





Allyl Isothiocyanate (AITC):

Petition for Inclusion on the National List as a Synthetic Substance Allowed For Use in Organic
Crop Production

OVERVIEW

Allyl isothiocyanate (AITC) is a naturally occurring compound found in of Qil of Mustard ({from black
mustard seed, Brassica Ingra L. (Family: Cruciferae / Brassicaceae), and is produced naturally when
enzymes of cruciferous plants, myrosinase and glucosolinate, are combined in the presence of water.
These two enzymes are kept separate within the plant cells until the plant is attacked and or crushed
whereby they then combine to form the plant defense chemical AITC. In addition to its natural
occurrence in mustard, AITC can be found naturally in food commodities such as cooked cabbage, kale,
mustard and horseradish.

As a synthetically produced compound AITC is manufactured from aliyl iodide and potassium
thiocyanate. Synthetic AITC has been approved for use by EPA as a bio-fumigant for use in crop
production to control soil-borne fungi, nematodes, weeds and insects.

Isagro USA, Inc. has registered both a Manufacturing Use Product (MUP), IR9804 (EPA Reg. No. 89285-
1), and an end-use product (EP), IRF135 {EPA Reg. No. 89285S-2) with EPA. The Isagro USA products
contain synthetic AITC at 99.8% and 96.3%, respectively. IRF135 is labeled for pre-plant soil application
only, and the active ingredient (synthetic AITC) and its degradates will dissipate prior to planting. For this
reason, the Agency considers this to be a non-food use and, therefore, a tolerance or exemption from
the requirement of a tolerance is not required (40 CFR Part 180.1167).

in addition, AITC is listed as “Generally Regarded as Safe” (GRAS) with the FDA and is an approved food
additive for direct addition to food for human consumption as a synthetic flavoring substance and
adjuvant (21 CFR 172.515).

The search for a technically and economically feasible organic soil fumigant alternative has beenin
process for more than a decade in an attempt to increase production yields that meet market demand.
Current alternative organic products containing furfural, dimethyl disulfide, and crab shelis, ail have
drawbacks. These drawbacks come in the form of limited spectrum, preduct availability and or
regulatory restrictions that limit their use. The current alternatives provide control of single pest
categories (control of weed seeds, nematodes, insects or soil borne plant diseases) but not the multiple
pest categories. AITC is being registered for use as a stand-alone product for control of all pest
categories, and would replace the need to use multiple products to control various weeds and pests.

ITEM A

Identification of the category the substance is being petitioned for inclusion on the National List:



1} Synthetic substance allowed for use in organic crop preduction
iITEM B
Product Overview:

1. The substance’s common hame,
Allyt Isothiocyanate (AITC)
2. The manufacturer’s name, address, and telephone number.

Isagro USA, Inc.
430 Davis Drive, Suite 240
Morrisyille, NC 27560

3. The intended or current use of the substance such as use as a pesticide, animal feed additive,
processing aid, nonagricultural ingredient, sanitizer, or disinfectant.

The substance is intended as a biofumigant, and is registered with the U.S. Environmental Protection
Agency (EPA). AITC is approved for use with multiple registrants as an insect and animal repellent,
feeding suppressant, insecticide, fungicide, herbicide, and nematicide. isagro USA’s registration of AITC
is as a biofumigant for use in crop production to control soil-borne fungi, nematodes, weeds and insects.

The chemical is also approved by the U.S. Food and Drug Administration as a food additive for human

consumption.

4. A list of the crop, livestock, or handling activities for which the substance will be used. If used for
crops or livestock, the substance's rate and method of application must be described. If used for
handling (including processing), the substance’s mode of action must be described.

AITC is intended for use in crop production as an biofumigant for the control of secil-borne fungi,
nematodes, weeds and insects . Isagro USA’s end-use product with this active ingredient is applied as a
pre-plant {non-food) bare ground soil treatment to reduce or control target pests. The productis
applied (1) by tractor mounted shank injection at a depth of 8-15 inches, and may be followed by a tarp
overlay, or with a water seal and press wheel (2) by drip injection, also covered by a tarp overlay, and {3)
by deep injection to depths greater than 17 inches, with or without tarp covering. The Isagro USA end-
use product IRF135 (96.3% Allyl isothiocyanate) is applied at a rate of 20-40 gallons of product per acre
{equivalent to 85-340 Ibs product per acre). Isagro USA has demonstrated that AITC and its degradates
dissipate prior to crop seeding or seedling transplant.



5. The source of the substance and a detailed description of its manufacturing or processing
procedures from the basic component(s) to the final product.

As a naturally-occurring compound Allyl isothiocyanate (AITC) is found in Oil of Mustard (from black
mustard seed, Brassica Ingra L. (Family: Cruciferae / Brassicaceae), and is produced naturally when
enzymes of cruciferous plants, myrosinase and glucosolinate, are combined in the presence of water.
These two enzymes are kept separate within the plant cells until the plant is attacked and or crushed
whereby they then combine to form the plant defense chemical AITC. In addition to its natural
occurrence in mustard, AITC can be found naturally in food commodities such as cooked cabbage, kale,
mustard and horseradish.

As a synthetically produced compound AITC is manufactured from allyl iodide and potassium
thiocyanate. Both natural and synthetic versions of AITC have the same chemicatl structure (C,HsNS) and
CAS Number {(57-06-7).

Isagro, USA, Inc. has performed an analysis comparing AITC samples of synthetic and natural origin to
assess their chernical-physical characteristic similarities (Rizzo, 2013). Results of this analysis are

summarized as follows:

e An analytical method for determining the content of active ingredient in Allyl isothiocyanate
(AITC) technical product was developed and validated for specificity, linearity and precision,
according to SANCO/3029/99 rev. 4 (11/07/2000}.

e The content of active ingredient in AITC technical product was assessed by GC/FID with
split/splitless injection method. Since AITC is present in equilibrium mixture with its isomer Allyl
Thiocyanate (ATC), that quickly converts to the isomer by allylic rearrangement at the
temperatures commonly used with the split/splitless injection system, the active ingredient
content was determined as sum of AITC and ATC isomers. Then the actual ratio of the isomers
was determined by 1H-NMR.

e  Two AITC samples, batch#QJH1203012 of synthetic origin and batch#1050120806/11 of natural
origin, were analyzed for active ingredient content and characterized by GC/MS, 1H-NMR, IR
and UV/VIS spectroscopy.

e Refractive index, boiling point and density were also determined on both samples.

e The gaschromatographic purity of the samples of synthetic and natural origin is 100% and
98.93% (w/w) respectively and the AITC/ATC isomer ratio is 96/4 for both samples.

e  GC/MS, 1H-NMR, IR and UV/VIS spectra of the samples (synthetic and natural origin) are
comparable.

e Refractive index, boiling point and density determined in both samples are comparable.

The comparison results are summarized in table below:



batch#QJH1203012 | batch#1050120806/11
synthetic origin natural origin
GC purity 100% (w/w) 98.93% (w/w)
NMR (AITC/ATC 96/4 96/4
ratio)
GC/MS comparahle spectra
H-NMR comparable spectra
IR comparable spectra
UV/VIS comparable spectra
refractive index
{589 nm and 20°C) 1.531 1.532
boiling point 420 K {147°C) 422 K {149°C)
density 1.017 g/ml 1.016 g/mi

Results of the analysis indicate that AITC samples of synthetic and natural origin have comparable
chemical-physical characteristics.

isagro USA, inc.’s manufacturing process for synthetic AITC is considered to be Confidential Business
Information (CBI) and is enclosed as a confidential attachment, We have also enclosed a justification to

support the CBi claim.

6. A summary of any available previous reviews by State or private certification programs or other
organizations of the petitioned substance.

Not Applicable. AITC has not been reviewed by any state or private certification program.

7. Information regarding EPA, FDA, and State regulatory authority registrations, including registration
numbers.

AITC is an existing ingredient with EPA (PC Code 004901), and has been granted an exemption from the
requirement of a tolerance as an insecticide and repellent when used as a component of food grade oil
of mustard, in or on all raw agricultural commaodities, when applied according to approved labeling (40
CFR Part 180.1167). The first approved use in a registered biochemical product was in 1962.

For isagro USA, EPA has registered both a Manufacturing Use Product (MUP), IR9804 (EPA Reg. No.
89285-1), and an end-use product (EP}, IRF135 {EPA Reg. No. 89285-2). The Isagro USA products contain
synthetic AITC at 99.8% and 96.3%, respectively. IRF135 is labeled for pre-plant soil application only,
and the active ingredient (synthetic AITC) and is degradates will dissipate prior to planting. For this
reason, the Agency considers this to be a non-food use and, therefore, a tolerance or exemption from
the requirement of a tolerance is not required. The EPA decision document and science reviews for
Isagro USA registrations are included with this petition.



Isagro USA, Inc. is currently in the process of applying for pesticide registrations for the end use product
IRF135 with state agencies, with approvals to date in the following states: GA, SC, MO, and OK.

AITC is listed as “Generally Regarded as Safe” (GRAS} with the FDA and is an approved food additive for
direct addition to food for human consumption as a synthetic flavoring substance and adjuvant {21 CFR
172.515).

8. The Chemical Abstract Service (CAS) number or other product numbers of the substance and labels
of products that contains the petitioned substance.

The CAS number for AITC, for both the natural and synthetic versions, is 57-06-7. A copy of the end use
label IRF135 (EPA Reg. No. 89285-2) is enclosed.

9, The substance's physical properties and chemical mode of action including {a) chemical interactions
with other substances, especially substances used in organic production; (b} toxicity and
environmental persistence; (¢) environmental impacts from its use or manufacture; (d) effects on
human heaith; and, (e) effects on soil organisms, crops, or livestock.

PHYSICAL/CHEMICAL PROPERTIES of IR9804 (EPA Reg. No. 89285-1}, 99.8% AITC:

e Color: Colorless or pale yellow liquid

e  Physical State: Liquid

e Odor: Very pungent, irritating aroma

s  Stability to normal/elevated temps, metals, and metal ions: Reported stable
e Flammability: 47 °C

e pH:4-5

e UV/visible absorption: Refractive index 1.524-1.531

¢ Boiling point/boiling range: 150-151°C

¢ Density/relative density/bulk density: 1.103-1.020

e Partition coefficient {n-octanol/water): Log P, 2.11

e Water solubility: Column elution method; shake flash: Slightly soluble in water
¢ Vapor pressure: 1.33 kPa @ 38.3°C

MODE OF ACTION:
a) Chemical interactions with other substances, including substances used in organic production:
AITC controls various soil borne pathogens, nematodes and weeds by acting as a general irritant
and/or desiccant that may alter respiration to target diseases and pests. Following injection into

the soil using a drip irrigation system or using tractor for shank application, AITC acts to reduce
the population of soil borne plant diseases and pests. The soil environment left after application



is favorable for the proliferation of beneficial micro-organisms to enhance plant health and
natural defenses. AITC begins to degrade in 20-60 hours post application and yields carbon,
nitrogen and sulfur back to the soil. Levels of carbon act as a food source for beneficial micro-
organisms much in the same way that Anaerobic Soil Disinfestation does without the need for
large quantities of rice bran or mustard meal to be applied. The majority of AITC is broken down
in the soil and where emissions are evident into the atmosphere at low concentrations it is
rapidly broken down by ultraviolet (UV} light in less than 24hrs,

It should be noted that AITC is NOT a genera! soil sterilant that kills everything in the soil. Given
the positive plant response following a 10 day interval from application to planting indicates
that AITC creates a plant environment in the soil that is beneficial to plant growth with minimal
to no negative impact on crop growth or those organisms that survive and thrive once the
favorable soil environment is established post application.

AITC is chemically compatible for use with many substances currently in organic production,
however, application methods must be consistent with the use instructions listed on the
product labeling.

Toxicity and environmental persistence:

Acute and sub-chronic toxicity, developmental toxicity, and Mutagenicity of IR9804 (EPA Reg.
No. 89285-1), 99.8% AITC, are discussed below in subsections ¢} and d).

IRF135 is an end-use product (EP) formulated from IR9804, which is a technical grade active
ingredient (TGAI/MP} containing 99.8% allyl isothiocyanate (AITC). IRF135 is intended for use as
a pre-plant soil treatment to control fungi, insects, nematodes and weeds. AITC is a component
of many common cruciferous vegetables including broccoli and brussels sprouts, and is
particularly concentrated in mustard seed, horseradish, and wasabi. Application methods via
injection beneath the soil surface together with appropriate PPE will mitigate the potential for
human exposure. The application methods are: (i) by tractor mounted shank injection at a depth
of 8 to 15 inches, followed by tarp overlay, water seal or with press wheel(ii) by drip injection,
also covered by tarp overlay, and 3) by deep injection to depths greater than 17 inches, with or
without tarp covering. These application methods minimize the potential for exposure to non-
target organisms,

AITC degrades readily in soil and water and, therefore, inhalation exposure is highly unlikely to
occur after the tarps are removed following treatment {Borek et al., 1995; Pechacek et al.,
1997). AITC degrades rapidly in the soil with a short half-life (T)%) ranging from 20 to 60 hours
(Borek et al., 1995). The average T% of AITC in six different soil types was reported to be 47 + 27
hours, with the greatest degradation rate of in soils that have high organic carbon and total
nitrogen {N) content. in addition, the AITC T% in soil increases with increasing moisture content
and decreases in soil with increasing temperature between 10°C and 25°C. During the first 24



hours, an average of 29.8% of AITC was transformed, or degraded, and over the first 10 days at
20°C, an average of 97.1% was dégraded (Borek et al., 1995). The data also demonstrate that
AITC transforms in sterilized soil at the same rate as intact s0il, indicating that microbial
populations are not responsible for the degradation {Borek et al., 1995). The more rapid
degradation that occurs in soil with higher levels of organic carbon suggests that AITC reacts
with the organic material and is inactivated.

In addition, possible degradation products of AITC in soil can be proposed based on the
decomposition products of AITC present in an agueous solution in the pH range between 6 and
8, where AITC is proposed to degrade completely (Pechacek et al., 1997). Within this pH range,
Pechdadek et al. {1997) observed that the primary decomposition products identified at 80°C and
in lower quantities at 20°C and 40°C after an 80 min incubation, were: allyl thiocyanate (ATC);
allylamine {AA); and carbon disulfide (CDS). ATC, an isomer of AITC, was identified at each pH
and sampling interval; AA is expected to biodegrade quickly in the environment, and so if it is
formed following AITC treatment of soil, human and animal exposure is unlikely (HSDB). CDS is
naturally occurring in the environment, and is released from tree roots, tidal marshes and soil
(HSDB). CDS is considered ubiquitous in the environment, and so formation of carbon disulfide
from treating soil with AITC would not increase exposure to non-target organisms over levels
currently in the environment {HSDB, accessed 8/2012). '

Environmental impact from use and manufacture:

AITC is a naturally occurring substance, and degrades rapidly in the soil with a short half-life
(T1/2) ranging from 20-60 hours. AITC transforms in sterilized soil at the same rate as intact soil,
indicating that degradation is not dependent on soil microbial populations. Products containing
AITC will not be directly applied to water. However, in an aqueous solution in the pH range
between 6 and 8, AITC is proposed to degrade completely. Within this pH range, the primary
decomposition products identified were: allyl thiocyanate (ATC}; allylamine {AA); and carbon
disulfide {CDS}. ATC, an isomer of AITC, was identified at each pH and sampling interval; AA is
expected to biodegrade quickly in the environment, and so if it is formed following AITC
treatment of soil, human and animal exposure is unlikely. CDS is naturally occurring in the
environment, and is released from tree roots, tidal marshes and soil. CDS is considered
ubiquitous in the environment, and so formation of carbon disulfide from treating soil with AITC
would not increase exposure to non-target organisms over tevels currently in the environment
(EPA, 2013).

Ecological exposure and risk from AITC are expected to be minimal for non-target organisms,
with the exception of honeybees. The proposed use of AITC as a pre-plant, non-food use
biofumigant would mitigate exposure to honeybees as the applications are to bare soil and not
to crops where honeybees would be foraging. U.S. EPA believes that Oil of Mustard and AITC
will have “No Effect” on any currently listed threatened and endangered species, or any
designated critical habitat, as listed by the U.S. Fish and Wildlife Service (USFWS) and the



National Oceanic and Atmospheric Administration’s {(NOAA) National Marine Fisheries Service
(NMF5) (EPA, 2010).

Acute toxicity of IR9804 (EPA Reg. No. 89285-1), 99.8% AITC, which was submitted to U.S. EPA is
outlined in the table below:

Study Result Toxicity Description

Avian Acute Gral Not Required No acute oral exposure based on application
method and rapid environmental degradation

Avian Dietary Not Required No dietary exposure based en application
method and rapid environmental degradation

Freshwater Fish 96 hr LCs, = 0.077 ppm | Very Highly Toxic, but no aquatic exposure

LC50 based on application method and rapid
environmental degradation

Freshwater 48-hr EC;p = 0.73 ppm | Very Highly Toxic, but no aquatic exposure

invertebrate based on application method and rapid
environmental degradation

Non-target Plants Not Required No non-target exposure based on application
method and rapid environmental degradation

Non-Target Insects Not Required No non-target exposure based on application
method and rapid environmental degradation

No environmental impact form the manufacture of AITC is expected. AITCis produced under
good manufacturing practices.

Effects of human health:

Acute Toxicity of IR9804 (EPA Reg. No. 89285-1), 99.8% AITC, is outlined in the table below,
along with associated U.5. EPA Toxicity Categories:

Route of Exposure Result U.S. EPA Toxicity Category
Acute Oral {rat) LDsy = 425.4 mg/kg It

Acute Dermal (rat) LDy = >200 mg.kg Il

Acute Inhalation (rat) LCso >0.21 mg/L ]

Primary Eye lrritation Corrosive i

Primary Skin Irritation Corrosive i

Skin Sensitization Dermal Sensitizer Dermal Sensitizer
Hypersensitivity No incidents reported N/A

Subchronic Toxicity, Developmental Toxicity, and Mutagenicity of IR9804 (EPA Reg. No. 39285-
1), 99.8% AITC:




A 90-day oral toxicity study by the National Toxicology Program (NTP, 1982) on rats
dosed with 1.5-25 mg AITC/kg-body wgt/day, five days per week for 13 weeks showed
No Observable Adverse Effect Level (NOAEL) of 25 mg AITC/kg-body wgt/day (the
highest level tested). No mortalities occurred, and no treatment-related effects were
observed on tissues obtained from the test animals when compared to non-treated
controls. There were no differences in body weights between treated animals and non-
treated controls.

A 90-day dermal toxicity was not performed, based on the fact that the product is not
intended for application to human skin and prolonged or repeated dermal contact is not
expected when end use products for pre-plant soil treatment are applied in accordance
with U.S. EPA approved use directions and PPE {for handlers: coveralls worn over long
sleeve shirt and long pants, chemical resistant footwear plus socks, chemical resistant
gloves, protective eyewear, and an air purifying respirator).

A 90-day inhalation toxicity study was not performed, based on the fact that repeated
inhalation exposure to AITC aerosol, vapor or gas is highly unlikely and not expected,
when the end use products for pre-plant soil treatment is applied in accordance with
U.S. EPA approved label use directions and PPE.

AITC was included in a 1.5, EPA study in which 16 chemically-related compounds
evaluated in order to correlate potential developmental toxicity with molecular
structure. In this study, no difference in the percentage of abnormal fetuses in AITC-
treated offspring were detected compared to control, and no difference between
treated and control in the percentage of dead fetuses was detected. The authors
concluded that AITC did not display any teratogenic potential at the NOAEL of 60 mg/kg.
The 60 mg/kg dose would be equivalent to 4.2 g AITC for a standard 70 kg human {EPA,
2013).

Mutagenicity studies on AITC were conducted by the National Toxicology Program
{(NTP}. In this battery, two reverse mutation studies confirmed that mutagenicity
responses were negative in all strains tested with and without 59 activation. In three in
vitro mammalian gene mutation studies, a negative response was observed in the first
trial using mouse lymphoma cells without 59 activation at concentrations ranging from
0.05 to 0.8 mg/mL AITC. A second trial without S9 exhibited a significant increase in
average mutant frequency and significant reduction in relative total growth at AITC
concentrations of 0.4, 0.6, and 0.8 mg/mL; 1.0 mg/mL was cytotoxic. A third trial
without 59 also exhibited a significant increase in average mutant frequency at
concentrations of 0.6 to 1.4 mg/mL and a significant reduction in growth; a
concentration of 1.6 mg/mL was cytotoxic. It is noted that the positive results were
observed without S9 activation and in the presence of substantial cytotoxicity. Anin vivo
mammalian chromosome aberration study was conducted with mice dosed
intraperitonealty with 0, 25, or 50 mg/kg AITC and compared against mice dosed with a
positive control, dimethylbenzanthracine (DMBA). Increases in chromosome aberrations
were not observed in AITC treated mice when compared to non-treated (negative)



controls, while a positive response was observed in DMBA treated mice. The Agency has
determined that the weight of evidence demonstrates that AITC is not likely to be a
mutagen. In addition, the method of application and rapid degradation rate for the
proposed pre-plant soil treatment, together with appropriate PPE, mitigates exposure to
humans {(EPA, 2013).

U.S. EPA has considered human exposure to AITC in light of the relevant safety factors in FQPA
{Food Quality Protection Act) and FIFRA (Federal Insecticide, Fungicide, and Rodenticide Act),
and determined that no unreasonable adverse effects to the U.S. population in general, and to
infants and children in particular, will result from the use of products containing AITC when label
instructions are followed.

e) Effects on soil organisms, crops, or livestock:

The use of AITC as a biofumigant is intended for the control of soil-borne fungi, nematodes, weeds, and
insects on a wide variety of crops. Efficacy testing using IRF135 {EPA Reg. No. 89285-2) performed by
Isagro USA, inc. over the last five years in California, Florida, and other South-Eastern states show
increased yields and effective control of these organisms as compared to untreated controls in high
value crops such as strawberries, tomatoes, peppers, berries, cucurbits, melons and ornamentals. The
testing also indicates that IRF135 performs as well as conventional pesticides in controlling pests and
increasing crop yields, and meets or exceeds the standards for crop safety {phytotoxicity).

Exposure and risk from the uses of AITC are expected to be minimal for nontarget organisms, with the
exception of honey bees (EPA, 2013). The proposed use of AITC as a pre-plant, non-food use
biofumigant would mitigate exposure to honeybees as the applications are to bare soil and not to crops
where honeybees would be foraging. Exposure to livestock, birds, freshwater fish, freshwater
invertebrates, non-target plants, and non-target insects is not expected based on the applicaticn
methods proposed and the rapid environmental degradation of AITC.

EPA believes that Oil of Mustard and AITC will have “No Effect” on any currently listed threatened and
endangered species, or any designated critical habitat, as listed by the U.S. Fish and Wildlife Service
{USFWS) and the National Oceanic and Atmospheric Administration’s (NOAA) National Marine Fisheries
Service (NMFS) (EPA, 2010}

10. Safety information about the substance including a Material Safety Data Sheet (MSDS} and a
substance report from the National Institute of Environmental Health Studies.

A copy of the MSDS for the end use label IRF135 (EPA Reg. No. 89285-2) is enclosed. A substance report
from the National {nstitute of Environmental Health Studies is not available.

11. Research information about the substance which inciudes comprehensive substance research
reviews and research bibliographies, including reviews and bibliographies which present contrasting






a) Describe any non-synthetic substances, synthetic substances on the National List or
alternative cultural methods that could be used in place of the petitioned synthetic substance.

The search for a technicafly and economically feasible organic soil fumigant alternative has
been in process for more than a decade in an attempt to increase production yields that
meet market demand. Organic products containing furfural, dimethyl disulfide, and crab
shells, all have drawbacks. These drawbacks come in the form of limited spectrum, product
availability and or regulatory restrictions that limit their use. The current alternatives
provide control of single pest categories {control of weed seeds, nematodes, insects or soil
borne plant diseases) but not the multiple pest categories. AITC is being registered for use
as a stand-alone product for control of all pest categories. AITC is able to applied on all soil

- types and application methods without restriction to acres applied and a buffer zone of 0 —

ii)

25,

The use of plastic film and or mulches are effective in helping to control water retention,
and temperature in the soil and the main means to enhance soil solarization. The ability of
these films to provide broad spectrum control is significantly impacted due to crop
rotations, seasonal and geographical impact. In order for muiches to provide solarization
efficacy there must be the long term daytime temperatures to support the necessary heat
units. Typically, growing regions near coastal climates do not have the capability to support
ambient temperatures for mulches to be the sole efficacy solution for growers via
solarization. Additionally, the length of time for solarization is extensive, typically 30 — 120
days, this time period is prohibitive as growers will plant multiple crops in a year with a
short time interval between harvest and planting of the next planting. AITC is applied with
the use of mulch films with many crops and the synergy between the two methods is proven
as the plastic film serves as an effective barrier to enhance the exposure period of the
product in a finite period of time (up to 5 days) and allows growers to have greater flexibility
with planting times, environmental and market conditions.

