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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 AEGLSs for more than 270 EHSs.

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

2As defined pursuant to the Superfund Amendments and Reauthorization Act of 1986.

Xiii
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in that series. AEGL documents for ethyl mercaptan, methyl mercaptan, phenyl
mercaptan, tert-octyl mercaptan, lewisite, methyl isothiocyanate, and selected mo-
noisocyanates are each published as an appendix in this report. The committee
concludes that the AEGLs developed in these appendixes are scientifically valid
conclusions based on the data reviewed by NAC and are consistent with the NRC
guideline reports. AEGL reports for additional chemicals will be presented in sub-
sequent volumes.

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

The interim reports of the committee that led to this report were reviewed
in draft form by individuals selected for their diverse perspectives and technical
expertise, in accordance with procedures approved by the NRC’s Report Review
Committee. The purpose of this independent review is to provide candid and
critical comments that will assist the institution in making its published report as
sound as possible and to ensure that the report meets institutional standards for
objectivity, evidence, and responsiveness to the study charge. The review com-
ments and draft manuscript remain confidential to protect the integrity of the
deliberative process. We wish to thank the following individuals for their review
of the committee interim reports, which summarize the committee’s conclusions
and recommendations for improving NAC’s AEGL documents for ethyl mer-
captan (interim reports 19a, 20a, and 21a), methyl mercaptan (interim reports
15, 19a, 20a, and 21a), phenyl mercaptan (interim reports 19a, 20a, and 21a),
tert-octyl mercaptan (interim reports 19a, 20a, and 21a), lewisite (interim reports
19a and 21a), methyl isothiocyanate (interim reports 20a and 21a), and selected
monoisocyantes (interim reports 20a, 20b, 21a): Harvey Clewell (The Hamner
Institutes for Health Sciences), Jeffrey Fisher (U.S. Food and Drug Administra-
tion), Sam Kacew (University of Ottawa), A. Wallace Hayes (Harvard School of
Public Health), Rogene Henderson (Lovelace Respiratory Research Institute
[retired]), James McDougal (Wright State University [retired], and Judith Zeli-
koff (New York University).

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations, nor did they see the final draft of this volume before its re-
lease. The review of interim reports was overseen by Robert Goyer (University
of Western Ontario [retired]). Appointed by the NRC, he was responsible for
making certain that an independent examination of the interim reports was car-
ried out in accordance with institutional procedures and that all review com-

Copyright © National Academy of Sciences. All rights reserved.
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ments were carefully considered. Responsibility for the final content of this re-
port rests entirely with the authoring committee and the institution.

The committee gratefully acknowledges the valuable assistance provided
by Ernest Falke and Iris A. Camacho from EPA. The committee also acknowl-
edges Susan Martel, the project director for her work this project. Other staff
members who contributed to this effort are James J. Reisa (director of the Board
on Environmental Studies and Toxicology), Radiah Rose (manager of editorial
projects), Mirsada Karalic-Loncarevic (manager of the Technical Information
Center), and Tamara Dawson (program associate). Finally, | would like to thank
all members of the committee for their expertise and dedicated effort throughout
the development of this report.

Edward C. Bishop, Chair

Committee on Acute Exposure
Guideline Levels
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National Research Council Committee
Review of Acute Exposure Guideline
L evels of Selected Airborne Chemicals

This report is the fifteenth volume in the series Acute Exposure Guideline
Levelsfor Selected Airborne Chemicals.

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

In the United States, the Superfund Amendments and Reauthorization Act
(SARA) of 1986 required that the U.S. Environmental Protection Agency (EPA)
identify extremely hazardous substances (EHSs) and, in cooperation with the
Federal Emergency Management Agency and the U.S. Department of Transpor-
tation, assist local emergency planning committees (LEPCs) by providing guid-
ance for conducting health hazard assessments for the development of emergen-
cy 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 afirst step in assisting the LEPCs, EPA identified approximately 400
EHSs largely on the basis of their immediately dangerous to life and health val-
ues, developed by the Nationa Institute for Occupational Safety and Health.
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 ex-
posures (e.g., workplace or ambient air quality), these limits are not easily or
directly tranglated into emergency exposure limits for exposures at high levels

3
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but of short duration, usually less than 1 hour (h), and only once in alifetime for
the general population, which includes infants (from birth to 3 years of age),
children, the elderly, and persons with diseases, such as asthma or heart disease.

The National Research Council (NRC) Committee on Toxicology (COT)
has published many reports on emergency exposure guidance levels and space-
craft maximum allowable concentrations for chemicals used by the U.S. De-
partment of Defense (DOD) and the National Aeronautics and Space Admin-
istration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 19863, 1987, 1988,
1994, 1996a,b, 20003, 2002a, 20073, 2008a). COT has also published guidelines
for developing emergency exposure guidance levels for military personnel and
for astronauts (NRC 1986b, 1992, 2000b). Because of COT'’s experience in rec-
ommending emergency exposure levels for short-term exposures, in 1991 EPA
and ATSDR requested that COT develop criteria and methods for developing
emergency exposure levels for EHSs for the general population. In response to
that request, the NRC assigned this project to the COT Subcommittee on Guide-
lines for Developing Community Emergency Exposure Levels for Hazardous
Substances. The report of that subcommittee, Guidelines for Developing Com+
munity Emergency Exposure Levels for Hazardous Substances (NRC 1993),
provides step-by-step guidance for setting emergency exposure levels for EHSs.
Guidance is given on what data are needed, what data are available, how to
evaluate the data, and how to present the resullts.

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

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

INAC completed its chemical reviews in October 2011. The committee was composed
of members from EPA, DOD, many other federal and state agencies, industry, academia,
and other organizations. From 1996 to 2011, the NAC discussed over 300 chemicals and
developed AEGLSs values for at least 272 of the 329 chemicals on the AEGLS priority
chemicals lists. Although the work of the NAC has ended, the NAC-reviewed technical
support documents are being submitted to the NRC for independent review and finaliza-
tion.
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AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m® [milligrams per cubic meter]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory
effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

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

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

Airborne concentrations below AEGL -1 represent exposure levels that can
produce mild and progressively increasing but transient and nondisabling odor,
taste, and sensory irritation or certain asymptomatic nonsensory adverse effects.
With increasing airborne concentrations above each AEGL, there is a progres-
siveincrease 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 Sanding 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 un-
published information. Various types of evidence are assessed in establishing
AEGL values for a chemica. These include information from (1) chemical-
physical characterizations, (2) structure-activity relationships, (3) in vitro toxici-
ty studies, (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 availa-
ble in preference to data from animal studies and in vitro studies. Toxicity data
from inhalation exposures are most useful for setting AEGL s for airborne chem-
icals because inhalation is the most likely route of exposure and because extrap-
olation of data from other routes would lead to additional uncertainty in the
AEGL estimate.
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For most chemicals, actual human toxicity data are not available or critical
information on exposure is lacking, so toxicity data from studies conducted in
laboratory animals are extrapolated to estimate the potential toxicity in humans.
Such extrapolation requires experienced scientific judgment. The toxicity data
for animal species most representative of humans in terms of pharmacodynamic
and pharmacokinetic properties are used for determining AEGLSs. If data are not
available on the species that best represents humans, data from the most sensi-
tive animal species are used. Uncertainty factors are commonly used when ani-
mal data are used to estimate risk levels for humans. The magnitude of uncer-
tainty factors depends on the quality of the animal data used to determine the no-
observed-adverse-effect level (NOAEL) and the mode of action of the substance
in question. When available, pharmacokinetic data on tissue doses are consid-
ered for interspecies extrapol ation.

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

REVIEW OF AEGL REPORTS

As NAC began developing chemical-specific AEGL reports, EPA and
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports
(NRC 1993, 20014). The NRC assigned this project to the COT Committee on
Acute Exposure Guideline Levels. The committee has expertise in toxicology,
epidemiology, occupational health, pharmacology, medicine, pharmacokinetics,
industrial hygiene, and risk assessment.

The AEGL draft reports were initially prepared by ad hoc AEGL devel-
opment teams consisting of a chemical manager, chemical reviewers, and a staff
scientist of the NAC contractors—Oak Ridge National Laboratory and subse-
guently SRC, Inc. The draft documents were then reviewed by NAC and el evat-
ed from “draft” to “proposed” status. After the AEGL documents were approved
by NAC, they were published in the Federal Register for public comment. The
reports were then revised by NAC in response to the public comments, elevated
from “proposed” to “interim” status, and sent to the NRC Committee on Acute
Exposure Guideline 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-
seguent meetings until the committee is satisfied with the reviews.
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Because of the enormous amount of data presented in AEGL reports, the
NRC committee cannot verify al of the data used by NAC. The NRC committee
relies on NAC and the contractors for the accuracy and completeness of the toxici-
ty data cited in the AEGL reports. Thus far, the committee has prepared fourteen
reportsin the series Acute Exposure Guideline Levels for Selected Airborne Chem+
icals (NRC 2001b, 2002b, 2003, 2004, 2007b, 2008b, 2009, 2010ab, 2011,
2012a,b,c, 2013). This report is the fifteenth volume in that series. AEGL docu-
ments for ethyl mercaptan, methyl mercaptan, phenyl mercaptan, tert-octyl mer-
captan, lewisite, methyl isothiocyanate, and selected monoisocyanates are each
published as an appendix in this report. The committee concludes that the AEGLS
developed in these appendixes are scientifically valid conclusions based on the
data reviewed by NAC and are consistent with the NRC guideline reports. AEGL
reports for additional chemicals will be presented in subsegquent volumes.
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PREFACE

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

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

AEGL-1 is the airborne concentration (expressed as parts per million or
milligrams per cubic meter [ppm or mg/m’]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic, nonsensory
effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

'"This document was prepared by the AEGL Development Team composed of Robert
Young (Oak Ridge National Laboratory), Heather Carlson-Lynch (SRC, Inc.), Chemical
Manager Susan Ripple (National Advisory Committee [NAC] on Acute Exposure Guide-
line Levels for Hazardous Substances), and Ernest V. Falke (U.S. Environmental Protec-
tion Agency). The NAC reviewed and revised the document and AEGLs as deemed nec-
essary. Both the document and the AEGL values were then reviewed by the National
Research Council (NRC) Committee on Acute Exposure Guideline Levels. The NRC
committee has concluded that the AEGLs developed in this document are scientifically
valid conclusions based on the data reviewed by the NRC and are consistent with the
NRC guidelines reports (NRC 1993, 2001).

