditions that
vary with concentration, temperature, and pH. Peracetic acid is used as a disin-
fectant against bacteria, fungi, and viruses in the food and medical industry, as a
bleaching agent, as a polymerization catalyst or co-catalyst, in the epoxidation
of fatty acid esters, as an epoxy resin precursor, and in the synthesis of other
chemicals.

Peracetic acid is corrosive/irritating to the eyes, mucous membranes of the
respiratory tract, and skin. It causes lacrimation, extreme discomfort, and irrita-
tion to the upper respiratory tract in humans after exposure to concentrations as
low as 15.6 mg peracetic acid/m’ (5 ppm) for only 3 min. Eye irritation, clinical
signs, and pathologic lesions indicative of respiratory tract irritation have been
observed in laboratory animals exposed by inhalation to various concentrations
of peracetic acid aerosols. Exposure to lethal concentrations of peracetic acid
causes hemorrhage, edema, and consolidation of the lungs, whereas nonlethal
concentrations cause transient weight loss or reduced weight gain in addition to
slight to moderate signs of respiratory tract irritation. Human data were available
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for deriving AEGL-1 and -2 values and animal data were available for deriving
AEGL-3 values.

The AEGL-1 value is 0.52 mg/m® (0.17 ppm) for all exposure durations
from 10 min to 8 h. This value was derived from an exposure concentration of
1.56 mg/m’ (0.5 ppm), which, according to Fraser and Thorbinson (1986), is
expected to cause no discomfort and according to McDonagh (1997) is not im-
mediately irritating but would be unpleasant for an extended period of time.
Therefore, 1.56 mg/m® is considered to be the threshold for irritation to mucous
membranes and eyes. An intraspecies uncertainty factor of 3 was applied to 1.56
peracetic acid mg/m’, because peracetic acid is a corrosive/irritant substance and
the effects, which are confined to the upper respiratory tract, are expected to be
similar for individuals within the population. The rationale for proposing the
same value for all time points, is as follows: (1) effects of peracetic acid expo-
sure correlate with concentration more than time, and (2) and peracetic acid is
freely soluble in water; therefore, it should be effectively scrubbed in the nasal
passages, particularly at the very low AEGL-1 concentration.

The AEGL-2 value is 1.56 mg/m’ (0.5 ppm) for all exposure durations
from 10 min to 8 h based on an exposure concentration of 4.7 mg/m’, which,
according to Fraser and Thorbinson (1986), is expected to be associated with
slight to tolerable discomfort to nasal membranes and eyes for exposure dura-
tions up to 20 min. There was no increase in irritation with exposure duration.
An intraspecies uncertainty factor of 3 was applied because peracetic acid is a
corrosive/irritating substance and the effects, which are confined to the upper
respiratory tract, are expected to be similar among individuals in the population.
The rationale for proposing the same value for all exposure durations is dis-
cussed above for AEGL-1 values.

The AEGL-3 values are derived from the study of Janssen (1989). This
study showed that rats exposed to Proxitane 1507 (15% peracetic acid, ~28%
acetic acid, 14% hydrogen peroxide, ~1% “stabilizer,” and ~43% water) aero-
sols at concentrations of 130, 300, or 320 mg/m’ for 30 min had mortality re-
sponses of 0/5, 0/5, and 3/5 rats, respectively. Exposures to aerosol concentra-
tions of 150, 390, or 1450 mg/m’ for 60 min resulted in the death of 0/5, 2/5,
and 5/5 rats, respectively. Clinical signs indicative of respiratory tract irritation
were observed at all concentrations and increased in severity with increased ex-
posure concentration for each exposure duration. Clinical signs suggestive of
nervous system effects were also observed, but could have been due to extreme
respiratory tract discomfort. The AEGL values were derived from the highest
concentration at which no mortality was observed: 300 mg/m’ for a 30-min ex-
posure and 150 mg/m’ for a 60-min exposure. The total uncertainty factor is 10.
Interspecies and intraspecies uncertainty factors of 3 were applied because mu-
cous membranes of the respiratory tract are not expected to show significant
variation in response to corrosive/irritating substances concentrations that cause
physical damage and that approach the threshold for lethality regardless of spe-
cies or the individuals in the population. The data, however, suggest that humans
may be slightly more sensitive than animals to peracetic acid. The rationale for
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the intraspecies uncertainty factor of 3 was the same as described for AEGL-1.
The intraspecies uncertainty factor of 3 and the interspecies uncertainty factor of
3 were applied to 300 and 150 mg/m’ for the 30- and 60-min exposures, respec-
tively. The equation, C" x t =k, where n = 1.6 (estimated from 1- and 4-h LCs,
data for rat), was used to scale the 60-min exposure to 4- and 8-h values and the
30-min exposure to 10 min.

The AEGL values are summarized in Table 7-1.

1. INTRODUCTION

Peracetic acid is produced by the catalytic action of sulfuric acid on acetic
acid and hydrogen peroxide (Lewis 1993). These constituents are found in the
most concentrated commercial grades of peracetic acid at the following ap-
proximate concentrations (weight %): 40% peracetic acid, 40%, acetic acid, 5%
hydrogen peroxide, 1% sulfuric acid, and 13% water, along with 500 ppm of a
“stabilizer” (Bock et al. 1975). The stabilizer was not identified. Peracetic acid
decomposes as it is diluted with water, particularly when diluted to 10 or 20%
peracetic acid. Sulfuric acid catalyzes the decomposition of peracetic acid and is
present in sufficient amounts in 10 to 20% peracetic acid products to catalyze
the decomposition of peracetic acid to the individual constituents: acetic acid
and hydrogen peroxide. At more dilute concentrations of peracetic acid, decom-
position occurs more slowly, because sulfuric acid is no longer present in suffi-
cient quantities to catalyze its decomposition. However, very dilute solutions
(0.2%) will decompose more rapidly at elevated temperatures (4 weeks at 4°C vs
1 week at 40 °C). In addition, increasing the pH to 7.0 results in greater than
50% decomposition of peracetic acid after 1 day compared with almost no de-
composition after 7 days at pH 2.7 (the natural pH of 0.2% peracetic acid)
(Mucke 1977). Peracetic acid is known as a powerful oxidizing agent. It is un-
stable upon contact with organic materials and it explodes at 110°C (Lewis
1993).

Because of its effectiveness against bacteria, fungi, and viruses, peracetic
acid is used as a disinfectant in the food and medical industries (Bock et al.
1975; Fishbein 1979; Lewis 1993). It is also used as a beaching agent in the pa-
per and textile industries, as a polymerization catalyst or co-catalyst, in the ep-
oxidation of fatty acid esters, as an epoxy resin precursor, and in the synthesis of
other chemicals (Bock et al. 1975; Fishbein 1979).

The database for peracetic acid is limited; however, limited quantitative
human and animal data are available for deriving AEGL values. The animal data
for inhalation studies were performed primarily on aerosols of trade name prod-
ucts or diluted grades of peracetic acid referred to as Proxitane 1507 (15% per-
acetic acid, ~28% acetic acid, and 14% hydrogen peroxide) or Proxitane AHC
(~5% peracetic acid, 19% (minimum) hydrogen peroxide, and 10% acetic acid).
Measurements of atmospheric concentrations in the inhalation chambers showed
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TABLE 7-1 Summary of AEGL Values for Peracetic Acid
Classification 10min 30min 1h 4h 8h End Point /Reference
AEGL-1 0.52 0.52 0.52 0.52 0.52 Threshold for irritation

(Nondisabling) mg/m’> mg/m’® mgm’® mgm® mgm® (Fraser and Thorbinson
0.17 0.17 0.17 (0.17 0.17 1986; McDonagh 1997)

ppm)  ppm)  ppm)  ppm)  ppm)
AEGL-2 1.6 1.6 1.6 1.6 1.6 Mild irritation (Fraser
(Disabling) mg/m’ mg/m’ mg/m’ mg/m’ mg/m’ and Thorbinson 1986)

0.5 (0.5 (0.5 05 0.5

ppm)  ppm ppm)  ppm)  ppm)
AEGL-3“ 60 30 15 6.3 4.1 Highest concentration
(Lethal) mg/m*  mg/m’ mgm’ mgm’ mg/m’ causing no deaths

(Janssen 1989a)

“AEGL-3 values are based on exposure to aerosol; therefore, concentrations are not con-
verted to ppm.

that the relative concentrations of peracetic acid, acetic acid, and hydrogen per-
oxide varied in aerosols generated from the same product, thus demonstrating
the instability of peracetic acid in the product or the aerosol. Although a contrib-
uting effect of acetic acid and hydrogen peroxide cannot be ruled out in the tox-
icity studies described in this report, it appears, however, that acetic acid and
hydrogen peroxide are considerably less toxic than peracetic acid. Sulfuric acid
concentrations were not reported for the products (Proxitane 1507 and Proxitane
AHC) used in these studies, but would be expected to account for only a very
small fraction since the highest concentration of sulfuric acid in most products
was only 1%. The physical and chemical data for peracetic acid are presented in
Table 7-2.

2. HUMAN TOXICITY DATA
2.1. Acute Lethality

No data on human lethality due to exposure to peracetic acid were found
in the literature searched.

2.2. Nonlethal Toxicity

Bock et al. (1975) reported that peracetic acid was intensely irritating to
the human nasal passages. There was no additional information documenting the
source of this information. McDonagh (1997) and an associate conducted meas-
urements of airborne peracetic acid concentrations in two caprolactone distilla-
tion plants. Peracetic acid, which is used in caprolactone monomer production,
was distilled in the distillation houses of the plant. The monitoring took place
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over a 3-h period. Peracetic acid vapor was measured at total peroxygen content;
hydrogen peroxide was not expected to comprise a large proportion of the meas-
ured substance in the vapor. In one area, peracetic acid concentrations ranged
from 0.5 to 0.6 ppm (1.56-1.87 mg/m’); these concentrations were not consid-
ered to be immediately irritating, but would have been considered “unpleasant
for an extended period” of time. Peracetic acid concentrations of 0.13 to 0.17
ppm (0.40-0.53 mg/m’) in another area were considered tolerable and not un-
pleasant. McDonagh and his associate spent most of their time in an area where
the average peracetic acid concentration measured for a 10-min sampling time
was 0.17 ppm (0.53 mg/m®). They noted no lacrimation at any time during their
3-h exposure. McDonagh (1997) recommended 0.15 ppm (0.47 mg/m’) as an
acceptable 8-h occupational exposure limit for peracetic acid. This concentration
would be perceptible, but not irritating or unpleasant.