AITC is applied as a s0il treatment to bare ground and as such must work as both a liquid
and upon evaporation in the soil move as a gas to reach target disease and pests. Products
such as hydrogen peroxide, newspaper mulches, peroxyacetic acid, soaps or composts do
not have the ability to adequately distribute in the soil profile to alow contact with any
consistency against target pests under conventional application methods. The formulation
of AITC is optimized to allow for ease of application in irrigation water or injected with
shanks in the soil where it distributes up, down and laterally all within a short time without
the need for degradation prior to release of the active ingredient as in the case of mustard
meal or rice bran where the organic matter must first break down to release AITC.

b) Describe the beneficial effects to the environment, human health, or farm ecosystem from use
of the synthetic substance that support its use instead of the use of a non-synthetic substance

or alternative cultural methods.



iii)

The rates applied for synthetic AITC are significantly lower compared to AITC that is a
product of organic compost degradation, i.e. mustard meal or rice bran. By comparison, the
proposed use rate of synthetic AITC to provide broad spectrum control against soil pests is
in the range of 255 — 240 Ibs/A; whereas to deliver similar AITC rates and efficacy from AITC
derived organic composts a raw material rate incorporated into the soil would require 7—
15MT /Acre.

e PBased on the 2011 USDA NASS reported USA acres and tbs mustard meal seed/acre the
following volumes are produced before any consumption for use as an organic derived
AITC soil treatment:
= 2011 acres = 11,000
s Yield in ibs/Acres = 490
= {f 100% of the mustard meal was used it would yield enough AITC and applied at

comparable rates to synthetic rates of AITC to only treat 26 — 33 acres

The excessive rate of AITC organically derived from compost has a significant problem with

nitrogen that would be produced from rates at 7-15MT/acre that would deliver nitrates in

the soil profile leading to groundwater contamination. Comparably the rate of synthetic

AITC applied as the active release no appreciable amount of nitrogen that would influence

nitrate levels in groundwater.

Synthetic AITC, when applied to soil, has a predictable lifetime in the soil of less than 7 days

before it breaks down and allows for planting to occur. The planting interval of 10 days

insures that there are no issues to plant growth as well as workers that would enter the field
to begin soil preparation are not present until well beyond it has degraded in the seil.

Comparatively, the degradation curve for AITC derived from organic compost is subject

organic material breakdown, AITC production, release and then subsequent degradation of

the active ingredient can take up to 45+ days without restriction to workers being present in
the field risking potential exposure.



Attachment B

Comprehensive list of published literature documents related to toxicity,
efficacy, and use of AITC
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Bogaards, J.J.P., van Ommen, B., Falke, H.E., Williams, M.1. & van Bladeren, P.J. {1990) Glutathicne
S-transferase subunit induction patterns of brussels sprouts, allyl isothiocyanate and

goitrin in rat liver and small intestinal mucosa: A new approach for the identification of

inducing xenobioctics. Food chem. Toxicol., 28, 81-88

Bollard M, Stribbling S, Mitchell S and Caldwell J, 1997. The disposition of allyl isothiocyanate in the rat
and mouse. Food Chem. Toxicol. 35(10-11}, 933-43.

Bordi C, Bussolati G, Capella C, Cheng L, Horvath E and Furlan D, 2010. Endocrine Pathology: Differential
Diagnosis and Molecular Advances. Ed: Lloyd RV; Second edition; Springer, Berlin.

Borghoff SJ and Birnbaum LS, 1986. Age-related changes in the metabolism and excretion of allyl
isothiocyanate. A model compound for glutathione conjugation. Drug Metab. Dispos. 14{4), 417-
22.

Brand G and Jacquot L, 2002. Sensitization and desensitization to allylisothiocyanate {Mustard Oif) in the
nasal cavity. Chem. Senses 27, 593-598,

Brooks BA, Miller KW and Babish JG, 1984. Mutagenicity of 3-glucosinolate plant metabolites using the
Salmonelfa-typhimurium bicluminescence assay. Abstract 1717, Federation Proceedings. 43,
579.

Bruggeman IM, Temmick JHM and van Bladeren PJ, 1986. Gutathione and cysteine-mediated
cytotoxicity of allyl and benzyl isothiocyanate. Toxicol. Appl. Pharm. 83, 343, 359.



Attachment B

Cantor, Aaron, Hale, Alison, Aaron, Justin, Traw, M. Brian, Kalisz, Susan. 2011. Low aflelochemical
concentrations detected in garlic mustard-invaded forest soils inhibit fungal growth and AMF spore
germination. Biological invasions. 13, no. 12, p. 3015-3025.

Cejpek K, Valusek J and Velisek J, 2000. Reactions of allyl isothiocyanate with alanine, glycine, and
several peptides in model systems. J. Agr. Food Chem. 48 (8), 3560-3565.

Charron, C.S., Sams, C.E. 1999. Inhibition of Pythium ultimum and Rhizoctonia solani by shredded leaves
of Brassica species. American Society for Horticultural Science. Journal of the American Society for
Horticultural Science. v. 124 (5} p. 462-467.

Chung, F.-L., Juchatz, A., Vitarius, J. & Hecht, S.S. (1984) Effects of dietary compounds on ahydroxylation
of N-nitrosopyrrolidine and N’ -nitrosonornicotine in rat target tissues. Cancer
Res., 44,2524-2928

Conaway, C.C., Jiao, D. & Chung, F.-L. {1996) Inhibition of rat liver cytochrome P450 isozymes
by isothiocyanates and their conjugates: A structure-activity relationship study. Carcinogenesis,
17,2423-2427

Eder E, Neudecker T, Lutz D and Henschler D, 1980. Mutagenic potential of allyi and allylic
compounds. Structure-activity relationship as determined by alkylating and direct in vitro
mutagenic properties. Biochem. Pharmacol. 29, 993-998.

Eder E, Neudecker T, Lutz D and Henschler D, 1982, Correlation of alkylating and mutagenic activities of
allyl and allylic compounds: Standard alkylation test vs. kinetic investigation. Chem.- Biol. Interact. 38,
303-315.

EFSA (European Food Safety Authority}, 2004. Scientific Opinion of the Scientific Panel on Dietetic
Products, Nutrition and Allergies on a request from the Commission relating to the evaluation of
allergenic foods for labeling purposes (Request N2 EFSA-Q-2003-016). The EFSA Journal {2004)
32, 1-197. Available at: http://www.efsa.europa.eu/en/scdocs/doc/32.pdf

EFSA (European Food Safety Authority), 2007. Scientific Opinion of the Scientific Panel on Dietetic
Products, Nutrition and Allergies on a request from the Commission related to a notification from IFF on
mustard seed oil pursuant to Article 6, paragraph 11 of Directive 2000/13/EC . The EFSA Journal {2007)
481, 1-7. Availbale at: http://www.efsa.europa.eu/en/scdocs/doc/481.pdf

EFSA {European Food Safety Authority), 2008. Scientific Opinion of the Panel on Food Additives,
Flavourings, Processing Aids and Materials in Contact with Food on a request from Commission on
FGE.85 Consideration of miscellaneous nitrogen-containing substances evaluated by JECFA



Attachment 8

(65th meeting). The EFSA Journal (2008) 804, 1-30. Availbale at:
http://www.efsa.europa.eu/en/scdocs/doc/804.pdf

Epstein $S, Arnold E, Andrea J, Bass W and Bishop Y, 1972. Detection of chemical mutagens by the
dominant lethal assay in the mouse. Toxicol. Appl. Pharm. 23, 288-325.

FDA (Food and Drug Administration), 1993. Priority-based assessment of food additives (PAFA)
database. Center for food safety and applied nutrition. pp 58.

FDRL (Food and Drug Research Laboratories), 1973. Teratogenic evaluation of FDA 71-26 (Oil of
Mustard) {PB-223 812), Washington DC, National Technical information Service.

Galloway SM, Armstrong MJ, Reuben C, Colman 5, Brown B, Cannon C, Bloom AD, Nakamura F, Ahmed
M, Duk S, Rimpo J, Margolin BH, Resnick MA, Anderson B and Zeiger E, 1987. Chromosome
aberrations and sister chromatid exchanges in Chinese hamster ovary cells: evaluations of 108
chemicals. Environ. Mol. Mutagen. 10{Suppi. 10}, 1-175.

Garcia A, Haza Al, Arranz N, Rafter | and Morales P, 2008. Protective effects of isothiocyanates alone or
in combination with vitamin C towards N-nitrosodibutylamine or A-nitrosopiperidine- induced oxidative
DNA damage in the single-cell gel electrophoresis (SCGE)/HepG2 assay. | Appl. Toxicol. 28(2), 196-204.

Gaul, L.E. {1964) Contact dermatitis from synthetic oil of mustard. Arch. Dermatol., 90, 158-159

Hagan EC, Hansen WH, Fitzhuch OG, Jenner PM, Jones Wi, Taylor M, Long EL, Nelson AA and Brouwer
18, 1967..Food flavourings and compounds of related structure. |l. Subacute and chronic toxicity. Food
Cosmet. Toxicol. 5, 141-157. '

Harvey, S.G., Hannahan, H.N., Sams, C.E. 2002. Indian mustard and allyl isothiocyanate inhibit Sclerotium
rolfsii. American Society for Horticultural Science. Journal of the American Society for Horticultural
Science 127 {1) p. 27-31.

Hitoshi GO, Inouye S and lwanami Y, 1985. Antifungal activity of powdery black mustard powdery
wasabi {Japanese horseradish), and allyl isothiocyanate by gaseous contrac — antifungal activity of plant
volatiles. Journal of Antibacterial and Antifungal Agents 13(5), 199-204.

Hugue, T. & Ahmad, P. {1975} Effect of allyl isothiocyanate on blood and urine levels of uric acid
and glucose in rats. Bangfadesh J. Bioi. Agric., 4, 12-13

Huff JE, Eustis SL, Haseman JK. 1989. Occurrence and relevance of chemically induced benign neoplasms
in long-term carcinogenicity studies. Cancer Metastasis Rev. :8{1):1-22. Review. Erratum in: Cancer
Metastasis Rev 8(3):281



Attachment B

IARC (International Agency for Research on Cancer}), 1985. IARC Monographs on the Evaluation of
Carcinogenic Risk of Chemicals to Humans, Vol. 36, Allyl Compounds, Aldehydes, Epoxides and
Peroxides, Lyon, pp. 55-68.

loannou YM, Burka LT and Matthews HB, 1984. Allyl isothiocyanate: comparative disposition in rats and
mice. Toxicol. Appl. Pharm. 75({2), 173-81.

IUNA (Irish Universities Nutrition Alliance), 2001 North/South Ireland Food Consumption Survey,
1997-1999. Available at: htto://www.iuna.net/index.php/research/northsouth-food-survey

IUNA (Irish Universities Nutrition Alliance), 2005. National Children’s Food Survey, 2004. Available at:
http://www.iuna.net/childrens survey/

JECFA (Joint FAO/WHO Expert Committee on Food Additives), 2006. Safety evaluation of certain food
additives and contaminants. Sixty-fifth meeting of the Joint FAO/WHO Expert Committee on Foad
Additives, WHO Technical Repori Series: 943. WHO, Geneva.

available at: http://whglibdoc.who .int/publications/2006/9241660562_eng.pdf

JECFA {loint FAO/WHO Expert Committee on Food Additives), 2005. Compendium of food additive
specifications. Section C, specifications of certain flavouring agents. Addendum 13. Geneva.

Jenner PM, Hagan EC, Taylor }M, Cook EL and Fitzhugh OG, 1964. Food flavorings and compounds of
related structure |. Acute oral toxicity. Food Cosmet. Toxicol. 2{3}, 327-343.

liao, D., Eklind, K.1., Choi, C.-1., Desai, D.H., Amin, 5.G. & Chung, F.-L. (1994} Structureactivity
relationships of isothiocyanates as mechanism-based inhibition of 4-(methyInitrosamino)-1-(3-
pyridyl}butanone-induced lung tumorigenesis in A/) mice. Cancer Res., 54,

4327-4333

Jiao, D., Ho, C.-T,, Failes, P. & Chung, F.-L. (1994} Identification and quantification of theNacetylcysteine
conjugate of allyl isothiocyanate in human urine after ingestion of mustard.
Cancer Epidemiol. Biomarkers Prev., 3, 487-492

liao, D., Conaway, C.C., Wang, M.-H., Yang, C.S., Koehi, W. & Chung, F.-L. {1996) Inhibition
of N-nitrosodimethylamine demethylase in rai and human liver microsomes by isothiocyanates
and their glutathione, L-cysteine and N-acetyl-1-cysteine conjugates. Chern. Res. Toxicol., 9, 932-938

Kasamaki A, Takahashi H, Tsumura N, Niwa J, Fujita T and Urasawa S, 1982. Genotoxicity of
flavoring agents. Mutat. Res. 105, 387-392.

Kasamaki A and Urasawa S, 1985. Transforming potency of flavoring agents in Chinese hamster cells.
J. Toxicol. Sci, 10,177-85



Attachment B

Kasamaki, A., Yasuhara, T. & Urasawa, S. (1987) Neoplastic transformation of Chinese hamster
cells in vitro after treatment with flavoring agents. J. toxicol. 5ci., 12, 383-396

Kassie F and Knasmiiller S, 2000. Genotoxic effects of allyl isothiocyanate {AITC) and phenethyl
isothiocyanate {(PEITC). Chem.-Biol. interact. 127, 163-180.

Kawakishi S and Namiki M, 1982. Oxidative cleavage of the disulfide bond of cystine by allyl
isothiocyanate. J. Agr. Food Chem. 30 (3}, 618-620.

Kawakishi, S. & Kaneko, T. {1985) Interaction of oxidized glutathione with allyl isothiocyanate.
Phytochemistry, 24, 715-718

Kawakishi S and Kaneko T, 1987. Interaction of proteins with allyl isothiocyanate. J. Agr. Food
Chem. 35, 85-88.

Klesse, P. & Lukoschek, P. (1955) [investigations of the bacteriostatic action of some mustard
oils.] Arzneimittelforsch., 5, 505-507 (in German)

Kojima M and Ogawa K, 1971. Studies on the effects of isothiocyanates and their analogues on
microorganisms. ). Ferment. Technol. 49, 740 —746.

Langer, P. 1964, Study of chemical preservatives of the goitrogenic activity of raw cabage.
Physiologia bohemoslov. 13, 542-549.

Langer, P. & Greer, M.A. ( 1968) Antithyroid activity of some naturally occurring isothiocyanates in vitro.
Metabolism, 17, 596-605

Langer P and Stolc V, 1965. Goitrogenic activity of allylisothiocyanate — a widespread natural mustard
oil. Endocrinology 76(1), 151-155.

Lerbaek A, Rastogi SC, and Menneé T, 2004, Allergic contact dermatitis from allyl isothiocyanate in a
Danish cohort of 259 selected patients. Contact Dermatitis 51, 79-83.

Lewerenz, H.-J., Plass, R. & Macholz, R. {1988) Effect of ally! isothiocyanate on hepatic monooxygenases
and serum transferases in rats. Toxicol. Lett., 45, 65-70

Lewerenz HJ, Plass R, Bleyl DWR and Macholz R, 1988. Short-term toxicity study of allyl
isothiocyanate in rats. Die Nahrung 32(8), 723-728.

Lin, C.M., Kim, J., Du, W.X., Wei, C.l. 2000. Bactericidal activity of isothiocyanate against pathogens on
fresh produce. Journal of food protection. J. food prot. Jan 2000. v. 63 (1) .



Attachment B

Liu, Tai-Ti, Yang, Tsung-Shi. 2010, Stability and Antimicrobial Activity of Allyl isothiocyanate during Long-
Term Storage in an Qil-in-Water Emulsion. Journal of food science an official publication of the Institute
of Foad Technologists v. 75, no. 5, p, C445-C451.

Lund, E.K., Smith, T.K., Clarke, R.G., johnson, I.T. 2001. Cell death in the colorectal cancer cell line HT29
in response to glucosinolate metabolites. Journal of the science of food and agriculture. 81 (9}): p. 959-
961.

Mansour, Eltayeb E., Mi, Fengyu , Zhang, Guoan Jiugao, Xie Wang, Yongmo Kargbo, Abu. 2012. Effect
of allylisothiocyanate on Sitophilus oryzae, Tribolium confusum and Plodia interpunctelia: Toxicity and
effect on insect mitochondria Crop protection. 33 p. 40-51.

Maruyama T, lzuka H, Tobisawa Y, Matsuda T, Kurohane K and tmai Y, 2007. Influence of local
treatments with capsaicin or allylisothiocyanate in the sensitization phase of a fluorescein-
isothiocyanate-induced contact sensitivity model. International Archives of Allergy and
Immunology 143(2), 144-154,

Mazzola, Mark , Zhao, Xiaowen. 2010. Brassica juncea seed meal particle size influences chemistry but
not soil biology-based suppression of individual agents inciting apple replant disease and soil. Plant and
soil. v. 337, no. 1-2: 313-324.

McGregor DB, Brown A, Cattanach P, Edwards I, McBride D, Riach C and Caspary WJ, 1988,
Responses of the L5178Y tk+/tk- mouse lymphoma cell forward mutation assay Ill: 72 coded chemicals.
Environ. Mol. Mutag. 12, 85-154,

McClain RM, 1994. Mechanistic considerations in the regulation and classification of chemical
carcinogens. In Nutritional Toxicology (F.N.Kotsonis, M. Mackey, and J.Hjelle, Eds.), pp. 273-
304. Raven Press, New York.

Mitchell JC and Jordan WP, 1974, Allergic contact dermatitis from the radish, Raphanus sativus. Brit.
1. Dermatol. 91 (issue 2}, 1983-189.

Mortelmans K, Haworth S, Lawlor T, Speck W, Tainer B and Zeiger E, 1986. Salmonella
mutagenicity tests Il. Results from the testing of 270 chemicals. Environ. Mol. Mutag. 8(Suppl. 7),
1-119.

Murata M, Yamashita N, tnoue S, Kawanishi 5, 2000. Mechanism of oxidative DNA damage induced by
carcinogenic allyl isothiocyanate. Free Radical Bio. Med. 28(5), 797-805.



Attachment B

Musk, S.R.R. & Johnson, LT. {1993) Allyl isothiocyanate is selectively toxic to transformed celis
of the human colorectal tumor line HT29. Carcinogenesis, 14, 2079-2083

Musk SRR and Johnson IT, 1993. The clastogenic effects of isothiocyanates. Mutat. Res, 300, 111-
117.

Musk SRR, Smith TK and Johnson IT, 1995. On the cytotoxicity and genotoxicity of allyl and phenethyl
isothiocyanates and their parent glucosinolates sinigrin and gluconasturtiin. Mutat. Res.
348, 19-23.

Muztar,A.J.,, Ahmad, P., Huque, T. & Slinger, S.). {1979a)Astudy of the chemical binding of allyl
isothiocyanate with thyroxine and of the effect of allyl isothiocyanate on lipid metabolism in the rat,
Can. J. Physiol. Pharmacal., 57, 385-389

Muztar AJ, Hugue T, Ahmad P Slinger SJ, 1979. Effect of allyi isothiocyanate on plasma and urinary
concentrations of some biochemical entities in the rat. Can J. Physiol. Pharm.. 57(5), 504-509.

Neudecker T and Henschler D, 1985, Allyl isothiocyanate is mutagenic in salmonella typhimurium.
Mutat. Res. 156, 33-37.

Nishie K and Daxenbichler ME, 1980. Toxicology of glucosinolates, related compounds (nitriles, R-
goitrin,isothiocyanates) and vitamin U found in Cruciferae. Food Cosmet. Toxicol. 18, 159-172.

Noble, R.R.P., Harvey, 5.G., Sams, C.E. 2002. Toxicity of Indian Mustard and Allyl Isothiocyanate to
Masked Chafer Beetle Larvae . Plant health progress. Plant Management Network.

NTP {National Toxicology Program), 1982. Carcinogenesis Bioassay of Allyl isothiocyanate (CAS
no. 57-06-7) in F344/N Rats and B6C3F1 Mice (Gavage Study). Technical Report Series, 234, NTP-81-36,
NIH Publication No 83-1790.

NTP {National Toxicology Program}. 1991. NTP Chemical Repository Data Sheet: Allyl Isothiocyanate,
Research Triangle Park, NC

Okulicz, Monika. 2010. Multidirectiona! Time-Dependent Effect of Sinigrin and Allyl Isothiocyanate on
Metabolic Parameters in Rats. Plant foods for human nutrition. Boston : Springer US 2010 Sept., v. 65,
no.3 p.217-224,

Oliveira, Rosdngela D. L., Dhingra, Onkar D., Lima, André O., Jham, Gulab N. , Berhow, Mark A.
Holloway, Ray K., Vaughn, Steven F. 2011. Glucosinolate content and nematicidal activity of Brazilian
wild mustard tissues against Meloidogyne incognita in tomato. Plant and soil. v. 341, no. 1-2, p. 155-164.



Attachment B

Paes, J.L., Faroni, L.R.D.’A., Dhingra, 0.D., Cecon, P.R., Silva, T.A.2012. Insecticidal fumigant action of
mustard essential oif against Sitophilus zeamais in maize grains. Crop protection 34: 56-58.

Perchacek R, Vehsek J and Hrabcova H, 1997. Decomposition products of allyl isothiocyanate in aqueous
solutions. 1. Agr. Food Chem. 45, 4584—4588.

Plackett DV, Holm VK, Johansen P, Ndoni S, Nielsen PV, Sipilainen-Malm T, Sodergard and Verstichel
S, 2005. Characterization of L-polylactide and L-polyactide-polyaprolactone copolymer films for use in
chesse packaging applications. Packaging Technology and Science, 19, 1-24.

Rihova E, 1982. Mutagenic effects of allyl isothiocyanate in Escherichia coli WP 67. Folia Microbiol.
27, 25-31.

Rouzaud G, Young SA and Duncan AJ, 2004. Hydrolysis of Glucosinolates to Isothiocyanates after
Ingestion of Raw or Microwaved Cabbage by Human Volunteers. Cancer Epidem. Biomar. 13,
125-131.

Ruddick JA, Newsome WH and Nash L, 1976. Correlation of teratogenicity and molecular structure:
ethylenethiourea and related compounds. Teratology, 13, 263-266.

Rungapamestry V, Duncan AJ, Fuller Z and Ratcliffe B, 2007. Effect of meal composition and cooking
duration on the fate of sulforaphane following consumption of broccoli by heaithy human subjects. Brit.
J. Nutr. 97, 644-652.

Santos, Sitmara Bispo, Martins, Marcio Arédes, Faroni, Léda Rita D'Antonino, Rodrigues Junior, Valfrido
Dhingra, Onkar Dev. 2010. Quality of maize grains treated with allyl isothiocyanate stored in hermetic
bags. Journal of stored products research. 46, issue 2, p. 111-117.

Schiffmann D, Eder E, Neudecker T and Henschler D, 1983. Induction of unscheduled DNA synthesis in
HeLa cells by allylic compounds. Cancer Lett. 20, 263-269.

Shapiro TA, Fahey JW, Wade KL, Stephenson KK, Talalay P, 1998. Human metabolism and
excretion of cancer chemoprotective glucosinolates and isothiocyanates of cruciferous vegetables .
Cancer Epidem. Biomar. 7{12), 1091-1100.

Sharma, A.K. & Sharma, A. {1962} A study of the importance of nucleic acids in controlling
chromosome breaks induced by different compounds. Nucleus, 5, 127-136

Shelby MD, Erexson GL, Hook GJ and Tice RR, 1993. Evaluation of a three-exposure mouse bone marrow
micronucleus protocol: Results with 49 chemicals. Environ. Mol. Mutag. 21(2), 160-179.



Attachment B

Stofberg J and Grundschober F, 1987. The consumption ratio and food predominance of flavoring
materials. Perfumer Flavorist, 12, 27-56

Suhr Kl and Nielsen PV, 2005. inhibition of Fungal Growth on Wheat and Rye Bread by Modified
Atmosphere Packaging and Active Packaging Using Volatile Mustard Essential Oil. J. Food Sci.
70, M37-44.

