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Preface

Extremely hazardous substances (EHSs)' can be released acciden-
tally as a result of chemical spills, industrial explosions, fires, or acci-
dents involving railroad 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 air-
borne EHSs during accidental releases or intentional releases by terror-
ists. Pursuant to the Superfund Amendments and Reauthorization Act of
1986, the U.S. Environmental Protection Agency (EPA) has identified
approximately 400 EHSs on the basis of acute lethality data in rodents.

As part of its efforts to develop acute exposure guideline levels for
EHSs, EPA 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 re-
quest, the NRC published Guidelines for Developing Community Emer-
gency Exposure Levels for Hazardous Substances in 1993.

Using the 1993 NRC guidelines report, the National Advisory
Committee (NAC) on Acute Exposure Guideline Levels for Hazardous
Substances—consisting of members from EPA, the Department of De-
fense (DOD), the Department of Energy (DOE), the Department of
Transportation, other federal and state governments, the chemical indus-

'As defined pursuant to the Superfund Amendments and Reauthorization Act
of 1986.
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try, academia, and other organizations from the private sector—has de-
veloped acute exposure guideline levels (AEGLs) for approximately 185
EHS:s.

In 1998, EPA and DOD requested that the NRC independently re-
view the AEGLs developed by NAC. In response to that request, the
NRC organized within its Committee on Toxicology the Committee on
Acute Exposure Guideline Levels, which prepared this report. This re-
port is the fifth volume in the series Acute Exposure Guideline Levels for
Selected Airborne Chemicals. It reviews the AEGLs for chlorine dioxide,
chlorine trifluoride, cyclohexylamine, ethylenediamine, hydrofluoro-
ether-7100 (HFE-7100), and tetranitromethane for scientific accuracy,
completeness, and consistency with the NRC guideline reports.

This report was reviewed in draft by individuals selected for their
diverse perspectives and technical expertise, in accordance with proce-
dures approved by the NRC's Report Review Committee. The purpose of
this independent review is to provide candid and critical comments that
will assist the institution in making its published report as sound as pos-
sible and to ensure that the report meets institutional standards for objec-
tivity, evidence, and responsiveness to the study charge. The review
comments and draft manuscript remain confidential to protect the integ-
rity of the deliberative process. We wish to thank the following individu-
als for their review of this report: Sidney Green, Jr., Howard University;
Loren Koller, Independent Consultant; Ramesh Gupta, Murray State
University; Harihara Mehendale, University of Louisana at Monroe; and
Deepak Bhalla, Wayne State University.

Although the reviewers listed above have provided many construc-
tive comments and suggestions, they were not asked to endorse the con-
clusions or recommendations nor did they see the final draft of the report
before its release. The review of this report was overseen by Robert
Goyer, University of Western Ontario, appointed by the Division on
Earth and Life Studies, who was responsible for making certain that an
independent examination of this report was carried out in accordance
with institutional procedures and that all review comments were care-
fully considered. Responsibility for the final content of this report rests
entirely with the authoring committee and the institution.

The committee gratefully acknowledges the valuable assistance
provided by the following persons: Ernest Falke, Marquea D. King, Iris
A. Camacho, and Paul Tobin (all from EPA); George Rusch (Honeywell,
Inc.); Cheryl Bast, Sylvia Talmage, Robert Young, and Sylvia Milanez
(all from Oak Ridge National Laboratory), Aida Neel (project associate),
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and Radiah Rose (senior editorial assistant). We are grateful to James J.
Reisa, director of the Board on Environmental Studies and Toxicology
(BEST), for his helpful comments. The committee particularly acknowl-
edges Kulbir Bakshi, project director for the committee, for bringing the
report to completion. Finally, we would like to thank all members of the
committee for their expertise and dedicated effort throughout the devel-
opment of this report.

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

William E. Halperin, Chair
Committee on Toxicology
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Introduction

This report is the fifth volume in the series Acute Exposure Guide-
line 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, and what steps to take in case of emergency. This tragedy
served to focus international attention on the need for governments to
identify hazardous substances and to assist local communities in plan-
ning how to deal with emergency exposures.

In the United States, the Superfund Amendments and Reauthoriza-
tion Act (SARA) of 1986 required that the U.S. Environmental Protec-
tion Agency (EPA) identify extremely hazardous substances (EHSs) and,
in cooperation with the Federal Emergency Management Agency and the
Department of Transportation, assist Local Emergency Planning Com-
mittees (LEPCs) by providing guidance for conducting health-hazard
assessments for the development of emergency-response plans for sites
where EHSs are produced, stored, transported, or used. SARA also re-
quired that the Agency for Toxic Substances and Disease Registry
(ATSDR) determine whether chemical substances identified at hazardous
waste sites or in the environment present a public-health concern.

As a first step in assisting the LEPCs, EPA identified approxi-
mately 400 EHSs largely on the basis of their immediately dangerous to
life and health (IDLH) values developed by the National Institute for Oc-
cupational Safety and Health (NIOSH) in experimental animals. Al-
though several public and private groups, such as the Occupational
Safety and Health Administration (OSHA) and the American Conference
of Governmental Industrial Hygienists (ACGIH), have established expo-
sure limits for some substances and some exposures (e.g., workplace or

1



2 Acute Exposure Guideline Levels

ambient air quality), these limits are not easily or directly translated into
emergency exposure limits for exposures at high levels but of short dura-
tion, usually less than 1 h, and only once in a lifetime for the general
population, which includes infants (from birth to 3 years of age), chil-
dren, the elderly, and persons with diseases, such as asthma, or heart dis-
ease.

The National Research Council (NRC) Committee on Toxicology
(COT) has published many reports on emergency exposure guidance lev-
els and spacecraft maximum allowable concentrations for chemicals used
by the Department of Defense (DOD) and the National Aeronautics and
Space Administration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b,
1986a,b, 1987, 1988, 1994, 1996a,b, 2000). COT has also published
guidelines for developing emergency exposure guidance levels for mili-
tary personnel and for astronauts (NRC 1986b, 1992). Because of COT’s
experience in recommending emergency exposure levels for short-term
exposures, in 1991 EPA and ATSDR requested that COT develop crite-
ria and methods for developing emergency exposure levels for EHSs for
the general population. In response to that request, the NRC assigned
this project to the COT Subcommittee on Guidelines for Developing
Community Emergency Exposure Levels for Hazardous Substances. The
report of that subcommittee, Guidelines for Developing Community
Emergency Exposure Levels for Hazardous Substances (NRC 1993),
provides step-by-step guidance for setting emergency exposure levels for
EHSs. Guidance is given on what data are needed, what data are avail-
able, how to evaluate the data, and how to present the results.

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

'NAC is composed of members from EPA, DOD, many other federal and
state agencies, industry, academia, and other organizations. The roster of NAC
is shown on page 9.
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AEGLs represent threshold exposure limits (exposure levels below
which adverse health effects are not likely to occur) for the general pub-
lic, including susceptible subpopulations and are applicable to emer-
gency exposures ranging from 10 min to 8 h. Three levels—AEGL-1,
AEGL-2, and AEGL-3—are developed for each of five exposure periods
(10 min, 30 min, 1 h, 4 h, and 8 h) and are distinguished by varying de-
grees of severity of toxic effects. The three AEGLs are defined as fol-
lows:

AEGL-1 is the airborne concentration (expressed as ppm [parts per
million] or mg/m3 [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 non-sensory 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/m3) of a substance above which it is predicted that the general popu-
lation, including susceptible 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/m3) of a substance above which it is predicted that the general popu-
lation, including susceptible 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 progressive 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 infants,
pregnant women, children, the elderly, persons with asthma, and those
with other illnesses, it is recognized that individuals, subject to unique or
idiosyncratic responses, could experience the effects described at con-
centrations below the corresponding AEGL.

SUMMARY OF REPORT ON
GUIDELINES FOR DEVELOPING AEGLS

As described in the Guidelines for Developing Community Emer-
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gency Exposure Levels for Hazardous Substances (NRC 1993) and the
NAC guidelines report Standing Operating Procedures on Acute Expo-
sure Guideline Levels for Hazardous Substances (NRC 2001), the first
step in establishing AEGLs for a chemical is to collect and review all
relevant published and unpublished information available on a chemical.
Various types of evidence are assessed in establishing AEGL values for a
chemical. These include information from (1) chemical-physical charac-
terizations, (2) structure-activity relationships, (3) in vitro toxicity stud-
ies, (4) animal toxicity studies, (5) controlled human studies, (6) observa-
tions 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 vi-
tro 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 extrapolation of data from other
routes would lead to additional uncertainty in the AEGL estimate.

For most chemicals, actual human toxicity data are not available or
critical information on exposure is lacking, so toxicity data from studies
conducted in laboratory animals are extrapolated to estimate the potential
toxicity in humans. Such extrapolation requires experienced scientific
judgment. The toxicity data from animal species most representative of
humans in terms of pharmacodynamic and pharmacokinetic properties
are used for determining AEGLs. If data are not available on the species
that best represents humans, the data from the most sensitive animal spe-
cies are used to set AEGLs. Uncertainty factors are commonly used
when animal data are used to estimate risk levels for humans. The mag-
nitude of uncertainty factors depends on the quality of the animal data
used to determine the no-observed-adverse-effect level (NOAEL) and the
mode of action of the substance in question. When available, pharma-
cokinetic data on tissue doses are considered for interspecies extrapola-
tion.