TABLE 7-2 Physical and Chemical Data for Peracetic Acid

Parameter Data Reference
Chemical Name Peracetic acid O’Neil et al. 2001
Synonyms Peroxyacetic acid, acetic peroxide, O’Neil et al. 2001;
ethaneperoxoic acid, acetyl RTECS 2003
hydroperoxide, Proxitane 4002,
Proxitane 1507, Proxitane AHC
CAS Registry No. 79-21-0 RTECS 2003
Chemical Formula CH;COOOH O’Neil et al. 2001
Molecular Weight 76.05 O’Neil et al. 2001

Physical State

Boiling/Freezing/
Flash Point

Density
Solubility

Vapor Pressure

Explosion point

Henry’s Law Constant

Conversion factors

Colorless liquid

105 °C/-30 °C/40.5 °C

1.15at 20 °C

Freely soluble in H,O, alcohol,
ether, H,SO,

14.5 mm Hg at 25°C
110°C
2.08 % 10" atmm?®/mol at 25 °C

1 ppm= 3.04 mg/m" at 20 °C
and 101kPa
Img/ m*= 0.33 ppm

Lewis 1993
Lewis 1993

Lewis 1993
O’Neil et al. 2001

HSDB 1997
Lewis 1993
HSDB 1997
TUCLID 2000

CLEAN CHEMISTRY EXHIBIT 1025

Copyright © National Academy of Sciences. All rights reserved.

IPR2025-01459 — Page 35



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 8

Peracetic Acid 333

Fraser and Thorbinson (1986) conducted fogging studies in a chicken
house using Tenneco Organics’ “Peratol” diluted to 1:20 (5% peracetic acid =
1904 mg/L in the liquid formulation) to determine atmospheric levels of per-
oxygen and establish safe working practices. Measurements of aerosol concen-
trations were taken at various distances from the fogging unit to establish the
spread and distribution of peracetic acid concentrations. The analytical proce-
dure measured total peroxygen concentration, which was calculated as hydrogen
peroxide (H,O,). The details of the analytical method were not presented in the
report. The fogging unit was placed about 1 m off the ground, and measure-
ments were taken at various locations (the shed apex, the floor, and sides of the
shed). The first half of Table 7-3 presents the concentrations, time of measure-
ments starting at 3:30 (p.m. assumed), and physiological responses to peracetic
acid. The authors did not report the number of subjects exposed to the aerosol.
Lacrimation was noted at 5 ppm (15.6 mg/m®), extreme discomfort was noted at
concentrations >2.5 ppm (7.79 mg/m”), and 2.0 ppm (6.23 mg/m’) was consid-
ered unbearable in one instance and tolerable for 2 min in another. After 23 min,
the fogging unit was turned off and refilled; during this time, the concentration
of peracetic acid dropped to <0.5, 0.5- 1.0, and 1.0-1.5 ppm (1.56, 1.56-3.12,
and 3.12-4.7 mg/m3) at 0.3, 2, and 4 meters, respectively, above ground; a slight
discomfort of nasal and eye membranes was noted during this phase. For the
next 1 h and 15 min, the concentrations ranged from 2.0 to 3.0 ppm (6.23 to 9.35
mg/m’); these concentrations were associated with unbearable or extreme dis-
comfort.

At 5:20 p.m., the fogger was turned off and the concentrations of peracetic
acid began to decrease. The second half of Table 7-3 describes the concentra-
tions and observed physiological responses after shutoff. After the fogger was
turned off, the concentrations on peracetic acid decreased from 2.0 ppm (6.23
mg/m’) to <0.5 ppm within 45 min. During this time the physiological responses
decreased from extreme discomfort of mucous membranes to mild discomfort at
0.5-1.0 ppm (1.56-3.12 mg/m’) to no discomfort at < 0.5 ppm (1.56 mg/m*). No
irritation to the chest occurred at any time during this test.

2.3. Summary

No data on human lethality caused by exposure to peracetic acid were
found in the literature, and the data on nonlethal effects are limited. Peracetic
acid is extremely irritating to mucous membranes of the eyes and nasal passages
at low concentrations. Exposure to aerosols generated from diluted Peratol was
associated with lacrimation at 5 ppm (15.6 mg/m’), extreme discomfort and irri-
tation to mucous membranes at >2.0 ppm (6.23 mg/m”); slight or mild discom-
fort at 0.5-1.5 ppm (1.56-4.67 mg/m’), and no discomfort at <0.5 ppm (1.56
mg/m®) (Fraser and Thorbinson 1986). Exposure to peracetic acid vapor at con-
centrations of 0.13-0.17 ppm ( 0.40-0.53 mg/m°) for up to 3 h were detectable,
tolerable, and not unpleasant (McDonagh 1997). Irritation to the chest did not
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occur at concentrations >5 ppm (15.6 mg/m’), and no data were available for
exposure of humans to concentrations >5 ppm (15.6 mg/m’). In the study by
McDonagh (1997), humans were exposed to peracetic acid vapor, and in the
study by Fraser and Thorbinson (1986) humans were exposed to the aerosols.
There was agreement between exposure to aerosol and vapors at 0.5 ppm (1.56
mg/m”), the highest vapor concentrations reported; both studies reported either
no discomfort or only mild or slight discomfort at this concentration. There were
no comparable levels between the two studies at the higher exposure concentra-
tions.

TABLE 7-3 Physiologic Response to Low Level Exposure to Peracetic Acid
Aerosols Generated by a Fogger
Time ppm (as total H,O»)" Observed Effects

3.30 5(15.6) Lacrimation, extreme discomfort, irritation of
nasal membranes

3.37 5(15.6) Lacrimation, extreme discomfort, irritation of
nasal membranes

3.53 1to 1.5 (3.12-4.67) Slight discomfort of nasal and eye membranes,

decreasing with concentration
0.5to0 1.0 (1.56-3.12)

<0.5 (1.56)
4.05 2.0 (6.23) Irritation considered unbearable
5.00 2.5(7.79) Extreme discomfort of nasal membranes
5.10 2.5(7.79) Extreme discomfort
3.0 (9.35) Extreme discomfort
5.15 3.0 (9.35) Extreme discomfort
5.20 2.0 (6.23) Irritation tolerable for 2 min

Concentrations and response after the fogger was turned off (minutes)

5-10 2.0(6.23) Extreme discomfort of mucous membranes
15-20 1to 1.5 (3.12-4.67) Discomfort of mucous membranes

25 1.0 (3.12) Discomfort tolerable

30 0.5t0 1.0 (1.56-3.12)  Discomfort mild

35-45 <0.5(1.56) No discomfort

“Measurements taken at different locations relative to fogging unit; numbers in parentheses are
concentrations in mg/m’.
Source: Fraser and Thorbinson 1986. Reprinted with permission; copyright 1986, Solvay SA.
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3. ANIMAL TOXICITY DATA
3.1. Acute Lethality
3.1.1. Rats

Janssen (1989a) conducted a study in which groups of five male CPB-WU
Wistar derived rats were exposed to Proxitane 1507 (15% peracetic acid, ~28%
acetic acid, 14% hydrogen peroxide, ~1% stabilizer, and ~43% water) aerosol
by nose-only inhalation in a 40 L dynamic flow chamber. The chamber was con-
structed of aluminum, and the inside walls were coated with silver and a thin
layer of polytetrafluoroethylene. The test atmospheres were generated with a
stainless-steel nebulizer, and test concentrations were analyzed as total peroxy-
gen concentration corrected for the amount of hydrogen peroxide. Chamber
concentrations (converted from mg/L to mg/m’) of the constituents in the test
material and exposure durations are listed in Table 7-4. The study author did not
comment on the greater than zero concentration of constituents in the control
atmosphere, but it may be related to the detection limit of the analytical proce-
dure or natural occurrence of hydrogen peroxide in the atmosphere (ATSDR
1998). Respiratory rates were determined during exposure, clinical signs of tox-
icity were recorded for 14 days after exposure, and body weight was measured
on post-exposure days 2, 7, and 14. Postmortem studies included gross examina-
tion, measurement of lung weight, and histopathological examination of the
lungs. The results are summarized in Table 7-4.

Deaths occurred only in groups exposed to peracetic concentrations >320
mg/m’ regardless of exposure duration (320 mg/m’ for 15 or 30 min, 390 mg/m’
for 60 min, and 1450 mg/m’ for 60 min). The LCs, for the 60-min exposure to
peracetic acid was 476 mg/m’. Clinical signs of toxicity included effects primar-
ily indicative of extreme respiratory irritation (reduced respiratory rate, respira-
tory difficulties, blood around the nose and mouth, sneezing, and rubbing the
nose) and those that may be indicative of nervous system effects (passivity, de-
creased alertness and startle response, piloerection, salivation, decreased coordi-
nation and muscle tone), but were probably related to extreme discomfort of the
animals.