Tung, S., Chollet, E., Chalier, P., Preziosi-Belloy, L., Gontard, N. 2007. Combined effect of volatile
antimicrobial agents on the growth of Penicillium notatum. International journat of food microbiology
113, issue 3 p. 263-270.

TNO (Netherlands Organisation for Applied Scientific Research), 2009. VCF Volatile Compounds in Food :
database / Nijssen, L.M.; Ingen-Visscher, C.A. van; Donders, J.J.H. [eds]. — Version 12.1 — Zeist (The
Netherlands) : TNO Quality of Life, 1963-2009. http://www.vcf-
online.nl/VcfHome.cfm

Uematsu Y, Hirata K, Suzuki K, Ueta T and Kamata K, 2002. Determination of Isothiocyanates and refated
compounds in mustard extracts and horseradish extract used as natural food additives. J. Food Hyg.
Soc. Japan. 43{1), 10-17

Uhl M, Laky B, Lhoste E, Kassie F, Kundi M, Knasmiiller S, 2003. Effects of mustard sprouts and
allylisothiocyanate on benzo(a)pyrene-induced DNA damage in human-derived cells: a model study with
the single cell gel electrophoresis/Hep G2 assay. Teratogen. Carcin. Mut.23{5uppl 1),

273-282.

vaughn, S.F., Paimquist, D.E., Duval, $.M., Berhow, M.A. Herbicidal activity of glucosinolate-containing
seedmeals. Weed science. 2006 July, v. 54, no. 4, p. 743-748.

Velisek J, Mikulcova R, Mikové K, Woldie KB, Link J and Davidek J, 1995. Lebensmittel-
Wissenschaft und-Technologie 28, 620-624.

Vernot EH, MacEwen 1D, Haun CC, and Kinkead ER, 1977. Acute toxicity and skin corrosion data for some
organic and inorganic compounds and aqueous solutions. Toxicol. Appl. Pharm. 42, 417- 423.

Wang, Nan, Shen, Lianging , Qiu, Shengxiang, Wang, Xiangyang, Wang, Kuiwu, Hao, Jing, Xu, Mingfeng .
2010. Analysis of the isothiocyanates present in three Chinese Brassica vegetable seeds and their
potential anticancer bioactivities. European food research & technology. Berlin/Heidelberg : Springer-
Verlag 2010 Oct,, v. 231, no. 6 p. 951-958.



Attachment B

Wang, Shiow Y., Chen, Chi-Tsun.2010. Effect of allyl isothiocyanate on antioxidant enzyme activities,
flavonoids and post-harvest fruit quality of blueberries (Vaccinium corymbosum L., cv. Duke). Food
chemistry, v. 122, no. 4 p. 1153-1158.

Wang, Shiow Y., Chi-Tsun Yin, Jun-Jie. 2010. Effect of allyl isothiocyanate on antioxidants and fruit decay
of blueberries. Food chemistry 120, no. 1, p. 199-204.

Watson D, 1998. Natural Toxicants in Food. Sheffield Academic Press Ltd, Sheffield.

Weerakoon, D. Muditha N., Reardon, Catherine L., Paulitz, Timothy C., Izzo, Antonio D. , Mazzola,
Mark. 2012 Long-term suppression of Pythium abappressorium induced by Brassica juncea seed meal
amendment is biologically mediated. Soil biology & biochemistry. 51: 44-52.

Winther, M and Nielsen PV, 2006. The use of Allyl isothiocyanat to inhibition of cheese related
moulds. Journal Food Protect. 69, 2430-2435.

Wu, Hua, Zhang, Xing, Zhang, Guo-An, Shui-Yun, Lin, Kai-Chun. 2011. Antifungal Vapour-phase Activity of
a Combination of Allyl Isothiocyanate and Ethyl Isothiocyanate Against Botrytis cinerea and Penicillium
expansum Infection on Apples. Journal of phytopathology 159, no. 6 p. 450-455.

Wu, Hua, Zhang, Guo-An, Zeng, Shuiyun, Lin, Kai-chun. 2009. Extraction of allyl isothiocyanate from
horseradish {Armoracia rusticana} and its fumigant insecticidal activity on four stored-product pests of
paddy. Pest management science 65, no. 9, p. 1003-1008.

Yamaguchi T, 1980. Mutagenecity of isothiocyanates, isocyanates and thioureas on Saimonella
typhimurium, Agr. Biol. Chem. 44{12}, 3017-3018.

Yang, C.S., Smith, T.J. & Hong, J.Y. {1994} Cytochrome P-450 enzymes as targets for chemoprevention
against chemical carcinogenesis and toxicity: Opportunities and limitations. Cancer Res., 54 (Suppl. 7,
19825-19863

Yu S and Ouyang A, 2008, TRPAL in bradykinin-induced mechanical hypersensitivity of vagal C
fibers in guinea pig oesophagus. Am J Physiol Gastrointest Liver Physiol, 296 (2}, G255-265.

Zhang, Yuesheng . 2010.Allyl isothiocyanate as a cancer chemopreventive phytochemical. Molecular
nutrition & food research, Wiley-VCH Verlag 2010 Jan., v. 54, no. 1 p. 127-135

Zimmering S, Mason JM and Valencia R, 1989. Chemical mutagenesis testing in Drosophifa. VII.
Results of 22 coded compounds tested in larval feeding experiments. Environ. Mol. Mutagen. 14,
245-251.



U.S. Environmental Protection Agency
Office of Pesticide Programs

Open Literature Database Search
Updated July 26, 2010



aseqere(

TOOETED ey (£ WSISAS UONBWIOIU] Sna(] 2INHISU] 192UB)) [BUOTIEN T AS-ION
YieeH

TG (40 9IMNSUT [RUONEN S pUB SUIIPIIA JO AIRIQIT [RUONEN S} snydaojeoory

TR T aseqeIB(] qSMY J0J SANBWNSH ANOIXO], [BUONEBUISIU] HALI

TSI AR 120UBY) UO Yaueasay 1o Aouady [RUONBUIU] JUVI

eI [T B T SIUBWISSISS Y NSIY [BIUAWUOIIAUY pUB UBWNY VHAH

SO UL S TuE G CEAQ TG A UME- AN G008 35-0a A 1A m:oﬁmom_pza pue mtOQoM - SJUBUTWEIUOD) [BIUSWIUOTIALL] egprue)y YijvroH

UOI1BAISSUOD
pue justuafeurw 3210521 ‘Suntopuow ‘Auenb [RUIWUOIIAUD

aseqelR(] SIIUIDG

TR e O R T O TS Jo s1oadse [je 03 Sune[a In1BIdlI} JJIIUSIOS 01 SSIDY JRUSUIHOIIAUT
JUSTTOIIAUD 211 JO $102dsE [[e U0

R TR S R ERR T Sunrodar suoreorjqnd jo aFeroA0d Funoensqe pue SUIXapu] UIOIAUY

T RO A Eel SR RN QUIDIPAWIOIq jO BAIE AU} Ul dseqeep diydeidoiqlg asequi]
(S20IAIDS UOHBULIOJU]

B pazije1dads) SIS ‘suoneziuedi(y Yi[eaH jo A101aug ANTTIIA

SAMILLIUCT TS A O SIDBISQY S2UDI0S AT A 48]

Y RV kT MITAY JUSIPRIZUT 2112WWSO)) HiD

FRISTESR SIORNSQY NEAING [RINNILBY ) BIMUOLWILIO)) avD

RS apRaEEN DR Aam Ay 1Ay \Q:sz 1212 Ap UO UOHEBIJOSSY UBIDBURD) OMVD

ARSI M PO UONENEY 9pIdNsa ] Jo wawipeda(] viuIoje) _dA VD
UOIBULIOJUL

SOOUSIIS Q1] JO SDINOS JUALIND YUIM ISRGRIEP YIIBISIY SISO1Y

FIRTORTUOREILIGIIT-TIIG s JOUR]ISSE JUAUISSISSE S pue plezey {eoiay Py pul vagIg

T ST I T S A A ANST3Y] 9SBASI(] PUB SADUBISYNS IIXO] I0] ADUATY HASLV
§22JN0S21 191EM SUILIDUOD MBI

AT - ot R DE SIS USIoRL 0T BT A JUAIIS pue [EDIUYDI] ‘apel1) U0 JSEYRIED mzmmoco.&_.:cu @ﬁzmww;w

T A S T I S U O T JunSa ] [RWIUY 01 SaAlRUIAY Uo Aydeidoljqig quuy

G SO O T SR IeI e AT B0 22Inosay AZojooixo ] [euoneinduion) paesold MOLDY
\)_(ﬂu,wwmr UG i in $S220Y AU TUQ _m.:ESU_MTUx\

nondrdss(q

VIOOEOY

0107 ‘9z Anr parepdpy — () HOUVAS ASVAVLVA THALVIALIT NEJC




I2Ua) uoyeulioju] AZ0[01RIS ], {RIUSWILOIIAUT]

N Y B S R S A G G T A R T R R T Fi pur \Awowoﬂxo,h u>_uu:_uo.ao¢ pue EE@EQQ?GQ JILH/IHYO ==
(IHN) 2Imnsuf 1aoue)) [eUOIIEN Y1 Ag paptaod
T3S TSI TS G T A T TS0 0T | RIBP - WAISAS UONBWUIOJU] YdIeasay SISOUTouldIe)) {BdIway) SO ==

STEDIWAYD JAY)0 pue sTrip
JO 819312 [e0107001%0) pue ‘[eaFojoisAyd ‘pesrFojoseunreyd
PN T P E T e S S A TS E TN el 11 [eoTWa201q U0 2IneIall] 01 sadualjal Jo ABLIE QAISUNXY UNITYXOL ==

210w
pUE ‘31EJ JEIUSWUOIAUS ‘Fuijpuey puw A13Jes ‘AN0IX0] [BUIIUE
jii[pue uewmy ut adoos peolg - Jued vIR(g SAOURISNS SNOPIBZEL GASH =+

S[BI1WAYD 2y INOYE UOIBULIOIU]
Suruiejuod saseqelep 110 01 SHUI| PUR “UCHBULIOTU
181] A10IB[NS21 ‘SAUNIONIS “SWAUOUAS [ROTWUIYD SNOJIUMN] snpd@Iuayy «x

P DR BN ARG

S

{(a8edawoy 1auxo]
QY1 WIO1J JR{IEAR OS[B IR MO[2Q PAISI] SIOINOSAI [[B 44 )
QUIDIPIN JO AIRIGIT [BUONEN S DJFOMIaN Bl ABOJ0IIXO [ 19UXO],

N R E R BRI RS TR e AS0[09IX0 [, PUB }[BOH [EIUDWUOI AU | 195GNS YIBIF] AUH/X0],

“S[EDIWAYY) [BIUAWUOIIAUY JO BUNSA], ANIIXO [, dY) SUIZNLIOL]
pue ‘skemuyed A101xo | Suizusioeiey)) ‘piezeH Sunoipaldl  WeRIB04J yISEDXOL,

asEq] BIB(]
a1r { [eIuawuonAuT] ((DYS) vonerodio)) YoIuasay| aSnIBIAS qaIZ/OUs

SIJAIRG I0TURG
$192YS 198,] 3dUEISqNS Snopiezey mouy 01 Y3y | pue Y e £N Jo 28I

REt a2 Jﬁ;: BIgUsimla

WesH
(0 RS T E AT T W K0 sun A 7 ong | JO 2amnsu] {RUONEN ] pue UIdIPIlA 1O \nuﬁﬁ:d [euctieN S PRAqQnd
3uIJ-uQ) SfROIWLY)) IURSIO
ST wyar | JOJ PRIRWIISH SAJLJOI JIXO [, pUE ‘DANE[NIINIOROLY SIS oI L9d
NPT A T A S S US  TS AT g SIUAUISSASS Y ST WRISO1] ABO|OIIXO | [RUCTIBN dIN
FRETRETEE 77O JUIDIPIA JO AlRIQIT [RUONEN 2U) WO §30IN0SY AramdIRsy JA'IN

(soURISQNg [BOTWAYD JO $109)J7 o1%0 ], JO AnsiZay)
TR ARCT AETE 00 b A U qYBaH pue Awjes [euonednod(y 10J 2MISU] [RUOHEN (SOALY) HSOIN

SIUIWSSISSY NSTY BI[BIISOY - WAYDS
JUDWSSISSY PUB UONEBOLINON S[BITWAYY) [BLNSNPU] [BUOIIEN] SYNDIN




“ays ot 10 patuasasd 1onpoad 1o ucHELLIOIUT Byl J0 AS At Jo S1osuods ays Jo s33K01dwa sy Jo AUr 10 YT AQ UIWASIOPUD U MAUISUCS JOU 520D )18 g ¥ J-Uou

2 01 ST SUIPIACLY “SAIS DAYUI| JA10 AUB 10 Syt 352y} Aq papradld BOUBLIIOJUT JO IBINODE AU 0F 15911 JOUUED Y d] “[EIIWAL3 INOK IOf YaI22s areiay] ¢ Funanpuod w nydiay ag

Aty g2115Gam SUIMOI0] AU ], IS WIRISICT,

SANPISaY APIANSJ U0 Funaap o[ ‘A19jes [BOTWIAYD

U0 Weldold [BUONBUIU] UONBZIUESI() YIedH P10 wysuf/S 4l OHA
UONBZIUESIO) YYBIH PIOM OHM
PR I=HEAY A
TS ACE O] CIEnS s ot fan e/ UG [T 2L AMn—UV m:omuﬂzwod [Biapa, JO 2p0D V{4 S
CHRBE S T DRlESSER Am/.\M._muv JJES
SB paziug029y AJjeIoudn) - UONBNSIUIWPY ni(] PUB poo, Y44 S
S[eoIWaLd S3AMIN g

MOU D1BN[BAD 0} V9 AQ pasn S[apoll SulU0alds YSTy

s[queuieIsng Vd4H S/

SIUBWISSASS Y YSTY

s3pionssd -VdH 51

wieidolj a5u[ey) AWNJOA UonoINpold YsiH AdE ¥vdA SN
THEREN i SR A Bt [{ AR TR T B T R aseqeled XO.LOOT XOLODHVJA SN
S TS R Y 2)B1010311(] UORINEAY S{BOILY)/WopSury pajiun aaADNIN

lmKC.W‘,..Muuﬂ._,.)ﬁ.mewa..u..},.w},r}_

ISBABIB(] 20UIIIRY ANDIXO ],

wWessold gqIivxoL

RS RN

192[01g Aou210] S1UASOUIdIE]) GAdD ==

sdBA-2 U)[BOH |BIULWULIOLAUY dYINXOL »=

aseqrirR(

$19NPOI PIOYSSNO U0 UOTRWLOU] A12JeS PUR YI[eaH]| S}aNpoad PIOYISNOH ..
S1Ua3 Yy Snopiezep o1 ansodxd [euoiedndd) dejy-zey x.
"WRIF01J AIOIUIAU] 288 SITXO] VdH AL s

ISPISU0I 0] STRIP
91BUIS[E PUE ‘UOIIBIIE| U0 pUR SIUBJUL PIJISBAIY UO $1091)9
arqissod ‘S8NIp JO S|9A] JUBJUI PUR [BUIRUL 18 Papn[oul

elep o) fuowy "pasodxe aq ABW SIYIOW TUIPIDJISEaI]
U21YM 01 S3NIp JO 9seqRIEp - 9SBGRIR(] UONBIORT pUe SBNi(g

PATAIET 4

*

apimpliom sdnoId SANENIOYINE WO S[BDIWAYD ()9 ISA0 10

UOIRLUIOIUL YS1Y — YSIY J01 so18wnsy AJ0IX0 |, [BUOIBUIoIU] WALT

WAUISSIsse 25u0dsal-asop pus UONEIIIUAPI

pIeze( uo Suisnoo] WUSWSSasse Ys11 Yijesy uewny Jo woddns
(T S P AT ASE B3 T Ul YV dd 2y} Wolj Blep - WaIsAS UONRUWIOU] YSTY pareIgau| STT »2
IS AT AT 0 0] G IR v dd 2Y) WOl BIEp 183] ANOTUITRINA XOL-ANTD ==




r

BIOPESTICIDE FOR AGRICULTURAL SOIL TREATMENT USE

A Broad Spectrum Pre-Plant Soil Biofumigant For The Controi Of
Certain Soil Borne Fungi, Nematodes, Weeds And Insects

ACTIVE INGREDIENT:
Allyl isothiocyanate ........... 96.3% _
OTHER INGREDIENTS: ........ 3.7% Manufactured for:
TOTAL: ............ e 100.0%. - P - Isagro USA, Inc.
' ."430 Davis Drive, Suite 240. -

~ Contains 8.19 Ibs. active ingredient (allyl Jsothlocyanate)
L per galion Thrs product We;ghs 8 5 ibs per gal[on

-_M‘orr_isvillé,-_Nc 27560 -
KEEP  OUT OF REACH OF CHILDREN T

. DANGER
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PRECAUTIONARY STATEMENTS

HAZARDS TO HUMANS AND DOMESTIC ANIMALS

DANGER. Corrosive. Causes irreversible eye damage and skin burns. May be fatal if
swallowed, absorbed through skin, or inhaled. Do not get in eyes, on skin or on clothing. Do not
breathe vapor. Prolonged or frequently repeated skin contact may cause allergic reactions in
some individuals. Wash thoroughly with soap and water after handling and before eating,
drinking, chewing gum, using tobacco or using the toilet. Remove and wash contaminated
clothing before use.

PERSONAL PROTECTIVE EQUIPMENT (PPE)
When performing activities without the potential for liquid contact all handlers (including
applicators) must wear:

. Coveralls worn over long sleeve shirt and long pants

« Chemical-resistant footwear plus socks

« Chemical-resistant (such as nitrile or butyl) gloves

» Protective eyewear

» Respirator (see below)

Where liquid contact is a potential alt handlers (including mixers, loaders and applicators) in
addition to the above listed PPE must wear an air purifying respirator with an organic-vapor
removing cartridge with pre-filter approved for pesticides (MSHA/NIOSH approval number prefix
TC-23C), or a canister approved for pesticides (MSHA/NIOSH approval number prefix TC-14G),
or a NIOSH approved respirator with an organic vapor (QV) cartridge or canister with any N, R,
P or HE pre-filter.
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When cleaning equipment, wear a chemical resistant apron.

Follow the manufacturer’s instructions for cleaning/maintaining PPE. If no such instructions for
washables, use detergent and hot water. Keep and wash PPE separately from other laundry.
Discard any clothing and or PPE that have been drenched or heavily contaminated with this
product’s concentrate. Do not reuse clothing or PPE that has been drenched or heavily
contaminated.

ENGINEERING CONTROLS

When handlers use closed systems or enclosed cabs in a manner that meets the requirements
listed in the Worker Protection Standard (WPS) for agricultural pesticides, the handler PPE -
requirements may be reduced or modified as specified in the WPS at 40 CFR Part 170.

USER SAFETY RECOMMENDATIONS
« Users should remove clothing/PPE immediately if pesticide gets inside. Then wash
thoroughly and put on clean ciothing.
« Users should remove PPE immediately after handling this product. Wash the outside of
gloves before removing. As soon as possible, wash thoroughly and change into clean
clothing.

ENVIRONMENTAL HAZARDS

For terrestrial uses only. Do not apply directly to water or to areas where surface water is
present or to intertidal areas below the mean high water mark. Do not contaminate water when
cleaning equipment or disposing of equipment wash water or rinsate.

DIRECTIONS FOR USE

it is a violation of Federal Law to use this product in a manner inconsistent with its labeling. Do
not apply this product in a way that will contact workers or other persons, either directly or
through drift. Only protected handlers may be in the area during application. For any
requirement specific to your State or Tribe, consult the State/Tribal agency responsible for
pesticide regulation.

AGRICULTURAL USE REQUIREMENTS

Use this product only in accordance with its labeling and with the Worker Protection Standard,
40 CFR Part 170. This standard contains requirements for the protection of agricultural
workers on farms, forests, nurseries, and greenhouses, and handlers of agricuitural pesticides.
it contains requirements for training, decontamination, notification, and emergency assistance.
The requirements in this box apply to uses of this product that are covered by the Worker
Protection Standard,

No instruction elsewhere on this labeling relieve user from complying with the
requirements of the WPS.

For the entry restricted period and notification requirements, see the Entry Restricted Period
and Notification section of this labeling. PPE for entry during the Entry Restricted Period that is
permitted by this fabeling is listed in the Personal Protective Equipment (PPE} section of this
labeling.

Assure that labels and MSDS are on-site and readily available for employees to review.
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ENTRY RESTRICTED PERIOD AND NOTIFICATION

Entry Restricted Period: Entry into the application block (including early entry that would
otherwise be permitted under the WPS) by any person other than a correctly trained and PPE-
equipped handler is PROHIBITED from the start of the application untit 5 days after application
is complete.

Notification: Notify workers of the application by warning them orally and by posting Biofumigant
Treated Area signs. The sign must state:

“DANGER/PELIGROSO”

“Areas under (fumigation)(treatment). DO NOT ENTER/NO ENTRE”
Allyl Isothiocyanate biofumigant in use

Date and time of fumigation

Date and time entry restricted period is over

DOMINUS and (name of co-application)

Name, address and telephone of applicator in charge

NoOTAWN =

Post the Biofumigant Treated Area sign instead of the WPS sign for this application, but follow
all WPS requirements pertaining to location, legibility, text size and sign size (40 CFR §
170.120).

Post Biofumigant Treated Area signs defining the fumigation buffer zone, at all entrances to the
application block no sooner than 24 hours prior to application and remain in place until at ieast
24 hours from the start of the application; Signs placed at the comners or on the edges of the
treated area must remain posted for at least 5 days (120 hours) from the start of the application,
e.g. for no less than the duration of the entry restricted period.

TERMS USED IN THIS LABELING
Application Block: The area within the perimeter of the fumigated portion of a field {including
furrows, irrigation ditches, and roadways). The perimeter of the application block is the border

that connects the outermost edges of the total area treated with the biofumigant product.

Start of the Application: The time at which the biofumigant is first delivered/dispensed into the
soil in the application block.

Application is__Complete: The time at which the biofumigant has stopped being
delivered/dispensed into the soil and the soil has been sealed; drip lines have been purged (if
applicable).

Entry Restricted Period: This period begins at the start of the application and expires depending
on the application method and if tarps are used when the tarps are perforated and removed.
Entry into the application block during this period is only allowed for appropriately PPE-equipped
handlers performing handling tasks. See the Enfry Restricted Period and Notification sections of
this label for additional information.

Buffer Zone: An area established around the perimeter of each application block. The buffer
zone must extend outward from the edge of the application block perimeter equally in all
directions.
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Buffer Zone Period: Begins at the start of the application and lasts for a minimum of 24-hours
after the application is complete. Non-handlers must be excluded from the buffer zone during
the buffer zone period.

Roadway: The portion of a street or highway improved, designed or ordinarily used for vehicular
travel, exclusive of the sidewalk or shoulder even if such a sidewalk or shoulder is used by
persons riding bicycles. In the event that a highway includes two or more seperated roadways,
the term roadway shall refer to any such roadway separately.

PRODUCT INFORMATION

Apply DOMINUS as a preplant soil treatment only and as a part of an integrated pest
management (IPM) program to aid in reducing or controliing the damaging effects of soil borne
pests and diseases.

USE PRECAUTION
The product must only be used in a well-ventilated area. Do not use DOMINUS if it cannot be
applied according to the use patterns on the label.

APPLICATION WITH OTHER PRODUCTS

DOMINUS may be applied with other pesticides or fertilizers by co-injection or co-application
via the application methods outlined in this label. Consult specific product labels for additional
information or restrictions concerning mix partner compatibility. Treat a small area first to
ensure compatibility. Observe the most restrictive of the labeling limitations and precautions of
all products used in mixtures.

SOIL TREATMENT APPLICATION METHODS

Apply as a preplant shank injection, broadcast/flat fume application, or raised bed application
gither shank injected into the row or in a raised bed or non-bedded strip injected through the
drip irrigation system. Specific directions for each application method are provided below.
Always follow label instructions to achieve optimum performance.

TARP REMOVAL, PERFORATION AND PLANTING INTERVAL

. Leave the soil undisturbed for at least § days after application is complete and prior to
tarp cutting or perforation.

. For tarped applications, complete the cutting of the tarp or perforation/hole-punching 2 to
24 hours prior to tarp removal or planting to assist in DOMINUS dissipation.