For substances that affect several organ systems or have multiple
effects, all end points, including reproductive (in both genders), devel-
opmental, neurotoxic, respiratory, and other organ-related effects, are
evaluated, the most important 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 10-4), 1 in 100,000 (1 x 10-5), and 1 in 1,000,000 (1 x 10-6)
exposed persons are estimated.
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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 scientific validity, completeness, and consistency with the NRC
guideline reports (NRC 1993; NRC, 2001). The NRC assigned this pro-
ject 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 De-
velopment Teams consisting of a chemical manager, two chemical re-
viewers, and a staff scientist of the NAC contractor—OQOak Ridge Na-
tional Laboratory. The draft documents are then reviewed by NAC and
elevated from “draft” to “proposed” status. After the AEGL documents
are approved by NAC, they are published in the Federal Register for
public comment. The reports are then revised by NAC in response to the
public comments, elevated from “proposed” to “interim” status, and sent
to the NRC 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 recommendations for revisions to ensure scientific validity
and consistency with the NRC guideline reports (NRC 1993, 2001). The
revised reports are presented at subsequent meetings until the committee
is satisfied with the reviews.

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

Thus far, the committee has prepared four reports in the series
Acute Exposure Guideline Levels for Selected Airborne Chemicals
(NRC 2000, 2002, 2003, 2004). This report is the fifth volume in that
series. AEGL documents for chlorine dioxide, chlorine trifluoride,
cyclohexylamine, ethylenediamine, hydrofluoroether (HFE 7100), and
tetranitromethane are published as an appendix to this report. The com-
mittee concludes that the AEGLs developed in those documents are sci-
entifically valid conclusions based on the data reviewed by NAC and are
consistent with the NRC guideline reports (NRC 1993, NRC 2001).
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AEGL reports for additional chemicals will be presented in subsequent
volumes.
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Chlorine Dioxide'

Acute Exposure Guideline Levels (AEGLs)

PREFACE

Under the authority of the Federal Advisory Committee Act
(FACA) P.L. 92-463 of 1972, the National Advisory Committee for
Acute Exposure Guideline Levels for Hazardous Substances (NAC/
AEGL Committee) has been established 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
to 8 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 mil-
lion or milligrams per cubic meter [ppm or mg/m3]) of a substance above
which it is predicted that the general population, including susceptible
individuals, could experience notable discomfort, irritation, or certain

'"This document was prepared by AEGL Development Team member Cheryl Bast of Oak
Ridge National Laboratory along with Robert Benson (Chemical Manager), Bill Bress and
Mark McClanahan (Chemical Reviewers) of the National Advisory Committee on Acute Ex-
posure Guideline Levels for Hazardous Substances (NAC).

13
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asymptomatic, non-sensory effects. However, the effects are not dis-
abling and are transient and reversible upon cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or
mg/m3) of a substance above which it is predicted that the general popu-
lation, including susceptible 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/m3) of a substance above which it is predicted that the general popu-
lation, including susceptible 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 asympto-
matic, non-sensory effects. With increasing airborne concentrations
above each AEGL, there is a progressive increase in the likelihood of
occurrence and the severity of effects described for each corresponding
AEGL. Although the AEGL values represent threshold levels for the
general public, including susceptible subpopulations, such as infants,
children, the elderly, persons with asthma, and those with other illnesses,
it is recognized that individuals, subject to unique or idiosyncratic re-
sponses, could experience the effects described at concentrations below
the corresponding AEGL.

SUMMARY

Chlorine dioxide (ClO,) is a yellow to reddish-yellow gas at room
temperature. It has an unpleasant odor, similar to the odor of chlorine and
reminiscent of nitric acid. It is a respiratory irritant. Pure chlorine dioxide
is stable in the dark and unstable in light. Inhaled (airborne) chlorine di-
oxide acts primarily as a respiratory tract and ocular irritant. In air, chlo-
rine dioxide readily dissociates both thermally and photochemically and
may form chlorine, oxygen, hydrogen chloride, HCIO;, HCIO,.CIO,
chlorine peroxide, and/or chlorine trioxide, dependent on temperature
and humidity. Chlorine dioxide dissociates in water into chlorite and
chloride, and to a lesser extent into chlorate (Budavari et al. 1996). The
major use of chlorine dioxide is that of chemical pulp bleaching. Other
uses include drinking water disinfection, the bleaching of textiles, flour,
cellulose, leather, fats, oils, and beeswax; taste and odor control of water;
as an oxidizing agent; and the in manufacture of chlorite salts (ACGIH
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2001). In 2001, chlorine dioxide was used to decontaminate public build-
ings in the United States after the release of anthrax spores (ATSDR
2002). The acute inhalation database for chlorine dioxide is quite sparse
for both human and animal exposures.

The AEGL-1 was based on slight salivation, slight lacrimation, and
slight chromodacryorrhea in rats exposed to 3 ppm chlorine dioxide for 6
h (DuPont 1955). A modifying factor of 2 was applied to account for the
sparse data base. Interspecies and intraspecies uncertainty factors of 3
each were applied because chlorine dioxide is highly reactive and clinical
signs are likely caused by a direct chemical effect on the tissues; this
type of port-of-entry effect is not expected to vary greatly between spe-
cies or among individuals. Thus, the total uncertainty/modifying factor is
20. Using the default value of 10 for either intra- or interspecies variabil-
ity would bring the total adjustment to 60 (total UF x MF) instead of 20.
This would generate AEGL-1 values that are not supported by the total
data set by yielding a value of 0.05 ppm, which is considered excessively
low in light of the fact that no irritation was noted in rats exposed to 0.1
ppm chlorine dioxide 5 h/day for 10 weeks (Dalhamn 1957) and no irri-
tation was noted in rats exposed at 5 ppm for 15 min, 2 or 4 times/day for
1 month (Paulet and Desbrousses 1974). The AEGL-1 value was held
constant across all time points because minor irritation is not likely to be
time dependent.

The AEGL-2 was based on lacrimation, salivation, dyspnea, weak-
ness, and pallor in rats exposed to 12 ppm chlorine dioxide for 6 h (Du-
Pont 1955). Interspecies and intraspecies uncertainty factors of 3 each
were applied because chlorine dioxide is highly reactive and clinical
signs are likely caused by a direct chemical effect on the tissues; this
type of port-of-entry effect is not expected to vary greatly between spe-
cies or among individuals. A modifying factor of 2 was also applied to
account for the sparse data base. Thus, the total uncertainty/modifying
factor is 20. Using the default value of 10 for either intra- or interspecies
variability would bring the total adjustment to 60 (total UF x MF) instead
of 20. This would generate AEGL-2 values that are not supported by the
total data set by yielding a 4-h AEGL-2 value of 0.23 ppm, yet rats re-
peatedly exposed to 3 ppm chlorine dioxide (Dupont 1955), 6 h/day for
10 days showed only minor irritation (slight salivation, slight lacrima-
tion, and slight red ocular discharge on the first day of the study). This
comparison shows that a combined uncertainty/modifying factor of 60 is
excessively large. The concentration-exposure time relationship for many
irritant and systemically acting vapors and gases may be described by C"
x t = k, where the exponent, n, ranges from 0.8 to 3.5 (ten Berge et al.
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1986). To obtain conservative and protective AEGL values in the ab-
sence of an empirically derived chemical-specific scaling exponent, tem-
poral scaling was performed using » = 3 when extrapolating to shorter
time points (30 min, 1 h, and 4 h) and » = 1 (8 h) when extrapolating to
longer time points using the C" x ¢ = k equation. The 30-min AEGL-2
value was also adopted as the 10-min AEGL-2 value due to the added
uncertainty of extrapolating from a 6-h time point to 10-min.

The AEGL-3 was based on a study showing no deaths in rats ex-
posed to 26 ppm chlorine dioxide for 6 h (DuPont 1955). Chlorine diox-
ide is highly reactive and causes serious adverse effects in the lung, in-
cluding congestion and pulmonary edema. These effects are presumed to
be the cause of death and are likely caused by a direct chemical effect on
the tissue in the lung. As this effect is not expected to vary greatly among
individuals or between species, intraspecies and interspecies uncertainty
factors of 3 each were applied. A modifying factor of 2 was applied to
account for the relatively sparse data base. Thus, the total uncertainty/
modifying factor is 20. Using the default value of 10 for either intra- or
interspecies variability would bring the total adjustment to 60 (total UF x
MF) instead of 20. This would generate AEGL-3 values that are not sup-
ported by the total data set by yielding a 4-h AEGL-3 value of 0.50 ppm.
The value of 0.50 ppm is too low because it is below the 4-h AEGL-2
value of 0.69 ppm which was shown to be a reasonable lower limit of the
disabling AEGL-2 value (see rationale above). The concentration-
exposure time relationship for many irritant and systemically-acting va-
pors and gases may be described by C" x ¢ = k, where the exponent, n,
ranges from 0.8 to 3.5 (ten Berge et al. 1986). To obtain conservative and
protective AEGL values in the absence of an empirically derived chemi-
cal-specific scaling exponent, temporal scaling was performed using n =
3 when extrapolating to shorter time points (30 min, 1 h, and 4 h) and n =
1 (8 h) when extrapolating to longer time points using the C" x ¢ = k
equation. The 30-min AEGL-3 value was also adopted as the 10-min
AEGL-3 value due to the added uncertainty of extrapolating from a 6-h
time point to 10 min. The proposed values appear in Table 1-1.