166
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AEGL-2 is the airborne concentration (expressed as ppm or mg/m’) of a
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting
adverse health effects or an impaired ability to escape.

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

Airborne concentrations below the AEGL-1 represent exposure concentra-
tions that could produce mild and progressively increasing but transient and
nondisabling odor, taste, and sensory irritation or certain asymptomatic, nonsen-
sory effects. With increasing airborne concentrations above each AEGL, there is
a progressive increase in the likelihood of occurrence and the severity of effects
described for each corresponding AEGL. Although the AEGL values represent
threshold concentrations for the general public, including susceptible subpopula-
tions, such as infants, children, the elderly, persons with asthma, and those with
other illnesses, it is recognized that individuals, subject to idiosyncratic respons-
es, could experience the effects described at concentrations below the corre-
sponding AEGL.

SUMMARY

Methyl isothiocyanate (MITC) is a colorless crystalline solid that occurs
primarily as a decomposition product of pesticides applied as soil fumigants.
MITC injected into soil rapidly vaporizes. A level of distinct odor awareness
(LOA) of 27 ppm for MITC was calculated.

The database for MITC includes a controlled human clinical study that
evaluated odor threshold and ocular irritation, acute and repeated-exposure inha-
lation studies in rats, and oral studies of reproductive and developmental toxicity
in rats and rabbits. MITC is a potent, direct-acting irritant to the eyes and respir-
atory tract. Death results from acute pulmonary congestion and hemorrhage.
Developmental studies indicate that MITC was not teratogenic but caused de-
layed growth at maternally toxic concentrations. Although MITC is an alkylat-
ing agent, most genotoxicity studies reported negative results. Carcinogenicity
studies of MITC administered orally to rats and mice did not find a significant
neoplastic response.

AEGL-1 values are based on a study of human volunteers (Russell and
Rush 1996). This study met the criteria for using data on human subjects out-
lined in the Standing Operating Procedures for AEGLs (NRC 2001, Section
2.3.2). Slight and transient ocular irritation was reported by subjects exposed to
MITC at a concentration of 0.8 ppm. Blinking rate was slightly increased, but
there was no tearing or redness of the eye. Thus, 0.8 ppm was considered the
highest concentration without notable discomfort and was used as the point of
departure for deriving AEGL-1 values. An intraspecies uncertainty factor of 3
was applied, because MITC appears to have a direct-acting irritant mechanism
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of toxicity and metabolic and physiologic differences are unlikely to play a ma-
jor role (NRC 2001). Also, the range of human sensitivity to ocular irritants is
approximately two-fold (Kjaergaard et al. 1992). Because 0.8 ppm was tested
for up to 4 h, that concentration was used for all the AEGL-1 exposure dura-
tions. Furthermore, there is adaptation to the slight irritation that defines the
AEGL-1. The AEGL-1 values are supported by no-effect concentrations in re-
peated-exposure studies with rodents (Rosskamp et al. 1978; Klimisch 1987).

No acute clinical studies or acute toxicology studies in laboratory animals
were identified that were relevant deriving AEGL-2 values. The degree of ocular
irritation observed in the study by Russell and Rush (1996) was not of sufficient
severity to impair escape. In the absence of data that address AEGL-2 end
points, the AEGL-3 for MITC values were divided by 3 to derive the respective
AEGL-2 values. This approach is appropriate for chemicals with evidence of a
steep concentration-response curve (NRC 2001).

The point of departure for AEGL-3 values was the highest nonlethal con-
centration of 94 ppm in a study of rats exposed for 4 h (Jackson et al. 1981).
Interspecies and intraspecies uncertainty factors of 3 each are generally applied
to chemicals that are direct-acting irritants (NRC 2001). However, such an ap-
proach in this instance would result in values inconsistent with the human volun-
teer study by Russell and Rush (1996). Therefore, interspecies and intraspecies
uncertainty factors of 1 and 3, respectively, were applied. Time-scaling was per-
formed using the equation C" x t =k, with default values of n = 3 for extrapola-
tion to shorter durations and n = 1 for extrapolating to longer durations (NRC
2001). The 10-min AEGL-3 value was set equal to the 30-min AEGL-3 value
because of uncertainties associated with extrapolating a 4-h point of departure to
a 10-min value.

AEGL values for MITC are presented in Table 6-1.

1. INTRODUCTION

MITC is a colorless crystalline solid that is used as a soil fumigant (Lam et
al. 1993; HSDB 2012). It is produced by the action of carbon disulfide on me-
thylamine or by reacting sodium methyldithiocarbamate with ethyl chlorocar-
bonate (HSDB 2012). Metam sodium (sodium N-methyldithiocarbamate), which
decomposes to MITC, is the third most commonly used agricultural pesticide in
the United States (Pruett et al. 2001); however, production data were not locat-
ed. MITC injected into soil immediately vaporizes (Nihon Schering 1990).

Metam sodium and dazomet are propesticides (compounds that are con-
verted to pesticides) which hydrolyze in soil to MITC as the ultimate toxicant
(Lam et al. 1993). Upon dilution with water, metam sodium decomposes to
MITC which evolves as a gas of hydrogen sulfide and lesser amounts of methyl-
amine and carbon disulfide. Ditrapex® and Trapex® contain 20% MITC (Nihon
Schering 1990). Ditrapex® contains 40% 1,2-dichloropropene, a nematicide.
MITC is phytotoxic and planting is delayed until the soil fumigant has decom-
posed completely.
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TABLE 6-1 AEGL Values for Methyl Isothiocyanate”

End Point
Classification 10 min 30 min 1h 4h 8h (Reference)
AEGL-1 027ppm 027ppm 027ppm 027 ppm 0.27 ppm No evidence of
(nondisabling) (0.81 (0.81 (0.81 (0.81 (0.81 notable discomfort
mg/m?*) mg/m?*) mg/m’) mg/m’) mg/m?*) (ocular irritation)

at several time points
in humans (Russell
and Rush 1996)

AEGL-2 21 ppm 21 ppm 17 ppm 10 ppm 5.3 ppm One-third of

(disabling) (63 (63 (51 30 (16 AEGL-3 values
mg/m?*) mg/m?*) mg/m’) mg/m’) mg/m?*)

AEGL-3 63 ppm 63 ppm 50 ppm 31 ppm 16 ppm Nonlethal

(lethal) (190 (190 (150 (94 47 concentration in rats

mg/m*) mg/m*) mg/m’) mg/m*) mg/m’) (Jackson et al. 1981)
“A level of distinct odor awareness (LOA) of 27 ppm was calculated for MITC (see
Appendix A). The LOA is defined as the concentration above which it is predicted that
more than half of the exposed population will experience at least a distinct odor intensity,
and about 10% of the population will experience strong odor intensity. Calculation of the
LOA does not imply that exposure below the LOA is without effects.

MITC belongs to the chemical class mustard oils. It has been considered
as a possible military poison (Verschueren 2001). The toxicity of MITC was
reviewed by Nihon Schering (1990), NRA (1997), and Rubin et al. (2003).
MITC has a pungent, horseradish-like odor at room temperature; its vapors irri-
tate mucous membranes and it is a potent lacrimator (Nihon Schering 1990).

The chemical and physical properties of MITC are presented in Table 6-2.

2. HUMAN TOXICITY DATA
2.1. Odor Threshold and Odor Awareness

MITC has a pungent horseradish-like odor at room temperature (Nihon
Schering 1990). Odor thresholds reportedly range from approximately 0.1 ppm
(Nesterova 1969) to 5 ppm (Verschueren 2001). The odor threshold determined
in a controlled clinical study was 1.7 ppm (Russell and Rush 1996; EPA 2006a).
Using the data of Russell and Rush (1996), a level of distinct odor awareness
(LOA) of 27 ppm was calculated for MITC (see Appendix A). The LOA repre-
sents the concentration above which it is predicted that more than half of the
exposed population will experience at least a distinct odor intensity, and about
10% of the population will experience a strong odor intensity.

The propesticide metam sodium hydrolyzes into MITC and hydrogen sul-
fide, and the odor of hydrogen sulfide might be present at metam sodium appli-
cation sites.
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TABLE 6-2 Chemical and Physical Properties of Methyl Isothiocyanate

Parameter

Value

Synonyms

CAS registry no.
Chemical formula
Molecular weight
Physical state
Melting point
Boiling point
Density/specific gravity (water =1)
Solubility in water
Vapor density (air =1)
Vapor pressure

Saturated vapor concentration (calculated
from vapor pressure)

Flammability limits

Conversion factors (calculated)

Isothiocyanatomethane; methyl
mustard oil; Trapex

556-61-6

C,H;3NS

73.12

Colorless crystals
36°C

119°C

1.0691 at 37°C

7.6 g/L at 25°C

2.53

3.54 mm Hg at 25°C
~27,000 ppm (~82,000 mg/m”)

Lower 2.5%; Upper 30%/MITC-Fume
1 ppm = 2.99 mg/m’

1 mg/m® = 0.33 ppm

Source: HSDB 2012.