« Tarp cutters and removers shall wear long-sleeved shirt, long pants and gloves when
removing tarps following application prior to planting.

« Cold, wet, or cold and wet soils can decrease dissipation of DOMINUS and can require a
fonger soil exposure period.

« After application is complete, wait 10 days prior to planting.

« In addition to the 10 day waiting period, use of a Jar Seedling and/or Transplant tests for
safety steps can be performed prior to planting the target crop. See page(s) 8-9 of this
label for instructions.

SOIL TREATMENT TIMING AND APPLICATION RATES
¢ Number of applications per year: DOMINUS may be applied to soil as a pre-plant soil
treatment prior to planting with subsequent applications allowable to the same soil within
the same year provided the previous crop is completely harvested prior to application.
« Open field: Use 10 - 40 gallons of DOMINUS per one acre (85 - 340 Ib/A).
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» Greenhouse: Use 10 - 40 gallons of DOMINUS per one acre (85 - 340 Ib/A) or 0.23 gai/
1,000ft* — 0.92 gal/1,000ft*

TABLE 1. PRE-PLANT SOIL APPLICATION RATES

BROADCAST
BROADCAST EQUIVALENT
EQUIVALENT RATES (LBS
TREATMENT SITE RATES GAL/A* PRODUCT/A

Field soils to be planted to:

Asparagus, brassica vegetables (broccoli, cauliflower),
cereal grains, herbs and spices, leek, leafy vegetables 10-40 85 - 340
(lettuce), legume vegetables, pineapples, root and tuber
vegetables (carrot, garlic, onion, potato, sweet potato)

Field soils to be planted to:

Strawberries, berries {cane fruit) , cucurbit crops
(cucumber, squash, melons), fruiting vegetables (e.g.
eggplant, peppers, tomatoes},

25-40 213- 340

Field soils to be planted to:
Fruit and nut crops, citrus, pome fruit trees, stone fruit 30-40 255 - 340
frees, tree nuts, tropical and subtropical fruits, vineyards

Nursery, Turf, and Ornamental Soils to be planted
to:

Turf, lawns, parks, golf greens, athletic fields, 10 - 40 85 - 340
recreational turf area, ornamentals, floral crops, forest
tree seedlings

Greenhouse soils to be planted to:
Food and Non-food crops 10-40 85 - 340

Seed or Transplant beds to be planted to:, Food

crops and non-food crops 10 - 40 85 - 340

*Use the higher labeled rates for muck and heavy clay soils, as well as for those pests and or
diseases such as cyst forming nematodes, Macrophomina, Fusarium or Phytophthora or hard
coated weed seeds for example Malva, Clover or Nutsedge
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APPLICATION SITE CONDITION DIRECTIONS

Soil temperature: maximum of 90°F at a typicai application depth

Soil preparation:

@

Ensure the soil is well prepared and generally free at the surface of large clods. Large clods
can prevent efficient soil sealing and reduce effectiveness of the product.

Cultivate the soil to a minimum depth of 5-8” and/or equal to the desired treatment depth.
Thoroughly incorporate plant residues into the soil to allow decomposition prior to treatment.
Leave little or no plant residue present on the soil surface. Undecomposed plant material
can harbor pests that will not be controlled and can interfere with the soil seal after
application. Let crop residue that is present lie flat to permit the soil to be sealed effectively.
Where applicable, fracture compacted soil layers (plow pans) within the desired treatment
zone before or during application of DOMINUS.

Soil moisture:

it is critical fo maintain adequate soil moisture before, during and 48 hours post-treatment.
Plan soil treatment for seasons, crop rotations, or irrigation schedules which leave adequate
moisture in the soil.

The soil must be moist (typically with enough moisture to allow weed seeds to become
imbibed) from 1.5 inches below the soil surface to at least the minimum desired depth of the
target treatment zone. The amount of moisture needed (typically greater than 50% Available
Water Content at 9 inches) in this zone will vary according to soil type. Use the USDA Feel
and Appearance Method (htip:/Awww.oneplan.orgMiater/solimoist. pdf) or a device that will
accurately measure soil moisture. The surface soil generally dries very rapidly and is not
considered in this determination.

Weather Condiions:

Prior to soil treatment the weather forecast for the day of application and the 48-hour period
following the soil treatment must be checked to determine if unfavorabie weather conditions
exist or are predicted (such as no wind speed or the potential for inversion layers) and
whether soil treatment can begin.

If significant rainfall occurs within 24 hours after DOMINUS application (enough to saturate
soil that has been treated with DOMINUS), a reduction in pest control can oceur.

Apply DOMINUS in the presence of wind speeds of at least 2 mph at the start of the
applications or projected to reach at least 5 mph during the application.

Check weather forecasts 48 hours prior to application to ensure proper conditions are
present at the time of application. Weather conditions and or advisories can be downloaded
online at htip:/fwww . nws. Noga.gov.

Buffer Zones; Do not apply DOMINUS within 25’ of any occupied structure, such as a school,
daycare, hospital, retirement home, business or residence.

PRE-PLANTING AFTER APPLICATION OF DOMINUS

Recontamination Prevention:

=  DOMINUS will control pests that are present in the soil treatment zone at the time of soil
treatment. It will not control pests that are introduced into the soil after soil treatment
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period has ended. To avoid re-infestation of treated soil, DO NOT use irrigation water,
transplants, seed pieces, or equipment that could carry soil-borne pests from infested
land. Avoid contamination from moving infested soil onto treated beds through
cuitivation, movement of soil from outside the treated zone, dumping contaminated soil
in treated fields and soil contamination from equipment or crop remains. Clean
equipment carefully before entering treated fields.

Testing of Treated Soils Prior to Planting:

Allow DOMINUS to dissipate completely before planting the crop.

When determining the appropriate time interval before planting, consideration of factors
that impact DOMINUS dissipation inciude rate of application, depth of injection, soil
temperature, soil preparation and type, soil moisture and use of various plastic films and
or water sealing.

Use of a lettuce seed and or tomato/pepper transpiant test can be used to determine if
sufficient time has elapsed between soil treatment and planting as described below,

Leftuce Seed Test

After a minimum of 7 days after application proceed with the following Seed Jar test.

Use a trowel to dig into the treated soil to a depth at or just beneath the depth of
DOMINUS injection and remove 2 to 5 samples with enough sail to fill a quart sized jar
half-way, mix lightly, apply moisture enough to germinate seeds, sprinkle seeds evenly
over the soil surface and seal immediately with a lid for air tight conditions.

Sample the field in several areas, especially those areas that are not representative of
the general field conditions and or having higher moisture content, different soil texture
or areas where rate delivery is different.

Prepare another similar sample of untreated soil for comparison.

Keep the jars out of direct sunlight and at a temperature of 65° to 85°F. (Direct sunlight
can overheat and kill the seedlings). Lettuce seed will not germinate in the dark so place
in diffuse sunlight.

After 1 to 3 days, check each jar for seed germination.

If seeds in the treated jar germinate and grow similar to the untreated soil sample then
the treated area is safe for planting.

Tomato/Pepper Transplant Test

After a minimum of 7 days after application proceed with the following transplant test.
Transplant 5 to 10 healthy, actively growing tomato or pepper seedlings into treated
beds at normal planting depth and several locations within the treated area. If availabie
repeat in an area of field nof treated with DOMINUS for comparison. If a wetter, heavier
area of the treated field is available place the transplants there.

Inspect the transplants in 3 days for plant injury including wilt, chlorosis, or leaf and root
tip burn. Ensure that proper soil moisture conditions exist for transpiants to remain free
from water stress. If plants in the treated area are asymptomatic and or are similar in
growth and appearance to plants in the non-treated area it is safe to plant.

DOMINUS DRIP (TRICKLE) CHEMIGATION APPLICATION USE DIRECTIONS:

Drip (Trickie) Chemigation Use Precautions:

The following applies to drip (trickle) irrigation systems..
Crop injury and a reduction in efficacy can result from non-uniform distribution of
DOMINUS in irrigation water used to treat soil.
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For questions related to equipment calibration, consult your local State Extension
Service specialist, equipment manufacturer or dealer.

Soil preparation:

Ensure compacted soil layers (plow pans) within the desired treatment zone are tilled
and/or fractured if it is considered normal practice before application of DOMINUS to
ensure adequate soil drainage. Note that conditions where soil layers (plowpans) exist
and are not tilled can result in reduced pest control, differences in planting interval or
plant growth as a result of compacted or shallow soil conditions.

The application site must be in seedbed condition. Ensure beds are listed, shaped and
ready for planting.

Ensure initial soil moisture is at ~50% of field capacity at 2 to 3 inches and down to 9
inches depth at the time of DOMINUS application. Soil texture and amount of water to be
applied will impact the desired initial % field capacity necessary for drip injection.

DOMINUS Dosage:

]

Determining DOMINUS dosage is based on consideration of the intended crop to be
planted, treated area conditions, preparation, application method, target pest, and soil
type.

Use drip emitters with spacing of 4 to 12 inches with shallow subsurface placement to
ensure thorough wetting of the soil area being treated by DOMINUS drip injection.
DOMINUS must be metered at a target concentration between 1000 — 3000 ppm
(caiculated by: total volume of product to be applied / total amount of water to be applied
x 1,000,000) into the water supply line and passed through a mixing device such as a
centrifugal pump with by-pass agitation or static mixer to assure proper agitation and
mixing to a target concentration (ppm) for even distribution before distribution into the
drip irrigation system. The concentration of DOMINUS should not exceed 3000 ppm at
any time during the injection period within the drip line. )

The volume of irrigation water to deliver to the treated area is dependent upon the soil
type, % soil moisture or the % of field capacity at the start of the application and the
target moisture level following application and equipment rising.

Determine the irrigation water flow and adjust the flow rate of DOMINUS to meet the
target ppm in irrigation water. Insert a static mixer or similar device immediately after the
DOMINUS injection point to insure adequate mixing with the irrigation water.

Chemigation Application Information:

I

2.

3.

Apply this product only through drip (trickle) irrigation systems. Do not apply this product
through any other type of irrigation system.

Crop injury or lack of effectiveness can result from non-uniform distribution of treated
water.

if you have questions about calibration, contact State Extension Service specialists,
equipment manufacturers or other experts.

Do not connect an irrigation system (including greenhouse systems) used for pesticide
application to a public water system unless the pesticide label-prescribed safety devices
for pubiic water systems are in place.

A person knowledgeable of the chemigation system and responsible for its operaticn or
under the supervision of the responsible person, shail shut the system down and make
necessary adjustments should the need arise.

Chemigation Systems Connected to Public Water Systems:

I.

Public water system means a system for the provision to the public of piped water for
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human consumption if such system has at least 15 service connections or regularly
serves an average of at least 25 individuals daily at least 60 days out of the year.
Chemigation systems connected to public water systems must contain a functional,
reduced-pressure zone, back flow preventer (RPZ) or the functional equivalent in the
water supply line upstream from the point of pesticide introduction. As an option to the
RPZ, the water from the public water system should be discharged into a reservoir tank
prior to pesticide introduction. There shall be a complete physical break (air gap)
between the flow outlet end of the fill pipe and the top or overflow rim of the reservoir
tank of at least twice the inside diameter of the fill pipe.

Equipment Considerations for Drip (Trickle) Chemigation Systems:

1.

The irrigation system (main line, headers, and drip tape) must be thoroughly inspected
for leaks before the application starts. The leak detection process requires that the
irrigations system be at full operating pressure. The time required at full operating
pressure will vary according to the system design and layout, soil type and target ppm
concentration. Signs of leaks may include puddling along major pipes and at the top or
ends of rows and/or on the bed surface or movement or shifting of beds due to bed
collapse in over saturated conditions. Any leaks discovered must be repaired prior to
application of DOMINUS. For leaks discovered during application of DOMINUS,
immediately stop injection, wear all appropriate PPE and repair the line insuring that the
problem is corrected before commencing with the drip applied injection.

The system must contain a functional check valve (back flow prevention device),
vacuum relief valve, and low pressure drain appropriately located on the irrigation
pipeline to prevent water source contamination from back flow.

The pesticide injection pipeline must contain a functional, automatic, quick-closing check
valve to prevent the flow of fiuid back toward the injection pump.

With use of injection pumps (e.g. Diaphragm or Centrifugal type pumps) the pesticide
injection pipeline must also contain a functional, normally closed, solenoid-operated
valve located on the intake side of the injection pump and connected to the system
interlock to prevent fluid from being withdrawn from the supply tank when the irrigation
system is either automatically or manually shut down.

The system must contain functional interlocking controls to automatically shut off the
pesticide injection pump when the water pump motor stops or in cases where there is no
water pump, when the water pressure decreases to the point where pesticide distribution
is adversely affected.

The irrigation line or water pump must include a functional pressure switch which will
stop the water pump motor when the water pressure decreases to the point where
pesticide distribution is adversely affected.

To inject DOMINUS, use a metering device (such as a positive pressure system, positive
displacement injection pump, diaphragm pump, or a Venturi system) effectively designed
and constructed of materials that are compatible with pesticides and capable of being
fitted with a system interlock.

Use of an inert gas such as nitrogen or dry compressed air is acceptable for use in a
positive pressure system.

Injection System Fiush After DOMINUS Application:

After DOMINUS injection, continue drip irrigation with clean water to flush
remaining DOMINUS completely out of the system. Apply 3 times the volume of
water equivalent to the capacity of the drip injection system from the point of injection to
the ends of the drip tape to ensure DOMINUS is completely voided from the injection
tines and drip tape.
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« Do not allow any DOMINUS to remain in the system after application.

« |f common lines are used for both the DOMINUS application and to apply the water seal
(if applied), the lines must be adequately flushed before starting the water seal and/or
normal irrigation practices.

Soil Sealing or Tarp Use:
e When tarps are used with drip injection application, they must be in place prior to
injection of DOMINUS.
o Tarp edges must be buried along the row furrow and at the ends of each row.

Untarped Drip (Trickle) Chemigation Applications:
« Tarps must be used unless the drip tape is buried a minimum of 5 inches below the
soil/air interface.

Planting Interval for Raised Bed Drip Applications:

° After application, leave the soil undisturbed for at least 10 days after the application is
complete. Planting of the target crop is allowed at 2 minimum of 10 days following the
completion of the application.

. Extremely cold, wet, or cold and wet soils can decrease dissipation of DOMINUS and
can require a longer soil exposure and/or aeration period.

. For tarped applications, where tarp perforation or hole punching occurs allow 2 to 24
hours aeration prior to planting to assist in DOMINUS dissipation.

. Use of a Jar Seedling and/or Transplant test for crop safety can be performed prior to

planting the target crop. See pages 8-9 of this label for instructions.

Requiremenis for Greenhouse Soil Treatment

» Applications methods for use in greenhouse soil treatment may be applied as drip
injection or tractor mounted shank where applicable according to the methods described
for open field with exceptions listed below:

o All applications must be tarped or double water sealed (delivered via overhead
sprinkler}). Double water sealed is defined as twice the amount of water to deliver
the soil treatment without causing over saturation of the soil or delivering enough
water to maintain up to 80% soil moisture for 24 hours following application.

o During the application, keep doors, vents and windows to the outside open and
keep fans or other mechanical ventilation systems running within the application
area.

o Areas by which gases could enter adjacent enclosed areas must be sealed prior
to application and remain closed for up to 48 hours post application.

DOMINUS TRACTOR MOUNTED SHANK RAISED BED AND BROADCAST/FLAT FUME
APPLICATION USE DIRECTIONS:

Soil moisture:
« For tractor mounted shank applied treatments of DOMINUS do not apply to dry soils.
Target a soil moisture reading of ~50% or greater Available VWater Content to a depth of
8 to 9 inches present for at least 24 to 48 hours prior to and until the start of the
application.

Soil temperature at application:
« Maximum of 90°F at application depth.
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Application Methods and Equipment:
«  Apply DOMINUS using chisels spaced no more than 12 inches apart and no more than 3
outlets evenly spaced per chisel (rear and forward facing type shank). The top most
outlets must be no less than 5 inches from the final air soil interface.

. For shank applications the use of tarps or a water cap does not eliminate the need to
remove chisel traces. Use of a press board, ring rolter or other device to effectively close

chisel traces must be performed.

Application Depth:
« The point of injection must be a minimum of 5 inches from the final soil/air interface.
The point of deep injection must be at a minimum of 18 inches from the final soil/air
interface. Use deeper placement when fumigating soil to be planted to deep-rooted
plants, such as perennial fruit and nut crops, or to control deeply distributed pests.

Tarped Type

Noble Sealing,
Single Plow Yetter Applied
Sweep Injector Rig immediately | Non-Tarped
Application | [njection Chisel Qutlet | Injector after Type
Type depth Spacing Spacing | Spacing | application® Sealing |
Broadcast 5-15 6 — 12 inches 6-12 4-6 PE, VIF, TIF Qverhead
Shallow inches Use of no inches inches sprinkler,
Shank more than 3 water cap
nozzles per and/or
sweep with 4- Roller/Pack
5 inches / erto
nozzle and compact soil
bottom nozzle surface, and
at no more close chisel
than 15 traces
inches from
soil surface
Broadcast >17 18 — 24inches NA NA NA Roller/packe
Deep Shank inches r to compact
soil surface
Raised bed 8-15 6 — 12 inches NA 46 PE, VIF, TIF QOverhead
shallow inches Use of no inches Sprinkler,
shank or maore than 3 water cap
Strip nozzles per and/or
Application sweep with 4 Roller/Pack
-5 inches / erto
nozzle and compact soil
bottom nozzle surface, and
at no more close chisel
than 15 fraces
inches from
soil surface

* PE = Polyethylene film; VIF = Virtually Impermeable Film; TIF = Totally Impermeable Film
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Prevention of End Row Spillage:

Do not apply or aliow DOMINUS to spill onto the soil surface. Each injection line either
needs a check valve located as close as possible to the soil injection point to avoid
dripping or spillage. If a check valve system is not in place purge and drain the injection
line prior to lifting the injection shanks from the ground.

Only lift the injection shanks from the ground when the shut-off valve has been closed,
and the DOMINUS injection line has been depressurized to passively drain remaining
DOMINUS or when the system has been actively purged (e.g. via air compressor).

injection Rig Calibration, Set-up, Repair, and Maintenance:

DOMINUS application equipment must be calibrated and all control systems working
properly. Proper calibration is critical to ensure DOMINUS application rate and soil
placement. Refer to the equipment manufacturer's instructions to properly calibrate the
injection equipment. The equipment dealer, local Cooperative Extension Service, crop
advisor or DOMINUS dealer can provide assistance.

Flush all equipment with water after each day’s use; disassemble valves and clean
carefully. All rinsate should be properly applied to the field.

Planting Interval for Raised Bed Shank and Broadcast/Flat Fume Application

After application, leave the soil undisturbed for at least 5 days after application prior to
tarp cutting or perforation/hoie punching.

For tarped applications, complete cutting of the tarp for removal or perforation/hole
punching 2 to 24 hours prior to tarp removal or planting to assist in DOMINUS
dissipation.

Tarp cutters and removers shall wear long-sleeved shirt, long pants and gloves when
there is no waiting or aeration period between tarp cutting and removing the tarp
foliowing application and prior to planting.

Soil can be planted with the target crop at a minimum of 10 days following appiication.
Cold, wet, or cold and wet soils can decrease dissipation of DOMINUS and can require a
longer soil exposure and or aeration period.

Soil applied under untarped shanked applications must remain undisturbed for a
minimum of 10 days following completion of the application before tillage and or planting
of the target crop.

Use of a Jar Seedling and/or Transplant test for crop safety can be performed prior to
planting the target crop. See pages 8-9 of this label for instructions.

PESTS CONTROLLED FROM SOIL TREATMENT USES

Nematodes

Common Name (if applicable) Scientific Name

Ring nematode Mesocriconema (=Criconemoides,
=Criconemella)

Root knot nematode Meloidogyne

Root-lesion nematode Pratylenchus

Sting nematode Belonolaimus

Stem and bulb nematode Tvlenchus
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PESTS CONTROLLED FROM SOIL TREATMENT USES (continued)

Soil Borne Fungi

Common Name (if applicabie)

Scientific Name

Charcoal rot

Macrophomina phaseolina

Fusarium wilt

Fusarium spp.

Phytophthora Phytophthora spp.
Pythium Pythium spp.
Rhizoctonia Rhizoctonia spp.

Southern blight

Sclerofium roffsii

Verticillium wilt

Verticillium dahliae

Insects in the Soil at the Time of Treatment

Common Name (if applicable)

Scientific Name (if applicable)

Symphylan (centipedes)

Wireworms

Weeds

Common Name (if applicable)

Scientific Name

California burclover

Medicago lupulina

Common chickweed

Stellaria media

Common mallow

Malva neglecta

Common purslane

Portulaca oleracea

Grasses

Morningglory spp.

Ipomoea spp.

Yellow nuisedge

Cyperus esculentus

Mollusks: Slugs and Snails.

STORAGE AND DISPOSAL

Do not contaminate water, food or feed by storage and disposal.

PESTICIDE STORAGE
Store in original container in a cool, dry place.

PESTICIDE DISPOSAL

Waste resulting from the use of this product may be disposed of on site or at an approved waste

disposal facility.

CONTAINER DISPOSAL for non-refillable containers

This is a non-refillable container. Do not reuse or refill this container.

Empty the package

completely and triple rinse container (or equivalent pressure rinse) promptly after emptying with
water to be used for application. Then dispose of the empty container according to state and
Jocal regulations. Place in trash or offer for recycling if available or return it to the Seller, or, if
allowed by state and local authorities, by burning. If burned stay out of smoke.

TRIPLE RINSING INSTRUCTIONS:
For rigid, nonrefillable containers small enough to shake (with capacities equal to or less
than § gallons):
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STORAGE AND DISPOSAL (continued)

Triple rinse as follows: Empty the remaining contents into application equipment or a mix tank
and drain for 10 seconds after the flow begins to drip. Fill the container one-fourth full with water
and recap. Shake for 10 seconds. Pour rinsate into application equipment or a mix tank or store
rinsate for later use or disposal. Drain for 10 seconds after the flow begins to drip. Repeat this
procedure fwo more times.

For rigid, non-refillable containers that are too large to shake (with capacities greater
than 5 gailons):

Triple rinse as follows: Empty the remaining contents into application equipment or a mix tank.
Filt the container one-fourth full with water. Replace and tighten closures. Tip container on its
side and roll it back and forth, ensuring at least one complete revolution, for 30 seconds. Stand
the container on its end and tip it back and forth several times. Turn the container over onto its
other end and tip it back and forth several times. Empty the rinsate into application equipment or
a mix tank or store rinsate for later use or disposal. Repeat this procedure two more times.

PRESSURE RINSE PROCEDURE (all sizes):

Pressure rinse as follows: Empty the remaining contents into application equipment or a tank
mix and continue to drain for 10 seconds after the flow begins to drip. Hold container upside
down over application equipment or mix tank or collect rinsate for later use or disposal. Insert
pressure rinsing nozzle in the side of the container, and rinse at about 40 PS5l for at least 30
seconds. Drain for 10 seconds after the flow begins to drip.

CONTAINER DISPOSAL for rigid, refillable containers

Refillable container. Refill this container with DOMINUS pesticide only. Do not reuse this
container for any other purpose. Cleaning the container before final disposal is the responsibility
of the person disposing of the container. Cleaning before refilling is the responsibility of the
refiller. To clean the container before final disposal, empty the remaining contents from this
container into application equipment or mix tank. Fill the container about 10 percent full with
water. Agitate vigorously or recirculate water with the pump for 2 minutes. Pour or pump
rinsate into application equipment or rinsate collection system. Repeat this rinsing procedure
two more times.

LIMITATION OF WARRANTY AND LIABILITY
Read the entire label before using this product, including this Limitation of Warranty and
Liability.

If the terms are not acceptable, retum the product at once unopened for a refund of the
purchase price.

This Company warrants that this product conforms to the chemical description on the label and
is reasonably fit for the purposes set forth in the Directions for Use, subject to the inherent risks
described below, when used in accordance with the Directions for Use under normal conditions.
TO THE EXTENT CONSISTENT WITH APPLICABLE LAW, ISAGRO MAKES NO OTHER
EXPRESS OR IMPLIED WARRANTY OF FITNESS OR MERCHANTABILITY OR ANY OTHER
EXPRESS OR IMPLIED WARRANTY.