I. INTRODUCTION

Chlorine dioxide (ClO,) is a yellow to reddish-yellow gas at room
temperature. It has an unpleasant odor, similar to the odor of chlorine and
reminiscent of nitric acid. It is very reactive and a strong oxidizing agent.
Pure chlorine dioxide is stable in the dark and unstable in light (Budavari
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TABLE 1-1 Summary Table of AEGL Values for Chlorine Dioxide
(ppm [mg/m’])

10 30 End Point
Classification min min 1h 4h 8h (Reference)

AEGL-1 0.15 0.15 0.15 0.15 0.15 Slight salivation,

(Nondisabling) (0.41) (0.41) (0.41) (0.41) (0.41) slight lacrimation,
and slight
chromodacryorrhea
in rats exposed to 3
ppm for 6 h
(DuPont 1955)

AEGL-2 1.4 1.4 1.1 0.69 0.45 Lacrimation,

(Disabling) 3.9 3.9) 3.0 (1.9) (1.2) salivation,
dyspnea,
weakness, and
pallor in rats
exposed to 12 ppm
for 6 h (DuPont
1955)

AEGL-3 3.0 3.0 2.4 1.5 0.98 No lethality in rats

(Lethal) (8.3) (8.3) (6.6) 4.1 2.7 exposed to 26 ppm
for 6 h (DuPont
1955)

et al. 1996). Inhaled (airborne) chlorine dioxide acts primarily as a respi-
ratory tract and ocular irritant. In air chlorine dioxide gas readily decom-
poses both thermally and photochemically. Thermal decomposition is
characterized by a slow induction period followed by a rapid autocata-
lytic phase that may be explosive if the initial concentration is above a
partial pressure of 76 mm Hg. Unstable chlorine oxide may be formed as
an intermediate, and the presence of water vapor is hypothesized to ex-
tend the duration of the induction period by reacting with the chlorine
oxide intermediate. When water vapor concentrations are high, explosiv-
ity is minimized and all decomposition occurs in the induction phase; the
water vapor inhibits the autocatalytic phase. The products of thermal de-
composition of gaseous chlorine dioxide include chlorine, oxygen, hy-
drogen chloride, HC10O;, and HCIO,. The proportions of products formed
depend on the ambient temperature and concentration of water vapor
(Kaczur and Cawfield 1993). Photochemical decomposition of gaseous
chlorine dioxide initially involves homolytic scission of the chlorine
oxygen bond to form CIO and O. These products then generate secon-
dary products including chlorine peroxide, chlorine, oxygen, and chlo-



18 Acute Exposure Guideline Levels

rine trioxide (Griese et al. 1992; Kaczur and Cawfield 1993). The chlo-
rite ion does not persist in the atmosphere either in ionic form or as chlo-
rite salt and is not likely to be inhaled.

In aqueous media, chlorine dioxide is relatively unstable and disso-
ciates in water into chlorite and chloride, and to a lesser extent into chlo-
rate (Budavari et al. 1994. Chlorine dioxide is prepared from chlorine
and sodium chlorite or potassium chlorate and sulfuric acid (Budavari et
al. 1996). Chlorine dioxide is always made at the place where it is used
because of the risk of rapid decomposition. The production volume of
chlorine dioxide was estimated from the total sodium chlorate consump-
tion for chemical pulp bleaching, as this use accounts for > 95% of all
chlorine dioxide production. The annual production of chlorine dioxide
in the United States was estimated to be 79, 81, 146, 226, and 361 kilo-
tons for the years 1970, 1975, 1980, 1985, and 1990, respectively
(ATSDR 2002). As stated above, the major use of chlorine dioxide is for
chemical pulp bleaching. Other uses include drinking water disinfection
and the bleaching of textiles, flour, cellulose, leather, fats, oils, and
beeswax; taste and odor control of water; as an oxidizing agent; and in
the manufacture of chlorite salts (ACGIH 2001). In 2001, chlorine diox-
ide was used to decontaminate public buildings in the United States after
the release of anthrax spores (ATSDR 2002). Chemical and physical
properties are listed in Table 1-2.

2. HUMAN TOXICITY DATA
2.1. Acute Lethality

A bleach tank worker died after exposure to 19 ppm chlorine diox-
ide for an undetermined duration; whereas, another worker exposed at
the same time survived (Elkins 1959). No other details were reported.

2.2. Nonlethal Toxicity

Elkins (1959) reported that 5 ppm chlorine dioxide was “definitely”
irritating to humans. No other details were reported.

Three odor thresholds have been reported for chlorine dioxide: 0.1
ppm (Ellenhorn and Barceloux 1988), 9.4 ppm (Amoore and Hautala
1983), and 15 ppm (Vincent et al. 1946). However, there are no reliable
data to support these values.
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TABLE 1-2 Chemical and Physical Data
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Parameter Value Reference
Synonyms Chlorine peroxide; IPCS, 1993
Chlorine oxide; Chlorine
(IV) oxide
Molecular formula ClO, Budavari et al. 1996
Molecular weight 67.45 Budavari et al. 1996
CAS Registry Number 10049-04-4 ACGIH, 2001
Physical state Gas Budavari et al. 1996
Color Yellow to reddish-yellow  Budavari et al. 1996
gas
bluish-white liquid
Solubility in water 3.01 g/l at 25°C and 34 Budavari et al. 1996
mmHg (decompose)
Vapor pressure 760 torr at 20°C ACGIH, 2001
Vapor density (air = 1) 2.3 ACGIH, 2001
Specific gravity 1.642 at 0°C (liquid) ACGIH, 2001
Melting point =59°C ACGIH, 2001
Boiling point 11°C ACGIH, 2001
Odor Unpleasant-similar to Budavari et al. 1996
chlorine

Conversion factors 1 ppm = 2.76 mg/m’

Bronchitis and emphysema were reported in a 53-year-old chemist
repeatedly exposed to low concentrations of chlorine dioxide over a pe-
riod of several years and to higher concentrations in conjunction with
three explosions (Petry 1954). Dyspnea of increasing severity and asth-
matic bronchitis were reported apparently after cessation of the expo-
sures. No exposure concentration was reported.

A 49-year-old woman was exposed to an unknown concentration of
chlorine dioxide accidentally generated while bleaching dried flowers
(Exner-Friesfeld et al. 1986). She initially noticed a sharp, pungent smell
and experienced coughing, pharyngeal irritation, and headache. Seven
hours after exposure, she was hospitalized due to a worsening cough and
dyspnea. Clinical findings included tachypnea, tachycardia, and rales on
asculation. Clinical chemistry revealed marked leukocytosis. The chest
x-ray was normal. The vital capacity and forced expiratory volume in 1
sec were decreased, to 73% and 70% of normal, respectively, and airway
resistance was correspondingly increased. Blood gas examination re-
vealed hypoxia despite alveolar hyperventilation. Symptoms resolved
with corticosteroid treatment, and a follow-up examination two years
post-exposure showed normal pulmonary function.
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In another case report, Meggs et al. (1995; 1996) evaluated 13
adults (12 females and 1 male) 5 years after an occupational exposure to
chlorine dioxide associated with a leak in a water purification system
pipe. No exposure concentration or duration data were presented. Ob-
served long-term effects included sensitivity to respiratory irritants (13
people), disability accompanied by loss of employment (11 people),
chronic fatigue (11 people), and nasal abnormalities, including talangec-
tasia, paleness, edema, and thick mucous (13 people). Nasal biopsies
from the exposed workers showed chronic inflammation with lympho-
cytes and plasma cells in 11 of the 13 people. This inflammation was
described as mild in two persons, moderate in eight persons, and severe
in one person. Nasal biopsies of three control subjects showed mild in-
flammation in one subject. The number of nerve fibers in biopsies from
the exposed workers was greater than in biopsies from the control group.

Gloemme and Lundgren (1957) studied 12 male employees who
reported symptoms after they began work with chlorine dioxide at a sul-
fite-cellulose production factory. Spot samples of chlorine and chlorine
dioxide during normal operations were generally <0.1 ppm. Occasional
leaks from faulty vacuum lines would result in “high” levels of chlorine,
chlorine dioxide, and/or sulfur dioxide. Chronic bronchitis was diag-
nosed in 7 of the 12 workers. The workers reported breathlessness,
wheezing, irritant cough, and ocular discomfort associated with the leak-
ages.

Ferris et al. (1967) examined 147 men employed at a pulp mill; the
length of employment was not reported. The workers were exposed to
sulfur dioxide or chlorine and chlorine dioxide, with average chlorine
dioxide concentrations ranging from 0 to 0.25 ppm and average chlorine
concentrations ranging from 0 to 7.4 ppm. (Peak chlorine dioxide con-
centrations reached 2 ppm, and peak chlorine concentrations reached 64
ppm.) Shortness of breath, excess phlegm, and bronchitis were noted in
the workers, with workers exposed to chlorine or chlorine dioxide exhib-
iting more severe symptoms than those exposed only to sulfur dioxide.

Kennedy et al. (1991) compared health effects in 321 pulp mill
workers exposed to chlorine dioxide and chlorine with 237 control work-
ers at a rail yard. Personal time weighted average concentrations at the
pulp mill were 5 to 14 ppm chlorine and <0.1 ppm chlorine dioxide. No
air monitoring data from the rail yard were provided. Additionally, chlo-
rine or chlorine dioxide “gassing” exposures from accidental releases
were reported by 60% of the pulp mill workers. There were increased
incidences of wheezing and breathlessness reported by pulp mill workers
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compared to the rail yard workers; however, pulmonary function tests
did not reveal any significant differences between the pulp mill workers
and the rail yard controls. Airflow obstruction, as measured by FEV|,
was increased (p < 0.05) in the pulp mill workers experiencing “gassing”
incidents compared with those not experiencing “gassing” incidents.

2.3. Developmental/Reproductive Effects

No data concerning developmental or reproductive effects of chlo-
rine dioxide inhalation in humans were identified in the available litera-
ture; however, epidemiological studies of populations consuming chlo-
rine dioxide- treated drinking water were located. A retrospective study
was conducted using 1940s birth records from Chicopee, Massachusetts;
this community utilized “relatively high” levels of chlorine dioxide for
water disinfection (Tuthill et al. 1982). The morbidity and mortality ex-
perience of infants born in Chicopee was compared to that of infants
born in Holyoke, Massachusetts, a geographically contiguous community
that utilized traditional chlorination practices. There was no difference in
fetal, neonatal, or infant mortality; or in birthweight, sex ratio or birth
condition between infants born in the two communities. There was an
apparent increase (p < 0.05) in the number of infants judged as premature
by physician assessment in the chlorine-dioxide-exposed population
(7.8%) compared with the control community (5.8%). However, there
was no increase in prematurity when data were evaluated controlling for
the age of the mother.