2.2. Accidents and Community Exposures

In 1991, a railroad tank car in California derailed and spilled 19,000 gal-
lons of metam sodium into the Sacramento River (Alexeeff et al. 1994). The
hydrolysis product MITC was released to the air. Many individuals downriver of
the incident reported odors. Over 240 individuals complained of ocular and
throat irritation, dizziness, and shortness of breath. Ambient air concentrations,
measured on the fourth day after the accident (12-h integrated samples) ranged
from 0.2 to 37 ppb. Average concentrations reported on the fifth through tenth
day ranged from below the limit of detection (<1 ppb) to 2.6 ppb. Estimates of
peak concentrations during the first two days were 140-1,600 ppb for exposures
of a few minutes to 1 h; these estimates were for areas within 500 meters of the
river.

Cone et al. (1994) assessed the occurrence of persistent respiratory disor-
ders among adults exposed as a result of the metam sodium spill. Exposures
were most likely to a mixture of metam sodium hydrolysis products which in-
clude MITC, hydrogen sulfide gas, methylamine, and carbon disulfide. Among a
group of 197 persons referred for health evaluation, 20 were identified as having
persistent irritant-induced asthma and 10 were identified as having persistent
exacerbation of pre-existing asthma. Cases of irritant-induced asthma met the
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following criteria: onset of upper respiratory symptoms within 24 h of exposure;
onset of lower respiratory symptoms within 1 week and persisting for more than
3 months; no prior history of respiratory illness (confirmed by medical records);
location and activity consistent with exposure during and for 1 week after the
spill; and nonspecific airway hyper-responsiveness demonstrated by methacho-
line challenge. Most (17/20) of the irritant-induced asthma cases met the criteria
for reactive airway distress syndrome (RADS).

O’Malley et al. (2004) documented illnesses among residents of a com-
munity near a potato field where metam sodium was applied with a sprinkler.
Air concentrations of MITC were estimated with air models using application
information and meteorological data. Concentrations were estimated to range
from 0.5 ppm to just over 1 ppm (1-h time-weighted averages). Peak concentra-
tions at 1 and 3 min were estimated to be 4 and 7 ppm, respectively. No data
were reported regarding concentrations of other hydrolysis products of metam
sodium, which includes a mixture of known irritants. Residents were inter-
viewed to obtain information on symptoms and proximity to the potato field
during pesticide application. Among those closest to the application site (<0.5
miles), symptoms consisted of irritation of the eyes or upper respiratory tract
(burning of eyes, nose, or throat) in 51/135, non-specific systemic symptoms
such as headache, nausea, diarrhea, abdominal pain, or malaise in 22/135, “sys-
temic irritant” response (not otherwise specified) in 45/135, and respiratory irri-
tation (but not asthma or lower respiratory irritation) in 6/135. Frequency of
complaints decreased with distance from the application site.

O’Malley et al. (2005) reported illnesses related to soil incorporation
(shank application) of metam sodium near a rural community in California. Sev-
eral hours after application of 25,000 pounds of metam sodium to a 100-acre
field, 250 nearby residents experienced ocular and upper-respiratory irritation,
non-specific systemic symptoms, and lower-respiratory-tract complaints. Some
residents sought medical treatment. After the incident, residents were inter-
viewed directly or via medical records in order to correlate symptoms with area
and activity. The most serious illnesses were associated with individuals who
had pre-existing lung diseases, such as asthma and emphysema. MITC concen-
trations were estimated based on field treatment, projected emissions, and
weather conditions. Modeling results indicted 1-h MITC concentrations in the
affected areas of 0.8-1.0 ppm, with peak concentrations between 2.4 and 3.2
ppm.

Bretaudeau Deguigne et al. (2011) described a series of 106 case reports
of exposure to metam sodium at a poison control center in France. Most (96)
cases were accidentally exposed via inhalation, and the most commonly reported
symptoms attributed to MITC exposure were irritation of the eyes (76/96 inhala-
tion exposures) and throat and nose (65/96). Exposure concentrations were not
reported. Of the 96 exposed, only four had cough or dyspnea; the investigator
reported that there were no cases of persistent irritant-induced asthma or exacer-
bation of asthma.
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2.3. Clinical Studies

In order to determine the thresholds for odor detection and ocular irrita-
tion, healthy adult volunteers were exposed to measured concentrations of
MITC in a laboratory setting (Russell and Rush 1996; reviewed in EPA 2006a).
This study met the criteria for use of data from human subjects discussed in the
Standing Operating Procedures for AEGLs (NRC 2001, Section 2.3.2). In the
olfactory threshold study, 33 individuals (16 males, 17 females; age range of 18-
34 years) were exposed to three reference control odorants: pyridine, acetic acid,
and n-butyl alcohol, as well as MITC. The odorants were dispensed in a con-
trolled double-blind fashion through one of three presentation ports. A techni-
cian chose the odorant and the subject was responsible for determining from
which port the odorant was dispersed. There was a 30-sec rest period between
odorant presentations. Each volunteer was tested over a range of concentrations
for each odorant until a threshold, determined under a standard procedure, was
satisfactorily ascertained. The observed odor threshold for MITC ranged from
0.2 to 8 ppm, with a geometric mean of 1.7 ppm.

The ocular irritation study was conducted with 70 adult volunteers (38
males, 32 females; age range of 18-67 years). Four exposure durations of 1 min,
14 min, 4 h, and 8 h were used. In the 1-min trial, subjects were exposed to MITC
at concentrations up to 3.3 ppm. In the 14-min trial, 9-10 subjects were exposed at
0 (air only), 0.6, 1.9, or 3.3 ppm. In the 4-h trial, there was both an air and acetic
acid control; concentration of MITC tested were 0.23 ppm (12 subjects) or 0.8
ppm (9 subjects). In the 8-h study, 12 subjects were exposed to air only, seven
were exposed to acetic acid, and 16 subjects were exposed to MITC at 0.22 ppm.
Subjects were permitted two 15-min rest periods and a lunch break during the 8-h
study. An olfactometer was used to dispense the test materials through a manifold
system. A total hydrocarbon analyzer was used to monitor the flow of test material
through the tubing; samples were collected on carbon tube samplers, desorbed,
and measured with gas chromatography. The subjects were exposed via goggles.
No additional details of the methods were available.

Subjective irritation was measured on a Likert scale in which irritation
was rated from no irritation to a feeling the subject would like to end the expo-
sure; the mid-point was described as similar to that of cutting a single mild on-
ion. Subjective irritation, blink rates, and tearing were assessed at several time
points. Baseline responses were determined pre-exposure and from exposure to
the air control. Visual acuity and ocular morphology were assessed at the begin-
ning and end of each exposure (methods not provided). The results of this study
are summarized in Table 6-3. The no-observed-effect levels (NOELSs) for the 1-

“Russell and Rush (1996) is an unpublished report prepared by the University of Cali-
fornia and Western Research Center and submitted to U.S. EPA’s Office of Chemical
Safety and Pollution Prevention. The report is not publicly available. A U.S. EPA AEGL
staff member with FIFRA clearance reviewed the original report and confirmed the de-
tails provided in the U.S. EPA (2006a) Data Evaluation Record for the study.
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and 14-min exposures were 3.3 and 0.6, respectively. The NOEL range for the
two longer duration exposures was 0.22-0.23 ppm. The lowest-observed-effect
level (LOELs) for the 14-min and 1- through 8-h intervals were 1.9 and 0.8
ppm, respectively. During the first hour of the 4-h trial at 0.8 ppm, subjective
irritation was rated at 25 = 14% on a scale of 1 to 100. During the second hour
of the 4-h trial at 0.8 ppm, blink rates increased from 3 + 9/min in the control
group to 16 = 11/min in the 0.8-ppm group. Thereafter, blink rate did not in-
crease with exposure duration. No statistically significant positive tearing re-
sponses were observed; photographs of the participant’s eyes failed to show
notable, exposure-related changes. Comments from the subjects indicated that
recovery began immediately after removal of the goggles and was complete
within 20 min at the highest concentration.

2.4. Community Exposures

Lee et al. (2002) reported ambient concentrations of MITC (and other pes-
ticides or pesticide breakdown products) in California during months associated
with pesticide application. With 2 weeks of air monitoring data, generally col-
lected from samplers placed atop the roofs of community building, mean con-
centrations of MITC were 2.1 pg/m’ (0.7 ppb) in urban communities (range not
reported) and 4.9 pg/m’ (1.6 ppb) in rural communities (range up to 18 pg/m’ [6
ppb]). The 15-day maximum concentration was 8.4 pg/m’ (2.8 ppb). The publi-
cation reported little information on the areas sampled.

TABLE 6-3 Ocular Irritation in Human Subjects

Exposure Duration  NOEL‘ (ppm) LOEL (ppm) Description

1 min 33 -

4 min 0.60 1.9 Subjective ocular irritation”

14 min 0.60 1.9 Subjective ocular irritation

lh 0.23 0.8 Subjective ocular irritation

1.5h 0.22 -

2h 0.23 0.8 Subjective ocular irritation,
increased blink rate.

3h 0.23 0.8 Subjective ocular irritation,
increased blink rate.

35h 0.22 -

4h 0.23 0.8 Subjective ocular irritation

6h 0.22 -

8h 0.22 -

“The 0.22- and 0.23-ppm concentrations were tested on different days.
’QOcular irritation did not include redness or tearing.
Source: Rubin et al. 2003.
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Merriman and Hebert (2007) reported the results of an air monitoring
study measuring MITC concentrations in the air of an agricultural region of
Washington State during the fall season when metam sodium fumigation is typi-
cally done. Five residential sites and one commercial site were selected for mon-
itoring. Twenty-four-hour samples comprised of two 12-h day and night sub-
samples were collected over the course of 1 month (September 26 to October 25,
2005); a total of 201 samples were collected. The frequency of measurements
above the detection limit (0.01 ppb) was 199/201. The maximum 12-h time-
weighted average concentration of MITC was 67 pg/m® (22 ppb); the average
over the 30-day sampling period was 10 pg/m® (3.3 ppb).