Buyers and Users of this product must be aware that there are inherent unintended risks
associated to the use of this product, independent from the control of Isagro. These risks
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include, but are not limited to, weather conditions, soil factors, moisture conditions, diseases,
irrigation practices, condition of the crop at the time of application, materials which are present
in the tank mix with this product or prior to the application of it, cultural practices or the manner
of use or application, all risks which are impossible to eliminate. The Buyers and Users should
be aware that these factors may cause: ineffectiveness of the product, reduction of harvested
yield of the crop (entirely or partiaily}, crop injury or injury to non-target crops or piants or to
rotational crops caused by carryover in the soil, resistance of the target weeds to this product.
Therefore additional care, treatment and expense are required to take the crop to harvest.

If the Buyer does not agree with the acceptance of these risks, then THE PRODUCT SHOULD
NOT BE APPLIED. To the extent consistent with applicable law, by applying this product the
Buyer acknowledges and accepts these inherent unintended risks and AGREES THAT ALL
SUCH RISKS ASSOQCIATED WITH THE APPLICATION AND USE ARE ASSUMED BY THE
BUYER.

To the extent consistent with applicable law, ISAGRO or Seller shall not be liable for any
incidental, consequential or special damages resulting from the use or handiing of this product
(including claims based in contract, negligence, strict liability, and other tort or otherwise). To
the extent consistent with applicable law, the exclusive remedy of the User or Buyer and the
exclusive Liability of Isagro or Seller shall be the return of the purchase price of the product, or
at the election of Isagro or Seller, the replacement of the product.

To the extent consistent with applicable law, this Company does not warrant any product
reformulated or repackaged from this product except in accordance with this Company’s
stewardship requirements and with express written permission from this Company.

Isagro or its Seller must have prompt notice of any claim so that an immediate inspection of
Buyer's or User's can be made. To the extent consistent with applicable law, if Buyer and User
do not notify Isagro or Seller of any claims, in proper time, it shall be barred from obtaining any
remedy.

To the extent consistent with applicable law, Buyers and Users are deemed to have accepted
the terms of this Limitation of Warranty and Liability, which may not be modified by any verbal
or written agreement.

ESL 092613 REV YYYYMMDD
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L EXECUTIVE SUMMARY

Allyl isothiocyanate (AITC) is a naturally occurring component of Oil of Mustard, which was
first registered by the Agency for pesticidal use in 1962. As part of Oil of Mustard, AITC has
been determined by the Agency to be the residue of concern and, as such, has been well
characterized in the Reregistration Eligibility Decision for Flower and Vegetable Oils (EPA,
1993), the Biopesticides Registration Action Document for Oriental Mustard Seed (PC Code
014921) (EPA, 2008), and the Vegetabie and Flower Oil Summary Document for Registration
Review (EPA, 2010). AITC is produced naturally when enzymes of the mustard plant,
myrosinase and glucosolinate, are in the presence of water. In addition to its presence in mustard,
AITC can be found in food commodities such as cooked cabbage, kale, and horseradish. It is
synthetically produced from allyl iodide and potassium thiocyanate. In pesticidal products, AITC
is used as an insect and animal repellent, feeding suppressant, insecticide, fungicide, herbicide
and nematicide.

Currently, pesticide product (MP), IR9804 (EPA File Symbol No. 89285-R) and end-use product
(EP), IRF135 (EPA File Symbol 89285-E), are proposed to be registered. These products contain
synthetic AITC at 99.8% and 96.3%, respectively. IRF135 is intended for use as an insecticide,
fungicide, herbicide and nematicide to be applied (1) by tractor mounted shank injection at a
depth of 8 to 15 inches, followed by tarp overlay, (2) by drip injection, also covered by tarp
overlay, and (3) by deep injection to depths greater than 17 inches, with no tarp covering.
IR9804 is intended for formulation into end-use products for soil treatment. The currently
proposed label application methods are for pre-plant applications, which would be considered a
non-food use. No residual activity is expected and the active ingredient and its degredates will
dissipate prior to crop seeding.

The Agency has concluded that adequate mammalian toxicology data are available to support
AITC (EPA, 1993; EPA 2010). The oral LDs in rats is 339 mg/kg (EPA, 1993). Human
exposure to AITC is expected to be minimal from the proposed MP and soil treatment EP,
IR9804 (EPA File Symbol No. 89285-R) and IRF135 (EPA File Symbol 89285-E) (EPA, 2013).
The active ingredient is not likely to result in adverse human health effects, based upon available
reports and information.

AITC rapidly degrades in the environment by normal biological, physical and/or chemical
processes that can be reasonably expected to exist where the pesticide is applied (EPA, 2013). In
each case of registration of products containing AITC, sufficient data or information has been
submitted to demonstrate that there will be no toxicity or adverse effects to nontarget organisms
with the exception of certain insects and honey bees (EPA, 2008). The Agency has concluded
that the honey bee toxicity issue can be appropriately addressed thru end-use product label
mitigation,

On October 1, 2009, the U.S. Environmental Protection Agency (EPA or the Agency) announced
a policy to provide a more meaningtul opportunity for the public to participate in major
registration decisions before they occur. According to this policy, EPA provides a public
comment period prior to making a registration decision for the following types of applications:
new active ingredients; first food uses; first outdoor uses; first residential uses; or any other

5



Qil of Mustard and Aillyl [sethioeyanate (AITC)
PC Code 004901

Biopesticides Registration Action Document

registration actions for which EPA believes there may be significant public interest.

Consistent with the policy of making registration decisions more transparent, the public is being
provided 15 days in which to submit comments to the Agency regarding its pending decision to
register products containing AITC for use as a pre-plant soil treatment. The following documents
are available for comment in the docket, identification number EPA-HQ-OPP-2013-0658: a draft
of this Biopesticides Registration Action Document (BRAD), the draft product labels for IR9804
(EPA File Symbol 89285-R) and IRF135 (EPA File Symbol 89285-E), and the Agency science
review memorandum for these products (EPA, 2013). Note: The draft EP label wili be revised,
during this period, to include additional mitigation measures in accordance with those seen
for similar application methods (soil fumigants) but as appropriate for this biopesticide.
Intended revisions will include (1) an entry restricted period section on the label, (2) a
fumigant management plan section, (3) clarification of restrictions lor workers verses
handlers, and (4) clarification of methods to determine soil and weather conditions.

Altogether, the Agency believes that, based on the existing information in the Agency’s database
on AITC and the recent information submitted in support of the registration of pesticide products
containing AITC for pre-plant soif treatment, it is in the best interest of the public to issue the
registrations for IR9804 (EPA File Symbol 89285-R) and IRF135 (EPA File Symbol 89285-E).
The basis for this decision can be found in the science review memorandum for these products
(EPA, 2013) and the existing information in the Agency’s database on AITC, both of which are
characterized in this BRAD,

For definitions of scientific terms, please refer to futp: Swvww.epo gov/pesiicides/elossary/.

Il. ACTIVE INGREDIENT OVERVIEW
Common Name: Oil of Mustard

Chemical Names: | -Propene, 3-isothiocyanato-
2-Propenyl isothiochyanate
3-Isothiocyanato-1-propene
Ally! isosulfocyanate
Allyl isothiocyanate
Allyl mustard oil

Trade & Other Names: Oil of Mustard
Alyl isothiocyanate (AITC)

CAS Registry Number: 57-06-7

OPP Chemical Code: 004901

Type of Pesticide: Biochemical Pesticide — insect and animal repellent,
feeding suppressant, insecticide, fungicide, herbicide and
nematicide
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Biochemical Classification

Qil of Mustard, containing the residue of conern AITC, was first approved by the Agency for use
in a registered product as a biochemical insecticide in 1962. For more information regarding
product chemistry data requirements, please refer to Tables 1 thru 4 in Appendix A for this
document.

I1I. REGULATORY BACKGROUND
A. Application for Pesticide Registration

On August 29, 2012, Technology Sciences Group, Inc., on behalf of Isagro USA, Inc. (hereafter
referred to as “[sagro™ or *applicant™), 430 Davis Drive, Suite 240, Morrisville, NC, 27560,
submitted applications to register a new biochemical pesticide products, IR9804 (EPA File
Symbol 89285-R) and IRF135 (EPA File Symbol 89285-E), containing AITC as their active
ingredient. IRF1335 is intended for use as an insecticide, fungicide, herbicide and nematicide to
be applied to be applied (1) by tractor mounted shank injection at a depth of 8 to 15 inches,
followed by tarp overlay, (2) by drip injection, also covered by tarp overlay, and 3) by deep
injection to depths greater than 17 inches, with no tarp covering. IR9804 is intended for
formulation into end-use products for soil treatment.

B. Food Clearances/Tolerances
AITC is exempt from the requirement of a tolerance as stated at 40 CFR § 180.1167:

40 CFR § 180.1167 Allyl isothiocyanate as a component of food grade oil of mustard; exemption from
the requirement of a tolerance.

The insecticide and repellent Allyl isothiocyanate is exempt from the requirement of a tolerance for
residues when used as a component of food grade oil of mustard, in or on all raw agricultural commodities,
when applied according to approved labeling.

The proposed end-use product, IRF135 (EPA File Symbol 89285-F), is labeled for pre-plant soil
application only. The active ingredient (synthetic AITC) and its degradates will dissipate prior to
planting. The Agency considers this to be a non-food use and, therefore, a tolerance or
exemption from the requirement of a tolerance is not required.

Iv. RISK ASSESSMENT

A. Product Analysis Assessment (40 CFR 3 [58.2050)

Biochemical pesticide product analysis data requirements include product chemistry and
composition, analysis and certified limits, and physical and chemical characteristics. Product
chemistry and composition data include information about the identity of the active ingredient,
the manufacturing process, and discussion of the potential for formation of unintentional
ingredients. Analysis and certified limits data include information on analysis of samples and
certification of limits. Physical and chemical characteristics data describe basic characteristics of
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the registered pesticide products, including color, physical state, odor, stability, miscibility, pH,
corrosion characteristics, viscosity and density.

All product chemistry data requirements have been satisfied for the active ingredient (Oil of
Mustard/AITC) and the proposed products, IR9804 (EPA File Symbol 89285-R) and IRF135
(EPA File Symbol 89285-E). Refer to Tables 1 thru 4 in Appendix A for a summary of product
chemistry data specific to these products. Refer to the Vegetable and Flower Oil Summary
Document for Registration Review (EPA, 2010) for a summary of product chemistry information
for Oil of Mustard/AITC.

B. Human Health Assessment
1. Tier I Toxicology

AITC has already been assessed by the Agency and the Agency has concluded that adequate
mammalian toxicology data are available to support this biochemical pesticide (EPA, 1993;
EPA, 2008; EPA 2010). In addition, adequate mammalian toxicology data and information are
available to support registration of IR9804 (EPA File Symbol No. 89285-R) and IRF135 (EPA
File Symbol 89285-E). This information is summarized below and listed in Table 5 in Appendix
A of this document.

Acute Toxicity for IR9804 (EPA File Symbol 89285-R) and IRF135 (EPA File Symbol
89285-E) (OCSPP Guideline Nos. 870.1100, 870.1200, 870.1300, 870.2400, 870.2500, and
870.2600; Master Record Identification (MRID) Nos. 488241-03 thru -07):

The acute oral toxicity in rats for [F9804 (EPA File Symbol 89285-R), containing 99.8% AITC,
is LDsp = 425.4 mg/kg. Acute dermal toxicity (rat) is LDso > 200 mg/kg, and acute inhalation
toxicity (rat) is LCs0 > 0.21 mg/L. Therefore, [R9804 (EPA File Symbol 89285-R) is categorized
as Toxicity Category II for acute oral toxicity, acute dermal toxicity, and acute inhalation
toxicity. It is categorized as Toxicity Category I for primary eye irritation and primary dermal
irritation due to its corrosivity, and is classified as a dermal sensitizer. No hypersensitivity
incidents have been reported.

Guideline studies for acute human health toxicity testing were not submitted for the EP, IRF135
(EPA File Symbol 89285-E). In lieu of Guideline studies, the applicant submitted a request to
bridge the acute toxicity data submitted in support of the TGAI/MP (containing 99.8% AITC) to
support the acute toxicity data requirements for the EP (containing 96.5% AITC). The Agency
has determined this request to be acceptable based upon the substantial similar formulation
between these two products.

Subchronic Toxicity, Developmental Toxicity, and Mutagenicity Testing for IR9804 (EPA
File Symbol No. 89285-R) (Tier I) (OCSPP Guideline Nos. 870.3100, 870.3250, 870.3465;
870.3700, 870.5100, 870.5300, 870.5375; MRID No. 48824108):

A Guideline 90-day oral toxicity study was not submitted. In lieu of a study, the applicant cited a
90-day oral toxicity study conducted by the National Toxicology Program (NTP, 1982) on
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F344/N rats dosed with 1.5 to 25 mg AITC/kg-body wgt/day. five days per week for 13 weeks
which had a No Observed Adverse Effect Level (NOAEL) of 25 mg AITC/kg-body wgt/day, the
highest level tested. No mortalities occurred during the course of the study and no treatment-
related eftects were observed on tissues obtained from the test animals when compared to non-
treated controls. There were no differences in body weights between treated animals and non-
treated controls (EPA, 2013).

A Guideline 90-day dermal toxicity study was not submitted. The applicant requested and was
granted a waiver based on the fact that the product is not intended for application to human skin
and prolonged or repeated dermal contact is not expected when EPs for pre-plant soil treatment
are applied in accordance with Agency approved use directions and PPE (for handlers: coveralis
worn over long sleeve shirt and long pants, chemical resistant footwear plus socks, chemical
resistant gloves, protective eyewear, and an air purifying respirator). Similarly, a Guideline 90-
day inhalation toxicity study was not submitted. The applicant requested and was granted a
waiver based on the fact that repeated inhalation exposure to AITC acrosol, vapor or gas is
highly unlikely and not expected, when the EPs for pre-plant soil treatment is applied in
accordance with EPA approved label use directions and PPE.

A Guideline Prenatal Developmental Toxicity study was not submitted. In lieu of a study, the
applicant cited a study in which AITC was one of 16 chemically-related compounds evaluated in
order to correlate potential developmental toxicity with molecular structure. In this study, no
difference in the percentage of abnormal fetuses in AITC-treated offspring were detected
compared to control, and no difference between treated and control in the percentage of dead
fetuses was detected. The authors concluded that AITC did not display any teratogenic potential
at the NOAEL of 60 mg/kg. The 60 mg/kg dose would be equivalent to 4.2 g AITC for a
standard 70 kg human (EPA, 2013).

Guideline Mutagenicity studies were not submitted. In fieu of a study, the applicant cited a
battery of mutagenicity studies on AITC conducted by the National Toxicology Program (NTP).
In this battery, two reverse mutation studies confirmed that mutagenicity responses were
negative in all strains tested with and without S9 activation. In three in vifro mammalian gene
mutation studies, a negative response was observed in the first trial using mouse lymphoma cells
without S9 activation at concentrations ranging from 0.05 to 0.8 mg/mL AITC. A second trial
without S9 exhibited a significant increase in average mutant frequency and significant reduction
in relative total growth at AITC concentrations of 0.4, 0.6, and 0.8 mg/mL; 1.0 mg/mL was
cytotoxic. A third trial without $9 also exhibited a significant increase in average mutant
frequency at concentrations of 0.6 to 1.4 mg/mL and a significant reduction in growth; a
concentration of 1.6 mg/ml. was cytotoxic. It is noted that the positive results were observed
without 89 activation and in the presence of substantial cytotoxicity. An in vivo mammalian
chromosome aberration study was conducted with mice dosed intraperitoneally with 0, 25, or 50
mg/kg AITC and compared against mice dosed with a positive control, dimethylbenzanthracine
(DMBA). Increases in chromosome aberrations were not observed in AITC treated mice when
compared to non-treated (negative) controls, while a positive response was observed in DMBA-
treated mice. The Agency has determined that the weight of evidence demonstrates that AITC is
not likely to be a mutagen. In addition, the method of application and rapid degradation rate for
the proposed pre-plant soil treatment, together with appropriate PPE, mitigates exposure to
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humans (EPA, 2013).
2. Tier II and Tier 11 Toxicity Studies

The biochemical pesticide Human Health Assessment data requirements for Tier IT and Tier 111
were not required due to the low toxicity of the active ingredient and the low levels of exposure
expected from its intended uses in EP products.

3. Effects on the Endocrine System

As required under FFDCA section 408(p), EPA has developed the Endocrine Distuptor
Screening Program (EDSP) to determine whether certain substances (including pesticide active
and other ingredients) may have an effect in humans or wildlife similar to an effect produced by
a “naturally occurring estrogen, or other such endocrine effects as the Administrator may
designate.” The EDSP employs a two-tiered approach to making the statutorily required
determinations. Tier | consists of a battery of 11 screening assays to identify the potential of a
chemical substance to interact with the estrogen, androgen, or thyroid (E, A, or T) hormonal
systems. Chenicals that go through Tier | screening and are found to have the potential to
interact with E, A, or T hormonal systems will proceed to the next stage of the EDSP where EPA
will determine which, if any, of the Tier 2 tests are necessary based on the available data. Tier 2
testing is designed to identify any adverse endocrine related effects caused by the substance, and
establish a dose-response relationship between the dose and the E, A, or T effect.

Between October 2009 and February 2010, EPA issued test orders and data call-ins for the first
group of 67 chemicals, which contains 58 pesticide active ingredients and nine inert ingredients.
This list of chemicals was selected based on the potential for human exposure through pathways
such as food and water, residential activity, and certain post-application agricultural scenarios.
This list should not be construed as a list of known or likely endocrine disruptors.

AITC (as contained in Oil of Mustard) is not among the group of 58 pesticide active ingredicnts
on the initial list to be screened under the EDSP. Under FFDCA section 408(p), the Agency must
screen all pesticide chemicals. Accordingly, EPA anticipates issuing future EDSP test orders and
data call-ins for all pesticide active ingredients.

For further information on the status of the EDSP, the policies and procedures, the list of 67
chemicals, the test guidelines and the Tier | screening battery, please visit our website:
hetpwwiy.eng.coviendo/,

4. Dose Response Assessment

No toxicological endpoints have been identified for Oil of Mustard or AITC; therefore, a dose-
response assessment was not required.

5. Drinking Water Exposure and Risk Characterization

No significant exposure from drinking water is expected when products containing Oil of

10



il of Mustard and Aliyl Isothiocyanate (AITC)
PC Code 004901
Biopesticides Registration Action Document

Mustard or AITC are used according to the product label directions. AITC is a naturally
oceurring component of the human diet and degrades rapidly in the soil with a short half-life
(T%) ranging from 20 to 60 hours. AITC transforms in sterilized soil at the same rate as intact
soil, indicating that degredation is not dependent on soil microbial populations. Products
containing AITC will not be directly applied to water. However, in an agueous solution in the pH
range between 6 and 8, AITC is proposed to degrade completely. Within this pH range, the
primary decomposition products identified were: allyl thiocyanate (ATC); allylamine (AA); and
carbon disulfide (CDS). ATC, an isomer of AITC, was identified at each pH and sampling
interval; AA is expected to biodegrade quickly in the environment, and so if it is formed
following AITC treatment of soil, human and animal exposure is unlikely. CDS is naturally
occurring in the environment, and is released from tree roots, tidal marshes and soil. CDS is
considered ubiquitous in the environment, and so formation of carbon disulfide from treating soil
with AITC would not increase exposure to non-target organisms over levels currently in the
environment (EPA, 2013).

6. Occupational, Residential, School and Day Care Exposure and Risk
Characterization

a. Occupational Exposure and Risk Characterization

Occupational exposure to the proposed soil treatment EP, IRF135 (EPA File Symbol 89285-E),
is not expected due to mitigation through precautionary language and personal protective
cquipment (PPE) on the label.For other products containing AITC, the Agency has required
labels to include the appropriate signal word and precautionary statements, as PPE if applicable,
to mitigate any risk of exposure.

b. Residential, School and Day Care Exposnre and Risk Characterization

The proposed soil treatment EP, [RF135 (EPA File Symbol 8§9285-E), is for agricultural use
only. Previously approved AITC products for outdoor residential use have been approved by the
Agency based on minimal exposure to AITC when used according to label directions. No indoor
residential, school, or day care uses are currently approved for products containing AITC.

7. Aggregate Exposure from Multiple Routes Including Dermal, Oral, and Inhalation

There is reasonable certainty of no harm to U.S. populations, including infants and children,
from aggregate exposures to residues of AITC when used as proposed. This includes all
anticipated dietary exposures and all other exposures for which there is reliable information.
Moreover, potential non-occupational inhalation and dermal exposure is not likely to pose any
adverse effects to exposed populations via aggregate and cumulative exposure.

a. Food Exposure
Dietary exposure of AITC is already occurring, given that this substance can be found in many
foods commonly consumed by humans such as cooked cabbage, kale, horseradish, and mustard.

AITC is exempt from the requirement of a tolerance for residues when used as a component of
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food grade oil of mustard, in or on all raw agricultural commodities, when applied according to
approved labeling. Furthermore, the proposed use of synthetic AITC as a pre-plant soil treatment
will not result on residues on food as the AITC, and its degradates, will readily degrade prior to
planting (EPA, 2013).

b. Drinking Water Exposure

The proposed use of synthetic AITC as a pre-plant soil treatment will not result in water residues
because this biochemical degrades rapidly in the soil with a short half-life (T'2) ranging from 20
to 60 hours. Products containing AITC will not be directly applied to water. However, in an
aqueous solution in the pH range between 6 and 8, AITC is proposed to degrade completely.
Therefore, drinking water exposure from the proposed used pattern is not expected to pose
incremental risk to adults, infants and children via drinking water consumption.

¢. Other Non-occupational Exposure

The proposed soil treatment EP, IRF135 (EPA File Symbol 89285-E), is for agricultural use
only. Previously approved AITC products for outdoor residential use have been approved by the
Agency based on minimal exposure to AITC when used according to label directions. Other non-
occupational use is not expected for products containing this active ingredient.

8. Cumulative Effects from Substances with a Common Mechanism of Toxicity

AITC has no demonstrated subchronic toxicity; thus, there is no reason to expect cumulative
effects of exposure to Pear Ester and to other substances with common mechanism of toxicity.

9, Determination of Safety for United States Population, Infants and Children

AITC is exempt from the requirement of a tolerance for residues when used as a component of
food grade oil of mustard, in or on all raw agricultural commedities, when applied according to
approved labeling. Therefore, it is expected that no harm will result from aggregate exposure to
the United States population, including infants and children, to the residues of AITC on food
commodities. This includes all anticipated dietary exposures and all other exposures for which
there is reliable information. Thus, there are not threshold effects of concern and consequently,
provisions requiring additional margin of safety do not apply. Furthermore, the proposed use of
synthetic AITC as a pre-plant soil treatment will not result on residues on food as the AITC, and
its degradates, will readily degrade prior to planting (EPA, 2013).

10. Risk Characterization
The Agency considered human exposure to AITC in light of the relevant safety factors in FQPA
and FIFRA. A determination has been made that no unreasonable adverse effects to the U.S.

population in general, and to infants and children in particular, will result from the use of
products containing AITC when label instructions are followed.
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. Environmental Assessment
1. Ecological Hazards

Oil of Mustard and AITC have already been assessed by the Agency and the Agency has
concluded that adequate nontarget organism toxicology data and information are available to
support these ingredients (EPA, 1993; EPA, 2008; EPA 2010). In addition, adequate nontarget
organism toxicology data information were to suppott registration of IR9804 (EPA File Symbol
No. 89285-R) and IRF135 (EPA File Symbol 89285-E). This information is summarized in
Table 6, in Appendix A of this document.

2. Environmental Fate and Ground Water Data

Environmental fate and groundwater data are not required at this time because the results of the
nontarget organism toxicity assessment (Tier I data requirements) did not trigger these Tier 11
data requirements.

3. Ecological Exposure aud Risk Characterization

Exposure and risk from the registered and proposed (pre-plant soil treatment) uses of AITC are
expected to be minimal for nontarget organisims, with the exception of honey bees (EPA, 2013).
Exposure to honey bees will be mitigated by appropriate label language on end-use products.

4, Endangered Species Assessment

The Agency believes that Oil of Mustard and AITC will have “No Effect” on any currently listed
threatened and endangered species, or any designated critical habitat, as listed by the U.S. Fish
and Wildlife Service (USFWS) and the National Oceanic and Atmospheric Administration’s
(NOAA) National Marine Fisheries Service (NMFS) (EPA, 2010). EPA anticipates conducting
no further analysis of potential risks to endangered or threatened species unless public comments
during the Registration Review process alter the Agency’s current position. The Registration
Review for these active ingredients is ongoing as of the date of this document, September, 2013.