The only effect on the eyes was drooping eye lids. The severity of the
clinical signs (slight, moderate, severe) as well as the number of signs observed
in each group and time of disappearance of clinical signs increased with concen-
tration of test material and exposure duration. Clinical signs disappeared 1.5 h to
5 days after exposure. Respiratory rates measured during exposure showed
maximum depressions to 22 to 41% of preexposure rates in all exposure groups.
Body weight measurements showed transient decreases on day 2 after exposure
to 320 mg/m’ for 15 or 30 min and 150 mg/m’ or 1450 mg/m” for 60 min.
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Macroscopic examinations showed effects indicative of respiratory irrita-
tion (blood around the nose, red nasal and tracheal mucosa, bloody fluid in the
trachea, dark red lungs, and red or dark spots on the lungs) particularly in ani-
mals that died during the study. The animals surviving to study termination
showed only red or dark spots on the lungs. In addition, the stomach and small
intestines were distended with gas and the liver was swollen in animals exposed
to >320 mg/m’. Absolute and relative lung weights were elevated in rats ex-
posed to 320 or 390 mg/m’. Only one animal each exposed to 300, 390, or 1450
mg/m’ showed microscopic effects in the lungs. Although it appeared that the
observed effects were caused by exposure to peracetic acid, most effects also
showed increased severity with the increased concentrations of measured acetic
acid and hydrogen peroxide. Based on lethality data, it is unlikely that acetic
caused the effects observed in the rats; however, a contributing effect cannot be
ruled out for either constituent. See Section 4.4.4. for a brief discussion of the
toxicity of acetic acid and hydrogen peroxide (Janssen 1989a).

Janssen and Van Doorn (1994) conducted a 4-h acute inhalation study in
rats with Proxitane AHC. The chemical composition of the test material was as
follows: 4.7 to 5.4% (~5%) peracetic acid, 19% (minimum) hydrogen peroxide,
10% acetic acid, water, and 1% surfactant. Groups of five male and five female
Wistar derived rats were exposed to aerosols of the test material by nose-only
inhalation in an aluminum chamber with the inside walls coated with silver and
a thin layer of polytetrafluoroethylene. The test concentrations of peracetic acid
in the chamber were analyzed as total peroxygen concentration corrected for the
amount of hydrogen peroxide. The concentrations of peracetic acid and other
constituents are presented in Table 7-5. Each group was exposed to the test at-
mospheres for 4 h and surviving animals were observed for 14 days. An unex-
posed control group was included. The mortality response is summarized in Ta-
ble 7-5 In Group B exposed to peracetic acid at 267 mg/m’, four of five male
rats died by day 3 and all females had died by day 4 (four died before day 2). In
Group D exposed to 185 mg/m’, two males died on day 1 and two females had
died by day 3. The LCs, for the combined sexes was 204 mg/m’. Numerous
clinical signs including apathy, respiratory difficulties, reduced respiratory rate,
noisy breathing, cyanosis, lacrimation, salivation, ptosis, twitching, hypother-
mia, abnormal gait and posture, crusts on nose, and blood under cage were ob-
served in rats of all groups except lacrimation, cyanosis, and salivation were not
observed at 87 mg/m’. Fewer clinical signs were observed in the lowest expo-
sure group compared with the highest exposure groups. The clinical signs disap-
peared after day 1 for males or day 3 for female rats exposed to 87 mg/m’ and
after day 3 or 4 for the remaining groups. The clinical signs were considered to
be related to the corrosive/irritant properties of the test material. The body
weights of rats exposed to the test atmospheres were much less than those of the
controls on day 2 after exposure due to pronounced weight losses of 36 to 52 g
for males and 19 to 34 g for females (p<0.01 all groups compared with controls).
Body weights of all exposed groups showed signs of recovery between day 2
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TABLE 7-5 Concentrations of Peracetic Acid, Acetic Acid, and Hydrogen
Peroxide During a 4-Hour Exposure and Mortality Effects During the 14-Day
Observation Period

Concentration (mg/m’)

Parameter Group C Group A Group D Group B
Peracetic acid 87 163 185 267
Acetic acid 441 887 1337 1598
Hydrogen peroxide 200 467 595 1075
Mortality
Males 0/5 0/5 2/5 4/5
Females 0/5 0/5 2/5 5/5
Combined sexes 0/10 0/10 4/10 9/10

LCso = 204 mg/m’, 95% confidence limits = 186 to 233 mg/m”.
Source: Janssen and van Doorn 1994,

and 7 after exposure. Absolute and relative lung weights were elevated in all
groups. Gross examination showed no abnormalities in male or female rats ex-
posed to 87 mg/m’. Red or brown staining or blood around the nose and/or
mouth was observed in rats exposed to >163 mg/m’. In addition, red spots were
observed on the lungs of rats receiving >163 mg/m’, and lung consolidation or
edema was observed in animals that died due to exposure. It is unlikely that ace-
tic acid or hydrogen peroxide was the cause of mortality in the rats. The lowest
lethal concentration for a 4-h exposure of rats to acetic acid (39, 216 mg/m?) is
about 30 times greater than the LCs, (1283 mg/m’) calculated from the acetic
acid concentrations in Table 7-5. Likewise, the LCs, for hydrogen peroxide re-
ported for rats (1972 mg/m’) is almost 3 times greater that the LCs, (684 mg/m’)
calculated from the data in Table 7-5 Therefore, the concentrations of acetic acid
and hydrogen peroxide appear too low to have caused the deaths among the rats
exposed to peracetic acid.

3.1.2. Mice

Merka and Urban (1978) conducted a study in which groups of ten mice
were exposed in a dynamic chamber to aerosols of Persteril (commercial prod-
uct containing 40% peracetic acid) or laboratory peracetic acid produced from
equimolar concentrations of acetic acid and hydrogen peroxide and using sulfu-
ric acid as the catalyst. In contrast to Persteril, the laboratory product contained
no sulfuric acid. The mice were exposed to peracetic acid concentrations at 150,
300, 450, 600, 800, 1000, 1300, or 1600 rng/m3 for 60 min. The animals were
observed for 20 days. Animals exposed to peracetic acid (specific concentrations
not reported) showed signs of eye and respiratory irritation during exposure
(restlessness, bristling fur, half closing of eyelids, and nose rubbing along with
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respiratory distress, gasping, and increased respiration, which varied with con-
centration). The eyelids were red and swollen and a secretion was observed
around the eyes and snout within the first 24 h; hair loss occurred later. The
LCso was 524 mg/m’ for laboratory peracetic acid and 512 mg/m’ for Persteril.
The similar LCs, values showed that the small amount of sulfuric acid in Per-
steril had no effect on lethality in the mouse. One or two mice died during expo-
sure; other mice died during the observation period. The study authors did not
report lethality data for individual groups. Histological examination of the ani-
mals that died and those that survived revealed lesions only in the lungs. None
occurred in the heart, liver, spleen, or kidneys. Lung lesions in mice that died
within 2 days consisted of extensive foci of hemorrhagic exudative inflamma-
tion involving the parenchyma of the entire lungs; foci of alveolar inflammation
with serous exudate, red blood cells (RBCs), macrophages with phagocytosed
aerosol particles; and desquamated epithelial cells. The severity of the lesions
increased with exposure concentration. The lungs of animals that died about day
6 after exposure showed evidence of focal bronchopneumonia characterized by
hyperemia of the alveolar septa and serohemorrhagic exudate containing des-
quamated epithelial cells and macrophages with phagocytosed aerosol particles.
The lungs of animals surviving to 20 days showed diffuse inflammatory lesions
at concentrations >600 mg/m’ and focal inflammatory lesions at <600 mg/m”.

3.2. Nonlethal Toxicity
3.2.1. Rat

Janssen (1989b) exposed groups of five CPB-WU Wistar derived male
rats by nose-only inhalation to aerosols of Proxitane 1507 (15% peracetic acid,
~28% acetic acid, 14% hydrogen peroxide, ~1% stabilizer, and ~43% water) at
concentrations and exposure durations listed in Table 7-6. The test concentra-
tions of peracetic acid were analyzed as total peroxygen corrected for the
amount of hydrogen peroxide. The concentrations of acetic acid in the chamber
atmospheres were not reported by the study author. The study author also did
not comment on the greater than zero concentration of hydrogen peroxide in the
control atmosphere. The exposure conditions and chamber were the same as
described by Janssen (1989a) (Section 3.1.1). The animals were observed for 7
or 14 days after exposure; body weights were measured on days 2, 7, and 14
(where appropriate). Necropsies were performed on all animals, the lungs were
weighed, and the lungs and nasal cavities were processed for microscopic ex-
amination. The group exposed to peracetic acid at 589 mg/m’ for 60 min and
one control group were necropsied after 14 days; all others were necropsied after
7 days. The results are summarized in Table 7-6. The only clinical signs ob-
served during exposure were “struggling” and irregular or shallow breathing
patterns after 5 to 10 min and gasping in the group exposed to 589 mg/m’ for 60
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min. Clinical signs observed after exposure were indicative of effects on coordi-
nation and muscle tone, extreme discomfort, and respiratory irritation as de-
scribed by Janssen (1989a) (Section 3.1.1). Rats exposed to 578 or 589 mg/m’
(30 or 60 min) showed slight to severe clinical signs; rats in all other exposure
groups showed slight to moderate clinical signs; rats in the control group
showed no clinical signs. The study author noted that a twofold increase in ex-
posure time produced a smaller effect on clinical signs than a twofold increase
in exposure concentration indicating that effects are due more to exposure con-
centration than duration. Two rats exposed at 589 mg/m’ for 60 min were killed
moribund about 24 h after exposure, and the remaining animals survived to
study termination. Absolute body weights were not significantly different from
those of controls except for the group exposed to 578 mg/m’ for 30 min. Almost
all groups including controls lost weight during the first two days of the study;
however, the groups exposed to peracetic acid for 30, 60, and 90 min lost sig-
nificantly more weight than controls (except for Group 6). There were no treat-
ment-related macroscopic or microscopic findings in the lungs, and lung weights
were similar in the treated and control groups. Slight to moderate to severe
squamous metaplasia of the nasal turbinates and/or lateral walls and epithelial
atrophy of the dorsal meatus were observed in all treated groups. The study au-
thor noted that the chamber atmospheres for Groups 3 and 6 did not reach equi-
librium during sampling.