In another study, Kanitz et al. (1996) conducted an epidemiological
study comparing 548 infants born to mothers (Genoa, Italy) who had
consumed water disinfected with chlorine dioxide (<0.3 mg/mL) and/or
sodium hypochlorite with 128 infants born to mothers (Chiavari, Italy)
who had consumed primarily untreated well water. There was a higher
frequency of infants with small (<49.5 cm) body length in mothers ex-
posed to chlorinated water (chlorine dioxide adjusted odds ratio [OR] =
2.0 [95% CI = 1.2-3.3]; sodium hypochlorite OR = 2.3 [95% CI = 1.3-
4.2]) compared with those exposed to well water. There was also a
higher frequency of infants with small (<35 cm) cranial circumference in
mothers exposed to chlorinated water (chlorine dioxide adjusted OR =
2.2 [95% CI = 1.4-3.9]; sodium hypochlorite OR = 3.5 [95% CI = 2.1-
8.5]) compared with those exposed to well water. There was also an ap-
proximate doubling of cases of neonatal jaundice in infants of mothers
who consumed the disinfected water. The conclusions that can be drawn
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from this study are confounded by lack of quantitative exposure informa-
tion, possible exposure to other chemicals in the water, and lack of con-
sideration of nutritional and smoking habits and maternal age distribution
between the two populations.

2.4. Genotoxicity

No data concerning the genotoxicity of chlorine dioxide in humans
were identified in the available literature.

2.5. Carcinogenicity

No data concerning the carcinogenicity of chlorine dioxide in hu-
mans were identified in the available literature.

2.6. Summary

Deaths from chlorine dioxide exposure have occurred but exposure
concentrations are unknown. Exposures that failed to result in mortality
suggest that chlorine dioxide is a respiratory irritant causing wheezing,
cough, dyspnea, decreased pulmonary function, and nasal pathology.
Specific exposure levels and/or durations for specific symptoms were not
available and were confounded by concurrent exposures to other chemi-
cals. Information on developmental/ reproductive effects was available
only for the oral route of exposure from disinfected drinking water and
these studies contain many confounding variables, making it impossible
to definitively attribute the effects to chlorine dioxide. No genotoxicity
or carcinogenicity data were located.

3. ANIMAL TOXICITY DATA
3.1. Acute Lethality
Acute lethality data are limited. A series of experiments in rats re-
ports both lethal and nonlethal effects (DuPont 1955; Dalhamn 1957).

Other lethality studies in guinea pigs, rabbits, mice, and rats are not well
described. The limited data are summarized in Table 1-3.
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3.1.1. Rats

DuPont (1955) conducted a series of acute lethality experiments in
male Sprague-Dawley rats. Chlorine dioxide was generated by adding a
sodium chlorite solution dropwise at a constant rate into a heated flask
containing 85% phosphoric acid. Metered air was passed through the
flask and then into a bell jar containing 2 or 4 rats. The chlorine dioxide
concentration was determined analytically at least 3 times during each
exposure period. Groups of two rats were exposed to 54 ppm chlorine
dioxide for 1 h or to 38 ppm chlorine dioxide for 4.5 to 6 h. Both rats
exposed to 54 ppm died during exposure. One rat exposed to 38 ppm
died 4.5 h into the exposure, whereas, the other rat died within 24 h after
exposure. Death was attributed to pulmonary congestion and edema ob-
served at necropsy. No lethality was noted in a group of four rats ex-
posed to 26 ppm chlorine dioxide for 6 h (DuPont 1955), and no pathol-
ogy was observed in the one animal sacrificed 24 h post-exposure or in
the remaining three animals sacrificed 10-days post-exposure. Clinical
signs were similar in all treatment groups and included cyanosis, dysp-
nea, salivation, lacrimation, and chromodacryorrhea.

Dalhamn (1957) conducted a series of four experiments to examine
both lethal and nonlethal effects of chlorine dioxide inhalation in an un-
specified sex and strain of rats. The chlorine dioxide gas was generated
by combining hydrochloric acid with solid sodium chlorite. The resulting
chlorine and chlorine dioxide gasses were then led into a wash bottle
containing sodium chlorite solution. The chlorine gas reacted with this
solution to form chlorine dioxide. The chlorine dioxide was then dis-
solved in distilled water to avoid the presence of chlorine gas in the ex-
periments. Compressed air was then bubbled through the pure chlorine
dioxide solution to generate the chlorine dioxide for the rats to inhale. In
one experiment, four rats were exposed to approximately 260 ppm chlo-
rine dioxide for 2 h. To maintain a fairly constant concentration, the gas
was changed every half-hour; the reported concentrations were 265, 264,
266, and 245 ppm, respectively. Ocular discharge and epistaxis were ob-
served, and one rat died after exposure for 1 h. The other rats were sacri-
ficed immediately after the 2-h exposure. Pulmonary edema and circula-
tory engorgement were noted in all four rats; however, no control data
were presented.

In another experiment, Dalhamn (1957) exposed five rats to 0 or 10
ppm chlorine dioxide 4 h/day for 9 days over a 13 day period. The ex-
posed rats exhibited rhinorrhea and labored respiration and weighed 20-
33% less than controls from days 10 to 13. One rat died after 10 expo-
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sures, two died on day 11, and the final two died on day 13. Necropsy
showed respiratory infection, and acute renal and hepatic congestion in
treated rats. No effects were noted in controls.

Hecht (1950) reported that rats exposed to 35 ppm chlorine dioxide
for 6 h died. No deaths were reported in rats exposed to 70 ppm for 30
min, 20 ppm for 2 h, or 10 ppm for 1 h. No experimental details were
described.

3.1.2. Mice

Hecht (1950) reported that mice exposed to 70 ppm chlorine diox-
ide for 30 min died during the night following exposure. Mice exposed to
35 ppm for 6 h died, and no deaths were reported in mice exposed to 20
ppm for 2 h, or 10 ppm for 1 h. No experimental details were described.

3.1.3. Guinea Pigs

Hecht (1950) reported no deaths in guinea pigs exposed to 70 ppm
chlorine dioxide for 30 min, 35 ppm for 6 h, 20 ppm for 2 h, or 10 ppm
for 1 h. No experimental details were described.

Taylor et al. (1940) reported lethality in guinea pigs exposed to 150
ppm chlorine dioxide for 45 min. No deaths were reported in guinea pigs
exposed to 14-17 ppm for 6 h or 45 ppm for 45 min. No experimental
details were described.

Haller and Northgraves (1955) reported that guinea pigs died dur-
ing exposure to 150 ppm chlorine dioxide for 44 min. Deaths were also
reported in guinea pigs exposed to 150 ppm for 5-15 min and 1,000 ppm
for 3 min. No experimental description was provided.

3.1.4. Rabbits

Hecht (1950) reported deaths in rabbits exposed to 70 ppm chlorine
dioxide for 30 min and 35 ppm for 6 h. No deaths were reported in rab-
bits exposed to 20 ppm for 2 h or 10 ppm for 1 h. No experimental de-
tails were described.
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3.2. Nonlethal Toxicity
3.2.1. Rats

DuPont (1955) conducted a series of repeated-exposure experi-
ments in male Sprague-Dawley rats. Chlorine dioxide was generated by
adding a sodium chlorite solution dropwise at a constant rate into a
heated flask containing 85% phosphoric acid. Metered air was passed
through the flask and then into a bell jar containing 2 or 4 rats. The chlo-
rine dioxide concentration was determined analytically at least three
times during each exposure period. A group of four rats was exposed to
12 ppm chlorine dioxide, 6 h/day for 6 or 7 days. Clinical signs observed
on the first day of the study included lacrimation, salivation, dyspnea,
weakness, and pallor. These signs increased in severity with repeated
exposures. All of the rats survived through the sixth exposure. Two of
the rats died after the sixth exposure, and two were sacrificed for pathol-
ogy after the seventh exposure. Necropsy revealed acute bronchitis and
emphysema, but no evidence of pulmonary edema, in all four rats.

DuPont (1955) also similarly exposed a group of four rats to 3 ppm
chlorine dioxide, 6 h/day for 10 days. Clinical signs observed on the first
day of the study included slight salivation, slight lacrimation, and slight
chromodacryorrhea. These signs increased in severity with repeated ex-
posures. No animals died, and no gross or microscopic pathology was
observed when rats were sacrificed immediately after the tenth exposure.

As mentioned in Section 3.1.1, Dalhamn (1957) conducted a series
of four experiments to examine both lethal and nonlethal effects of chlo-
rine dioxide inhalation in an unspecified sex and strain of rats. In one
experiment, three rats were exposed once a week for 3 min to decreasing
concentrations of chlorine dioxide; the animals were exposed to 3435
ppm chlorine dioxide on day 1, to 1,118 ppm on day 8, and to 760 ppm
on day 16. A group of three rats was exposed to compressed air and
served as controls. Respiratory distress was observed and mean body
weight of the exposed rats was 10% below that of controls on day 16.
Necropsy revealed bronchopneumonia and hyperemia of the renal corti-
comedullary junction in two of the exposed rats; however, the lungs and
kidneys of the third exposed rat were normal. The lungs were normal in
all three control rats; however, renal hyperemia was noted in two.