2.5. Developmental and Reproductive Toxicity

No studies of developmental or reproductive toxicity of MITC in humans
were found.

2.6. Genotoxicity

Negative results were obtained with MITC at concentrations of 3.0 or 5.0
pg/mL in an in vitro cytogenetic chromosome aberration test using cultured hu-
man lymphocytes (Rubin et al. 2003). MITC induced micronuclei and DNA
strand breaks in cultured human hepatoma cells at concentrations that were cyto-
toxic (Kassie et al. 2001).

2.7. Chronic Toxicity and Carcinogenicity

No studies of the chronic toxicity or potential carcinogenicity of MITC in
humans were found.

2.8. Summary

In studies with human volunteers, the odor threshold for MITC ranged
from 0.2 to 8 ppm, with a geometric mean of 1.7 ppm (Russell and Rush 1996).
Volunteers were exposed to referent odorants including n-butyl alcohol. In a
study with 70 volunteers, ocular irritation was examined at discrete time inter-
vals (Russell and Rush 1996). No ocular irritation was observed in association
with MITC at 3.3 ppm (the highest concentration tested) for 1 min, 0.6 ppm for
14 min, or 0.22-0.23 ppm for 1-8 h. When exposed at 1.9 ppm for 14 min or at
0.8 ppm for 1-8 h, subjects reported ocular irritation slightly less than that asso-
ciated with cutting a single mild onion. MITC failed to induce signs of genotox-
icity in an in vitro test for chromosome damage in cultured human lymphocytes
(Rubin et al. 2003), and induced strand breaks in human hepatoma cells at cyto-
toxic concentrations (Kassie et al. 2001).
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No human studies addressing the potential for reproductive and develop-
mental toxicity or chronic toxicity and carcinogenicity were found.

3. ANIMAL TOXICITY DATA

Data on MITC were reviewed by Nihon Schering (1990), Alexeeff et al.
(1994), NRA (1997), HSDB (2012), and Rubin et al. (2003). MITC is a primary
ocular irritant when instilled into the eye of rabbits (100 mg), causing severe
inflammation with corneal opacity, iritis, and conjunctival swelling (Nihon
Schering 1990). In studies with several species, cats were the most sensitive
species, exhibiting irritation of the ocular mucosa (Nesterova 1969). No details
of those studies were available.

3.1. Acute Lethality

Clark and Jackson (1977) exposed groups of five male and five female
Sprague-Dawley CFY rats whole-body to five concentrations of MITC ranging
from 600 to 3,100 mg/m’ (200 to 1,037 ppm) for 1 h. The test material adminis-
tered in the study was a pesticide formulation that contains MITC as an active
ingredient. The conversion used to estimate the MITC concentration in the
chamber (the concentration reported by secondary sources) was not clearly ex-
plained in the original report. Hyperactivity that began within 5 min of exposure
was observed in all MITC-treated groups. Ocular irritation, dyspnea, and hypo-
activity were observed during the remainder of the exposure period. Most rats
exposed at 3,100 mg/m® (1,037 ppm) died; death was preceded by convulsions.
No deaths occurred at 630 mg/m® (210 ppm). The 1-h LCs, was 1,900 mg/m®
(635 ppm). Necropsy of animals that died revealed pulmonary congestion and
hemorrhage of the lungs.

Jackson et al. (1981; reviewed in EPA 2006b)’ exposed groups of five
male and five female Sprague-Dawley rats to six different concentrations of
MITC for 4 h (concentrations not specified). The test material was MITC. Clini-
cal signs noted during exposure included closure of the eyes, lacrimation, and
peripheral vasodilation in all rats and a hunched posture in the majority of the
animals. Peripheral vasodilation persisted for several hours after exposure.
Opacity of the eyes was observed in rats exposed at >500 mg/m’® (>167 ppm).
No mortality or gross pathologic changes were observed at 282 mg/m’® (94
ppm), but lung weight was increased and lung rales were observed on day 1 and
reoccurred on day 6 post-exposure. The calculated 4-h LCsy was 180 ppm for

3 Jackson et al. (1981) is an unpublished report prepared by Huntingdon Research
Center and submitted to U.S. EPA’s Office of Chemical Safety and Pollution Prevention.
The report is not publicly available. A U.S. EPA AEGL staff member with FIFRA clear-
ance reviewed the original report and confirmed the details provided in the U.S. EPA
(2006b) Weight-of-Evidence Discussion for the study.
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both sexes. Necropsy and histopathologic examination of the animals that died
revealed congestion, edema, bronchiolitis, interstitial pneumonitis, and intra-
alveolar hemorrhage of the lungs, accompanied by increased lung weight and
focal hepatic necrosis. Distention of the stomach and intestines was attributed to
swallowing air (gasping) prior to death.

Ullman (1985) reported 100% mortality in Wistar rats within 30 min of
exposure to MITC at 10 ppm. These results conflict with those of the other acute
toxicity studies, as well as with the repeated-exposure studies with the same
strain of rats (see Section 3.3). Nesterova (1969) reported no deaths in rats
(strain unidentified) exposed to MITC at 26 ppm for 4 h, whereas 80-100% of
mice died at 25-26 ppm. No details of the methods of the Nesterova (1969) were
reported. With the exception of these two studies, the acute lethality data for
MITC are presented in Table 6-4.

3.2. Nonlethal Acute Toxicity

No acute toxicity studies other than those summarized in Section 3.1 were
found.

3.3. Repeated Exposure Studies

Groups of five male and five female SPF Wistar/Chubb:THOM rats were
exposed whole-body to MITC for 6 h/day, 5 days/week for 28 days (Klimisch
1987; EPA 2006b). Measured concentrations of MITC were 0, 1.7, 6.8, and 34
ppm. Beginning on the third exposure day and continuing throughout the study,
rats exposed at 6.8 or 34 ppm exhibited eyelid closure, somnolence, and ruffled
fur during each daily exposure. No clinical signs were observed in the 1.7-ppm
group. Additional clinical signs observed in the 34-ppm group included reddish
nasal discharge, salivation, ocular discharge, and dyspnea. Except for ruffled fur
and respiratory distress in the 34-ppm group, clinical signs resolved between
exposures. Body weight and several clinical-chemistry parameters were reduced
in the high-exposure group at sacrifice. Histopathologic examination revealed
rhinitis in the nasal cavity, atrophy of the olfactory epithelium, metaplasia of the
nasal respiratory epithelium, tracheal epithelial proliferation, bronchial pneumo-
nia and bronchial and bronchiolar epithelial proliferation, and emphysema. The
no-observed-adverse-effect level was 1.7 ppm.

TABLE 6-4 Acute Lethality Data on Methyl Isothiocyanate

Concentration Exposure

Species (ppm) Duration Effect Reference

Rat 210 lh No mortality Clark and Jackson, 1977
635 l1h LCs

Rat 94 4h No mortality Jackson et al. 1981
180 4h LCso
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Groups of 10 male and 10 female Wistar were exposed nose-only to MITC
(95.69% pure) at concentrations of 0, 1, 10, or 45 ppm for 4 h/day, 5 days/week
for 12-13 weeks (Rosskamp et al. 1978; EPA 2006b). No clinical signs were
observed in the 1- or 10-ppm groups. Reduced physical activity accompanied by
salivation and nasal discharge was recorded throughout the study in the 45-ppm
group. Body weight was reduced only in the 45-ppm group, and body weight
gain was reduced by 11-15% in the 10-ppm group and by 47-63% in the 45-ppm
group. Histologic examination of the nasal passages was not performed. The
results of repeated exposure studies of MITC are summarized in Table 6-5.

MITC was immunotoxic in repeated exposure, oral studies. Daily admin-
istration of MITC at 15-55 mg/kg by gavage for 5 days to B6C3F; mice resulted
in a decrease in thymus weight and cellularity and changed peripheral white
blood cell populations (Keil et al. 1996). MITC was administered in Hanks bal-
anced salt solution. Oral administration (gavage, water vehicle) of metam sodi-
um to female B6C3F, mice at 300 mg/kg for 10 or 14 days decreased thymus
weight, increased spleen weight, increased bone marrow cellularity, reduced
mature lymphocyte subpopulations in the thymus, depleted major subpopula-
tions of thymocytes, and reduced body weight (Pruett et al. 1992).

3.4. Developmental and Reproductive Toxicity

No inhalation studies that evaluated the potential for MITC to induce re-
productive or developmental toxicity were found.

The results of two- and three-generation oral reproductive studies with the
rat and oral development toxicity studies with the rat and rabbit are summarized
in Table 6-6. Parameters of reproductive performance were not altered by treat-
ment in any generation. In the three-generation study, the irritant effects of
MITC resulted in lesions of the stomach in all treatment groups. In the develop-
mental toxicity studies, doses that affected fetal parameters also produced ma-
ternal toxicity. No teratogenic effects were evident.