In a preliminary study, Janssen (1989c) examined the effect of peracetic
acid on the respiratory rate in groups of three CPB-WU Wistar derived male rats
exposed by nose-only inhalation for 25 min to aerosols of Proxitane 1507 con-
taining peracetic acid and hydrogen peroxide at the concentrations presented in
Table 7-7. The chamber and exposure conditions were the same as described by
Janssen (1989a) (Section 3.1.1). The test concentrations of peracetic acid were
analyzed as total peroxygen concentration corrected for the amount of hydrogen
peroxide. A plethysmograph was used to measure respiratory rates before, dur-
ing, and after exposure to the test material. The rats were killed and necropsied
24 h after exposure. The lungs were weighed and processed for microscopic
examination along with the trachea and nasal cavities. The mean percent of the
greatest (extreme) depression in respiratory rates ranged from 31.9-67.1% in
groups exposed to peracetic acid concentrations ranging from 8.4 to 36.3 mg/m’
(Table 7-7). The depression in respiratory rates did not show a clear exposure-
related trend. The mean RDs, for all groups was 22.7 mg/m’, 21.5 mg/m® with
Group 1 omitted, and 24.1 mg/mg’ with Group 3 omitted. According to the in-
vestigator, depression in the respiratory rate was considered biologically signifi-
cant only if it exceeded 20% of the preexposure rate. After exposure, the respira-
tory rates of all animals returned to approximately normal rates. The only
observed clinical sign of toxicity was a slightly hunched appearance after re-
moval of the plethysmograph. No abnormalities were observed during necropsy,
lung weight was not affected, and no treatment-related microscopic findings
were observed in the nose, trachea, or lungs.
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TABLE 7-7 Effects of Nose-Only Inhalation Exposure to Proxitane 15077
Aerosols for 25 Min on Male Rats

Concentration (mg/m’)

Group 3 Group 1 Group 5 Group 2 Group 4

Peracetic acid 84mg/m’ 122mg/m’ 139 mg/m’ 17.4mg/m’ 36.3 mg/m’
H,0, 33 33 1.9 5.4 13.1
Extreme depression,  46.9 32.6 31.9 442 67.1

mean (%)

Source: Janssen 1989c.

In a follow-up study, Janssen (1990) examined the effect of higher con-
centrations of Proxitane 1507 (15% peracetic acid, ~28% acetic acid, 14% hy-
drogen peroxide, ~1% stabilizer, and ~43% water) aerosols on the respiratory
rate in groups of three CPB-WU Wistar derived male rats. The animals were
exposed to the test substance by nose-only inhalation for 25 min as described by
Janssen (1989c). The test concentration of peracetic acid were analyzed as total
peroxygen concentration corrected for the amount of hydrogen peroxide. Respi-
ratory rates were measured using a plethysmograph before, during, immediately
after, and 24 h after exposure to the test atmospheres. The concentrations of per-
acetic acid and hydrogen peroxide in the exposure chambers and the percent
depression of respiratory rates are presented in Table 7-8. The respiratory rates
were depressed 76-78% during exposure of each group. The respiratory rates
improved after exposure and returned to normal in two Group 3 rats exposed to
the lowest concentration of peracetic acid. The respiratory rate had returned to
normal in Group 1 and 2 animals by 24 h. Necropsy revealed no gross abnor-
malities; however, microscopic examination showed moderate to severe necrosis
in the nasal turbinates of all animals exposed to the test material. Evidence of
very slight to slight pulmonary inflammation was observed in one or two ani-
mals of each group, but no control group was included for comparison. There-
fore, the pulmonary effects should not be considered treatment related.

Benes et al. (1966) showed that rats exposed to peracetic acid at concen-
trations ranging from 7.2 to 72 mg/m’ aerosol for 4 h exhibited signs of restless-
ness, lacrimation, and nasal discharge, whereas labored breathing and lung
edema were seen at 237 mg/m’. Repeated exposure to 7.2 mg/m’ for 1 h/day for
28 days was without effects, whereas repeated exposure to 22 mg/m’ for the
same time period resulted in increased lung and liver weights, depression of
body weight gain, and inflammation in the lungs. No additional information was
available for this study.

Whitman (1991) conducted a study in which a group of 10 Sprague-
Dawley rats (5 males and 5 females) were exposed to an aerosol/vapor mixture
generated from a 0.15% use dilution of peracetic acid. A 5% peracetic acid solu-
tion was diluted with distilled water to prepare the 0.15% dilution. The study
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TABLE 7-8 Effects of Nose-only Inhalation Exposure to Proxitane 15077
Aerosols for 25 Min on Male Rats

Concentration (mg/m’)*

Group 3 Group 2 Group 1
Peracetic acid 221.0 mg/m’ 315.3 mg/m’ 461.5 mg/m’
Hydrogen peroxide 224 23.1 59.8
% Refpiratory depression, 76.3 78.4 76.3
meatt 16.0 29.6 49.2

“Average of two measurements of atmospheres taken during exposure: just before and
during measurement of respiratory rate.

*Top row, % of extreme depression during exposure compared with pre-exposure respira-
tory rate; bottom row, % of depression after exposure compared with pre-exposure respi-
ratory rate.

Source: Janssen 1990.

author did not describe the content of other constituents in the test material. The
animals were exposed for 4 h in a dynamic chamber. The theoretical equilibra-
tion time was 23 min. The nominal concentration (calculated based on amount
of material lost and total air flow through the chamber) was 66.171 mg/L; the
analytical concentration of total test material was 7.669 mg/L; and the analytical
concentration of peracetic acid was 0.0117 mg/L (11.7 mg/m’). The animals
were observed for 14 days and were sacrificed and subjected to gross examina-
tion after the observation period. A control group for comparison was not in-
cluded in this study. A dense fog was formed in the chamber during exposure
inhibiting the observation of a few animals. During exposure, the animals closed
their eyes, had decreased activity, and had material on their fur. The study au-
thor considered these responses normal for aqueous aerosol exposure. After ex-
posure, all animals had wet, matted fur, two had clear ocular discharge, and one
had fine tremors attributed to mild hypothermia because of wet fur. Almost all
animals had recovered by the second day after exposure except for one that had
a clear oral and ocular discharge and wet and matted fur on day 8 post-exposure
and a dry red nasal discharge on day 9 postexposure. This animal was normal
for the remainder of the observation period. Five rats lost a small amount of
weight the day after exposure; otherwise, all rats gained weight during the ob-
servation period. At necropsy, one animal had mottled, red to dark red lungs and
two rats had dark red foci on the mandibular lymph nodes. All animals survived
to study termination.

3.2.2. Mice

Merka and Urban (1978) conducted a study in which groups of 10 mice
were exposed in a dynamic chamber to laboratory peracetic acid aerosols at con-
centrations of 70 to 140 mg/m’® for 60 min, three times/week for 4 weeks and
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observed for an additional 2 weeks. The animals exposed to peracetic acid
showed retarded weight gain compared with controls not exposed to the test
chemical. Isolated small foci of inflammation were seen in the lungs of mice
killed at the end of the 14-day observation period.

Heinze et al. (1979) reported that exposure of mice (no descriptive infor-
mation provided) to 30 mg peracetic acid (1.2 mL volume of a 6.25% solution of
Wofasteril) released in a 20-L room for 45 min had no effect on immune func-
tion as tested on animals given an erysipelas vaccine and challenged with ery-
sipelas “germ” (bacteria). Atmospheric peracetic acid concentrations were not
quantified by an analytical procedure.

3.2.3. Other Species

Heinze et al. (1979) examined the effect of daily releases of 2 mL of a
6.15% Wofasteril solution/m’ of air (50 mg peracetic acid/m’) on uninfected and
Chlamydia-infected (by intratracheal instillation) calves and pigs . The animals
were exposed 1 h/day for an unspecified period of time. The droplet size of the
aerosol was 0.5 to 0.6 um. Peracetic acid-treated animals developed a transient
severe irritative cough accompanied by nasal secretion, lacrimation, and saliva-
tion. Transient vomiting and labored breathing and weight loss were also ob-
served after day 19 in treated pigs. Increased pulse and breathing rates, de-
creased erythrocyte count and hemoglobin concentration, and lesions in the
lungs, kidneys, and liver were observed after exposure to peracetic acid. There
was no evidence that effects of Chlamydia infection were exacerbated by expo-
sure to peracetic acid.

Calves and young pigs exposed daily to peracetic acid at 50 mg/m’ exhib-
ited decreased body weight gain, decreased serum aspartate aminotransferase
activity, and histologic evidence of lung irritation (Friebig and Reuter 1975).
The duration of exposure was not reported.

According to Uhlemann (1971) guinea pigs and a pig were not affected by
a single inhalation exposure to peracetic acid aerosols (50 um droplet size) at
concentrations of 250 or 500 mg/m’, whereas rabbits exhibited labored breathing
at the higher concentration but not at the lower concentration.

3.3. Carcinogenicity

There are no studies on the carcinogenicity of peracetic acid administered
by inhalation. Bock et al. (1975) conducted a study in which groups of 30 fe-
male ICR Swiss mice (55 to 69 days of age) received repeated topical applica-
tions of peracetic acid in water or acetone. In one study, groups of mice received
a single topical application of 125 pg of 7,12-dimethylbenz[a] anthracene
(DMBA) to the shaved dorsal skin followed by topical applications of 0.2 mL of
0, 0.3, 1.0, or 3.0 % peracetic acid in water 5 days/week for 66 weeks. By the
end of the treatment period, 0, 7, 27, and 80% of the mice in each group, respec-
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tively, had developed skin tumors; 3% of the mice receiving 1.0% peracetic acid
alone and 17% of the mice receiving 3.0% peracetic acid alone developed “skin
cancer.” In another experiment, groups of mice received no topical applications
of peracetic acid, topical applications of 1.0% peracetic acid in acetone, or topi-
cal applications of 2.0% peracetic acid in water (5 days/week) without prior
treatment with DMBA. After 52 weeks, 10% of the group receiving peracetic
acid in water developed skin tumors; none were skin cancer. Tumors did not
develop in mice receiving no peracetic acid or in mice receiving peracetic acid
in acetone. Topical application of 2% decomposed peracetic acid in water or 1%
decomposed peracetic acid in acetone to DMBA-initiated mice for 58 weeks
resulted in a very low incidence of skin tumors (7%); the low incidence was not
considered treatment-related. The study authors concluded that peracetic acid is
a strong skin tumor promoter and a weak complete carcinogen. Bock et al.
(1975) also reported that 4% peracetic acid was “excessively lethal.” They pro-
vided no additional information on the number of applications required to cause
lethality.