In another experiment, Dalhamn (1957) exposed groups of five rats
to 0 or 0.1 ppm chlorine dioxide 5 h/day for 10 weeks. No clinical signs
were observed during treatment and no treatment-related effects were
noted at necropsy.
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Paulet and Desbrousses performed a series of repeated-exposure
studies in rats. Unfortunately, for the purposes of AEGL derivation, data
after single exposures were not reported. Groups of five male and five
female rats were exposed to 10 ppm chlorine dioxide, 2 h/day for 30
days. Groups of 10 male and 10 female rats were exposed to 5 ppm, 2
h/day for 30 days, and groups of 10 male and 10 female rats were ex-
posed to 2.5 ppm, 7 h/day for 30 days (Paulet and Desbrousses (1970).
The strain of rat was not specified; control groups with equal numbers of
rats were used for each exposure scenario. Nasal discharge, red eyes, and
bronchopneumonia accompanied by desquamation of alveolar epithelium
were observed at 5 and 10 ppm, with effects being more severe at 10
ppm. Increased erythrocyte and leukoctye counts were noted in animals
exposed to 10 ppm chlorine dioxide. Rats exposed to 2.5 ppm exhibited
lymphocytic infiltration of the alveolar spaces, alveolar vascular conges-
tion, hemorrhagic alveoli, epithelial erosions, and inflammatory infiltra-
tions of the bronchi. No effects were reported in control animals. In an-
other report, Paulet and Desbrousses (1972) exposed a group of eight
Wistar rats (sex not reported) to 1 ppm chlorine dioxide, 5 h/day, 5
days/week for 2 months. Vascular congestion and peribronchiolar edema
were observed at necropsy.

In another study, Paulet and Desbrousses (1974) exposed groups of
10-15 rats (sex and strain not reported) to 0, 5, 10, or 15 ppm chlorine
dioxide, 15 min, 2 or 4 times/day for 1 month. At 15 ppm, mortality was
observed in 1/10 rats exposed 2 times/day and in 1/15 rats exposed 4
times/day. Decreased body weight, nasal and ocular inflammation and
discharge, bronchitis, and peribronchiolar lesions were observed at 15
ppm; effects were more severe in animals exposed 4 times/day. Alveolar
irritation and decreased body weight were observed at 10 ppm, and no
effects were reported at 5 ppm.

3.2.2. Rabbits

A group of four rabbits was exposed to 5 ppm chlorine dioxide, 2
h/day for 30 days, and a group of eight rabbits was exposed to 2.5 ppm, 4
h/day for 45 days (Paulet and Desbrousses 1970). The strain and sex
were not specified; control groups with equal numbers of rabbits were
used for each exposure scenario. Nasal discharge, red eyes, and broncho-
pneumonia accompanied by desquamation of alveolar epithelium were
observed at 5 ppm. Rabbits exposed to 2.5 ppm exhibited hemorrhagic
alveoli and congested capillaries in the lungs at study termination. Pul-
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monary effects had resolved in animals sacrificed 15 days after exposure
termination (2.5 ppm group).

3.3. Developmental/Reproductive Effects

No information regarding developmental/reproductive effects of
chlorine dioxide in animals via the inhalation route was located in the
available literature. However, several oral studies were available. No
developmental or reproductive effects were noted in Long-Evans rats
administered daily gavage doses of 0, 2.5, 5, or 10 mg/kg chlorine diox-
ide in water (Carlton et al. 1991). Groups of 12 males were treated for 56
days prior to mating and throughout the 10-day mating period, and
groups of 24 females were treated 14 days prior to mating, during the
mating period and during gestation and lactation.

In another gavage study, Toth et al. (1990) administered daily doses
of 0 or 14 mg/kg chlorine dioxide to four male and four female Long-
Evans rat pups on postnatal days 1-20. Body weight of treated rats was
decreased on days 11, 21, and 35, and forebrain weight was decreased on
days 21 and 35. Decreased protein content and DNA content of the brain
were also observed on days 21 and 35.

Taylor and Pfohl (1985) administered 0 or 100 ppm chlorine diox-
ide to female Sprague-Dawley rats in the drinking water 14 days prior to
gestation and throughout gestation and lactation. Decreased brain weight,
due mainly to a decrease in cerebellar weight, was observed in 21-day-
old pups from treated dams. A decrease in total cerebellar DNA content
was also noted in these pups. A decrease in exploratory behavior was
observed in the 60-day-old pups of treated dams.

Taylor and Pfohl (1985) also administered 0 or 14 mg/kg chlorine
dioxide to male Sprague-Dawley rat pups from untreated dams via ga-
vage on postnatal days 5 to 20. Decreased body weight, absolute and
relative whole brain and forebrain weights, and forebrain DNA content
were observed in 21-day-old treated pups. Decreased home cage activity
was observed on days 18-19, and wheel-running activity was decreased
on day 10. No other effects were reported.

In another study, groups of six to eight female Sprague-Dawley rats
were administered 0, 1, 10, or 100 ppm chlorine dioxide in the drinking
water for 2.5 months prior to mating and during gestation days 0-20
(Suh, et al. 1983). There was a trend for decreasing number of implants
per litter and number of live fetuses per dam. Total fetal weight and male
fetal weight were increased at 100 ppm.
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In another drinking water study, groups of 12 female Sprague-
Dawley rats were administered 0 or 100 ppm chlorine dioxide for 10
days prior to mating and during the gestation and lactation periods
(Mobley et al. 1990). The litter weight of treated animals was lower than
controls at birth. Also, chlorine dioxide treated pups exhibited decreased
exploratory activity on postconception days 36-38 but not on days 39-40.

3.4. Genotoxicity

No information regarding the genotoxicity of chlorine dioxide in
animals via inhalation was located in the available literature. Chlorine
dioxide was positive in an in vivo micronucleus assay in mice after an
i.p. injection of 3.2-25 mg/kg chlorine dioxide (Hayashi et al. 1988).
Meier et al. (1985) administered 0.1 to 0.4 mg chlorine dioxide by ga-
vage to Swiss CD-1 mice for 5 consecutive days; there was no evidence
of increased incidences of micronuclei or bone marrow chromosomal
aberrations and no effect on sperm head morphology. In an in vitro
study, chlorine dioxide was negative for chromosome aberrations in Chi-
nese hamster fibroblast cells (Ishidate et al. 1984). It was negative in the
Salmonella typhimurium reverse mutation assay without activation and
positive with activation (Ishidate et al. 1984); however, water samples
disinfected with chlorine dioxide were negative both with and without
activation (Miller et al. 1986).

3.5. Chronic Toxicity/Carcinogenicity

No information regarding the carcinogenicity of chlorine dioxide in
animals via the inhalation route was located in the available literature. In
a dermal exposure study, the dorsal area of groups of five female
SENCAR mice were shaved and the mice were placed in chambers con-
taining 0, 1, 10, 100, 300, or 1000 ppm chlorine dioxide dissolved in wa-
ter, 10 min/day for 4 days (Robinson et al. 1986). The chambers were
designed to prevent inhalation of vapors. An increase in epidermal thick-
ness, suggesting epidermal hyperplasia, was noted at 300 and 1000 ppm.

Miller et al. (1986) tested the carcinogenic potential of concentrates
prepared from chlorine dioxide disinfected drinking water in several
short-term assays. The concentrates did not increase the incidence of
lung adenomas in strain A mice, skin tumor frequency in SENCAR mice,
or gammaglutamyl transpeptidase positive foci in rat livers.
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3.6. Summary

Lethality data are very limited; no LCs, values were available. Re-
ports of lethality were available for rats, mice, guinea pigs and rabbits;
however, experimental details were generally poorly reported. Pulmo-
nary congestion and edema were noted at necropsy in some animals after
lethal exposure to chlorine dioxide. Sublethal studies were also limited
and most used repeat exposure protocols; however, limited data were
available describing clinical signs observed after the first exposure. Chlo-
rine dioxide is an irritant as evidenced by lacrimation, salivation, dysp-
nea, weakness, and pallor, and by difficulty breathing, nasal discharge,
ocular irritation and pneumonia observed in rats during or after exposure
to sublethal concentrations of chlorine dioxide. Developmental delays
were observed in animals following ingestion of chlorine dioxide in wa-
ter. Genotoxicity studies with chlorine dioxide yielded both positive and
negative results and no long-term carcinogenicity studies were available.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition

No data concerning the metabolism of chlorine dioxide after inhala-
tion were available.

Information regarding the metabolism of chlorine dioxide via inges-
tion is available. The chloride ion is the ultimate metabolite of chlorine
dioxide after oral administration. After a single gavage dose of 100 mg/L
36CIlO; in rats, 87% of the radiolabeled chlorine in the urine was in the
form of chloride ion and 80% of the label in the plasma was in the form
of chloride (Abdel-Rahman et al. 1980a). Chlorite was also a major me-
tabolite accounting for 11% and 21% of label in the urine and plasma,
respectively. Approximately 2% of the urinary *°Cl was in the form of
chlorate. The radioactive label was primarily excreted in the urine; dur-
ing the first 24 h after dosing, 18% of the label was in the urine, and
4.5% was detected in the feces. The 72-h sample contained 31% of the
label in the urine and 4.5% in the feces. No label was detected in expired
air. No parent compound was detected in the urine (Abdel-Rahman et al.
1984a).

The metabolic pathways of inhaled and ingested chlorine dioxide
are likely different because chlorine dioxide dissociates in air to form
chlorine, oxygen, hydrogen chloride, HCIO;, HCl1O,4.ClO, chlorine per-
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oxide, and/or chlorine trioxide, dependent on temperature and humidity
(Griese et al. 1992; Kaczur and Cawfield 1993) and because chlorite
does not persist in the atmosphere either in the ionic form or as the chlo-
rite salt. Given the fact that gaseous chlorine dioxide readily decom-
poses, it is unlikely that chlorite would be formed from parent chlorine
dioxide in the aqueous mucus of the upper respiratory tract; and if the
chlorite were to form, it is unlikely that a sufficient amount would be
absorbed to induce toxic effects similar to those noted after ingestion of
chlorine dioxide in aqueous media. Therefore, use of metabolic informa-
tion regarding exposure to chlorine dioxide in aqueous media is rather
limited for the purposes of derivation of AEGL values for inhalation ex-
posure.