D. Product Performance Data

Product performance (efficacy) data must be developed for all pesticides to ensure that the
products will perform as intended and that unnecessary pesticide exposure to the environment
will not occur as a resuit of the use of ineffective products. The Agency reserves the right to
require, on a case-by- case basis, the submission of efficacy data for any pesticide product
registered or proposed for registration, but applications to register pesticide products intended to
control a pest of significance public health importance, as defined in FIFRA section 28(d) and
section 2(nn), must include such data. For further guidance on the product performance data
requirement, refer to Pesticide Registration Notice (PR) Notices 96-7, 2002-1 and Explanation of
Statutory Framework for Risk-Benefit Balancing for Public Health Pesticides
(htip://www.epa.gov/PR_ Notices/pr1996-7.pdf) (hitp://www.ea.gov/PR_Notices/pr2002-1.pdf)
and (http://www.epa.gov/pesticides/health/risk-benefit.htm).
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0it of Mustard and AITC are not intended to be formulated into products to control public health
pests as defined in FIFRA section 28(d) and section 2(nn), and product performance (efficacy)
was not evaluated by the Agency.

V. RISK MANAGEMENT DECISION
A. Determination of Eligibility for Registration

Section 3(c)(5) of FIFRA provides for pesticide product registration if it is determined that: (A)
its composition warrants proposed claims; (B) its labeling and other materials comply with the
requirements of FIFRA; (C) it will perform its intended function without unreasonable adverse
effects on the environment; and (D) when used in accordance with widespread and commonly
recognized practice, it will not generally cause unreasonable adverse effects on the environment.

The four eligibility criteria have been satisfied for the proposed pesticide products containing the
active ingredient AITC (and for all previous registered pesticide products containing AITC and
Oil of Mustard).

B. Regulatory Decision

The data submiited fulfill the requirements for the unconditional registration IR9804 (EPA File
Symbol No. 89285-R) as an MP to be formulated into soil treatment products and IRF135 (EPA
File Symbol 89285-F) as an EP for pre-plant soil treatment. For these product labels and for
product-specific labels and information on other product containing Oil of Mustard and AITC,
please refer to http://www.epa.gov/pesticides/pestlabels.

. Environmental Justice

EPA seeks to achieve environmental justice—the fair treatment and meaningful involvement of
all people regardless of race, color, national origin, or income—with respect to the development,
implementation, and enforcement of environmental laws, regulations, and policies. At this time,
EPA does not believe that products containing the active ingredients Oil of Mustard or AITC, or
the use of AITC for pre-plant soil treatment will cause harm or a disproportionate impact on at-
risk communities. For additional information regarding environmental justice issues, please visit
EPA’s website at fuzp.:/Fwne. epa. gov/complicneeenvivonmentaliysiice/index htmd,

VI. ACTIONS REQUIRED BY REGISTRANTS

EPA evaluated all data submitted in connection with the registration of AITC for pre-plant soil
treatment and determined that these data are sufficient to satisfy current registration data
requirements. At this time, no additional data must be submitted to EPA for these particular
products. For new uses and/or changes to existing uses, EPA may require additional data.
Notwithstanding the information stated in the previous paragraph, it should be clearly understood
that certain specific data are required to be reported to EPA as a requirement for maintaining the
federal registration for a pesticide product. A brief summary of these types of data are listed
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below.
A. Reporting of Adverse Effects

Pursuant to FIFRA section 6(a)}{(2), reports of all incidents of adverse effects to the environment
must be submitted to EPA. '

B. Reporting of Hypersensitivity Incidents

Under the provisions of 40 CFR Part 158.2050(d), all incidents of hypersensitivity (inctuding
both suspected and confirmed incidents) must be reported to the Agency.
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VIL.  Appendix A. Data Requirements (40 CFR Part 158-Subpart U}

TABLE 1. Product Chemistry Data Requirements for LR9804 (99.8% AITC) (40 CFR § 158.2030)

OPPTS Guideline No. Study Results MRID
830.1550 Product identity; Submitted data satisfy the requirements
0 Manufactnring process; for product identity, manufacturing 48824101
830.1670 Discussion of formation of | process, and discussion of formation of
unintentional ingredients impurities,
ACCEPTABLE
830.1700 Analysis of samples Submitted data satisfy the requirements
for analysis of samples, 48824102
ACCEPTABLE
330.1750 Certification of limits Limits fisted in the CSF are -
ACCEPTABLE
830.1800 Analytical method ACCEPTABLE 48824102
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TABLE 2. Physical and Chemical Properties of 1R9804 (99.8% AITC) (40 CFR § 158.2030)

OPPTS Guideline Property Description of Resuit MRID
No,
830.6302 Color Colorfess or pale yellow 48824101
liquid
830.6303 Physical State Liquid 48824101
830.6304 Odor Very pungent, irritating aroma 48824101
830.6313 Stability to Normal and Elevated Reported stabtle, 48824101
Temperatures, Metals and Metal lons
830.6315 Flammability Flashpoint = 46°C 48824101
330.6317 Storage Stability Study in progress — 48824101
anticipated completion date is
the last quarter of 2013.
830.6319 Miscibility Not Applicable; TGAI/MP is
not an emulsifiable liquid and -
is not diluted with petroleum
solvents.
830.6320 Corrosion Characteristics Study in progress — 48824101
anticipated completion date is
the last quarter of 2013,
830.7000 pH 4-5 48824101
830.7050 UV/Visible Light Absorption Refractive index 1.524-1.531; 48824101
see
bt/ www. fao.ore/aslaen/ief
ca-flav/ime/ime/ 1360 wif for
the absorbance spectrum
830,7100 Viscosity Not Applicable for TGAI/MP -
330.7200 Melting Point/Range -102.5°C 48824101
830.7220 Boiling Point/Range 150-151°C; 148-154°C 48824101
830.7300 Density 1.013-1.020; 1.0 48824101
830.7520 Particle Size, Fiber Length and Not Applicable; TGAL/MP is -
Diameter Distribution not fibrous
830.7550 Partition Coefficient 48824101
830.7560 (n-Octanol/Water) Log P=2.11
$30.7570
830.7840 Water Solubility Slightly soluble in water 48824101
830.7950 Vapor Pressure 1.33 kPa (@ 38.3°C 48824101

0.493 kPa(@ 20°C
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TABLE 3. Product Chemistry Data Requirements for IRF135 (96.3% AITC) (40 CFR § 158.2030)

R MRID
OPPTS Guideline No. Study Results Method/Refereuce
830.1530 Product identity; Submitted data satisfy the requirements | 489194-01
to Manufacturing process; for product identity, manufacturing
830.1670 Discussion of formation of | process, and discussion of formation of
unintentional ingredients impurities.

ACCEPTABLE

§30.1700 Analysis of samples Not required for EP 489194-02

830.1750 Certification of limits Limits listed in the CSF are 489194-01
ACCEPTABLE

830.1800 Analytical method Mot required for EP 489194-02
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TABLE 4, Physical and Chemical Properties of IRF135 (96.3% AITC) (40 CFR § 158.2030)

OPPTS Guideline Property Description of Resuit MRID
No. '
830.6302 Color Not applicable per 40 CFR -
158.2030(e) — Product is an EP.
330.6303 Physical State Liquid 489194-01
830.6304 Odor Not applicable per 4¢ CFR -
158.2030(¢) — Produet is an EP.
830.6313 Stability to Normal and Elevated Not applicable per 40 CFR -
Temperatures, Metals and Metal lons | 138.2030(e} ~ Product is an EP.
830.6315 Flammability (flashpoint) 47°C 489194-02
830.6317 Storage Stability Study in progress— 489194-01
anticipated completion
date is the last quarter of
2013,
830.6319 Miscibility Not applicable per 40 CFR -
158.2030(e)(10) — EP is not
an emulsifiable liquid and is
not to be diluted with
petroleum solvents,
830.6320 Corrosion Characteristics Study in progress— 489194-01
anticipated completion
date is the last quarter
of 2013.
830.7000 pH 4,87 (1% soln) 489194-02
830.7050 UV/Visible Light Absorption Not applicable per 40 CFR -
158.2030(e) — Product is an
EP.
830.7100 Viscosity 0.6 centistokes @ 40°C 489194-02
0.8 centistokes (@ 20°C
£30.7200 Melting Point/Range Not applicable per 40 CFR -
158.2030e) — Product is an
EP.
830.7220 Boiling Point/Range Not applicable per 40 CFR -
158.2030(e) — Product is an
EP.
830.7300 Density 1.019 g/mL @ 20°C 489194-02
830.7520 Particle Size, Fiber Length and Not applicable per 40 CFR -
Diameter Distribution ]155133'2030(3) — Product is an
830.7550 Partition Coefficient (n- Not applicable per 40 CFR -
830.7560 Octanol/Water) 158.2030(e) — Product is an
830.7570 EP.
830.7840 Water Solubility Not applicable per 40 CFR -
158.2030(e) — Product is an
EP.
830.7950 Vapor Pressure Not applicable per 40 CFR -

158.2030(e) — Product is an
EP.
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Table 5. Mammalian Toxicology Data Requirements for 1R9804 (EPA File Symbol $9285-R) (40 CFR § 158.2050)
Study/OPPTS Guideline No. [ Results Toxicity MRID
Category/Description

Acute oral toxicity {rat) LDg=4254 mg/kg IE 488241-03
(870.1100) ACCEPTABLE

Acute dermal toxicity (rat) LDsy > 200 mg/kg L 488241-04
(870.1200) ACCEPTABLE

Acute inhalation toxicity  (rat) LCso > 021 mg/L 1 488241-03
(870.1300) ACCEPTABLE

Primary eye irrifation (rabbit) Waiver due o observed corrosiveness on skin I 1
{870.2400) ACCEPTABLE

Primary dermal irritation (rabbit) Corrosive i 488241-06
(870.2500) ACCEPTABLE

Dermal sensitization (guinea pig) Sensitizer - 488241-07
(870.2600) ACCEPTABLE

Hypersensitivity incidents - - -
(885.3400)

90-Day oral toxicity Rationale submitted 488241-08
{870.3100) ACCEPTABLE

90-Day dermal toxicity Rationale submitted 488241-08
{870.3250) ACCEPTABLE

9%0-Day inhalation toxicity Rationale submiited 488241-08
(870.3465) ACCEPTABLE

Mutagenicity Rationale submitted 488241-08
(870.5100, 3300 and 5375) ACCEPTABLE

Developmental toxicity Rationale submitted 488241-08
(870.3700) ACCEPTABLE

Table 6. Non-Target Organism Data Requirements for IR9804 (EPA File Symbol 89285-R) (40 CFR § 158.2060)

Study/OPPTS Guideline No,

Results

Toxicity Category/Deseription

MRID

Avian Acute OralfOPPTS
850.2100

Rationale submitted
ACCEFTABLE

No acute oral exposure based
on application method and
rapid environmental
degradation

48824108, p. I8

Avian Dietary/OPPTS 850.2200

Rationale submitted

ACCEPTABLE

No digtary exposure based on
application method and rapid
environmental degradation

48824108, p. 20

Freshwater Fish LC50/OPPTS
850.1075

Rationale submitted
96-hr L.Csp = 0.077 ppm
ACCEPTABLE

Very Highly Toxic, but no
aquatic exposure based on
application method and rapid
environmental degradation

43824108, pp. 22,
37-47

Freshwater Invertebrate/OPPTS
850.1010

Rationale submitted
48-hr ECs, = 0.73 ppm
ACCEPTABLE

Very Highly Toxic, but no
aquatic exposure based on
application method and rapid
environmental degradation

48824108, pp. 23,
216-221

Non-target Plants/OPPTS
850.4100 & 4150

Rationale submitted
ACCEPTABLE

No non-target exposure based
on application method and
rapid environmental
degradation

48824108, pp. 24-
27

Non-target Insects

Rationale submitted
ACCEPTABLE

No non-target exposure based
on application method and
rapid environmental
degradation

48824108, pp. 28,
29
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IX. GLOSSARY OF ACRONYMS AND ABBREVIATIONS

a.L
BPPD
BRAD
bw
CBI
CFR
cm’
CSF
°C
ECs0

EDSP
EDSTAC
EP

EPA
FDA
FFDCA
FIFRA
FQPA
FR

B
ha

kg
Kow
L.

LCso

LDsg

MRID No.

mg
mPa
mL
MP
N/A
NE
NIOSH

active ingredient

Biopesticides and Pollution Prevention Division
Biopesticide Registration Action Document
body weight

Confidential Business Information

Code of Federal Regulations

cubic centimeter

Confidential Statement of Formula

degrees Celsius

median effective concentration. A statistically derived single concentration in
environmental medium that can be expected to cause an eflect in 50% of the test
animals when administrated by the route indicated (inhalation). It is expressed
as a concentration in air or water (e.g. mg/L).

Endocrine Disruptor Screening Program

Endocrine Disruptor Screening and Testing Advisory Committee

end-use product

Environmental Protection Agency (the “Agency”)

Food and Drug Administration

Federal Food, Drug, and Cosmetic Act

Federal Insecticide, Fungicide, and Rodenticide Act

Food Quality Protection Act

Federal Register

gram

hectare

kilogram

octanol-water partition coefficient

liter

median lethal concentration. A statistically derived single concentration in air or
water that can be expected to cause death in 50% of the test animals when
administrated by the route indicated (inhalation and environment). It is
expressed as a concentration in air or water (e.g. mg/L.).

median lethal dose. A statistically derived single dose that can be expected

to cause death in 50% of the test animals when administered by the route
indicated (oral and dermal). It is expressed as a weight of

substance per unit weight of animal (e.g., mg/kg).

Master Record Identification Number

milligram

millipascal

milliliter

manufacturing-use product

not applicable

“No Effect”

National Institute for Occupational Safety and Health
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nm
NOEL
NOF
NOR
OPP
OCSPP
pa

PPE
PR Notice
TGAI
ug
USDA
uv

nanometer

no-observed-effect-level

notice of filing

notice of receipt

Office of Pesticide Programs

Oftice of Chemical Safety and Pollution Prevention
pascal

personal protective equipment

Pesticide Registration Notice

technical grade of the active ingredient
microgram

United States Department of Agriculture
ultra-violet
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(0 87y

$\@®y &  UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
%{‘\Méf WASHINGTON, D.C. 20460
" PRO'(E’G\
Office of Chemical Safety and Poilution Prevention
MEMORANDUM May 15, 2013

SUBJECT: Science Review in Support of the Registration of the TGAI/MP [R9804 and the
EP, IRF 135, Respectively Containing 99.8% and 96.3% Allyl Isothiocyanate
(AITC) As Their Active Ingredient. The TGAI/MP is an unregistered source of
the active ingredient.
Decision No : 469288 & 469289
DP Nos.: 406246 & 406248
EPA Reg. Nos: 89285-R & -E
Chemical Class: Biochemical
CAS. No.: 57-06-7
PC Code: 004901
Tolerance Exemptions ; 40 CFR 180.1167 {for AITC) in Oil of Mustard
MRID Nos. : . 488241-01 to 08 & 489194-01 to -03

FROM: Russell S. Jones, Ph.D, Senior Biologist 18/ 05/15/2013
Biochemical Pesticides Branch
Biopesticides & Pollution Prevention Division (7511P)

TO: Gina Burnett, Regulatory Action Leader  /S/ 05/15/2013
Biochemical Pesticides Branch
Biopesticides & Poltution Prevention Division (7511P)

ACTION REQUESTED

On behalf of Isagro, A. Roberts (TSG) submitted a request for the registration of the TGAI/MP
IR9804 and the EP, IRF 135, respectively containing 99.8% and 96.3% Allyl Isothiocyanate
(AITC) as their active ingredient. The TGAI/MP is an unregistered source of the active
ingredient. In support of the submission, the registrant has submitted Product Chemistry and
Tier | Toxicity information and waivers for all Tier [ Non-Target Organism data requirements.

Under 40 CFR 180.1167 Allyl isothiocyanate is exempt trom the requirement of a tolerance for
residues when used as a component of food grade oil of mustard, in or on all raw agricultural
commodities, when applied according to approved labeling. The inert ingredient is cleared for
food use under 40 CFR 180.910.



ATTC (in Oil of Mustard) DP Numbers: 406246 & 406248
PC Code: 051102 EPA File Symbol Nos.: 89285-R & -E
Product chemistry, Tier I Tox, Non-Target Organisms Hazard Assessment

The currently proposed label application methods are for pre-plant applications, which would be
considered a non-food use. No residual activity is expected and the active ingredient will
dissipate prior to crop seeding.

RECOMMENDATIONS AND CONCLUSIONS

la.  The Product Chemistry data submitted in support of the TGAI/MP, 1IR9804 (EPA File
Symbol No. are 89285-R), are ACCEPTABLE.

Ib.  The Preduct Chemistry data submitted in support of the EP, IRF135 (EPA File
Symbol No. are 89285-E), are ACCEPTABLE.

2a.  The Tier I Toxicity studies, data, and waiver rationales submitted in support of the
TGAL/MP data requirements arc ACCEPTABLE. No additional data are required.

2b.  Tier | Toxicity information submitted in support of the TGAI/MP is bridged to support of
the EP data requirements. ACCEPTABLE.

3. Waiver rationales submitted in support of the TGAI/MP Non-Target Organism data
requirements are ACCEPTABLE,

STUDY SUMMARIES

I. Active Ingredient Characterization

Allyl isothiocyanate (AITC) is the major component of natural mustard oil. It is present also in
cooked cabbage, horseradish, and black mustard seed. It is synthetically produced from allyl
iodide and potassium thiocyanate

Product Names: TGAI/MP: 1R9804 (99.8% a.i.) (EPA File Symbol No. 89285-R)

EP: IRF135 (96.3% a.i.) (EPA File Symbol No. 89285-E)
Chemical Name: Allyl isothiocyanate
Common Names: AITC, 3-Isothiocyanato-1-propene
PC Code: 070704
CAS No.: 56-06-7
Molecular Wgt.: 99.15

Chemical Formula: C4H;3;NS

See MRID 48824101, pp. 5 & 6, and Attachment 1 for additional details on IR9804.
See MRID 48919401, pp. 5, and Attachment 1 for additional details on IRF135.



AITC (in Oil of Mustard} DP Numbers: 406246 & 406248
PC Code: 051102 EPA File Symbol Nos.: 89285-R & -E
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A. Product Chemistry (MRIDs 488241-01 & -02; 489194-01 & -02)

Data submitted to support the product chemistry data requirements for the TGAIMP (IR9804;
EPA File Symbol No. 89285-R) are summarized in Table 1 below. Physical and chemical
properties data are summarized in Table 2 below. Refer to MRIDs 488241-01 and -02 for more
information.

TABLE 1. Product Chemistry Pata Requirements for TGAVMP 1R9804 (99.8% AITC) (40 CFR § 158.2030)

COPPTS Guideline No. Study Results MRID
830.1550 Product identity; Submitted data satisfy the requirements
to Manufacturing process; for product identity, manufacturing 48824101
830.1670 Discussion of formation of | process, and discussion of formation of
unintentional ingredients impurities.
ACCEPTABLE
8301700 Analysis of samples Submitted data satisfy the requirements
for analysis of samples. 48824102
ACCEPTABLE
830.1750 Certification of limits Limits listed in the CSF are -
ACCEPTABLE
830.1800 Analytical method ACCLPTABLE 48824102
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TABLE 2. Physical and Chemical Properties of TGAIVMP IR9804 (9%.8% AITC) (46 CFR § 158.2030)

OQPPTS Guideline Property Description of Result MRID
No. Method/Reference
830.6302 Color Colorless or pale yellow liquid 48824101
JECFA (2005) — see
Attachment 1
830.6303 Physical State Eiquid 48824101
JECFA (2005) —sce
Attachment 1 '
830.6304 QOdor Very pungent, irritating aroma 48824101
JECFA (2005) — sec
Attachment | '
830.6313 Stability to Normal and Elevated Reported stable. 48824101
Temperatures, Metals and Metal lons EPA-HQ-OPP-2009-
0904 — Vegetable and
Flower Oils Summary
Document tog
Registration Review —
March 2012
830.6313 Flammability Flashpoint = 46°C 48824101
International
Chemical Safety
Card, CDC/NIOSH
(1997) —see
i Attachment |

830.6317 Storage Stability Study in progress — 48824101
anticipated completion date is | Per method of
the last quarter of 2013. analysis used in

OCSPP 830.1800,

830.6319 Miscibility Not Applicable; TGAI/MP is
not an emulsifiable liquid and -
is not diluted with petroleum
solvents.

§30.6320 Corrosion Characteristics Study in progress — 48824101
anticipated completion date is | Visual inspection of
the last quarter of 2013. packaging materials

during a one-year
storage stabifity study.

830.7000 pi 4.5 pH mcter

830.7050 UV/Visible Light Absorption Refractive index 1.524-1.531; see 48824101
hpwew (o orafagdaundie ey JECFA (2003) —see
v/ imy/ime/ 13600, for the Attachment | |
absorbance spectrum

830.7100 Viscosity Not Apphcable for TGAI/MP -

830.7200 Melting Point/Range -102.5°C 48824101

Intemational
Chemical Safety
Card, CDC/NIOSH
(1997) —see
] Attachment I |
§30.7220 Boiling Point/Range 48824101

150-151°C

148-134°C

JECFA {(2005) —see
Attachment 1!

[nternational
Chemical Safety
Card, CDC/NTOSH
{E997) —see




AITC (in Oil of Mustard)

PC Code: 051102

Product chemistry, Tier I Tox, Nen-Target Organisms

DP Numbers: 406246 & 406248
EPA File Symbol Nos.: §9285-R & -E

Hazard Assessment

TABLE 2. Physical and Chemical Properties of TGAI/MP {R9804 (99.8% AITC) (40 CFR § 158.2030)

OPPTS Guideline Property Description of Result MRID
No. Method/Reference
Attachment |
830.73060 Density 48824101
1.013-1.020 JECTA (2003) —see
Attachment [ !
1.0
[nternational
Chermnical Safety
Card, CDC/NEOSH
(1997) — see
Attachment |
830.7520 Particle Size, Fiber Length and Not Applicable; TGAVMP is -
Diameter Distribution not fibrous
830.7550 Partition Coefficient 48824101
830.7560 {n-Octanol/Water} Log P=2.11 [ARC Monograph
830.7570 Volume 73 — see
Attachment |
$30.7840 Water Solubility Slightly soluble in water 48824101
JECFA (2005) — see
Attachment |
830.7950 Vapor Pressure 48824101

1.33 kPa @) 38.3°C

0.493 kPa@ 20°C

TARC Monograph
Yolume 73 - see
Attachment 1

[nterpational
Chemical Safety
Card, CDC/NIOSH
(1997} —see
Attachment 1

Classification:

ACCEPTABLE
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Data submitted to support the product chemistry data requirements for the EP (; EPA File
Symbol No. 89285-F) are summarized in Table 3 below. Physical and chemical properties data
are summarized in Table 4 below. Refer to MRIDs 489194-01 and -02 for more information.

TABLE 3. Product Chemistry Data Requirements for EP IRF135 (96.3% AITC) (40 CFR § 158.2030)

- MRID
OPPTS Guideline No. Study Results (below are example results) Method/Reference
830.1550 Product identity; Submitted data satisfy the requirements | 489194.01
to Manufacturing process; for product identity, manufacturing
830.1670 Discussion of formation of | process, and discussion of formation of
unintentional ingredients fmpurities.

ACCEPTABLE

830.1700 Analysis of samples Not required for EP 489194-02

830.1750 Certification of limits Limits listed in the CSF are 489194-01
ACCEPTABLE

830.1800 Analytical method Not required for EP 489194-02
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TABLE 4. Physical and Chemical Properties of EP IRFI35 (96.3% AITC) (40 CFR § 158.2036)

OPPTS Guideline Property Description of Result MRID
No.

§30.6302 Color Not applicable per 4¢ CFR -
138.2030(e) - Product ig an EP.

830.6303 Physical State Liquid 489194-01

Visual inspection at
room temperature

830.6304 Odor Not applicable per 40 CFR -
158.2030(e) — Product is an EP.

830.6313 Stability to Normal and Elevated Not appticable per 40 CFR -

Temperatures, Metals and Metal Jons | 158.2030(¢) - Product is an EP.
830.6315 Flammability {flashpoint) 47°C 489194-02
Pensky-Martens
Closed Cup

830.6317 Storage Stability Study in progress— 489194-01 Per
anticipated completion method of analysis
date is the last quarter of used in OCSPP
2013, 830.1800.

830.6319 Miscibility Not applicable per 40 CFR -
158.2030{e)(10)—EP is not
an emulsifiable fiquid and is
not to be diluted with
petroleum solvents.