3.4. Genotoxicity

Agnet et al. (1976) tested peracetic acid in Salmonella typhimurium spot
test to detect point, frame-shift, and deletion mutations. Peracetic acid induced
deletion but not point or frame-shift mutations. Lai et al. (1996) reported that
peracetic acid induced unscheduled DNA synthesis (no additional information
was provided). Peracetic acid was negative in the SOS chromotest (Yin et al.
1989).

Koch et al. (1989) conducted an in vivo test in which Wofasteril (40%
peracetic acid, 27% acetic acid, and 14% hydrogen peroxide) was injected in-
traperitoneally into male ICR mice once per day for 5 consecutive days at a con-
centration of 0.1% or 0.05% in a volume of 0.2 mL/34 g body weight (2.6 or 1.3
mg/kg/day, respectively). Sperm abnormalities, indicative of mutagenic poten-
tial, were evaluated 36 days after the first injection. At 2.6 mg/kg/day, Wo-
fasteril induced a twofold increase in abnormal sperm compared with controls
receiving 0.2 mL of distilled water. No increase was observed at 1.3 mg/kg/day.
A mouse bone marrow test conducted by Paldy et al. (1984) showed an increase
in “mutated” chromosomes (17% vs 3% for controls) in mice injected (intraperi-
toneal) once a day for 5 days with 1.6 mg peracetic acetic/kg/day.

3.5. Summary

Lethality studies on peracetic acid were conducted with products contain-
ing different concentrations (weight %) of peracetic acid, acetic acid, and hy-
drogen peroxide. Sulfuric acid may have been present at very low concentrations
in some products. The LCs, values for inhalation exposure to peracetic acid
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aerosols were 476 mg/m’ for rats and 512 to 514 mg/m’ for mice exposed for 1
h and 204 mg/m’ for rats exposed for 4 h. The study in mice showed that the
small amount of sulfuric acid that may have been present in the exposure cham-
bers had no effect on lethality of mice, because the LCs, values were similar
with or without possible exposure to small amounts of sulfuric acid. Death was
caused by severe damage to the lungs (hemorrhage, consolidation, and edema).
Respiratory effects were much less severe in survivors, including those in
groups where deaths occurred.

Data concerning effects of peracetic acid at nonlethal concentrations are
summarized in Table 7-9. These studies showed effects on the respiratory tract
and body weight gain. Concentrations of peracetic acid aerosols ranging from
8.4-36.3 mg/m’ caused 28 to 65% decreases in respiratory rate during a 25-min
exposure, and the RDs, was 22.7 mg/m® (Janssen 1989c); concentrations ranging
from 71 to 156 ppm caused 71-74% decreases during a similar exposure time
(Janssen 1990). In rats, respiratory irritation was slight to moderate, weight loss
was moderate, and nasal lesions were slight to moderate after inhaling about
304-329 mg/m’ 30 or 60 min, whereas respiratory irritation was slight to severe,
weight loss was marked, and nasal lesions were slight to moderate or severe
after inhaling about 578-589 mg/m’ for 30 to 60 min (Janssen 1989b). Rats that
inhaled 172 or 355 mg/m’ for 90 min had slight to moderate respiratory irrita-
tion and moderate weight loss, and slight to severe nasal lesions (Janssen
1989b). Inhalation of 7.2-72 mg/m3 for 240 min caused restlessness, lacrimation,
and nasal discharge, and 237 mg/m’ for 240 min caused labored breathing and
lung edema (Benes et al. 1966). Rats showed no effects when exposed to 2.3
ppm for 60 min/day for 28 days; however exposure to 7 ppm under similar con-
ditions caused increased lung and liver weight, depressed weight gain, and lung
inflammation (Benes et al. 1966). Similar effects were observed in mice that
inhaled 70-140 mg/m3, 1 h/day, 3 times per week, for 4 weeks (Merka and Ur-
ban 1978). Effects of exposure to peracetic acid were more prevalent and more
severe after exposure was terminated than during exposure. In addition, effects
were more severe after doubling the exposure concentration than doubling the
exposure duration.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism, Disposition, and Kinetics

No studies on the uptake, distribution, metabolism, or elimination of in-
haled peracetic acid were found in the sources searched. Peracetic acid is freely
soluble in water (O’Neil et al. 2001) and should be effectively scrubbed in the
upper respiratory tract. Effects on the lower respiratory tract would occur only at
concentrations that exceed the scrubbing capacity of the nasal passages.
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4.2. Mechanism of Toxicity

Peracetic acid is a corrosive chemical; therefore, it causes irritation to mu-
cous membranes. Lacrimation and respiratory tract irritation were observed in
humans (Fraser and Thorbinson (1986) and rats (Janssen, 1989a,b; Janssen and
Van Doorn 1994) and eye and respiratory tract irritation were observed in mice (
Merka and Urban 1978) exposed to peracetic acid. The effects in some cases
were delayed. For example, deaths caused by exposure to peracetic acid oc-
curred 1 or more days after exposure depending upon the atmospheric concen-
tration. Exposures to extremely high concentrations are expected to cause deaths
during exposure.

4.3. Structure—Activity Relationship
/ J

N

(= —H

[—f R—
H
Peracetic acid is a peroxy acid that has the following general structure:

Peroxy acids are irritating to skin, eyes, and mucous membranes of the
respiratory tract. Peroxy acids are members of a broader group of chemicals
called organic peroxides. Many of these chemicals are also considered to be
respiratory irritants (Galvin and Farr 1993).

4.4. Other Relevant Information
4.4.1. Species Variability

The LCs, values for 1-h exposures to the rat (476 mg/m’) and mouse (512-
524 mg/m’) are similar, indicating a similar species response to inhalation expo-
sure to peracetic acid. Whether the animals died or survived after exposure to
peracetic acid, the effects were indicative of respiratory tract irritation in mice
and rats. Effects of inhalation exposure on calves and pigs were qualitatively
similar to those observed in rodents. Lacrimation occurred in humans exposed to
15.6 mg/m’ for 3.5 min and respiratory tract irritation occurred at concentrations
> 1.56 mg/m’ with only mild effects occurred at the lower concentrations (Fra-
ser and Thorbinson 1986); Janssen and van Doorn (1994) reported no lacrima-
tion in rats exposed to 87 mg/m’ for 4 h, but serious respiratory effects were
observed. In contrast, Benes et al. (1966) reported lacrimation and upper respira-
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tory tract effects in rats exposed to 7.2-72 mg/m’ for 4 h. These results show that
similar effects are observed in humans and animals and that humans may be
slightly more sensitive to exposure to peracetic acid than animals.

4.4.2. Susceptible Subpopulations

Peracetic acid is a corrosive and extremely irritating substance that attacks
mucous membranes of the respiratory tract and eyes; therefore, very little differ-
ence in sensitivity is expected among individuals within the general population.
No data were available on the response of asthmatics to inhaled peracetic acid.

4.4.3. Concentration—Exposure Duration Relationships

The n-value of 1.6 was estimated from the rat lethality data by determin-
ing the value of n, which, when applied to the 1-h LCs of 476 mg/m’ (Janssen
1989a), would closely predict the 4-h LCsy of 204 mg/m® (Janssen and Van
Doorn 1994). Although only two LCsy values were available for estimating the
n-value, the estimated value is considered more appropriate than using default
values.

4.4.4. Concurrent Exposure Issues

Two constituents in peracetic acid are acetic acid and hydrogen peroxide,
and these may have contributed to the observed toxic effects of peracetic acid.
Aerosols or vapors will contain these constituents in addition to peracetic acid. It
appears, however, that acetic acid and hydrogen peroxide are considerably less
toxic than peracetic acid. The following toxicity information on hydrogen perox-
ide and acetic acid was cited from secondary sources.

Hydrogen peroxide has a vapor pressure of 5 mm Hg at 30° C, and it is
miscible in water (ACGIH 1991). The LCs, value for hydrogen peroxide is 1418
ppm (1972 mg/m’) for a 4-h exposure to rats and the LC,¢ is 227 ppm (316
mg/m’) for an unknown exposure time to mice (NIOSH 1996a). The LCs, for
the rat exposed to hydrogen peroxide is about 10 times greater than the LCs, for
rats exposed to peracetic acid. Dogs exposed to 7 ppm (10 mg/m’®) vapor con-
centration of 90% hydrogen peroxide for 6 h/day for 6 months developed skin
irritation, sneezing, lacrimation, and bleached hair, and rabbits exposed to 22
ppm (31 mg/m;) (frequency not reported) for 3 months developed bleached hair
and skin irritation (Oberst et al. 1954). The carcinogenicity of hydrogen perox-
ide has been tested by the oral, subcutaneous, intramuscular, and topical routes
of exposure, and IARC (1985) considers the evidence for carcinogenicity as
limited for experimental animals.