4.2. Mechanism of Toxicity

Inhaled (airborne) chlorine dioxide primarily acts as a respiratory
tract and ocular irritant. Lacrimation, salivation, dyspnea, weakness, pal-
lor, and pulmonary congestion and edema were noted in rats after acute
exposure to chlorine dioxide (DuPont 1955). Alveolar congestion and
hemorrhage, bronchial inflammation, and peribronchiolar edema have
also been noted in rats and rabbits after inhalation of chlorine dioxide
(Paulet and Desbrousses 1970, 1972, 1974). Limited data from human
exposure also indicate respiratory irritation (Elkins 1959; Exner-Friesfeld
et al. 1986; Meggs et al. 1996).

After oral exposure to sufficiently high doses, chlorine dioxide may
produce hematologic effects such as methemoglobenia and Heinz Body
hemolytic anemia. Due to its highly reactive nature, it is unlikely that
chlorine dioxide would be absorbed in amounts great enough to produce
this toxicity directly. Chlorite is produced and absorbed following oral
exposure to chlorine dioxide in animals (Abdel-Rahman et al. 1980a),
and is likely responsible for the hematological effects. Chlorite has been
shown to be more efficient than chlorine dioxide in the production of
methemoglobin, in decreasing blood glutathione, and in alteration of red
blood cells (Abdel-Rhaman et al. 1980b; 1984b). Furthermore, in vitro
studies have shown that ample amounts of glutathione may prevent chlo-
rine-dioxide (chlorite)- induced osmotic fragility by prevention of the
formation of disulfide bonds between hemoglobin and cell membrane
components (Abdel-Rhaman et al. 1984b). Thus, it is the chlorine diox-
ide metabolites and byproducts (especially chlorite) that are responsible
for toxicological effects from ingested chlorine dioxide. The chlorite
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(CLOy") does not persist in the atmosphere either in ionic form or chlorite
salt and, thus is not likely to be inhaled (ATSDR 2002). Therefore, the
use of information regarding exposure to chlorine dioxide in aqueous
media is limited for the purposes of derivation of AEGL values for inha-
lation exposure.

4.3. Structure-Activity Relationships

No structure-activity relationships were applicable for establishing
AEGLSs for chlorine dioxide.

4.4. Other Relevant Information
4.4.1. Species Differences

Data are sparse, inconsistent, and inadequate for comparing differ-
ential species sensitivities after chlorine dioxide inhalation.

4.4.2. Susceptible Populations

No data were available concerning susceptible populations follow-
ing inhalation of chlorine dioxide. However, chlorine dioxide is an ocular
and respiratory irritant.

Developmental delays were observed in neonates following inges-
tion of chlorine dioxide, suggesting that they may be a sensitive sub-
population. However, the reason for this increased sensitivity is not
known (EPA, 2000).

Smith and Wilhite (1990) have suggested that individuals undergo-
ing hemodialysis may be at increased risk of erythrocyte damage from
water disinfected with chlorine dioxide. Also, persons with an inherited
deficiency of red blood cell glucose-6-phosphate dehydrogenase may
also be more sensitive to water disinfected with chlorine dioxide than
healthy people because chlorite produced in situ can induce Heinz body
hemolytic anemia (HBHA) in people deficient in erythrocyte glucose-6-
phosphate dehydrogenase (G-6-PD) (Calabrese et al. 1979; Moore et al.
1978). Furthermore, subpopulations with abnormal hemoglobins (HbM
or HbH) are at increased risk to systemic chlorine dioxide poisoning be-
cause these hemoglobins are much more sensitive to oxidant chemicals,
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and finally, newborns may be especially susceptible because of the high
content of hemoglobin F and their very sluggish methemoglobin reduc-
tase. However, it is unlikely that these populations would also have an
increased susceptibility to inhaled chlorine dioxide because the chlorite
moiety is not present when exposure is via inhalation.

4.4.3. Concentration-Exposure Duration Relationship

The concentration-exposure time relationship for many irritant and
systemically-acting vapors and gases may be described by C" x ¢ = £,
where the exponent, n, ranges from 0.8 to 3.5 (ten Berge et al. 1986).
Data were inadequate for derivation of an empirically derived-chemical
specific scaling exponent for chlorine dioxide. To obtain conservative
and protective AEGL values in the absence of an empirically derived
chemical-specific scaling exponent, temporal scaling will be performed
using n = 3 when extrapolating to shorter time points and #» = 1 when
extrapolating to longer time points using the C" x ¢ = k equation.

4.4.4. Concurrent Exposure Issues
Occupational accidental exposures to chlorine dioxide have oc-
curred with exposure to chlorine and sulfur dioxide; however, informa-
tion relevant to derivation of AEGL values was not located.
5. DATA ANALYSIS AND PROPOSED AEGL-1
5.1. Human Data Relevant to AEGL-1
No human data were available for derivation of AEGL-1 values
from chlorine dioxide. Occupational exposures were generally to a mix-
ture of chlorine-containing chemicals.
5.2. Animal Data Relevant to AEGL-1
Animal studies describing effects consistent with the definition
were limited to one study. Slight lacrimation, slight salivation, and slight

chromodacryorrhea were observed in rats exposed to 3 ppm chlorine di-
oxide for 6 h (DuPont 1955).
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5.3. Derivation of AEGL-1

The AEGL-1 was based on slight salivation, slight lacrimation, and
slight chromodacryorrhea in rats exposed to 3 ppm chlorine dioxide for 6
h (DuPont 1955). A modifying factor of 2 will be applied to account for
the sparse data base. Interspecies and intraspecies uncertainty factors of 3
each will be applied because chlorine dioxide is highly reactive and
clinical signs are likely caused by a direct chemical effect on the tissues;
this type of port-of-entry effect is not expected to vary greatly between
species or among individuals. Thus, the total uncertainty/modifying fac-
tor is 20. Using the default value of 10 for either intra- or interspecies
variability would bring the total adjustment to 60 (total UF x MF) instead
of 20. This would generate AEGL-1 values that are not supported by the
total data set by yielding a value of 0.05 ppm, which is considered exces-
sively low in light of the fact that no irritation was noted in rats exposed
to 0.1 ppm chlorine dioxide 5 h/day for 10 weeks (Dalhamn 1957) and
no irritation was noted in rats exposed at 5 ppm for 15 min, 2 or 4
times/day for 1 month (Paulet and Desbrousses 1974). The AEGL-1
value was held constant across all time points because minor irritation is
not likely to be time dependent. AEGL-1 values are presented in Table 1-
4 and Appendix A.

6. DATA ANALYSIS AND PROPOSED AEGL-2
6.1. Human Data Relevant to AEGL-2

Elkins (1959) reported that 5 ppm chlorine dioxide was “definitely”
irritating to humans; however no other details were reported. Other stud-
ies also reported effects consistent with the definition of AEGL-2; how-
ever, neither the exposure duration and/or concentration were clearly
measured. Thus, these studies cannot be used for derivation of AEGL-2
values.

TABLE 1-4 AEGL-1 Values for Chlorine Dioxide

10 min 30 min 1h 4h 8h

0.15 ppm 0.15 ppm 0.15 ppm 0.15 ppm 0.15 ppm
(0.41 mg/m’) (041 mg/m’)  (0.41 mg/m’)  (0.41 mg/m’)  (0.41 mg/m’)
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6.2. Animal Data Relevant to AEGL-2

Animal studies describing effects at concentrations below those
causing incapacitation or unconsciousness from single chlorine dioxide
inhalation exposure were limited. Lacrimation, salivation, dyspnea,
weakness, and pallor were observed in rats exposed to 12 ppm chlorine
dioxide for 6 h (DuPont 1955). Difficulty breathing was noted in guinea
pigs and rats exposed to 70 ppm for 30 min, guinea pigs exposed to 35
ppm for 6 h, and guinea pigs and rabbits exposed to 20 ppm for 2 h or 10
ppm for 1 h (Hecht 1950). No effects were noted in rats and mice ex-
posed to 20 ppm chlorine dioxide for 2 h or 10 ppm for 1 h (Hecht 1950).

6.3. Derivation of AEGL-2

The lacrimation, salivation, dyspnea, weakness, and pallor noted in
rats exposed to 12 ppm chlorine dioxide for 6 h will be used to derive
AEGL-2 values. Interspecies and intraspecies uncertainty factors of 3
each will be applied because chlorine dioxide is highly reactive and
clinical signs are likely caused by a direct chemical effect on the tissues;
this type of port-of-entry effect is not expected to vary greatly between
species or among individuals. A modifying factor of 2 will also be ap-
plied to account for the sparse data base. Thus, the total uncer-
tainty/modifying factor is 20. Using the default value of 10 for either in-
tra- or interspecies variability would bring the total adjustment to 60 (to-
tal UF x MF) instead of 20. This would generate AEGL-2 values that are
not supported by the total data set by yielding a 4-h AEGL-2 value of
0.23 ppm, yet rats repeatedly exposed to 3 ppm chlorine dioxide (Dupont
1955), 6 h/day for 10 days showed only minor irritation (slight saliva-
tion, slight lacrimation, and slight red ocular discharge on the first day of
the study). This comparison shows that a combined uncer-
tainty/modifying factor of 60 is excessively large. The concentration-
exposure time relationship for many irritant and systemically-acting va-
pors and gases may be described by C" x ¢ = k, where the exponent, n,
ranges from 0.8 to 3.5 (ten Berge et al. 1986). To obtain conservative and
protective AEGL values in the absence of an empirically derived chemi-
cal-specific scaling exponent, temporal scaling was performed using n =
3 when extrapolating to shorter time points (30 min, 1 h, and 4-h) and »
= 1 (8 h) when extrapolating to longer time points using the C" x ¢ = k
equation. The 30-min AEGL-2 value was also adopted as the 10-min
AEGL-2 value due to the added uncertainty of extrapolating from a 6-h
time point to 10 min. AEGL-2 values appear in Table 1-5 below and cal-
culations are in Appendix A.
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TABLE 1-5 AEGL-2 Values for Chlorine Dioxide

10 min 30 min 1h 4h 8h

1.4 ppm 1.4 ppm 1.1 ppm 0.69 ppm 0.45 ppm
(3.9 mg/m®) (3.9 mg/m®) (3.0 mg/m?) (1.9 mg/m®) (1.2 mg/m*)

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

No human studies of sufficient exposure duration with measured
concentrations and producing irreversible or life-threatening effects were
located in the available literature.