830.6320 Corroston Characteristics Study in progress-- 489194-01
anticipated completion Visual inspection
date is the last quarter of packaging
of 2013. materials during a

one-year storage
stability study.

830.7000 pH 4.87 (1% soln) 489194-02

pH meter
£30.7050 UV/Visible Light Absorption Not applicable per 40 CFR -
158.2030(e) — Product is an
EP.

830.7100 Viscosity 0.6 centistokes @ 40°C 489194-02

0.8 centistokes (@ 20°C ASTM D445/D446
Test Methods and
OPPTS 830.7100

830.7200 Melting Point/Range Not applicable per 40 CFR _
158.2030(e) — Product is an

830.7220 Boiling Point/Range Not applicable per 40 CFR -
158.2030(e) — Product is an
EP.

830.7300 Density 1.019 g/mL @ 20°C 489194-02

CIPAC MT-3,
ASTM D891.95,
OPPTS 830.7300
and OECD TG 109
830.7520 Particle Size, Fiber Length and Not applicable per 40 CFR -
Diameter Distribution 115-;’)8-2030(3) — Product is an

830.7550 Partition Coefficient (n- Not applicable per 40 CFR .

830.7560 Octanol/Water) 158.2030(e) — Product is an

830.7570 EP.

830.7840 Water Solubility Not applicable per 40 CFR -

158.2030(e) — Product is an
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AITC (in Oil of Mustard)
PC Code: 051102
Product chemistry, Tier | Tox, Non-Target Crganisms

TABLE 4. Physical and Chemical Properties of EP IRF135 (96.3% AITC) (40 CFR § 138.2030)

OPPTS Guideline Property Deseription of Result MRID
No.
EP.
830.7950 Vapor Pressure Not applicable per 40 CFR -
158.2030(c) — Product is an
EP.
Classification: ACCEPTABLE

I1. Human Health Assessment

A. Toxicology for TGAI/MP (MRID 48824108)

The data presented in Table 5 below are a summary of the toxicity data and information

submitted to support the TGAI/MP . Refer to the DERs for more information.

Table 5. Mammalian Toxicology Data Requirements for TGAI/MP AITC (40 CFR § 158.2050)

Stady/OPPTS Guideline No. Results Toxicity MRID
Category/Description

Acute oral toxicity (rat) LDsy =425.4 mg/kg 1] 488241-03
(870.1100) ACCEPTABLE
Acute dermal toxicity (rat) LDsg > 200 mg/kg 1 488241-04
(870.12041) ACCEPTABLE
Acute inhalation toxicity  (rat) LCs = 0.21 mg/L 11 488241-05
{870.1300) ACCEPTABLE
Primary eye irritation (rabbit) Waiver due to observed corrosiveness on skin I 1
{870.2400) ACCEPTABLE
Primary dermal irritation (rabbit) Corrosive I 488241-06
(870.2500) ACCEPTABLE
Dermal sensitization {guinea pig) Sensitizer - £88241-07
(870.2600) ACCEPTARBLE
Hypersensitivity incidents - - -
(885.3400)
20-Day oral toxicity Rationale submitted 488241-08
(870.3100) ACCEPTABLE
90-Day dermal toxicity Ratienale submitted 488241-08
(870.3250) ACCEPTABLE
90-Day inhalation toxicity Rationale submitted 488241-08
{876.3465) ACCEPTARLE
Mutagenicity Rationale submitted 488241-08
(870.5100, 5300 and 5375) ACCEPTABLE
Developmental toxicity Rationale submitted 488241-08
{870.3700) ACCEPTABLE
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1. Acute Toxicity for the TGAI/MP IR9804 (99.8%; EPA File Symbol No. 89285-R)

The AITC technical (EPA Reg. No. 89285-R; 99.8% a.i.) is in Toxicity Category Il for acute oral
toxicity, acute dermal toxicity, and acute inhalation toxicity. It is in Toxicity Category I for
primary eye irritation and primary dermal irritation due to its corrosivity. No hypersensitivity
incidents have been reported.

NOTE: All references cited in the following discussions of the rationales submitted in
support of the Tier I data requirements may be found in the respective sections of MRID
48824108. Similarly, more detailed discussions of Methods and Materials used in the cited
studies may be found in MRID 48824108 or in the cited studies themselves.

2. Subchronic Toxicity

9¢-Day Oral Toxicity in Rodents (OCSPP 870.3100): A Guideline 90-day oral toxicity study
was not submitted. In licu of a study, the applicant submitted a rationale to support the data
requirement. The rationale is based on the following:

a. A 90-day oral toxicity study conducted by the National Toxicology Program (NTP, 1982) on
F344/N rats dosed with 1.5 to 25 mg AITC/kg-body wgt/day, five days per week for 13
weeks had a No Observed Adverse Effect Level (NOAEL) of 25 mg AITC/kg-body wgt/day,
the highest level tested. No mortalities occurred during the course of the study and no
treatment-related effects were observed on tissues obtained from the test animals when
compared to non-treated controls. There were no differences in body weights between
treated animals and non-treated controls.

b. Humans are regularly exposed to AITC in the diet, and to sinigrin, a precursor to AITC,
which is converted to AITC by the enzyme, myrosinase, upon disruption of cells. AITC and
sinigrin are present at relatively high levels in cauliflower, kale, horseradish, wasabi, and
mustard. For example, Wasabi contains up to 34 umo! of sinigrin/AITC per gram and brown
mustard has been shown to contain approximately 0.453 mg AITC per gram. The official
serving size of Grey Poupon Dijon mustard (according to the product label) is one teaspoon,
which is equal to 5 grams, equivalent to 2.27 mg AITC/serving (Bhattacharya et al., 2010;
Jiao et al., 1994; & Zhang, 2010).

¢ Oral exposure to AITC when used as a soil-applied pesticide is not expected to increase
above normal dietary exposure in foods due to the rapid degradation of AITC in soil and
water. AITC degradation in soil has been reported to be rapid with a half-life ranging from
20 to 60 hours, with a mean half-life of 47 hours (+ 27) in six different soil types.
Degradation is greatest in soils with high organic matter (OM) and total nitrogen (N) content,
and increases with increasing temperature. Up to 97.1% AITC degrades within 10 days at 20
°C in high OM and N soils {Borek et al., 1995; & Pechacek et al., 1997).

d. The primary degradation products of AITC in moist soils are likely to be allyl thiocyanate
(ATC), allylamine (AA), and carbon disulfide, (CDS) based on experiments using AITC in
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aqueous solution at varying temperatures (20-80 °C for 80 minutes) and pH levels pH 6-8).
ATC, an isomer of AITC, was identified at each pH leve! tested and is expected to degrade as
rapidly as AITC. Likewise, the chemically similar AA, if it is formed, is expected to degrade
quickly. CDS is already present in the environment and is released to terrestrial soils via
exudates from tree roots, and is present in tidal marshes. Increased oral exposure to AITC
degradates via application of AITC to soils is unlikely based on natural occurrence and the
environmental fate of these compounds (HSDB, 2012; & Pechacek et al., 1997).

In addition, the Agency notes that the proposed end-use product is intended for use as a pre-
plant soil treatment . The product label specifies that the soil applied product be permitted to
completely dissipate from the treated soil prior to the planting of any crop (as determined by
lettuce secd and/or tomato/pepper transplant bioassays. The presence of residues on edible
commodities, as well as oral dietary exposure to AITC are highly unlikely.

CLASSIFICATION: ACCEPTABLE

90-Day Dermal Toxicity (OCSPP 870.3250): A Guideline 90-day dermal toxicity study was
not submitted. In lieu of a study, the applicant submitted a rationale to support the data
requirement. The rationale is based on the following:

d.

b.

The proposed end-use product is intended for use as a pre-plant soil treatment,
The product is not intended for application to human skin.

Prolonged or repeated dermal contact is not expected when the EP is applied in accordance
with label use directions. The application methods are: (i) tractor mounted shank injection
at a depth of 8 to 15 inches, followed by tarp overlay, (ii) by drip injection, also covered by
tarp overlay, and (iii) by deep injection to depths greater than 17 inches, with no tarp
covering. These application methods minimize the potential for dermal exposure.

In addition, the Agency notes that the product label specifies a 48-hour re-entry interval
unless wearing appropriate PPE (coveralls, protective eyewear, chemical resistant gloves,
and footwear plus socks). Repeated dermal exposure to the pre-plant soil applied end-use
product is highly unlikely.

CLASSIFICATION: ACCEPTABLE

90-Day Inhalation Toxicity (OCSPP 870.3465): A Guideline 90-day dermal toxicity study
was not submitted. In lieu of a study, the applicant submitted a rationale to support the data
requirement. The rationale is based on the following:

a.

Repeated inhalation exposure to AITC acrosol, vapor or gas is highly untikely and not
expected, when the EP is applied in accordance with label use directions. The application
methods are: (i) by tractor mounted shank injection at a depth of 8 to |5 inches, followed by
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tarp overlay, (ii) by drip injection, also covered by tarp overlay, and 3) by deep injection to
depths greater than 17 inches, with no tarp covering. These application methods minimize the
potential for inhalation exposure.

AITC degrades readily in soil and water and, therefore, inhalation exposure is highly untikely
to occur after the tarps are removed following treatment (Borek et al., 1995; Pechacek et al.,
1997). AITC degrades rapidly in the soil with a short half-life (T'2) ranging from 20 to 60
hours (Borek et al., 1995). The average T' of AITC in six different soil types was reported
to be 47 + 27 hours, with the greatest degradation rate of in soils that have high organic
carbon and total nitrogen (N) content. In addition, the AITC T2 in soil increases with
increasing moisture content and decreases in soil with increasing temperature between 10°C
and 25°C. During the first 24 hours, an average of 29.8% of AITC was transformed, or
degraded, and over the first 10 days at 20°C, an average of 97.1% was degraded (Borek et al.,
1995). The data also demonstrate that AITC transforms in sterilized soil at the same rate as
intact soil, indicating that microbial populations are not responsible for the degradation
(Borek et al., 1995). The more rapid degradation that occurs in soil with higher levels of
organic carbon suggests that AITC reacts with the organic material and is inactivated. The
rapid degradation of AITC in treated soil suggests that inhalation exposure will be highly
unlikely following pre-plant soil treatments in accordance with label use directions.

The metabolism of AITC has been described in evaluations of food and food additives, and is
not expected to be any different following inhalation exposure than following oral exposure.
AITC is metabolized in humans by conjugation with glutathione and this conjugate is further
metabolized to mercapturic acids that are eliminated via the urine (Shapiro et al., 1998). The
available data suggest that AITC is metabolized via the same pathways regardless of the
route of exposure.

Based on the information discussed above in paragraph “c,” acute and subchronic oral
toxicity data may be used to characterize the potential risk from inhalation exposure to
AITC. A 90-Day Oral Toxicity study with AITC that provided a no-observed-adverse-
effect-level (NOAEL) of 25 mg/kg/day has been conducted (NTP, 1982). AITC was
administered to rats by gavage at doses of 0, 1.5, 3, 6, 12, and 25 mg/kg/day for 13-weeks.
Any AITC inhalation exposure identified may be compared to an acceptable exposure level
identified based on the NOAEL from this study.

CLASSIFICATION: ACCEPTABLE

3. Developmental Toxicity (OCSPP 870.3700): A Guideline Prenatal Developmental Toxicity
study was not submitted. In lieu of a study, the applicant submitted a rationale to support the
data requirement. The rationale is based on the following:

a.

Allyl Isothiocyanate (AITC) was one of 16 chemically-related compounds evaluated in a
study designed to correlate potential developmental toxicity with molecular structure
(Ruddick et al., 1976). In this study, a single dose of AI'TC was administered to pregnant
dams at 60 mg/kg or 120 mg/kg by gavage on day 12 or 13 of gestation and the dams were
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sacrificed on day 22 and examined for individual litter weight, litter size, and number of
deciduomas and corpora lutea. Control animals were administered equivalent doses of either
water ot corn oil. The results were compared against pregnant dams dosed with the
suspected teratogen, ethylenethiourea (ETU). The higher dose was close to the LDso for
AITC, so only results at the lower dose were used. No difference in the percentage of
abnormal fetuses in AITC-treated offspring were detected compared to control, and no
difference between treated and control in the % dead fetuses was detected. The authors
concluded that AITC did not display any teratogenic potential at the NOAEL of 60 mg/kg.
The 60 mg/kg dose would be equivalent to 4.2 g AITC for a standard 70 kg human.

b. Human dietary exposure to AITC is common due to natural occurrence of AITC in many
foods. Many vegetables contain AITC or produce the precursor to AITC, sinigrin, which is
converted by the enzyme myrosinase to AITC upon disruption of the cells (Bhattacharya et
al., 2010; Zhang, 2010) and upon exposure to moisture. Sinigrin and/or AITC levels are
typically high in cauliflower, kale, horseradish, wasabi and mustard. Wasabi may contain up
to 34 umot sinigrin / AITC per gram (Zhang 2010), whereas brown mustard has been shown
to contain approximately 0.453 mg of AITC per gram, such that a 10 gram serving contains
4.53 mg of AITC (Jiao et al., 1994). The official serving size for Grey Poupon Dijon mustard
identified on the label is one teaspoon, which is equal to 5 grams (2.27 g AITC equivalent or
0.54x of the NOAEL)

¢. See discussion under part “b.” of the 90-day Inhalation rationale above. In addition, possible
degradation products of AITC in soil can be proposed based on the decomposition products
of AITC present in an aqueous solution in the pH range between 6 and 8, where AITC is
proposed to degrade completely (Pechddek et al., 1997). Within this pH range, Pechadek et
al. (1997) observed that the primary decomposition products identified at 80 °C and in lower
quantities at 20 °C and 40 °C after an 80 min incubation, were: allyl thiocyanate (ATC);
allylamine (AA); and carbon disulfide (CDS). ATC, an isomer of AITC, was identified at
each pH and sampling interval; AA is expected to biodegrade quickly in the environment,
and so if it is formed following AITC treatment of soil, human and animal exposure is
unlikely (HSDB). CDS is naturally occurring in the environment, and is released from tree
roots, tidal marshes and soil (HSDB). CDS is considered ubiquitous in the environment, and
so formation of carbon disulfide from treating soil with AITC would not increase exposure
over levels currently in the environment (HSDB, accessed 8/2012).

d. Application methods together with appropriate PPE will mitigate human exposure. The
application methods are: (i) by tractor mounted shank injection at a depth of 8 to 15 inches,
followed by tarp overlay, (ii) by drip injection, also covered by tarp overlay, and 3) by deep
injection to depths greater than 17 inches, with no tarp covering. These application methods
minimize the potential for inhalation exposure.

Human exposure to the primary degradates of AITC identified in aqueous solutions

following soil treatment in the environment appears unlikely based on the natural occurrence
and environmental fate of these compounds, as well as the methods of application

CLASSIFICATION: ACCEPTABLE
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4. Mutagenicity (OCSPP 870.5100; 870.5300; & 870.5375): Guideline Mutagenicity studies
were not submitted. In lieu of a study, the applicant submitted a rationale to support the data
requirements. The rationale is based on the following:

a. The National Toxicology Program (NTP) has conducted a battery of mutagenicity studies
(NTP, 1981, 1988, & 1991) on AITC, including a Bacterial Reverse Mutation Assay using S.
typhimurium strains TA100, TA1335, and TA99 with and without S9 activation; and /i
Vitro Mammalian Gene Mutation Test using mouse lymphoma L5178Y TK+/- cells; and an
In Vivo Mammalian Chromosome Aberration Test.

b. Two reverse mutation studies (NTP, 1981) confirmed that mutagenicity responses were
negative in all strains tested with and without S9 activation.

c. Three in vitro mammalian gene mutation studies were conducted using mouse lymphoma
cells without S9 activation (NTP, 1988). A negative response was observed in the first trial
using mouse tymphoma cells without S9 activation at concentrations ranging from 0.05 to
0.8 mg/mL AITC. A second trial without S9 exhibited a significant increase in average
mutant frequency and significant reduction in relative total growth at AITC concentrations of
0.4, 0.6, and 0.8 mg/mi; [.0 mg/mL was cytotoxic. A third trial without S9 also exhibited a
significant increase in average mutant frequency at concentrations of 0.6 to 1.4 mg/mL and a
significant reduction in growth; a concentration of 1.6 mg/mL was cytotoxic. It is noted that
the positive results were observed without S9 activation and in the presence of substantial
cytotoxicity.

d. An in vivo mammalian chromosome aberration study (NTP, 1991) was conducted with mice
dosed intraperitoneally with 0, 25, or 50 mg/kg AITC and compared against mice dosed with
a positive control, dimethylbenzanthracine (DMBA). Increases in chromosome aberrations
were not observed in AITC treated mice when compared to non-treated (negative) controls,
while a positive response was observed in DMBA-treated mice.

e. The weight of evidence demonstrates that AITC is not likely to be a mutagen. In addition,
the method of application and rapid degradation rate, together with appropriate PPE,

‘mitigates exposure to humans.

CLASSIFICATION: ACCEPTABLE

B. Toxicology for EP (MRID 488919103)

Guideline studies for acute toxicity testing were not submitted. In lieu of Guideline studies, the
registrant submitted a request to bridge the acute toxicity data submitted in support of the
ort the acute toxicity data requirements for the EP
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[I1. Nentarget Organism Assessment (MRID 48824108)

erin the EP (96

DP Numbers: 406246 & 406248
EPA File Symbol Nos.: §9285-R & -E

Hazard Assessment

R : § | The bridging of acute toxicity data submitted in
support of the TGAI:’MP reglstratlon to support the registration of the EP, is acceptable,

5%) than in the

The data presented in Table 6 below are a summary of the nontarget organism toxicity data and
information submitted to support of the TGAI/MP. Refer to the appropriate pages in MRID
48844108 for more detailed information and specific reference citations from the scientific

literature. .

Table 6. Non-Target Organism Data Requirements for TGALNMP AITC (40 CFR § 158.2060)

Study/QPPTS Guideline No. Results Toxicity Category/Description MRID
. Rationale submitted No acute oral exposure based 48824108, p. 18
Avian Acute Oral/OPPTS ACCEPTABLE on application method and

850.2100

rapid environmental
degradation

Avian Dietary/OPPTS 850.2200

Ratienale submitted
ACCEPTABLE

No dietary exposure based on
application method and rapid
environmental degradation

48824108, p. 20

Freshwater Fish LC50/OPPTS
850.1075

Rationale submitted
96-hr LC5, = 0.077 ppm
ACCEPTABLE

Very Highly Toxic, but no
aquatic exposure based on
application method and rapid
environmental degradation

48824108, pp. 22,
37-47

Freshwater Invertebrate/OPPTS
850.1010

Rationale submitted
48-hr ECSD =0.73 ppin
ACCEPTABLE

Very Highly Toxic, but no
aquatic exposure based on
application method and rapid
environmental degradation

48824108, pp. 23,
216-221

Non-target Plants/OPPTS
850.4100 & 4150

Rationale submitted
ACCEPTABLE

No non-target exposure based
on application method and
rapid environmental
degradation

48824108, pp. 24-
27

Non-target Insects

Rationale submitted
ACCEPTABLE

No non-target exposure based
on application method and
rapid environmental
degradation

48824108, pp. 28,
29

SUMMARY:

Guideline studies were not submitted in support of the non-target organism data requirements.
In lieu of Guideline studies, the applicant submitted rationales, on a Guideline-by-Guideline
basis, for each non-target organism data requirement, which were supported both by scientific
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literature citations as well as an argument for a lack of exposure to non-target organisms to AITC
based on its rapid degradation in soil, its widespread presence in commonly eaten foods, as well
as by the methods and timing of application of the EP.

AITC degrades readily in soil and water and, therefore, inhalation exposure is highly unlikely to
occur after the tarps are removed following treatment (Borek et al., 1995; Pechatek et al., 1997).
AITC degrades rapidly in the soil with a short half-life (T%) ranging from 20 to 60 hours (Borek
et al., 1995). The average T% of AITC in six different soil types was reported to be 47 + 27
hours, with the greatest degradation rate of in soils that have high organic carbon and total
nitrogen (N) content. In addition, the AITC T in soil increases with increasing moisture
content and decreases in soil with increasing temperature between 10°C and 25°C. During the
first 24 hours, an average of 29.8% of AITC was transformed, or degraded, and over the first 10
days at 20°C, an average of 97.1% was degraded (Borek et al., 1995). The data also demonstrate
that AITC transforms in sterilized soil at the same rate as intact soil, indicating that microbial
populations are not responsible for the degradation (Borek et al., [995). The more rapid
degradation that occurs in soil with higher levels of organic carbon suggests that AITC reacts
with the organic material and is inactivated. The rapid degradation of AITC in treated soil
suggests that inhalation exposure will be highly unlikely following pre-plant soil treatments in
accordance with label use directions.

In addition, possible degradation products of AITC in soil can be proposed based on the
decomposition products of AITC present in an aqueous solution in the pH range between 6 and
8, where AITC is proposed to degrade completely (Pechadek et al., 1997). Within this pH range,
Pechégek et al. (1997) observed that the primary decomposition products identified at 80 °C and
in lower quantities at 20 °C and 40 °C after an 80 min incubation, were: allyl thiocyanate (ATC);
allylamine (AA); and carbon disulfide (CDS). ATC, an isomer of AITC, was identified at each
pH and sampling interval; AA is expected to biodegrade quickly in the environment, and so if it
is formed following AITC treatment of soil, human and animal exposure is unlikely (HSDB).
CDS is naturally oceurring in the environment, and is released from tree roots, tidal marshes and
soil (HSDB). CDS is considered ubiquitous in the environment, and so formation of carbon
disulfide from treating soil with AITC would not increase exposure to non-target organisms over
tevels currently in the environment (HSDB, accessed 8/2012).

IRF135 is an end-use product (EP) formulated from IR9804, which is a technical grade active
ingredient (TGAI/MP) containing 99.8% ally! isothiocyanate (AITC). IRF135 is approximately
96.5% AITC and 3.5% of a well known surfactant approved for food use under 40 CFR
180.910. IRFI35 is intended for use in an as a pre-plant soil treatment to control and repel
fungi, insects, nematodes and weeds. AITC is a component of many common cruciferous
vegetables including broccoli and Brussels sprouts, and is particularly concentrated in mustard
seed, horseradish, and wasabi.

Application methods together with appropriate PPE will mitigate human exposure. The
application methods are: (i) by tractor mounted shank injection at a depth of 8 to 15 inches,
followed by tarp overlay, (ii) by drip injection, also covered by tarp overlay, and 3) by deep
injection to depths greater than 17 inches, with no tarp covering. These application methods
minimize the potential for exposure to non-target organisms.
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A BROAD SPECTRUM PRE-PLANT SOIL BIOFUMIGANT FOR THE CONTROL OF CERTAIN 50iL
BORNE FUNGI, NEMATODES, WEEDS and INSECTS

ACTIVE INGREDIENT:

AllYH ISOTNIOCYAMAIE ... 1ot bbb 98.3%
OTHER INGREDIENTS: ... e et e 3.7%
O L Y U U U OSSOSO OSSO TSSO P PP TSP PSR TR 100.0%

Contains 8.19 Ibs. active ingredient (allyl isothiocyanate) per gallon. This product weighs B.5 Ibs. per gation.

KEEP OUT OF REACH OF CHILDREN
DANGER

5i usted no entiende la etiqueta, busque a alguien para que se la explique a usted en detalfe. (If you
do not understand the label, find someone fo explain it 1o you in detail).
FIRST AID ‘
« Hold eya open and rinse slowly and gently with water for 15-20 minutes.
s Remaove contact lenses, if present, after the first 5 minutes, and then continue

ifin eyes rinsing.
« Call a poison control center or physician for treatment advice.
¥ ki = Take off contaminated clothing.
gl':;:hii:gor « Rinse skin immediately with pienty of water for 15 minutes.

s Call a poison control center of doctor for treatment advice.
« Have persan sip a glass of water if able to swallow.
s Do notinduce vomiting unless told to do so by the poison control center or
If swallowed doctor.
= Do not give anything to an uncongcious person.
« Call a poison controf center or physician for treatment advice.
s Move person to fresh air.
« |f person is not breathing, call 911 or an ambulance, then give artificial
respiration, preferably by mouth~to-mouth, if possible.
« Call a poison control center or doctor for further treatment advice
NOTE TO PHYSICIAN
Probably mucosal damage may contraindicate the use of gastric lavage.
HOTLINE NUMBER
Have the product container or label with you when calling a poison control center or doctor, or going for
treatment. For Chemical Emergency Spill Leak Fire Exposure or Accident Cafl CHEMTREC Day or
Night Domestic North Amarica 800-424-8300 Internationai 703-527-3883 {collect calls accepted).

if inhaled

EPA Reg. No. (pending as File Symbai 89285-k) EPA Est. Na. XXXXX-XXX-XXX
Net Contents:

(Batch Codellot No: will be placed on the container)

Manufactured for:

Isagro USA, Inc.