Acetic acid has a vapor pressure of 11.4 mm Hg at 20°C, and it is freely
soluble in water (Katz and Guest 1994). Inhalation of acetic acid vapor is re-

CLEAN CHEMISTRY EXHIBIT 1025

. . _ _ IPR2025-01459 — Page 53
Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 8

Peracetic Acid 351

ported to cause marked irritation to the eyes, nose, and throat in humans at con-
centration of 816-1226 ppm (2000-3005 mg/m®) for 3 min, and exposure to 50
ppm (123 mg/m’) is reported to be intolerable because of intense irritation
(NIOSH 1996b). Exposure to acetic acid at 10 ppm is reported to be relatively
nonirritating (Sterner 1943), 20-30 ppm (49-74 mg/m;) has been reported to be
without danger, and occupational exposure to 60 ppm plus 1 h daily exposure to
100-260 ppm (245-637 mg/m’) for 7-12 years caused only slight irritation
(Vigliani and Zurlo 1955). The LCs for acetic acid is 5000-5620 ppm (12,255-
13,775 mg/m®) for a 1-h exposure to mice. (NIOSH 1996b) The lowest lethal
concentration for a 4-h exposure of rats to acetic acid is 16,000 ppm (39,216
mg/m’)(Katz and Guest 1994), which is about 190 times greater than the LCs,
for a 4-h exposure to peracetic acid. The data show that acetic acid and peracetic
acid may produce similar effects on the respiratory tract, but peracetic acid is
markedly more toxic than acetic acid. The RDs, was reported as 163 ppm (400
mg/m’) for the mouse (NIOSH 1996b). Exposure to concentrations >1000 ppm
(2451 mg/m’) produces irritation to the conjunctiva and upper respiratory tract
of mice (Katz and Guest 1994).

Sulfuric acid also is found in some commercial grades of peracetic acid.
Humans exposed to sulfuric acid at concentrations of 1 mg/m’ for 10-15 min did
not detect the substance by odor, taste, or irritation (these data were cited in
NRC 1984). The LCs, for inhalation exposure to sulfuric acid aerosols ranged
from 19 to 59.8 mg/m’ for guinea pigs (ATSDR 1998). In rats, 2/2 animals died
after exposure to 699 mg/m’ for 7 h or after exposure to 1470 mg/m® for 3.5 h.
No rats died after exposure to 461 mg/m® for 7 h or after exposure to 718 mg/m’
for 3.5 h. In mice, 2/5 animals died after exposure to 699 mg/m’ for 7 h or after
exposure to 549 mg/m’ for 3.5 h (secondary citation by ATSDR 1998). LCs
values were not reported for the rat or mouse, but the data indicate that they are
much less sensitive to sulfuric acid than are guinea pigs.

4.4.5. Other Data

Peracetic acid was used at a concentration of 0.2% to disinfect the hands
of personnel in a virus laboratory over a 5 year period and caused no adverse
effects; a concentration of 0.5%, however, was irritating to the skin (Mucke
1970).

Peracetic acid caused irritation to the skin of guinea pigs following direct
contact (Bulnes et al. 1982). Application of 3% peracetic acid to depilitated
guinea pig skin for 2, 3, or 5 h caused microscopic lesions characterized by con-
gestion, hemorrhage, edema of the dermis, capillary vasodilation, perivascular
effect (neutrophil granulocytes), and gelatinous edema of the dermis. Applica-
tion of 3% peracetic acid for 1 h or 1% for up to 5 h was without macroscopic or
microscopic effects.
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5. DATA ANALYSIS AND AEGL-1
5.1. Human Data Relevant to AEGL-1

McDonagh (1997) reported that exposure to peracetic acid at 1.56-1.87
mg/m’ was not immediately irritating, but would have been considered “un-
pleasant for an extended period;” 0.40-0.53 mg/m’® was tolerable and not un-
pleasant for up to 3 h. According to Fraser and Thorbinson (1986), exposure to
3.12-4.67 mg/m’ for 15-20 min is not expected to cause discomfort to mucous
membranes, and 1.56-3.12 mg/m’ for 25-30 min is expected to cause only mild
or tolerable discomfort. No discomfort is expected for subjects exposed to <1.56
mg/m’ for 35-45 min.

5.2. Animal Data Relevant to AEGL-1

Rats exposed to peracetic acid at 12.2-13.9 mg/m’ for 25 min showed a
reduction of only 32-33% in respiratory rate, whereas rats that inhaled a slightly
lower concentration of 8.4 mg/m’ showed a greater reduction of 47% (Janssen
1989c). These data show the inconsistency of the results regarding depression of
respiratory rates in rats exposed to peracetic acid. Only mild effects were ob-
served in rats exposed to 11.7 mg/m’ (closed eyes, decreased activity, clear ocu-
lar discharge) for 4 h and observed for 14 days (Whitman 1991). The study au-
thor did not mention that the rats had redness of the eyes or lacrimation during
exposure. In a repeat exposure study using mice exposed to 70-140 mg/m’ for
60 min/day, 3 times/week, for 4 weeks, only small foci of inflammation were
observed when the animals were killed 14 days after the last exposure. If dam-
age to the respiratory tract occurred during the exposure period, it was repaired
during the post-exposure period.

5.3. Derivation of AEGL-1

Because decreases in respiratory rate in rats exposed to peracetic showed
no clear concentration-response relationship, the human data are considered
more appropriate and more relevant for deriving AEGL-1 values. In the study by
Fraser and Thorbinson (1986), humans exposed to peracetic acid at <1.56 mg/m’
(concentrations reported as hydrogen peroxide) experienced no discomfort, and
McDonagh (1997) reported that 1.56 mg peracetic/m’ is not immediately irritat-
ing. An intraspecies uncertainty factor of 3 was applied because peracetic acid is
a corrosive and irritant substance, the effects are confined to the upper respira-
tory tract, and the effects are expected to be similar for most individuals within
the population. The same value is for all exposure durations from 10 min to 8 h.
The rationale for having the same value is as follows: (1) effects of peracetic
acid exposure appear to correlate more with concentration than with time, and
(2) peracetic acid is freely soluble in water, and therefore, should be effectively
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scrubbed by the nasal tissues, particularly at the very low concentration for
AEGL-1. The AEGL-1 values are summarized in Table 7-10.

6. DATA ANALYSIS AND AEGL-2

6.1. Human Data Relevant to AEGL-2

Fraser and Thorbinson (1986) reported that lacrimation and extreme dis-
comfort occurred after exposure to peracetic acid at 15.6 mg/m’ for only 7 min;
extreme discomfort and unbearable irritation, but no lacrimation, was reported
for exposures to concentrations ranging from 6.23-9.35 mg peracetic acid/m’ for
1 h and 20-25 min (6.23 mg peracetic acid/m’ for 55 min, 7.79-9.35 mg perace-
tic acid/m® for 15 min, and 6.23 mg/m’ for 10-15 min). Exposure to 6.23 mg
peracetic acid/m® was considered tolerable for 2 min. Effects in the lower respi-
ratory tract were not noted even for exposure to 15.6 mg peracetic acid/m’,
which is extremely irritating to the upper respiratory tract. Peracetic acid is
freely soluble in water (O’Neil et al. 2001) and is expected to be effectively
scrubbed in the upper respiratory tract.

6.2. Animal Data Relevant to AEGL-2

Animal data relevant to deriving AEGL-2 values have been summarized in
Table 7-9. Inhalation exposure to peracetic acid causes irritation to the mucous
membranes of the respiratory tract and eyes at concentrations below those caus-
ing death. Concentrations of peracetic acid aerosols ranging from 8.4-36.3 mg
peracetic acid/m’ caused 32 to 67% decreases in respiratory rates during a 25-
min exposure, but not in a dose-related manner (Janssen 1989c). Exposure to
peracetic acid concentrations ranging from 221-462 mg/m’ for 25 min caused
decreases of 76-78% in the respiratory rates (Janssen 1990). Generally, respira-
tory irritation, weight loss, and nasal lesions in rats were slight to moderate at
concentrations ranging from 172-355 mg/m’ for exposure durations ranging
from 30 to 90 min (Janssen 1989b). Severe signs of respiratory irritation were
observed in rats exposed to 578-589 mg/m’® for 30 or 60 min (Janssen 1989b).
Exposure to 7.2-72 mg/m’ for 240 min caused restlessness, lacrimation, and
nasal discharge, and 237 mg/m’ for 240 min caused labored breathing and lung
edema (Benes et al. 1966). No effects were observed in rats that inhaled 7.2
mg/m’, 1 h/day repeatedly for 28 days, whereas restlessness, lacrimation, and

TABLE 7-10 AEGL-1 Values for Peracetic Acid

10 min 30 min lh 4h 8h
0.52 mg/m3 0.52 mg/m’ 0.52 mg/m’ 0.52 mg/m’ 0.52 mg/m’
(0.17 ppm) (0.17 ppm) (0.17 ppm) (0.17 ppm) (0.17 ppm)
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nasal discharge were observed in rats exposed one time to 7.2-72 mg/m’ for 4 h
(Benes et al. 1966). Increased lung and liver weights, depressed weight gain, and
lung inflammation were reported for rats exposed to 21.8 mg/m’ under similar
conditions (Benes et al. 1966). Similar effects were observed in mice exposed to
70-140 mg/m’ 1 h/day, 3 times per week, for 4 weeks (Merka and Urban 1978).
These studies showed that effects were more severe after doubling the exposure
concentration than after doubling the exposure duration.

6.3. Derivation of AEGL-2

For the most part, animals exposed to low concentrations of peracetic acid
displayed the most severe clinical signs after exposure was terminated, whereas
humans exposed to low concentrations reported only mucous membrane irrita-
tion during exposure. However, the animals were restrained during exposure in
some studies. The evidence further suggests that humans may be slightly more
sensitive to inhaled peracetic acid than animals. This conclusion is supported by
observations of lacrimation in humans exposed to 15.6 mg/m’ for 3.5 min (Fra-
ser and Thorbinson 1986), no lacrimation but serious respiratory effects were
observed in animals exposed to 87 mg/m’ for 4 h (Janssen and van Doorn 1994)
and lacrimation was observed in animals exposed to 7.2-72 mg/m’ for 4 h
(Benes et al. 1966).