7.2. Animal Data Relevant to AEGL-3

Non-lethal concentrations of chlorine dioxide were identified in
several studies. No deaths were noted in rats exposed to 26 ppm chlorine
dioxide for 6 h (DuPont 1955). Taylor et al. (1940) found no deaths in
guinea pigs exposed to 14-17 ppm for 6 h or 45 ppm for 45 min. No
deaths were noted in guinea pigs and rats exposed to 70 ppm for 30 min
(deaths were observed in rabbits and mice exposed to 70 ppm for 30 min
(Hecht 1950). No guinea pigs died when exposed to 35 ppm chlorine
dioxide for 6 h; however, rabbits, rats, and mice died when similarly ex-
posed (Hecht 1950). Hecht (1950) observed no deaths in guinea pigs,
rabbits, rats and mice exposed to 20 ppm chlorine dioxide for 2 h or 10
ppm for 1 h.

7.3. Derivation of AEGL-3

The DuPont (1955) data showing no mortality in rats exposed to 26
ppm for 6 h will be utilized for the derivation of AEGL-3 values; this
data set was chosen since DuPont (1955) is more robust than the other
studies. Chlorine dioxide is highly reactive and causes serious adverse
effects in the lung, including congestion and pulmonary edema. These
effects are presumed to be the cause of death and are likely caused by a
direct chemical effect on the tissue in the lung. As this effect is not ex-
pected to vary greatly among individuals or between species, intraspecies
modifying factor of 2 will also be applied to account for the relatively
sparse database. Thus, the total uncertainty/modifying factor is 20. Using
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the default value of 10 for either intra- or interspecies variability would
bring the total adjustment to 60 (total UF x MF) instead of 20. This
would generate AEGL-3 values that are not supported by the total data
set by yielding a 4-h AEGL-3 value of 0.50 ppm. The value of 0.50 ppm
is too low because it is below the 4-h AEGL-2 value of 0.69 ppm which
was shown to be a reasonable lower limit of the disabling AEGL-2 value
(see rationale above). The concentration-exposure time relationship for
many irritant and systemically-acting vapors and gases may be described
by C" x t = k, where the exponent, n, ranges from 0.8 to 3.5 (ten Berge et
al. 1986). To obtain conservative and protective AEGL values in the ab-
sence of an empirically derived chemical-specific scaling exponent, tem-
poral scaling was performed using #» = 3 when extrapolating to shorter
time points (30 min, 1 h, and 4-h) and » = 1 (8 h) when extrapolating to
longer time points using the C" x ¢ = k equation. The 30-min AEGL-3
value will also be adopted as the 10-min AEGL-3 value due to the added
uncertainty of extrapolating from a 6-h time point to 10 min. AEGL-3
values appear in Table 1-6 below and calculations are in Appendix A.

8. SUMMARY OF PROPOSED AEGLs

8.1. AEGL Values and Toxicity End Points

The AEGL values are summarized in Table 1-7.

8.2. Comparisons with Other Standards and Guidelines

The values appear in Table 1-8.

8.3. Data Adequacy and Research Needs

The data base for single inhalation-exposure animal studies is very
sparse and many of the studies that do exist are dated and poorly re-
ported. There are also no clear data on human exposure concentrations
for short inhalation exposure durations. The sparse data base necessitated
application of a modifying factor.



Chlorine Dioxide 39

TABLE 1-6 AEGL-3 Values for Chlorine Dioxide

10 min 30 min 1h 4h 8h
3.0 ppm 3.0 ppm 2.4 ppm 1.5 ppm 0.98 ppm
(8.3 mg/m®) (8.3 mg/m®) (6.6 mg/m?) (4.1 mg/m®) (2.7 mg/m*)

TABLE 1-7 Summary of AEGL Values for Chlorine Dioxide (ppm

[mg/m’])

Exposure Duration
Classification 10 min 30 min 1h 4h 8h
AEGL-1 0.15(0.41) 0.15(0.41) 0.15(0.41) 0.15(0.41) 0.15(0.41)
(Nondisabling)
AEGL-2 1.4 (3.9) 1.4 (3.9) 1.1 (3.0) 0.69 (1.9) 0.45(1.2)
(Disabling)
AEGL-3 3.0(8.3) 3.0(8.3) 2.4 (6.6) 1.5@4.1) 0.98 (2.7)
(Lethal)

TABLE 1-8 Extant Standards and Guidelines for Chlorine Dioxide

(ppm)

Exposure Duration
Guideline 10 min 30 min 1h 4h 8h
AEGL-1 0.15 0.15 0.15 0.15 0.15
AEGL-2 1.4 14 1.1 0.69 0.45
AEGL-3 3.0 3.0 24 1.5 0.98
ERPG-1¢ NA
ERPG-2¢ 0.5
ERPG-3° 3
NIOSH REL? 0.1
NIOSH IDLH¢ 5
NIOSH STELY 0.3
OSHA PEL-TWA® 0.1
ACGIH-TLV TWA/ 0.1
ACGIH-TLV 0.3 (20
STEL® min, 3

times/day)
MAK (German)" 0.1
MAC (Dutch)’ 0.1

“ERPG (Emergency Response Planning Guidelines, American Industrial Hy-
giene Association (AIHA 2002). The ERPG-1 is the maximum airborne concen-
tration below which it is believed nearly all individuals could be exposed for up
to 1 h without experiencing other than mild, transient adverse health effects or
without perceiving a clearly defined objectionable odor. The ERPG-1 for chlo-
rine dioxide is not appropriate. The ERPG-2 is the maximum airborne concen-
(Continued)
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tration below which it is believed nearly all individuals could be exposed for up
to 1 h without experiencing or developing irreversible or other serious health
effects or symptoms that could impair an individual’s ability to take protection
action. The ERPG-2 for chlorine dioxide is based on human and animal experi-
ence and should protect sensitive individuals from irritant effects and accounts
for the poor database. It is noted that subchronic animal data may support a
higher value. The ERPG-3 is the maximum airborne concentration below which
it is believed nearly all individuals could be exposed for up to 1 h without ex-
periencing or developing life-threatening health effects. The ERPG-3 for chlo-
rine dioxide is based on collective acute and subacute lethality data in animals.
’NIOSH REL-STEL (Recommended Exposure Limits - Short Term Exposure
Limit) (NIOSH 1997) is defined analogous to the ACGIH TLV-TWA.
‘Immediately Dangerous to Life and Health (IDLH) is defined by the
NIOSH/OSHA Standard Completions Program only for the purpose of respira-
tor selection and represents a maximum concentration from which, in the event
of respiratory failure, one could escape within 30 min without experiencing any
escape-impairing or irreversible health effects. (Basis: Acute inhalation toxicity
in humans, Elkins 1959).

INIOSH (1997) STEL is a 15-min TWA exposure that should not be exceeded
at any time during a workday.

‘OSHA PEL-TWA (Occupational Health and Safety Administration, Permissi-
ble Exposure Limits - Time Weighted Average) (OSHA 1997) is defined analo-
gous to the ACGIH-TLV-TWA, but is for exposures of no more than 10 h/day,
40 h/week.

JACGIH (2001) Threshold Limit Value.

SACGIH TLV-TWA (American Conference of Governmental Industrial Hygien-
ists, Threshold Limit Value - Time Weighted Average) (ACGIH 2000) is the
time-weighted average concentration for a normal 8 h workday and a 40 h work-
week, to which nearly all workers may be repeatedly exposed, day after day,
without adverse effect.

"MAK (Maximale Arbeitsplatzkonzentration [Maximum Workplace Concentra-
tion]) Deutsche Forschungsgemeinschaft (German Research Association) 2000
is defined analogous to the ACGIH-TLV-TWA. Value is a 15-min TWA based
on respiratory irritation. No 8 h limit was established because of the corrosive
properties of chlorine dioxide.

'MAC (Maximaal Aanvaarde Concentratie [Maximal Accepted Concentration]).
SDU Uitgevers (under the auspices of the Ministry of Social Affairs and Em-
ployment), The Hague, The Netherlands 2000, is defined analogous to the
ACGIH-TLV-TWA. Value is a 15-min TWA based on respiratory irritation. No
8 h limit was established because of the corrosive properties of chlorine dioxide.
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APPENDIX A

DERIVATION OF AEGL VALUES

Derivation of AEGL-1
Key study:

Toxicity end point:

Scaling:

Uncertainty factors:

Modifying factor:

Total uncertainty/
modifying factor:

Derivation of AEGL-2
Key study:

Toxicity end point:

Scaling:

DuPont 1955

Slight lacrimation, slight salivation, and
slight chromodacryorrhea in rats exposed to
3 ppm for 6 h.