TABLE 6-5 Results of Repeated Exposure Studies of Methyl Isothiocyanate

in Rats
Concentration
(ppm) Exposure Duration Effect Reference
1.7 6 h/d, 5 d/'wk No clinical signs. Klimisch 1987
6.8 for28d Eyelid closure, somnolence, ruffled fur.
34 Eyelid closure, somnolence, ruffled
fur, nasal discharge, salivation, ocular
discharge, dyspnea, nasal and lung lesions.
1 4 h/d, 5 d/wk for No clinical signs. Rosskamp et
12-13 wk al. 1978
10 No clinical signs.
45 Apathetic appearance, salivation, nasal

discharge, reduced body weight.
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TABLE 6-6 Developmental and Reproductive Studies of Oral Exposure to

Methyl Isothiocyanate
Species Exposure Effect Reference
Developmental Toxicity
Rat 2,10, or 50 ppm in drinking  No effect on fertility, Barker 1987
water, 70-77 days prior to reproductive performance,
mating, two generations or development or growth

of offspring; reduced water
consumption (10 and 50

mg/kg).
Rat 1, 3, 10, or 30“ mg/kg by No mortality at 1, 3, or 10 Pflaum et al.
gavage, starting at 28 days mg/kg; no reproductive or 1978
of age until litters delivered,  developmental effects;
three-generations stomach lesions in dams.
Reproductive Toxicity
Rat 1, 5, or 25 mg/kg by gavage,  Fetal growth retardation at 25 Irvine 1983
GDs 6-15 mg/kg, secondary to decreases
in maternal food intake and
body weight.
Rat 3, 10, or 30 mg/kg by No effect on reproductive Hellwig and
gavage, GDs 6-15 indices; some fetal growth Hildebrand 1987
retardation at 30 mg/kg.
Rabbit 1, 3, or 5 mg/kg by gavage, Reduced fetal weight and Irvine 1984
GDs 7-19 shorter crown to rump length

at 5 mg/kg, secondary to
maternal toxicity evidenced
by reduced food consumption
and lower weight gain.

Rabbit 1,3, or 10 mg/kg by gelatin ~ Maternal deaths, fetal toxicity, Ladd and
capsules, GDs 6-18 reduced fetal body weight and Smith 1976
survival at 10 mg/kg/day;
possible maternal toxicity at
3 mg/kg/day (2 deaths vs. 1 in

controls).
Rabbit 1, 3, or 10 mg/kg by gavage,  No clinical signs; no maternal Becker et al.
GDs 6-28 or fetal toxicity observed. 1986

“30-mg/kg group was terminated at week 5.
Abbreviations: GD, gestation day.

A three-generation oral study was conducted with Charles River CD rats
(Pflaum et al. 1978). Beginning at 28 days of age in all generations, groups of 10
male and 20 female rats were administered MITC at 0, 3, 10, or 30 mg/kg by
gavage. At week 5, the 30-mg/kg group was terminated and a 1 mg/kg group
added. Dosing was 5 days/week until the animals were killed. Each generation
was allowed to reach maturity, mate, and produce two litters. The first litter was
killed at weaning, and the second litter became the parental animals for the next
generation. Each parental generation was killed after littering twice. There were
no mortalities or changes in body weight or body weight gain in any generation.
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Reproductive indices, gross fetal abnormalities, and organ weights were compa-
rable among all groups. Histopathologic examination of each parental generation
revealed lesions of the forestomach, which were dose-related in incidence and
severity.

Groups of 24-28 mated CD rats were given MITC by gavage in corn oil at
doses of 0, 1, 5, or 25 mg/kg/day on gestation days (GD) days 6-15 (Irvine
1983). There were no differences in pregnancy incidence among the groups and
there were no clinical signs except for staining of fur in the high-dose group. For
dams, there was a dose-related reduction in food intake, but it was statistically
significant only in the high-dose group; this group also had a non-significant
reduction in body weight gain. Gross necropsy revealed thickening of the stom-
ach wall, occasionally accompanied by adhesions of viscera to the stomach
(24/27 in the 25-mg/kg group, 1/28 in the 5-mg/kg group). Fetuses of dams ex-
posed at 25-mg/kg/day were smaller in body weight and had reduced crown-
rump length with delayed skeletal ossification compared with other groups. Fe-
tal growth retardation in the 25-mg/kg group was associated with decreased ma-
ternal food intake and reduced weight gain.

Similar to the above study, mated Wistar rats were administered MITC (in
corn oil) by gavage at 0, 3, 10, and 30 mg/kg on days 6-15 of gestation (Hellwig
and Hildebrand 1987). Dams were killed on GD 20. There were no deaths or
clinical signs other than reddish coloration of the snout in some high-dose dams.
There were no significant differences in reproductive or developmental parame-
ters (numbers of corpora lutea, implantations, live fetuses, and sex distribution).
The number of fetuses weighing less than 75% of the mean fetal weight per litter
was increased in the high-dose group. There was no evidence of teratogenicity.

New Zealand white rabbits were administered MITC (in corn oil) by ga-
vage at 0, 1, 3, or 5 mg/kg on GDs 7-19 (Irvine, 1984). At 5 mg/kg, maternal
food consumption was reduced and accompanied by a decrease in body weight
gain. Fetal body weight was reduced at 5 mg/kg, but litter sizes were larger.

Maternal deaths of rabbits (7/17 does) were observed following admin-
istration of MITC (in gelatin capsules) at 10 mg/kg on GDs 6-18 (Ladd and
Smith 1976). All does that died had enlarged gall bladders and multiple red foci
on their liver surfaces. Maternal toxicity was also observed at 3 mg/kg, as evi-
denced by two deaths and reduced body weight gain in survivors. Survivors
gained weight comparable to that of the control rabbits over GDs 18-29. De-
layed ossification of the sternum was observed in fetuses of all the dose groups.

Becker et al. (1986) administered MITC (in corn oil) by gavage at 0, 1, 3,
or 10 mg/kg to groups of 16 mated chinchilla rabbits on GDs 6-18. Mean mater-
nal body weight was reduced over the dosing period, but body weights of the
low-dose group were higher than those of the control group because of increased
food consumption. There was no effect of treatment on the mean number of im-
plantations, number of live fetuses, embryonic or fetal death, or pre-implantation
and post-implantation losses. Fetal weight and sex distribution were comparable
among groups. There was no evidence of teratogenicity.
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3.5. Genotoxicity

Mutagenicity and genotoxicity studies of MITC were reviewed and sum-
marized by NRA (1997) and Rubin et al. (2003). Although some of the studies
did not report details, there was no clear evidence of mutagenicity or genotoxici-
ty attributable to MITC treatment. MITC was tested for mutagenicity, with and
without metabolic activation, in Sa/monella typhimurium strains TA98, TA100,
TA1535, TA1537, and TA1538 in several laboratories. MITC was also studied
for mutagenicity in Escherichia coli strain wP2 her and at the HGPRT locus in
cultured Chinese hamster V79 cells. There was no consistent evidence of muta-
genicity in any of these studies.

MITC failed to induce sister chromatid exchanges in cultured Chinese
hamster V79 cells, but gave positive results at some time points in an in vitro
chromosome aberration test in the same system. MITC was negative in two rec
assays using Bacillus subtilis, and it failed to induce unscheduled DNA synthe-
sis in an assay with cultured primary rat hepatocytes. In an in vivo micronucleus
test with CD-1 mice, MITC (110 mg/kg) did not show evidence of clastogenesis.

MITC (100 pg/mL) caused a marginal increase in mutations in S. typhi-
murium TA100 and TA98 (Kassie et al. 2001). Treatment with MITC induced
repairable DNA damage in E. coli, and addition of a metabolic activation system
reduced these effects. An in vivo micronucleus test with mice treated by gavage
with MITC at 90 mg/kg produced only a marginal response.

3.6. Chronic Toxicity and Carcinogenicity

No chronic toxicity or carcinogenicity studies of inhalation exposure to
MITC were found. Two-year bioassays with the rat and mouse in which MITC
was administered via the drinking water were available.

MITC was administered to groups of 60 male and 60 female Sprague-
Dawley rats in the drinking water at concentrations of 2, 10, or 50 ppm for 104
weeks (Brown 1981). Vapor loss from the water bottles was minimized with a
redesign of the water bottles. Average doses over the 2 years were 0, 0.08, 0.37,
or 1.60 mg/kg/day for males and 0, 0.12, 0.56, or 2.65 mg/kg/day for females.
Additional groups of 10 rats of each sex were similarly treated and killed after
52 weeks. No histopathologic lesions were present in any organ at 52 weeks.
Survival was similar among the groups. Water intake and body weight were
decreased in males in the S0-ppm group, an effect the investigators attributed to
MITC making the water unpalatable. Food intake was comparable to controls.
No oncogenic response was found at any dose.

In a 106-week study, MITC was administered in drinking water at concen-
trations of 0, 5, 20, 80, or 200 ppm to groups of 70 male and 70 female ICR-JCR
mice (Sato 1980). Calculated doses, based on drinking water analysis and water
consumption were 0, 0.68, 2.74, 9.82, or 21.34 mg/kg/day for males and 0, 0.76,
3.04, 10.81, or 24.06 mg/kg/day for females. Mortality was comparable for all
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groups (35-56%). No specific clinical signs were observed, but ruffled hair and
dull coat were noted at 80 and 100 ppm. Body weight gain in males and females
at 200 ppm and in males at 80 ppm was decreased. There were no differences in
food consumption. Observed changes in hematology and clinical chemistry pa-
rameters were either transient or not dose related. There was no abnormal tissue
histopathology. No differences in tumor types or time to appearance of tumors
were found between the treatment groups.

3.7. Summary

Two acute inhalation toxicity studies with rats were available. The 1- and
4-h LCs, values were 635 and 180 ppm, respectively (Clark and Jackson 1977;
Jackson et al. 1981). Respective highest nonlethal concentrations were 210 and
94 ppm. The study by Clark and Jackson (1977) administered a pesticide formu-
lation containing MITC to the animals, and estimated MITC exposure concen-
trations; however, the means of estimating the MITC exposures was not clearly
explained in the report. In repeated exposure studies, no clinical signs were ob-
served in rats exposed to MITC at 1 or 1.7 ppm (Rosskamp et al. 1978; Klimisch
1987). Signs of ocular irritation were observed at 6.8 ppm in one study (6 h/day)
but not at 10 ppm (4 h/day) in another study. No deaths were observed in rats
after a 28-day exposure to MITC at 34 ppm (6 h/day, 5 days/week) or after 12-
13 weeks at 45 ppm (4 h/day, 5 days/week).