AEGL-2 values are derived from human data reported by Fraser and
Thorbinson (1986). They reported that exposure to peracetic acid at 6.23 mg/m’
for up to 1 h caused extreme discomfort and unbearable irritation, but exposure
to 6.23 mg/m’ for 2 min was also considered tolerable. A slightly lower concen-
tration of 4.67 mg/m’ caused discomfort or slight discomfort for exposure for
durations up to 20 min. The effects at 6.23 peracetic acid mg/m’® appear to be
more serious than those described by the definition of AEGL-2 and could hinder
the ability to escape. Although irritation to the upper respiratory tract was ex-
treme, lower respiratory effects did not occur even at concentrations as high as
15.6 mg/m®. Moreover, peracetic acid is freely soluble in water and should be
effectively scrubbed in the nasal passages at the concentrations considered for
deriving AEGL-2 values. Although the effects at 4.67 mg/m’ are slightly less
severe than those defined by AEGL-2, this level is more appropriate for deriving
the AEGL-2 than the higher level of 6.23 mg/m’. An intraspecies uncertainty
factor of 3 is applied because peracetic acid is a corrosive/irritant substance and
the effects, which are confined to the upper respiratory tract, are expected to be
similar and not expected to vary by more than a factor of 3 for most individuals
in the population. The same value is for all exposure durations from 10 min to 8
h. The rationale for proposing the same AEGL-2 value for all exposure dura-
tions is as follows: (1) effects of peracetic acid exposure correlate with concen-
tration more than time, and (2) peracetic acid is freely soluble in water and at
low concentrations should be effectively scrubbed in the nasal passages. The
AEGL-2 values are summarized in Table 7-11.
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TABLE 7-11 AEGL-2 Values for Peracetic Acid [mg/m’ (ppm)]

10 min 30 min lh 4h 8h
1.6 mg/m’ 1.6 mg/m’ 1.6 mg/m’ 1.6 mg/m’ 1.6 mg/m’
(0.5 ppm) (0.5 ppm) (0.5 ppm) (0.5 ppm) (0.5 ppm)

7. DATA ANALYSIS AND AEGL-3
7.1. Human Data Relevant to AEGL-3

No data on human lethality caused by exposure to peracetic acid were
found in the literature searched.

7.2. Animal Data Relevant to AEGL-3

Three animal lethality studies were available for deriving AEGL-3 values.
In one study, rats were exposed to peracetic acid aerosol at concentrations 130 to
320 mg/m’ for 30 min, 150 to 1450 mg/m’ for 1 h (Janssen 1989a), and 87 to
267 mg/m’ ppm for 4 h (Janssen and van Doorn 1994). Proxitane 1505 (15%
peracetic acid, ~28% acetic acid, and 14% hydrogen peroxide) was used for the
30-min and I-h studies and Proxitane AHC (~5% peracetic acid, 10% acetic
acid, and 19% hydrogen peroxide) was used for the 4-h study. The mortality
responses for the studies are presented in Tables 7-4 and 7-5. The LCs, for per-
acetic acid was 476 mg/m’ for the 1-h exposure and 204 mg/m’ for the 4 h
study; the LCs, was not calculated for the 30-min exposure because there were
only two relevant concentrations. Clinical signs were primarily related to respi-
ratory tract irritation and adverse effects on body weight gain. Animals that died
showed gross or microscopic evidence of pulmonary hemorrhage, edema, or
consolidation. Surviving animals showed less severe effects.

7.3. Derivation of AEGL-3

The AEGL-3 values are derived from the study of Janssen (1989a). This
study showed that rats exposed to Proxitane 1507 (15% peracetic acid~28%
acetic acid, 14% hydrogen peroxide, ~1% “stabilizer,” and ~43% water) aero-
sols at peracetic acid concentrations of 130, 300, 320 mg/m3 for 30 min had
mortality responses of 0/5, 0/5 and 3/5 rats, respectively. Exposures to aerosol
concentrations of 150, 390, and 1450 mg/m’® for 60 min resulted in mortality
responses of 0/5, 2/5, and 5/5, respectively. Clinical signs indicative of respi-
ratory irritation were observed at all concentrations and increased in severity
with exposure concentration for each exposure duration. The AEGL values
were derived from the highest concentration that did not cause death at either
exposure duration: 300 mg/m’ for a 30-min exposure duration and 150 mg/m’
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for a 60-min exposure duration. An intraspecies uncertainty factor of 3 and an
interspecies uncertainty factor of 3 (total uncertainty factor = 10) were applied
to 300 mg/m’ and 150 mg/m’ for the 30- and 60-min exposures, respectively.
Uncertainty factors of 3 were applied because the mucous membranes of the
respiratory tract are not expected to show vast differences in response to cor-
rosive/irritant substances at concentrations that cause severe physical damage
or at the threshold for lethality regardless of species or the individuals in the
population. The equation, C" x t =k, where n = 1.6 (estimated from the 1- and
4-h rat lethality data), was used to scale the 60-min exposure to 4- and 8-h
values and the 30-min exposure to 10 min. The AEGL-3 values are summa-
rized in Table 7-12.

8. SUMMARY OF AEGLs
8.1. AEGL Values

The AEGL-1 value was based on a concentration of peracetic acid that is
not expected to be detectable, unpleasant, or cause discomfort (1.56 mg/m®) or
no more than mild discomfort (1.56 - 3.12 mg/m®). An uncertainty factor of 3
was applied to 1.56 mg/m’ to account for human variability.

The AEGL-2 value of 1.6 mg/m® for all exposure durations was based on
human data showing slight to mild irritation or discomfort to mucous mem-
branes due to exposure to peracetic acid at a concentration of 4.7 mg mg/m’.
The same value is for all exposure durations from 10 min to 8 h. An uncertainty
factor of 3 was applied to account for human variability.

The AEGL-3 values were based on NOELSs for lethality in rats exposed to
Proxitane 1507 (containing 15% peracetic acid) for 30 min and 1 h. Uncertainty
factors of 3 for intraspecies variability and 3 for interspecies sensitivity were
applied to the NOELs. The equation C'® x t = k was used to scale the 30-min
exposure to 10 min and the 1-h exposure was used to scale to 4 and 8 h. The
value of n was estimated from rat data.

The AEGL values are presented in Table 7-13.

8.2. Comparison of AEGLs with Other Standards and Criteria

There are no OSHA (Occupational Safety and Health Administration)
standards, NIOSH (National Institute for Occupational Safety and Health) rec-
ommendations, or ACGIH TLV, AIHA-ERPG, or MAK values for peracetic
acid. SOLVAY (1998) (Belgium manufacturer of peracetic acid) derived emer-
gency exposure indexes (EEI) for accidental releases of peracetic acid based on
the methodology of the European Chemical Industry Ecology and Toxicology
Centre (ECETOC). These values are derived for general population exposures.
The values are as follows:
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TABLE 7-12 AEGL-3 Values for Peracetic Acid
10 min 30 min lh 4h 8h
60 mg/m’ 30 mg/m’ 15 mg/m’ 6.3 mg/m’ 4.1 mg/m’

TABLE 7-13 Summary of AEGL Values for Peracetic Acid

Classification 10min 30min 1h 4h 8h End Point /Reference

AEGL-1 0.52 0.52 0.52 0.52 0.52 Threshold for

(Nondisabling) mg/m’ mg/m’ mg/m® mg/m’ mgm’ iritation (Fraser and
0.17 (0.17 (0.17 0.17 0.17 Thorbinson 1986;
ppm)  ppm)  ppm)  ppm)  ppm)  McDonagh 1997)

AEGL-2 1.6 1.6 1.6 1.6 1.6 Mild irritation
(Disabling) mg/m’ mgm’ mgm’ mgm' mgm’® (Fraserand
0.5 0.5 0.5 0.5 0.5 Thorbinson 1986)
ppm)  ppm ppm)  ppm)  ppm)
AEGL-3 60 30 15 6.3 4.1 Highest concentration
(Lethal) mg/m’ mgm’ mgm’ mgm’ mgm’ causing no deaths

(Janssen 1989a)

SLV-EEI-3 (death/permanent incapacity) = 50 ppm (156 mg mg/m°): the
threshold above which mortality and/or irreversible effects could be observed
for an exposure of up to 60 min.

SLV-EEI-2 (disability) = 3 ppm (9 mg mg/m’): the threshold level above
which intense lacrimation, extreme nose discomfort and transient incapacitation
(inability of self-protection but without residual consequences) could be ob-
served for an exposure of up to 60 min.

SLV-EEI-1(discomfort) = 0.15 ppm (0.45 mg mg/m’): the threshold level
above which discomfort could be observed for an exposure of up to 8 h per day.

8.3. Data Quality and Research Needs

Human data on exposure to peracetic acid were limited. This substance is
corrosive to mucous membranes causing extreme discomfort depending on the
concentration. Therefore, additional humans studies would not be feasible ex-
cept for very low concentrations (below irritation levels in normal subjects) us-
ing healthy exercising subjects. The animal studies found in the literature were
well conducted considering the circumstances. Peracetic acid occurs in mixtures
with acetic acid, hydrogen peroxide, a stabilizer, and sometimes sulfuric acid.
Commercial preparations vary in the concentrations of the three components.
Because of the instability of peracetic acid, the aerosol or vapor may have dif-
ferent compositions of peracetic acid, acetic acid, and hydrogen peroxide. Varia-
tions in the composition of the test material could lead to inconsistencies in the
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observed effects. Therefore, acute inhalation studies using the same commercial
product to study lethal and nonlethal effects after exposure for 30 min, and 1, 4,
and 8 h would aid in the evaluation of the toxicity of peracetic acid.
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APPENDIX A

Derivation of AEGL Values for Peracetic Acid

Key Study:
Toxicity End Point:
Time Scaling:

Uncertainty Factors:

Modifying Factor:

Calculations:

Key Study:
Toxicity End Point:

Uncertainty Factor:

Modifying Factor:

Calculations:

Derivation of AEGL-1

McDonagh 1997; Fraser and Thorbinson 1986
Threshold for irritation
Not applicable.