None. Value was held constant across time
points since minor irritation is unlikely to

be time dependent.

3 for interspecies
3 for intraspecies

2 for sparse data base

20

10 min, 30 min, 1 h. 4 h, 8 h:
3ppm+20=0.15 ppm

DuPont 1955

Lacrimation, salivation, dyspnea, weak-
ness, and pallor in rats exposed to 12 ppm
for 6 h.

C’ x t = k (default for long- to short-time
extrapolation)
C' x t = k (default for short- to long-time
extrapolation)
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Uncertainty factors:

Modifying factor:
Total:
Scaling:

10 min AEGL-2

30 min AEGL-2

1 h AEGL-2

4h AEGL-2

8 h AEGL-2

Derivation of AEGL-3
Key study:

Toxicity end point:

Scaling:

Acute Exposure Guideline Levels

3 for interspecies
3 for intraspecies

2 for sparse database

20

C’xt = k(30 min, 1 h, 4 h)
(12 ppm)’ x 6 h=10,368 ppm‘h
C'xt=k(8h)

(12 ppm)' x 6 h =72 ppm‘h

1.38 ppm (The 30-min AEGL-2 is adopted
as the 10-min value)

C’ x 0.5 h= 10,368 ppm-h

C’ =20,736 ppm

C=27.5ppm

30 min AEGL-2 =27.5+20 = 1.38 ppm

C’ x 1 h=10,368 ppm‘h

C’=10,368 ppm

C=21.8 ppm

1 h AEGL-2=21.8+20 = 1.09 ppm

C’ x4 h=10,368 ppm‘h

C’ =2592 ppm

C=13.7 ppm

4h AEGL-2=13.7 +20 =0.69 ppm

C' x 8 h=72 ppmh

C'=9 ppm
8 h AEGL-2 =9 +20=0.45 ppm

DuPont 1955

No mortality in rats exposed to 26 ppm for
6 h.

C’ x t = k (default for long- to short-time
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Uncertainty factors:

Modifying factor:

Total:
Scaling:

10 min AEGL-3

30 min AEGL-3

1 h AEGL-3

4h AEGL-3

8 h AEGL-3

47
extrapolation)

C' x t = k (default for short- to long-time
extrapolation)

3 for interspecies
3 for intraspecies

2 for sparse database

20
C’xt = k(30 min, 1 h, 4 h)
(26 ppm)’ x 6 h = 105,456 ppm‘h

C'xt=k(8h)
(26 ppm)' x 6 h =156 ppm-h

2.98 ppm (The 30 min AEGL-3 is adopted
as the 10-min value)

C’ x 0.5 h = 105,456 ppm-h

C’=210912 ppm

C=59.5 ppm

30 min AEGL-3 = 59.5 + 20 =2.98 ppm

C’ x 1 h= 105,456 ppm-h

C’ =105,456 ppm

C=47.2 ppm

1 h AEGL-3=47.2+20 =2.36 ppm

C’ x 4 h =105,456 ppm-h

C’ =26,364 ppm

C=29.8 ppm

4h AEGL-3 =29.8 + 20 = 1.49 ppm

C' x 8 h=156 ppmh
C=19.5 ppm
8 h AEGL-3=19.5+20=0.975 ppm
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APPENDIX B

ACUTE EXPOSURE GUIDELINE LEVELS FOR
CHLORINE DIOXIDE (CAS No. 10049-04-4)

DERIVATION SUMMARY

AEGL-1 VALUES

10 min 30 min l1h 4 h &h

0.15 ppm 0.15 ppm 0.15 ppm 0.15 ppm 0.15 ppm

Key Reference: DuPont (1955). Summary of Toxicological Evaluations
of Chlorine Dioxide. Haskell Laboratory for Toxicology and Industrial
Medicine, Haskell Lab Report No. 80-55 E.I. du Pont de Nemours and
Company, Inc., Wilmington, DE.

Test Species/Strain/Number: Rat/Sprague-Dawley/male/4.

Exposure Route/Concentrations/Durations: Inhalation/ 3 ppm/ 6 h.

Effects: Slight lacrimation, slight salivation, slight chromodacryorrhea.

End point/Concentration/Rationale: Slight lacrimation, slight salivation,
slight chromodacryorrhea in rats exposed to 3 ppm for 6 h.

Uncertainty Factors/Rationale:

Total uncertainty factor: 10

Interspecies: 3

Intraspecies: 3

Chlorine dioxide is highly reactive and clinical signs are likely caused by
a direct chemical effect on the tissues. This type of port-of-entry effect
not expected to vary greatly between species or among individuals.
Using the default value of 10 for either intra- or interspecies variability
would generate AEGL-1 values that are not supported by the total data
set by yielding a value of 0.05 ppm, which is considered excessively low
in light of the fact that no irritation was noted in rats exposed to 0.1 ppm
chlorine dioxide 5 h/day for 10 weeks (Dalhamn 1957) and no irritation
was noted in rats exposed at 5 ppm for 15 min, 2 or 4 times/day for 1
month (Paulet and Desbrousses 1974).

Modifying Factor: 2—sparse database.

Animal to Human Dosimetric Adjustment: Insufficient data.

Time Scaling: AEGL-1 values were held constant across time points
since minor irritation is unlikely to vary with time.
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Data Adequacy: Data are extremely sparse. The AEGL-1 value is
considered protective because no irritation was noted in rats exposed to
0.1 ppm chlorine dioxide 5 h/day for 10 weeks (Dalhamn, 1957) and no
irritation was noted in rats exposed at 5 ppm for 15 min, 2 or 4 times/day
for 1 month (Paulet and Desbrousses, 1974).

AEGL-2 VALUES

10 min 30 min l1h 4 h 8h

1.4 ppm 1.4 ppm 1.1 ppm 0.69 ppm 0.45 ppm

Key Reference: DuPont (1955). Summary of Toxicological Evaluations
of Chlorine Dioxide. Haskell Laboratory for Toxicology and Industrial
Medicine, Haskell Lab Report No. 80-55 E.I. du Pont de Nemours and
Company, Inc., Wilmington, DE.

Test Species/Strain/Sex/Number: rat/Sprague-Dawley/male/4.

Exposure Route/Concentrations/Durations: Inhalation, 12 ppm for 6 h.

Effects: Lacrimation, salivation, dyspnea, weakness, and pallor.

End point/Concentration/Rationale: Lacrimation, salivation, dyspnea,
weakness, and pallor in rats exposed to 12 ppm for 6 h.

Uncertainty Factors/Rationale:

Total uncertainty factor: 10

Interspecies: 3

Intraspecies: 3

Chlorine dioxide is highly reactive and clinical signs are likely caused by
a direct chemical effect on the tissues. This type of port-of-entry effect is
not expected to vary greatly between species or among individuals.
Using the default value of 10 for either intra- or interspecies variability
would generate AEGL-2 values that are not supported by the total data
set by yielding a 4-h AEGL-2 value of 0.23 ppm, yet rats repeatedly
exposed to 3 ppm chlorine dioxide (Dupont, 1955), 6 h/day for 10 days
showed only minor irritation (slight salivation, slight lacrimation, and
slight red ocular discharge on the first day of the study).

Modifying Factor: 2—sparse database.

Animal to Human Dosimetric Adjustment: Insufficient data.

Time Scaling: C" x ¢ = k, where the exponent, n, is the conservative
default of 1 and & is 72 ppm-h (8 h) or 3 and £ is 10,368 ppm-h (30 min, 1
h, 4 h). The 30-min AEGL-2 value was adopted as the 10-min value.

Data Adequacy: Both human and animal data are extremely sparse.
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AEGL-3 VALUES

10 min 30 min l1h 4 h &h

3.0 ppm 3.0 ppm 2.4 ppm 1.5 ppm 0.98 ppm

Key Reference: DuPont (1955). Summary of Toxicological Evaluations
of Chlorine Dioxide. Haskell Laboratory for Toxicology and Industrial
Medicine, Haskell Lab Report No. 80-55 E.I. du Pont de Nemours and
Company, Inc., Wilmington, DE.

Test Species/Strain/Sex/Number: rat/Sprague-Dawley/male/2 or 4

Exposure Route/Concentrations/Durations: Inhalation, 54 ppm for 1 h,
38ppm for 4.5-6 h, 26 ppm for 6 h.

Effects:

54 ppm, 1 h: death of 2/2 rats

38 ppm, 4.5-6 h: death of 2/2 rats
26 ppm, 6 h: No deaths of 4/4 rats

End point/Concentration/Rationale: No mortality/26 ppm for 6 h.

Uncertainty Factors/Rationale:

Total uncertainty factor: 10

Interspecies: 3

Intraspecies: 3

Chlorine dioxide is highly reactive and causes serious adverse effects in
the lung, including congestion and pulmonary edema. These effects are
presumed to be the cause of death and are likely caused by a direct
chemical effect on the tissue in the lung. This effect is not expected to
vary greatly between species or among individuals. Using the default
value of 10 for either intra- or interspecies variability would generate
AEGL-3 values that are not supported by the total data set by yielding a
4-h AEGL-3 value of 0.50 ppm. The value of 0.50 ppm is too low
because it is below the 4-h AEGL-2 value of 0.69 ppm which was shown
to be a reasonable lower limit for the disabling AEGL-2 value.

Modifying Factor: 2—sparse database.

Animal to Human Dosimetric Adjustment: Insufficient data.

Time Scaling: C" x ¢ = k, where the exponent, n, is the conservative
default of 1 and k is 156 ppm-h (8 h) or 3 and & is 105,456 ppm-h (30
min, 1 h, 4 h). The 30 min AEGL-3 value was adopted as the 10-min
value.

Data Adequacy: Both human and animal data are extremely sparse.
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CATEGORY PLOT FOR CHLORINE DIOXIDE
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