Only oral studies were available that evaluated the reproductive and de-
velopmental toxicity of MITC. Two reproductive studies were conducted in rats,
and the developmental toxicity studies were conducted in rats and rabbits. Pa-
rameters of reproductive performance were not altered by MITC treatment in
any generation. In a three-generation reproduction study, the irritant effect of
MITC resulted in gastric lesions in all treatment groups. In the developmental
toxicity studies, doses that affected fetal parameters also produced maternal tox-
icity. No evidence that MITC was teratogenic was found.

No clear or consistent evidence of mutagenicity or genotoxicity was found
when MITC was tested in a variety of standard short-term bacterial and mamma-
lian cell systems. No evidence of carcinogenicity was found in rats or mice after
chronic oral exposure to MITC.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition

In rats, MITC is conjugated with glutathione and excreted in the urine as the
corresponding mercapturic acid. Metabolism of MITC was studied in rats and
mice after intraperitoneal injection (Lam et al. 1993). MITC was labeled with
BCH;, “CH;, or 13CS; metabolites were identified with *C-nuclear magnetic res-
onance and quantified by high-performance liquid chromatography and radiocar-
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bon counting. Mice excreted 80% of the '*C-radiocarbon label in the urine; feces
were a minor route of elimination. Recovery of 4C0O, was 3.8%. The carcass con-
tained 6% of the radiolabel after 48 h. The liver and kidneys generally had highest
C tissue values. For the rat, identification of S-(N-methylthiocarbamoyl)
glutathione in the bile and S-(N-methylthiocarbamoyl)mercapturic acid in the
urine indicates that direct conjugation with glutathione is the primary detoxifica-
tion mechanism. The mercapturate was a minor metabolite in the urine of mice.
Mennicke et al. (1983) also identified the dithiocarbamidic acid esters in rat urine
after oral administration of MITC.

Pharmacokinetic parameters were similar following oral administration of
MITC (Hawkins et al. 1987). Rats were given '“C-radiolabeled MITC at 4.4 or
33 mg/kg by gavage. By 24 h, 88-96% of the dose was absorbed. The thyroid,
liver, kidneys, whole blood, and adrenals were relatively high sites of accumula-
tion. Tissue concentrations at 168 h did not exceed 2.3% of the administered
dose. The metabolites N-acetyl-S-(N-methylthiocarbamoyl)-L-cysteine and the
corresponding cysteine conjugate were identified in the urine.

4.2. Mechanism of Toxicity

Clinical signs and respiratory tract pathology consistent with the actions of
a primary irritant have been observed in laboratory studies with rodents. Hu-
mans exposed to MITC complained of burning eyes and skin, nausea, sore
throat, salivation, coughing, and shortness of breath. Dourson et al. (2010) pro-
posed that trigeminal nerve stimulation occurs first, followed by ocular irrita-
tion, and finally respiratory effects. The available data, while limited, do not
provide clear evidence that MITC exposure is associated with systemic toxicity.

4.3. Structure-Activity Relationships

The isothiocyanates (R-N=C=S) are less toxic than the isocyanate conge-
ners (R-N=C=0). Sulfur is less electronegative than oxygen and hydrogen bond-
ing of sulfur takes place less readily than with oxygen (Finar 1986). In general,
the thiols are less water soluble than the corresponding alcohols, likely due to
their inability to form hydrogen bonds with water.

4.4. Other Relevant Information
4.4.1. Species Variability
Acute and repeat inhalation studies with MITC were all conducted with

the rat. In oral reproductive and developmental studies with the rat and rabbit,
no clear differences in species sensitivity were evident.
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4.4.2. Susceptible Populations

No data on subpopulations that may be particularly sensitive to MITC ex-
posure were found. MITC is a direct-acting respiratory irritant. As such, indi-
viduals with respiratory diseases such as asthma or emphysema might be more
sensitive.

4.4.3. Concentration-Exposure Duration Relationship

No information on a concentration-exposure duration relationship was lo-
cated. Acute rodent studies were conducted for two durations (1 or 4 h). Alt-
hough an n value of approximately 1 can be calculated from these two studies,
there is much uncertainty in extrapolating from two data points. The concentra-
tion-exposure duration relationship for many irritant and systemically-acting
vapors and gases has been described by the equation C" x t = k, where the expo-
nent n values range from 0.8 to 3.5 (ten Berge et al. 1986). In the absence of a
chemical-specific, empirical exponent, default values of n = 3 and n = 1 when
extrapolating to shorter and longer durations, respectively, is used (NRC 2001).
This method will yield the most conservative AEGL estimates.

4.4.4. Concurrent Exposure Issues

MITC is a decomposition product of metam sodium, which can also yield
other breakdown products including hydrogen sulfide, methyl isocyante, carbon
disulfide, and methyl amine, depending on the soil pH and environmental condi-
tions (O’Malley et al. 2004). Thus, exposure to MITC may occur concurrently
with exposure to these other compounds, resulting in symptoms that may not be
solely related to MITC toxicity.

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

A study conducted with human volunteers measured ocular irritation, con-
sidered the most sensitive irritant response to MITC (Russell and Rush 1996).
Ocular irritation was determined in 70 volunteers, tested in groups of 9-16 indi-
viduals, at discrete time intervals of 1 and 14 min and 4 and 8 h. No ocular irri-
tation was reported in association with exposure at 3.3 ppm for 1 min, 0.6 ppm
for 14 min, or 0.22-0.23 ppm for 1-8 h. When exposed to MITC at 1.9 ppm for
14 min or 0.8 ppm for 1-8 h, subjects reported ocular irritation slightly less than
that associated with cutting a single mild onion. The study was well-designed
and well-conducted.
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5.2. Summary of Animal Data Relevant to AEGL-1

Acute animal studies were generally conducted at much higher concentra-
tions than the clinical study, and subjective responses cannot be ascertained in
animals. In repeated-exposure studies, no clinical signs were observed in rats ex-
posed to MITC at 1.7 ppm for 6 h/day, 5 days/week for 28 days (Klimisch 1987)
or in rats exposed at 1 ppm for 4 h/day, 5 days/week for 12-13 weeks (Rosskamp
et al. 1978).

5.3. Derivation of AEGL-1

The study with human volunteers (Russell and Rush 1996) was the most
appropriate for derivation of AEGL-1 values. Although the study examined only
ocular irritation (through the use of goggle exposures), that effect is believed to
be a more sensitive indicator of MITC exposure (occurring more quickly and at
lower concentrations) than nasal or respiratory irritation (Dourson et al. 2010).
No ocular irritation was reported in association with exposure to MITC at 3.3
ppm for 1 min, 0.6 ppm for 14 min, or 0.22-0.23 ppm for 1-8 h. When exposed
at 1.9 ppm for 14 min or 0.8 ppm for 1-8 h, subjects reported ocular irritation
slightly less than that associated with cutting a single mild onion. The effect at
0.8 ppm was a slight, transient, and subjective effect. Blinking rate was slightly
increased, but there was no tearing or redness of the eye. A concentration of 0.8
ppm was considered the highest concentration that was not associated with no-
table discomfort and was selected as the point of departure. An intraspecies un-
certainty factor of 3 was applied to protect sensitive individuals. According to
NRC (2001), “in those cases in which the mode or mechanism of action is such
that the response elicited by exposure to the chemical by different subpopula-
tions is unlikely to differ, an intraspecies uncertainty factor of 3-fold is generally
used. Typically, this response involves a direct-acting mechanism of toxicity in
which metabolic or physiologic differences are unlikely to play a major role.”
Additional support for an uncertainty factor of 3 is provided by the inclusion of
young adults (subjects ranged in age from 18-67 years, mean of 32 years) in the
group of subjects in the study by Russell and Rush (1996). Kjaergaard et al.
(1992) evaluated the range of human sensitivity to ocular irritation by carbon
dioxide among 158 volunteers, and observed no differences based on gender or
smoking status, but observed that young adults (<40 years of age) were more
sensitive than the elderly. The threshold for ocular irritation among sensitive
individuals was within a factor of 2 of the average response of young adults
(Kjaergaard et al. 1992).

Because 0.8 ppm was tested for up to 4 h, this concentration was used for
all AEGL-1 exposure durations (see Table 6-7). Furthermore, there is adaptation
to the slight irritation that defines the AEGL-1 effects. The 0.8-ppm value is
supported by no-effect concentrations in repeated-exposure studies with rodents.
No signs of ocular irritation or other clinical signs were observed in rats exposed
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at 1.7 ppm for 6 h/day, 5 days/week for 28 days (Klimisch 1987) or in rats ex-
posed at 1 ppm for 4 h/day, 5 days/week for 12-13 weeks (Rosskamp et al.
1978). Application of total uncertainty factors of 3 or 10 to the animal data
would bring the values (0.33-0.56 ppm or 0.10-0.17 ppm, respectively) close to
or below the no-effect level of 0.22-0.23 ppm observed in the clinical study. The
AEGL-1 calculations are presented in Appendix B, a derivation summary is
presented in Appendix C, and a category plot of the relationship between AEGL
values and toxicity data is presented in Appendix D.

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

Ocular irritation may be sufficient to impair escape, so is a relevant
AEGL-2 end point. Russell and Rush (1996) observed several measures of ocu-
lar irritation in human volunteers exposed to MITC at 0.8 ppm for up to 4 h.
With 3 and 4 h of exposure, all nine subjects appeared to respond positively on
the Likert scale (indicating irritation), with mean Likert scale responses of 39 +
19% and 39 + 26%, respectively (compared with 5 £ 6% and 4 + 6% in con-
trols). If 50% on the Likert scale was considered equivalent to the irritation from
the cutting of a single mild onion, and the mean response at 0.8 ppm was below
this level, this degree of ocular irritation would not be expected to impair es-
cape. No other human studies were available for development of AEGL-2 val-
ues.