NA for interspecies sensitivity (AEGL-1 derived from human
data).

3 for intraspecies variability; peracetic acid is corrosive and
response to upper respiratory tract and eyes is expected to be
similar among individuals in the population.

1
1.56 mg/m*/3 = 0.52 mg/m’

The same value applied for 10-min to 8-h exposure durations.

Derivation of AEGL-2

Fraser and Thorbinson 1986
Slight upper respiratory tract irritation.

NA for interspecies sensitivity (AEGL-2 derived from human
data).

3 for intraspecies variability; peracetic acid is corrosive and
effects in the upper respiratory tract are expected to be similar
among individuals in the population.

1
4.67 mg/m’® /3 = 1.6 mg/m’

The same value applied to 10-min to 8-h durations.

CLEAN CHEMISTRY EXHIBIT 1025

Copyright © National Academy of Sciences. All rights reserved.

IPR2025-01459 — Page 65



Peracetic Acid

Key Study:
Toxicity End Point:

Time Scaling:

Uncertainty Factors:

Modifying Factor:
Calculations:
10-min AEGL-3

30-min AEGL-3

1-h AEGL-3

4-h AEGL-3

8-h AEGL-3
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Derivation of AEGL-3

Janssen 1989a

Highest nonlethal concentration of 96 ppm for a 30-min exposure
and 48 ppm for a 60-min exposure in the rat.

C" x t=k; n= 1.6 based on analysis of rat lethality data.

3, for interspecies sensitivity: mucous membranes of the
respiratory tract of humans and animals are not expected to show
vast differences in response to corrosive/irritant substances at
concentrations that cause severe physical damage or at the
threshold for lethality.

3, for intraspecies variability: mucous membranes of individuals
are not expected to show a great difference in response to a
corrosive/irritant substance such as peracetic acid.

1

C = (k)" = (6927 mg/m’ min/10 min)"/"®
C=159.6 =60 mg/m’

300 mg/m*/10 (uncertainty factor) = 30 mg/m’
C"x t=k; C =30 mg/m’, t=30min, n= 1.6
k = 6927 mg/m*smin

C = (k/t)""* = (6927 mg/m® min/30 min)""®
C =30 mg/m’

150 mg/m*/10 (uncertainty factor) = 15.0 mg/m’
C"xt=k; C=15mg/m’, t=60min, n= 1.6

k = 4569.8008 mg/m’*min

C = (k/t)""" = (4570 mg/m’® min/60 min)""®

C=15mg/m’
C = (/)" = (4570 mg/m’® min/240 min)""*
C=6.3 mg/m’
C = (k)" = (4570 mg/m® min/480 min)""¢
C=4.1 mg/m’
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APPENDIX B

Derivation Summary: AEGLs for Peracetic Acid

AEGL-1 VALUES
10 min 30 min lh 4h 8h
0.52 mg/m’ 0.52 mg/m’ 0.52 mg/m’ 0.52 mg/m’ 0.52 mg/m’
(0.17 ppm) (0.17 ppm) (0.17 ppm) (0.17 ppm) (0.17 ppm)
Key References: (I) McDonagh, J. 1997. Atmospheric Monitoring of Peracetic Acid on
the Existing Caprolactone Plant Distillation Houses A and B, Assessment of Results.
Document No. EE970192.M01. Memorandum to R.A. Haffenden et al., from J.
McDonagh, Solvay Interox, Warrington. April 30, 1997. (II) Fraser, J.A.L., and A.
Thorbinson. 1986. Fogging Trials with Tenneco Organics Limited (30th June, 1986) at
Collards Farm. Solvay Interox, Warrington, UK.
Test Species/Strain/Number:
Humans/two subjects (I); number unknown (II)

Exposure Route/Concentration/Durations:

Inhalation, 0.40-0.53 mg/m® (0.13-0.17 ppm) for up to 3 h (I); 1.56-1.87 mg/m* (0.5-0.6
ppm) for unknown time (I), <1.56-4.67 mg/m’ for 12 min; <1.56 to >6.23 mg/m’ for 45
min (II).

Effects: 1.56-3.12 mg/m’: mild discomfort

1.56-1.87 mg/m’: no immediate irritation; may be unpleasant for extended period.
<1.56 mg/m’: no discomfort.

0.40-0.53 mg/m’: detectable, but tolerable and not unpleasant.

End Point/Concentration/Rationale:
Threshold for irritation of 1.56 mg/m’; the effects range from detectable but tolerable and
not unpleasant to no discomfort.

Uncertainty Factors/Rationale:

Total uncertainty factor: 3

Interspecies: Not applicable.

Intraspecies: 3, individuals in the population are expected to respond similarly and by a
factor no greater than 3 when exposed to corrosive/irritant agents that affect the upper
respiratory tract.

Modifying Factor: 1

Animal to Human Dosimetric Adjustment: Not applicable.

Time Scaling: Not applicable.

Data Adequacy: Human data were limited but were generally supported by animal data.
The human data showed that irritation or discomfort at concentrations<1.56 mg/m3 is
expected to be absent or minimal. Neither study reported the number of subjects exposed
to peracetic acid.
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Peracetic Acid 365

AEGL-2 VALUES

10 min 30 min lh 4h 8h
1.6 mg/m’ 1.6 mg/m’ 1.6 mg/m’ 1.6 mg/m’ 1.6 mg/m’
(0.5 ppm) (0.5 ppm) (0.5 ppm) (0.5 ppm) (0.5 ppm)

Key Reference: Fraser, J.A.L., and A. Thorbinson. 1986. Fogging Trials with Tenneco
Organics Limited (30th June, 1986) at Collards Farm. Solvay Interox, Warrington, UK.

Test Species/Strain/Number:
Humans, number exposed is unknown.

Exposure Route/Concentration/Durations:
Inhalation, range of 15.6 mg/m’ for 7 min; <1.56-4.67 mg/m’ for 12 min; 6.23-9.35
mg/m’ for 1 h and 15 min; <1.56-6.23 mg/m” for 45 min.

Effects: All effects were associated with the upper respiratory tract or eyes.
6.23-15.6 mg/m’: lacrimation, extreme upper respiratory discomfort or irritation
6.23 mg/m3: unbearable irritation or extreme discomfort, but tolerable for 2 min
3.13-4.67 mg/m”: slight or tolerable discomfort (upper respiratory tract and eyes)
1.36-3.12 mg/m’: mild discomfort; <1.56 mg/m’: no discomfort.

End Point/Concentration/Rationale:
Slight upper respiratory tract irritation at 4.7 mg/m’

Uncertainty Factors/Rationale:

Total uncertainty factor: 3

Interspecies: Not applicable.

Intraspecies: 3, individuals in the population are expected to respond similarly and by a
factor no greater than 3 when exposed to corrosive/irritant agents that affect the upper
respiratory tract.

Modifying Factor: 1

Animal to Human Dosimetric Adjustment: Not applicable.

Time Scaling: Not applicable.

Data Adequacy:

The number of subjects exposed to peracetic acid was not reported by the investigators.
The AEGL-2 value was based on a concentration that caused discomfort or slight
discomfort, which is below the definition for AEGL-2; the next higher concentrations
caused unbearable irritation after 2 min. Therefore, the lower concentration was more
appropriate for deriving AEGL-2 values. The rationale for selecting the same value for all
time points is as follows: (1) effects of peracetic acid exposure correlate with
concentration more than time, and (2) peracetic acid is freely soluble in water and should
be effectively scrubbed in the nasal passages, particularly at the very low AEGL-2
concentration.
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AEGL-3 VALUES
10 min 30 min l1h 4h 8h
60 mg/m’ 30 mg/m’ 15 mg/m’ 6.3 mg/m3 4.1 mg/m’

Key Reference: Janssen, P.J.M. 1989a. Acute Inhalation Toxicity Studies of Proxitane
1507 in Male Rats (I). Report No. S. 8906, Int. Doc. No. 56645/25/89. Duphar B.V.,
Weesp, The Netherlands, and Solvay, Brussels, Belgium.

Test Species/Strain/Number:
Rat/ CPB-WU Wistar/5 males per group.

Exposure Route/Concentration/Durations:
Inhalation: 130, 300, or 320 mg/m3 for 30 min and 150, 390, or 1450 mg/m3 for 60 min.

Effects: Clinical signs: signs of extreme respiratory irritation and discomfort, drooping
eyelids, transient weight loss, reduced respiratory rate.

Gross pathologic effects: blood around nose, red nasal and tracheal mucosa, bloody fluid
in trachea, dark red lungs, red or dark spots on lungs, elevated lung weight

Mortality: 0/5 rats at 300 mg/m’ and 3/5 at 320 mg/m’ for 30 min; 0/5 at 150 mg/m®, 2/5
at 390 mg/m°, and 5/5 at 1450 mg/m® for 60 min.

End Point/Concentration/Rationale:

Highest non-lethal concentrations for rats exposed for 30 or 60 min; the concentrations
were 300 mg/m’ for 30 min and 150 mg/m’ for 60 min.

Uncertainty Factors/Rationale:

Total uncertainty factor: 10

Interspecies: 3, mucous membranes of the respiratory tract of humans and animals are not
expected to show vast differences in response to corrosive/irritant substances at
concentrations that cause severe physical damage or at the threshold for lethality.
Intraspecies: 3, mucous membranes of individuals are not expected to show a great
difference in response to a corrosive/irritant substance such as peracetic acid.

Modifying Factor: 1

Animal to Human Dosimetric Adjustment: 1

Time Scaling: C" x t = k, where n = 1.6 based on analysis of rat LCs, data for 1 and 4 h
exposures.

Data Adequacy:

The animal studies were well conducted; however, the different compositions of peracetic
acid probably contributed to the inconsistencies of the results. The animal studies were
conducted with aerosols instead of the vapor.
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