6.2. Summary of Animal Data Relevant to AEGL-2

No acute exposure studies with laboratory animals relevant to deriving
AEGL-2 values were identified. In repeated exposure studies, rats exposed to
MITC at 6.8 ppm for 6 h/day, 5 days/week for 28 days showed signs of ocular
irritation and general discomfort during daily exposure periods, beginning on the
third exposure day and continuing throughout the study (Klimisch 1987). These
signs were reversible between exposures. Rats exposed at 10 ppm for 4 h/day, 5
days/week for 12-13 weeks did not have clinical signs (Rosskamp et al. 1978).
These concentrations are close to the derived 4- and 8-h AEGL-2 values (10 and
5.3 ppm, respectively [see below]). No clinical signs were seen at 1 or 1.7 ppm.

TABLE 6-7 AEGL-1Values for Methyl Isothiocyanate

10 min 30 min 1h 4h 8h
0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm
(0.81 mg/m”) (0.81 mg/m®) (0.81 mg/m’) (0.81 mg/m*)  (0.81 mg/m?)
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6.3. Derivation of AEGL-2

In lethality studies with rats, the concentration-response curve for MITC
was steep. In a 1-h study with rats (Clark and Jackson 1977), the highest nonle-
thal concentration of 210 ppm is about one-third the LCsy of 635 ppm. In a 4-h
study with rats (Jackson et al. 1981), the highest nonlethal concentration of 94
ppm is about one-half the LCsy of 180 ppm. In the absence of data that address
AEGL-2 end points and with evidence of a steep concentration-response curve,
the AEGL-3 values were divided by 3 to derive AEGL-2 values (NRC 2001).
AEGL-2 values are presented Table 6-8; the calculations are presented in Ap-
pendix B, and a category graph of the relationship between AEGL values and
toxicity data are presented in Appendix D.

Although acute studies that address AEGL-2 end points are not available,
repeat-exposure studies (Rosskamp et al. 1978; Klimisch, 1987) support the
AEGL-2 values.

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

No human studies were available to derive AEGL-3 values for MITC.

7.2. Summary of Animal Data Relevant to AEGL-3

One- and 4-h inhalation studies were conducted in rats. The 1- and 4-h LCs,
values were 635 ppm (Clark and Jackson 1977) and 180 ppm (Jackson et al.
1981), respectively. No deaths occurred at 210 ppm for 1 h or at 94 ppm for 4 h.

7.3. Derivation of AEGL-3

The study by Clark and Jackson (1977) used a pesticide formulation con-
taining MITC as the test material, and the calculation used to estimate the MITC
concentration in the chamber was not specified. In light of the uncertainties as-
sociated with this study, it was not used to derive AEGL-3 values. The POD for
the AEGL-3 values is the highest 4-h nonlethal concentrations of 94 ppm in the
study of rats (Jackson et al. 1981). Interspecies and intraspecies uncertainty fac-
tors of 3 each are usually applied to chemicals that are direct-acting irritants

TABLE 6-8 AEGL-2 Values for Methyl Isothiocyanate

10 min 30 min l1h 4h 8h
21 ppm 21 ppm 17 ppm 10 ppm 5.3 ppm
(63 mg/m’) (63 mg/m) (51 mg/m?) (30 mg/m?) (16 mg/m*)
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(NRC 2001). However, application of a total uncertainty factor of 10 would re-
sult in AEGL-3 values that are inconsistent with the human exposure study
(Russell and Rush 1996). Therefore, interspecies and intraspecies uncertainty
factors of 1 and 3, respectively, were applied. Reduction of an uncertainty factor
is appropriate when the weight of the evidence indicates that a higher uncertain-
ty factor would result in AEGL values at odds with human data (NRC 2001).
Time scaling was performed using the equation C" x t = k. Because the available
data were insufficient for establishing an empirical value of n, default values of
n =3 and n = 1 when extrapolating to shorter and longer durations, respectively,
were used (NRC 2001). Because of the uncertainty associated with extrapolating
a 4-h POD to a 10-min value, the 10-min AEGL-3 value was set equal to the 30-
min AEGL-3 value.

The longer-term AEGL-3 values are supported by repeated-exposure stud-
ies. Rats tolerated MITC at 45 ppm (a concentration higher than the 4- and 8-h
AEGL-3 values of 27 and 13 ppm, respectively) for 4 h/day, 5 days/week for 12-
13 weeks (60-65 exposures) without any deaths (Rosskamp et al. 1978). AEGL-
3 values for MITC are presented in Table 6-9, the calculations are presented in
Appendix B, and a category graph of the relationship between AEGL-3 values
and toxicity data are presented in Appendix D.

If the 1-h nonlethal concentration of 210 ppm from the Clark and Jackson
(1977) study were used to derive 10-min, 30-min, and 1-h AEGL-3 values, es-
timates of 130, 88, and 70 ppm, respectively, would result. The estimates are
comparable (slightly higher) than those estimated from the 4-h POD (63, 63, and
50 ppm, respectively).

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

The AEGL values for MITC are presented in Table 6-10.

8.2. Comparison with Other Standards and Guidelines

No exposure standards or guidelines for MITC were identified.

TABLE 6-9 AEGL-3 Values for Methyl Isothiocyanate

10 min 30 min 1h 4h 8h
63 ppm 63 ppm 50 ppm 31 ppm 16 ppm
(190 mg/m’) (190 mg/m®) (150 mg/m®) (94 mg/m?) (47 mg/m*)
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TABLE 6-10 AEGL Values for Methyl Isothiocyanate

Classification 10 min 30 min 1h 4h 8h

AEGL-1 0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm
(nondisabling)  (0.81 mg/m’)  (0.81 mg/m®) (0.81 mg/m’) (0.81 mg/m*) (0.81 mg/m’)
AEGL-2 21 ppm 21 ppm 17 ppm 10 ppm 5.3 ppm
(disabling) (63 mg/m*)  (63mgm’)  (Glmgm’)  GBOmgm’) (16 mg/m’)
AEGL-3 63 ppm 63 ppm 50 ppm 31 ppm 16 ppm
(lethal) (190 mg/m®) (190 mg/m®) (150 mg/m’) (94 mg/m’) (47 mg/m’)

8.3. Data Adequacy and Research Needs

Data from clinical studies and studies with laboratory animals were ade-
quate to develop AEGL values for MITC. However, the available acute animal
data are limited to two studies in rats (Clark and Jackson 1977; Jackson et al.
1981) and included one study that administered a pesticide formulation contain-
ing MITC as the test material (Clark and Jackson 1977). Additional information
on acute toxicity of MITC in other species would be helpful. Similarly, although
available animal data and human exposure incidents suggest that ocular irritation
is a more sensitive indicator of exposure than upper-respiratory-tract irritation,
more rigorous investigation is needed to support this finding.
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APPENDIX A

DERIVATION OF THE LEVEL OF DISTINCT ODOR
AWARENESS FOR METHYL ISOTHIOCYANATE

The level of distinct odor awareness (LOA) represents the concentration
above which it is predicted that more than half of the exposed population will ex-
perience at least a distinct odor intensity, and about 10% of the population will
experience a strong odor intensity. The LOA should help chemical emergency
responders in assessing the public awareness of the exposure from odor percep-
tion. The LOA derivation follows the guidance of van Doorn et al. (2002).

The odor detection threshold (OTs,) for MITC was reported to be 1.7 ppm
(Russell and Rush 1996). This value is the geometric mean of detection thresh-
olds that ranged from 0.2 to 8 ppm among a panel of 33 individuals.

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

I=kw x log (C - OT50) +0.5

For the Fechner coefficient, the default of kw = 2.33 was used due to the
lack of chemical-specific data:

3=2.33 xlog (C+1.7) + 0.5, which can be rearranged to
log (C+1.7)=3-0.5)+2.33 =1.07, and results in
C=(10""7) x 1.7 =20 ppm

The resulting concentration is multiplied by an empirical field correction
factor. The factor takes into account that in everyday life, factors such as sex,
age, sleep, smoking, upper airway infections, allergy, and distraction, may in-
crease the odor detection threshold by up to a factor of 4. In addition, it takes
into account that odor perception is very fast (about 5 seconds) which leads to
the perception of concentration peaks. A factor of one-third is applied to adjust
for peak exposure. Adjustment for distraction and peak exposure lead to a cor-
rection factor of 4 + 3 =1.33.

LOA =Cx1.33 =20 ppm x 1.33 =27 ppm

The LOA for MITC is 27 ppm.
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APPENDIX B

DERIVATION OF AEGL VALUES FOR METHYL ISOTHIOCYANATE

Key study:

Toxicity end point:

Time scaling:

Uncertainty factors:

Modifying factor:
Calculations:
10-min AEGL-1:
30-min AEGL-1:
1-h AEGL-1:
4-h AEGL-1:

8-h AEGL-1:

Derivation of AEGL-1 Values

Russell, M.J., and T.I. Rush. 1996. Methyl
Isothiocyanate: Determination of Human
Olfactory Detection Threshold and Human No
Observable Effect Level for Eye Irritation. Report
No. RR 96-049B, Sensory Testing Laboratory,
University of California, Davis, CA. Unpublished
report submitted to U.S. EPA’s Office of Chemical
Safety and Pollution Prevention.

Lowest-observed-effect level (0.8 ppm) for ocular
irritation in the clinical study was a NOAEL for
ocular irritation according to the definition of the
AEGL-1 value; exposure durations of 1-480 min.

None, because NOAELSs for each exposure duration
were used.

3 for intraspecies variability; based on direct-acting
irritant mechanism of toxicity in which metabolic
and physiologic differences are unlikely to play a
major role (NRC 2001), and based on data showing
approximately 2-fold range of human sensitivity to
ocular irritants (Kjaergaard et al. 1992).

Not applicable

C=0.8+3ppm=0.27 ppm
C=0.8+3ppm=0.27 ppm
C=0.8+3 ppm=0.27 ppm
C=0.8+3ppm=0.27 ppm

C=0.8+3ppm=0.27 ppm
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Derivation of AEGL-2 Values

In the absence of data for deriving AEGL-2 values for MITC and because
MITC has a steep exposure-response curve in lethality studies (Clark and Jack-
son 1977; Jackson et al. 1981), AEGL-2 values were calculated by dividing the
AEGL-3 values by 3 (NRC 2001).

10-min AEGL-2:
30-min AEGL-2:
1-h AEGL-2:
4-h AEGL-2:

8-h AEGL-2:

Key study:

Toxicity end points:

Time scaling:

Uncertainty factors:

63 ppm +3 =21 ppm
63 ppm + 3 =21 ppm
50 ppm +3 =17 ppm
31 ppm + 3 =10 ppm

16 ppm +~ 3 =5.3 ppm

Derivation of AEGL-3 Values

Jackson, G.C., G.C. Clark, D.E. Prentice, R.M.
Read, C. Gopinath, and C. Cherry. 1981. Methyl
Isothiocyanate: Acute Inhalation Toxicity in Rats.

4 Hour Exposure. RZ No. 81/082, Huntingdon
Research Centre, Huntingdon, England. Unpublished
report submitted to U.S. EPA’s Office of Chemical
Safety and Pollution Prevention.

NOAEL of 94 ppm for lethality in rats during
4-h exposure

C" x t =k; default values of n=3 and n =1 for
scaling to shorter and longer exposure durations,
respectively (NRC 2001).

30-min and 1-h values: (94 ppm = 3)’ x 240 min =
7.383 x 10° ppm-min

8-h value: (94 ppm + 3)' x 240 min = 7,520 ppm-min

3 for intraspecies variability; humans are not
expected to vary greatly in their response to a
direct-acting irritant (NRC 2001). Application
of a higher uncertainty factor would result in
concentrations inconsistent with human clinical
studies.
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Modifying factor:
Calculations:
10-min AEGL-3:

30-min AEGL-3:

1-h AEGL-3:

4-h AEGL-3:

8-h AEGL-3:

Copyright © National Academy of Sciences. All rights reserved.

None

Set equal to 30-min AEGL-3 = 63 ppm

C? x 30 min = 7.383 x 10° ppm-min
C =63 ppm

C* x 60 min = 7.383 x 10° ppm-min
C =50 ppm

C=94 ppm + 3
C=31ppm

C' x 480 min = 7,520 ppm-min
C =16 ppm
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APPENDIX C

ACUTE EXPOSURE GUIDELINE LEVELS
FOR METHYL ISOTHIOCYANATE

Derivation Summary

AEGL-1 VALUES
10 min 30 min lh 4h 8h
0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm
0.81 mg/m®>)  (0.81 mg/m®)  (0.81 mg/m®)  (0.81 mg/m*)  (0.81 mg/m’)
Key Reference: Russell, M.J., and T.I. Rush. 1996. Methyl Isothiocyanate: Determination
of Human Olfactory Detection Threshold and Human No Observable Effect Level for Eye
Irritation. Report No. RR 96-049B, Sensory Testing Laboratory, University of California,
Davis, CA. Unpublished report submitted to U.S. EPA’s Office of Chemical Safety and
Pollution Prevention.

Test species/Gender/Number): Human volunteers, male and female, 9-16 per group

Exposure route/Concentration/Duration: Inhalation; 0, 0.60, 1.9, or 3.3 ppm for 1 or
14 min; 0, 0.23, or 0.8 ppm for 4 h; 0 or 0.22 ppm for 8 h

Effects:
No ocular irritation Mild ocular irritation
1 min 3.3 ppm —
14 min 0.60 ppm 1.9 ppm
lh 0.23 ppm 0.8 ppm
4h 0.23 ppm 0.8 ppm
8h 0.22 ppm —

End point/Concentration/Rationale: Ocular irritation was mild (less than that associated
with cutting one mild onion) and, thus, did not represent the notable discomfort that
constitutes an AEGL-1 effect (NRC 2001).

Uncertainty factors/Rationale:

Total uncertainty factor: 3

Interspecies: 1, because human data were used

Intraspecies: 3, based on direct-acting irritant mechanism of toxicity in which metabolic
and physiologic differences are unlikely to play a major role (NRC 2001), and based on
data showing an approximately 2-fold range of human sensitivity to ocular irritants
(Kjaergaard et al. 1992).

Modifying factor: None
Animal-to-human dosimetric adjustment: Not applicable

Time scaling: None; the POD was tested for durations of 1-4 h with no increase in
severity of effect; therefore, the irritant effects of MITC are not expected to become more
severe with increasing duration at this concentration.

Data adequacy: The study was well conducted and used an adequate numbers of healthy
individuals. Ocular irritation is considered the most sensitive end point in studies with
MITC.
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AEGL-2 VALUES

10 min 30 min 1h 4h 8h
21 ppm 21 ppm 17 ppm 10 ppm 5.3 ppm
(63 mg/m®) (63 mg/m®) (51 mg/m®) (30mg/m®) (16 mg/m®)

Data adequacy: Data on MITC were inadequate for deriving AEGL-2 values. When data
are lacking and the concentration-response curve is steep, AEGL-2 values may be de-
rived by dividing the AEGL-3 values by 3 (NRC 2001). A steep concentration-response
curve has been demonstrated for MITC. In a 1-h study with rats (Clark and Jackson
1977), the highest nonlethal concentration of 210 ppm is about one-third the LCsy of 635
ppm. In a 4-h study with rats (Jackson et al. 1981), the highest nonlethal concentration of
94 ppm is about one-half the LCs, of 180 ppm.

AEGL-3 VALUES

10 min 30 min lh 4h 8h
63ppm 63 ppm 50 ppm 31 ppm 16 ppm
(190 mg/m®) (190 mg/m®) (150 mg/m®) (94 mg/m*) (47 mg/m®)

Key reference: Jackson, G.C., G.C. Clark, D.E. Prentice, R.M. Read, C. Gopinath,
and C. Cherry. 1981. Methyl Isothiocyanate: Acute Inhalation Toxicity in Rats.

4 Hour Exposure. RZ No. 81/082, Huntingdon Research Centre, Huntingdon,
England. Unpublished report submitted to U.S. EPA’s Office of Chemical Safety
and Pollution Prevention.

Test species/Strain/Number: Rat; Sprague-Dawley; groups of 5 per sex

Exposure route/Concentration/Duration: Inhalation ; six concentrations for 4 h

Effects: No mortality at 94 ppm; LCsy = 180 ppm

End point/Concentration/Rationale: 94 ppm, highest 4-h nonlethal concentration

Uncertainty factors/Rationale:

Total uncertainty factor: 3

Interspecies: 1

Intraspecies: 3, considered sufficient to protect the sensitive population with respiratory
diseases; application of larger uncertainty factors would conflict with results of clinical
studies.

Modifying factor: None
Animal-to-human dosimetric adjustment: Not applicable

Time scaling: C" x t = k; default values of n =3 and n = 1 for scaling to shorter

and longer exposure durations, respectively (NRC 2001). Due to uncertainty in
extrapolating a 4-h point of departure to a 10-min value, the 10-min AEGL-3 was

set equal to the 30-min AEGL-3 value.

Data adequacy: The 4-h study used multiple concentrations and an adequate numbers of

animals. The values are supported by repeated-exposure studies performed in different
laboratories.
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APPENDIX D

CATEGORY PLOT FOR METHYL ISOTHIOCYANATE

Chemical Toxicity - TSD All Data
Methyl Isothiocyanate
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FIGURE D-1 Category plot of animal and human data and AEGL values for methyl
isothiocyanate.

TABLE D-1 Data Used in the Category Plot for Methyl Isothiocyanate

Source Species  ppm Minutes  Category Comments
AEGL-1 0.27 10 AEGL
AEGL-1 0.27 30 AEGL
AEGL-1 0.27 60 AEGL
AEGL-1 0.27 240 AEGL
AEGL-1 0.27 480 AEGL
AEGL-2 21 10 AEGL
AEGL-2 21 30 AEGL
AEGL-2 17 60 AEGL
AEGL-2 10 240 AEGL
AEGL-2 53 480 AEGL
AEGL-3 63 10 AEGL
AEGL-3 63 30 AEGL
AEGL-3 50 60 AEGL

(Continued)
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Source Species  ppm Minutes  Category Comments

AEGL-3 31 240 AEGL

AEGL-3 16 480 AEGL

Russell and Rush 1996 Human 3.3 1 0 No ocular irritation
Human 0.60 14 0 No ocular irritation
Human 0.23 60 0 No ocular irritation
Human 0.23 120 0 No ocular irritation
Human 0.23 180 0 No ocular irritation
Human 0.23 240 0 No ocular irritation
Human 0.22 360 0 No ocular irritation
Human 0.22 480 0 No ocular irritation
Human 1.9 14 1 Subjective ocular irritation
Human 0.8° 120 1 Subjective ocular irritation;

increased blink rate
Human 0.8° 180 1 Subjective ocular irritation;
increased blink rate

Human 0.8° 240 1 Subjective ocular irritation

Clark and Jackson 1977 Rat 210 60 2 1-h highest nonlethal value
Rat 635 60 SL 1-h LCs

Jackson et al. 1981 Rat 94 240 2 4-h highest nonlethal value
Rat 180 240 SL 4-h LCs

Categories: 0 = no effect, 1 = discomfort, 2 = disabling, SL = some lethality, 3 = lethal.
“Note: the discomfort associated with human exposure at 0.8 ppm (Russell and Rush 1996)
was below the threshold for notable discomfort that constitutes an AEGL-1 effect.
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