430 Davis Drive, Sulie 240

Marrisville, NC 27580
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PRECAUTIONARY STATEMENTS

HAZARDS TO HUMANS AND DOMESTIC ANIMALS

DANGER. Corrosive. Causes irreversible eye damage and skin bums. May be fatal if
swallowed, absorbed thraugh skin, or inhaled. Do not get in eyes, on skin or on clothing. Do not
breathe vapor. Preolonged or frequently repeated skin contact may cause allergic reactions in
some individuals. Wash thoroughly with soap and water after handiing and before eating,
drinking, chewing gum, using tobacco or using the toilet. Remove and wash contaminated
clothing before use.

PERSONAL PROTECTIVE EQUIPMENT (PPE})
When performing activities without the potential for fiquid contact all handlers {including
applicators) must wear:

. Coveralls worn over tong sleeve shirt and long pants

= Chemical-resistant footwear plus socks

« Chemical-resistant (such as nitrite or butyl) gloves

» Proteclive eyewear

« Respirator {see below)

Where liquid contact is a potential all handlers (including mixers, foaders and applicators) in
addition to the above listed PPE must wear an air purifying respirator with an organic-vapor
removing cartridge with pre-filter approved for pesticides (MSHA/NIOSH approval number prefix
TC-23C), or a canister approved for pesticides (MSHA/NIOSH approval number prefix TC-14G),
or a NIOSH approved respirator with an organic vapor (OV) cartridge or canister with any N, R,

IRF135; EPA Reg. No. (pending as File Symbol 89285-E)
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P or HE pre-filter.

When cleaning equipment, wear a chemical resistant apron.

Follow the manufacturer's instructions for cleaning/maintaining PPE. If no such instructions for
washables, use detergent and hot water. Keep and wash PPE separately from other faundry.
Discard any clothing and or PPE that have been drenched or heavily contaminated with this
product’s concentrate. Do not reuse clothing or PPE that has been drenched or heavily
contaminated.

ENGINEERING CONTROLS

When handlers use closed systems or enclosed cabs in a manner that meets the requirements
listed in the Worker Protection Standard (WPS) for agricultural pesticides, the handler PPE
requirements may be reduced or modified as specified in the WPS at 40 CFR Part 170.

USER SAFETY RECOMMENDATIONS
« Users should remove clothing/PPE immediately if pesticide gets inside. Then wash
thoroughly and put on clean clothing.
« Users should remove PPE immediately after handling this product. Wash the outside of
gloves before removing. As soon as possible, wash thoroughly and change into clean
clothing.

ENVIRONMENTAL HAZARDS

For terrestriai uses only. Do not apply directly to water or to areas where surface water is
present or to intertidal areas below the mean high water mark. Do not contaminate water when
cieaning equipment or disposing of equipment wash water or rinsate.

DIRECTIONS FOR USE

It is a violation of Federal Law to use this product in a manner inconsistent with its labeling. Do
not apply this product in a way that will contact workers or other persons, either directly or
through drift. Only protected handlers may be in the area during application. For any
requirement specific to your State or Tribe, consult the State/Tribal agency responsible for
pesticide regulation.

AGRICULTURAL USE REQUIREMENTS

Use this product only in accordance with its fabeling and with the Worker Protection Standard,
40 CFR Part 170. This standard contains requirements for the protection of agricultural
workers on farms, forests, nurseries, and greenhouses, and handlers of agricultural pesticides.
It contains requirements for training, decontamination, notification, and emergency assistance,
The requirements in this box apply to uses of this product that are covered by the Worker
Protection Standard.

No instruction elsewhere on this labeling relieve user from complying with the
requirements of the WPS.

For the entry restricted period and notification requirements, see the Entry Restricted Period
and Notification section of this labeling. PPE for entry during the Entry Restricted Period that is
permitted by this tabeling is listed in the Personal Protective Equipment (PPE) section of this
labeling.

IRF135: EPA Reg. No. (pending as File Symboi 89285-E)
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Assure that labels and MSDS are on-site and readily available for employees to review.
ENTRY RESTRICTED PERIOD AND NDT!FECATION

Entry Restricted Period: Entry into the application block (including early entry that would
otherwise be permitted under the WPS) by any person other than a correctly trained and PPE-
equipped handler is PROHIBITED from the start of the application until 5 days after application
is comptete.

Notification: Notify workers of the application by warning them orally and by posting Biofumigant
Treated Area signs. The sign must state:

1. ‘DANGER/PELIGROSQ"

2. “Areas under {fumigation){treatment). DO NOT ENTER/NO ENTRE”
3. Ally! Isothiocyanate biofumigant in use

4. Date and time of fumigation

5. Date and time entry restricted pericd is over

6. IRF135 and (name of co-application}

7. Name, address and telephone of applicator in charge

Post the Biofumigant Treated Area sign instead of the WPS sign for this application, but foilow
all WPS requirements pertaining to location, legibility, text size- and sign size (40 CFR §
170.120),

Post Biofumigant Treated Area signs defining the fumigation buffer zone, at ali entrances to the
application block no sooner than 24 hours prior to application and remain in place until at least
24 hours from the start of the application; Signs placed at the corners or on the edges of the
treated area must remain posted for at least 5 days (120 haurs) from the start of the application,
e.g. for no iess than the duration of the entry restricted period.

TERMS USED IN THIS LABELING
Application Block: The area within the perimeter of the fumigated portion of a field (including

furrows, irrigation ditches, and roadways). The perimeter of the application block is the horder
that connects the outermost edges of the total area treated with the biofumigant product.

Start of the Application: The time at which the biofumigant is first delivered/dispensed into the
soit in the application block.

Application is Complete: The time at which the biofumigant has stopped being
delivered/dispensed into the soil and the soil has been sealed; drip lines have been purged (if
applicable).

Entry Restricted Period: This period begins at the start of the application and expires depending
on the application method and if tarps are used when the tarps are perforated and removed.
Entry into the application block during this period is only allowed for appropriately PPE-equipped
handlers performing handling tasks. See the Entry Restricted Peried and Notification sections of
this label far additionat information.

Buffer Zone: An area established around the perimeter of each application biock. The buffer

{RF135; EPA Reg. No. (pending as File Symbol 88285-E)
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zone must extend outward from the edge of the application block perimeter equaily in all
directions.

Buffer Zone Period: Begins at the start of the apptication and lasts for a minimum of 24-hours
after the application is complete. Non-handlers must be excluded from the buffer zone during
the buffer zone period.

Roadway: The portion of a street or highway improved, designed or ordinarily used for vehicular
travel, exclusive of the sidewalk or shoulder even if such a sidewalk or shoulder is used by
persons riding bicycles. in the event that a highway includes two or more seperated roadways,
the term roadway shall refer to any such roadway separately.

PRODUCT INFORMATION

Apply IRF135 as a preplant soil treatment only and as a part of an integrated pest management
(IPM) program to aid in reducing or controlfing the damaging effects of soil borne pests and
diseases.

USE PRECAUTION
The product must only be used in a well-ventilated area. Da not use IRF135 if it cannot be
applied according to the use patterns an the fabel.

APPLICATIN WITH OTHER PRODUCTS

IRF135 may be applied with other pesticides or fertifizers by co-injection or co-application via
the application methods outkined in this label. Consuit specific product labels for additional
information or restrictions concerning mix partner compatibility. Treat a small area first to
ensure compatibility. Observe the most restrictive of the labeling limitations and precautions of
all products used in mixtures.

SOIL TREATMENT APPLICATION METHODS

Apply as a preplant shank injection, broadcast/flat fume application, or raised bed application
either shank injected into the row or in a raised bed or non-bedded strip injected through the
drip irrigation system. Specific directions for each application method are provided below.
Always follow label instructions to achieve optimum performance.

TARP REMOVAL, PERFORATION AND PLANTING INTERVAL

. Leave the soil undisturbed for at least 5 days after application is compiete and prior to
tarp cutting or perforation.

. For tarped applications, compiete the cutting of the tarp or perforation/hole-punching 2 to
24 hours prior to tarp removal or planting to assist in IRF135 dissipation.

. Tarp cutters and removers shall wear fong-sleeved shitt, long pants and gloves when
removing tarps following application prior to planting.

. Cold, wet, or cold and wet soils can decrease dissipation of IRF135 and can require a
fonger soil exposure period.

. After application is complete, wait 10 days prior to planting.

. In addition to the 10 day waiting period, use of a Jar Seediing and/or Transpiant tests for
safety steps can be performed prior to planting the target crop. See page(s) 8-9 of this
label for instructions.

SOIL TREATMENT TIMING AND APPLICATION RATES
» Number of applications per year: IRF135 may be applied to soif as a pre-plant soil
IRF135; EPA Reg. No. (pending as File Symbol 89285-E)
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treatment prior to planting with subsequent applications allowable to the same soit within
the same year pravided the previous crop is completely harvested prior to application.

« Open field: Use 10 - 40 gallons of IRF135 per one acre (85 - 340 Ib/A).

o Greenhouse: Use 10 - 40 gallons of IRF135 per one acre (85 - 340 Ib/A) or 0.23 gal /
1,000ft? - 0.92 gal/1,000ft".

TABLE 1. PRE-PLANT SOIL APPLICATION RATES

BROADCAST
BROADCAST EQUIVALENT
EQUIVALENT RATES {LBS
TREATMENT SITE RATES GAL/AY PRODUCT/A

Field soiis to be planted to:

Asparagus, brassica vegetables (broccoli, cauliflower),
cereal grains, cucurbit crops (cucumber, squash,
melons), fruiting vegetables (e.g. eggplant, peppers, 10 - 40 85 - 340
tomatoes), herbs and spices, leek, leafy vegetables
(lettuce), legume vegetables, pineapples, root and tuber
vegetables {carrot, gartic, onion, potato, sweet potato)

Field soils to be planted to; -

S_trawbemas! bgrrses {cane frunt)', fruit and nut crops, 10 - 40 85 - 340
citrus, pome fruit trees, stone fruit trees, tree nuts,
tropical and subtropical fruits, vineyards

Nursery, Turf, and Ornamental Soils to be ptanted
to:

Turf, lawns, parks, golf greens, athletic fields, 10 - 40 85 -« 340
recreational turf area, ornamentais, floral crops, forest

tree seedlings :

Greenhouse soils to be planted to:

Food and Non-food crops 10 - 40 85 - 340

Seed or Transplant beds to be planted to:, Food

crops and non-food crops 1040 85 - 340

*Use the higher labeled rates for muck and heavy clay soils, as well as for those pests and or
diseases such as cyst forming nematodes, Macrophomina, Fusarium or Phytophthora or hard
coated weed seeds for example Malva, Clover or Nutsedge

APPLICATION SITE CONDITION DIRECTIONS
Soil temperature: maximum of 90°F at a typical application depth

Soil preparation:

« Ensure the soil is well prepared and generally free at the surface of large clods. Large clods
can prevent efficient soit sealing and reduce effectiveness of the product.

s Cultivate the soil to a minimum depth of 5-8” andfor equal to the desired treatment depth.
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Thoroughly incorporate plant residues into the soil to allow decomposition prior to treatment.
Leave little or no plant residue present on the soil surface. Undecomposed plant material
can harbor pests that will not be controlied and can interfere with the soil seal after
application. Let crop residue that is present lie flat to parmit the soil to be sealed effectively.
Where applicable, fracture compacted soil layers {plow pans) within the desired treatment
zone before or during application of IRF135.

Saoil moisture;

It is critical to maintain adequate soil moisture before, during and 48 hours post-treatment.
Plan soil ireatment for seasons, crop rotations, or irrigation schedules which leave adequate
moisture in the soil.

The soil must be moist {typically with enough maisture to allow weed seeds to become
imbibed) from 1.5 inches below the soil surface to at least the minimum desired depth of the
target treatment zone. The amount of moisture needed (typically greater than 50% Available
Water Content at 9 inches) in this zone will vary according to soil type. Use the USDA Feel
and Appearance Method (http://www.oneplan.org/\Water/scilmoist.pdf) or a device that will
accurately measure soil moisture. The surface soil generally dries very rapidly and is not
considered in this determination.

Weather Conditions:

Prior to soil treatment the weather forecast for the day of application and the 48-hour period
following the soil treatment must be checked to determine if unfavorable weather conditions
exist or are predicted (such as no wind speed or the potential for inversion layers) and
whether soil treatment can begin.

if significant rainfall occurs within 24 hours after IRF 135 application (enough to saturate soll
that has been treated with IRF135), a reduction in pest control can occur.

Apply IRF135 in the presence of wind speeds of at least 2 mph at the start of the
applications or projected to reach at least 5 mph during the application.

Check weather forecasts 48 hours prior to application to ensure proper conditions are
present at the time of application. Weather conditions and or advisories can be downloaded
online at http://www.nws_noaa.gqov. ‘

Buffer Zones: Do not apply IRF135 within 25 of any occupied structure, such as a school,
daycare, hospital, retirement home, business or rasidence.

PRE-PLANTING AFTER APPLICATION OF IRF135

Recontamination Prevention:

e IRF135 will control pests that are present in the soil treatment zone at the time of soil
treatment. it will not control pests that are introduced into the soil after scil treatment
period has ended. To avoid re-infestation of treated soil, DO NOT use irrigation water,
transplants, seed pieces, or equipment that could carry soil-borne pests from infested
land. Avoid contamination from moving infested soil onto treated beds through
cultivation, movement of soil from outside the treated zone, dumping contaminated soil
in treated fields and soil contamination from equipment or crop remains. Clean
equipment carefully before entering treated fields.

Testing of Treated Soils Prior to Planting:

« Aliow IRF135 to dissipate compietely before planting the crop.
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s When determining the appropriate time interval before planting, consideration of factors

that impact IRF135 dissipation include rate of application, depth of injection, soil
temperature, soil preparation and type, soil moisture and use of various plastic films and
or water sealing.

Use of a lettuce seed and or tomato/pepper transplant test can be used to determine if
sufficient time has elapsed between soit treatment and planting as described below.

Letiuce Seed Test

After a minimum of 7 days after application proceed with the following Seed Jar test.

Use a trowel to dig into the treated soil to a depth at or just beneath the depth of IRF135
injection and remove 2 to 5 samples with enough soil to fill a quart sized jar haif-way,
mix lightly, apply moisture enough to germinate seeds, sprinkie seeds evenly cver the
soil surface and seal immediately with a lid for air tight conditions.

Sample the field in several areas, especially those areas that are not representative of
the general field conditions and or having higher moisture content, different soil texture
or areas where rate delivery is different.

Prepare another similar sample of untreated soil for camparison,

Keep the jars out of direct sunlight and at a temperature of 85° to 85°F. (Direct sunilight
can overheat and kitl the seedlings). Lettuce seed will not germinate in the dark so place
in diffuse sunlight.

After 1 to 3 days, check each jar for seed germination.

if seeds in the treated jar germinate and grow similar to the unireated soil sample then
the treated area is safe for planting.

Tomato/Pepper Transplant Test

After a minimum of 7 days after appiication proceed with the following transpiant test.
Transplant 5 to 10 healthy, actively growing tomato or pepper seedlings into treated
beds at narmal planting depth and several locations within the treated area. If available
repeat in an area of field not treated with IRF135 for comparison. If a wetter, heavier
area of the treated field is available place the transpiants there.

Inspect the transplants in 3 days for plant injury including wilt, chiorosis, or leaf and root
tip burn. Ensure that proper soil moisture conditions exist for transplants to remain free
from water stress. If plants in the treated area are asymptomatic and or are simitar in
growth and appearance to plants in the non-treated area it is safe to plant.

IRF136 DRIP (TRICKLE)} CHEMIGATION APPLICATION USE DIRECTIONS:

Drip (Trickle) Chemigation Use Precautions:

-3

L]

The foliowing applies to drip (trickle} irrigation systems,

Crop injury and a reduction in efficacy can result from non-uniform distribution of IRF135
in irfigation water used to treat soil.

For questions related to equipment calibration, consult your tocal State Extension
Service specialist, equipment manufacturer or dealer.

Soil preparation:

Ensure compacted soil layers (plow pans) within the desired treatment zone are tilied
and/or fractured if it is considered normal practice before application of IRF135 to ensure
adequate soil drainage. Note that conditions where soil layers {plowpans) exist and are
not tilied can result in reduced pest control, differences in planting interval or plant
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growth as a result of compacted or shallow soil conditions,

The application site must be in seedbed condition. Ensure beds are listed, shaped and
ready for planting.

Ensure initial soll moisture is at ~50% of field capacity at 2 to 3 inches and down to 8
inches depth at the time of IRF135 application. Soil texture and amount of water to be
applied will impact the desired initial % field capacity necessary for drip injection.

IRF135 Dosage:

Determining IRF135 dosage is based on consideration of the intended crop to be
planted, treated area conditions, preparation, application method, target pest, and soil
type.

Use drip emitters with spacing of 4 to 12 inches with shaliow subsurface placement to
ensure thorough wetting of the soil area being treated by IRF 135 drip injection.

IRF135 must be metered at a target concentration between - 1000 — 3000 ppm
(calculated by: totat volume of product to be apptied / total amount of water to be
applied) x 1,000,000 into the water supply line and passed through a mixing device such
as a centrifugai pump with by-pass agitation or static mixer to assure proper agitation
and mixing to a target concentration {ppm) for even distribution before distribution into
the drip irrigation system. The concentration of IRF135 shouid not exceed 3000 ppm at
any time during the injection period within the drip line.

The volume of irrigation water to deliver to the treated area is dependent upon the soit
type, % soil moisture or the % of field capacity at the start of the application and the
target moisture level following application and equipment rising.

Datermine the irrigation water flow and adjust the flow rate of IRF135 to meet the target
ppm in irrigation water. Insert a static mixer or similar device immediately after the
IRF135 injection point to insure adeqguate mixing with the irrigation water.

Chemigation Application Information:

1.

2.

3.

Apply this product only through drip (trickie) irrigation systems. Do not apply this product
through any other type of irrigation system.

Crop injury or lack of effectiveness can result from non-uniform distribution of treated
water.

If you have questions about calibration, contact State Extension Service specialists,
equipment manufacturers or other experts.

Do not connect an irrigation system (including greenhouse systems) used for pesticide
application to a public water system unless the pesticide tabel-prescribed safety devices
for public water systems are in place.

A person knowledgeable of the chemigation system and responsible for its operation or
under the supervision of the responsible person, shall shut the system down and make
necessary adjustments should the need arise.

Chemigation Systems Connected to Public Water Systems:

1

Public water system means a system for the provision to the public of piped water for
human consumption if such system has at least 15 service connections or regularly
serves an average of at least 25 individuals daily at least 60 days out of the year.

Chemigation systems connected to public water systems must contain a functional,
reduced-pressure zone, back flow preventer (RPZ) or the functional equivaient in the
water supply line upstream from the point of pesticide introduction. As an option to the
RPZ, the water from the public water system should be discharged into a reservoir tank
prior to pesticide introduction. There shall be a complete physical break (air gap)
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hetween ihe flow outiet end of the fill pipe and the top or overflow rim of the feservoir
tank of at least twice the inside diameter of the fill pipe.

Equipment Considerations for Drip {Trickle) Chemigation Systems:

[

The irrigation system (main line, headers, and drip tape) must be thoroughiy inspected
for leaks before the application starts. The leak detection process requires that the
irrigations system be at full operating pressure. The time required at full operating
pressure will vary according to the system design and layout, soil type and target ppm
concentration. Signs of leaks may include puddling along major pipes and at the top or
ends of rows and/or an the bed surface or movement or shifting of beds due to bed
collapse in over saturated conditions. Any leaks discovered must be repaired prior to
appiication of IRF135. For leaks discovered during application of IRF135, immediately
stop injection, wear all appropriate PPE and repair the fine insuring that the problem is
corrected before commencing with the drip applied injection.

The system must contain a functional check valve (back flow prevention device),
vacuum relief valve, and low pressure drain appropriately located on the irrigation
pipeline to prevent water source contamination from back flow.

The pesticide injection pipeline must contain a functional, automatic, quick-closing check
valve to prevent the flow of fluid back toward the injection pump.

With use of injection pumps (e.g. Diaphragm or Centrifugal type pumps) the pesticide
injection pipeline must also contain a functional, normaily closed, solenoid-operated
valve located on the intake side of the injection pump and connected to the system
interlock to prevent fluid from being withdrawn' from the supply tank when the irrigation
system is either automaticaily or manually shut down.

The system must contain functional interfocking controls to automatically shut off the
pesticide injection pump when the water pump motor stops or in cases where there is no
water pump, when the water pressure decreases to the point where pesticide distribution
is adversely affected.

The irrigation line or water pump must include a functional pressure switch which will
stop the water pump motor when the water pressure decreases to the point where
pesticide distribution is adversely affected.

To inject IRF135, use a metering device (such as a positive pressure system, positive
displacement injection pump, diaphragm pump, or a Venturi system) effectively designed
and constructed of materials that are compatible with pesticides and capable of being
fitted with a system interlock.

Use of an inert gas such as nitrogen or dry compressed air is acceptable for use in a
positive pressure system.

Injection System Flush After IRF135 Application:

After IRF135 injection, continue drip irrigation with clean water to flush remaining
IRF135 completely out of the system. Apply 3 times the volume of water equivatent to
the capacity of the drip injection system from the point of injection to the ends of the drip
tape to ensure IRF135 is completely voided from the injection lines and drip tape.

Do not allow any IRF135 to remain in the system after application.

If common lines are used for both the IRF135 appiication and to apply the water seal (if
applied), the lines must be adequately flushed before starting the water seal and/or
normal irrigation practices.

Soil Sealing or Tarp Use:

-4

When tarps are used with drip injection application, they must be in place priar to
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injection of IRF135.
« Tarp edges must be buried along the row furrow and at the ends of each row.

Untarped Drip {Trickie) Chemigation Applications:
e Tarps must be used uniess the drip tape is buried a minimum of § inches below the
soiifair interface.

Planting Interval for Raised Bed Drip Applications:

u After application, leave the soil undisturbed for at least 10 days after the application is
complete. Planting of the target crop is allowed at a minimum of 10 days following the
comptetion of the application.

. Extremely cold, wet, or cold and wet soils can decrease dissipation of IRF135 and can
require a longer soil exposure and/or aeration period.

* For tarped applications, where tarp perforation or hole punching occurs allow 2 to 24
hours aeration prior to ptanting to assist in IRF135 dissipation.

. Use of a Jar Seedling and/or Transplant test for crop safety can be performed prior to

planting the target crop. See pages XX-XX of this label for instructions.

Reguirements for Greenhouse Soil Treatment

» Applications methods for use in greenhouse soil treatment may be applied as drip
injection or tractor mounted shank where applicable according to the methods described
for open field with exceptions listed below:

o Al applications must be tarped or double water sealed (delivered via overhead
sprinkler). Double water sealed is defined as twice the amount of water to delfiver
the soil treatment without causing over saturation of the soil or delivering enough
water to maintain up to 80% soil moisture for 24 hours following apptication.

o During the application, keep doors, vents and windows to the outside open and
keep fans or other mechanicai ventitation systems running within the application
area.

o Areas by which gases could enter adjacent enciosed areas must be sealed prior
to application and remain closed for up to 48 hours post application.

IRF135 TRACTOR MOUNTED SHANK RAISED BED AND BROADCAST/FLAT FUME
APPLICATION USE DIRECTIONS:

Soil moisture:
. For tractor mourited shank applied treatments of IRF135 do not apply to dry soils. Target
a soil moisture reading of ~50% or greater Available Water Content to a depth of 8 to @
inches present for at least 24 to 48 hours prior to and until the start of the application.

Soil temperature at application:
. Maximum of 90°F at application depth.

Application Methods and Equipment:

« Apply {RF135 using chisels spaced no more than 12 inches apart and no mare than 3
outlets evenly spaced per chisel (rear and forward facing type shank). The top most
outlets must be no less than 5 inches from the final air soil interface.

. For shank applications the use of tarps or a water cap does not eliminate the need to
remove chisel traces. Use of a press board, ring roller or other device to effectively close
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chisel traces must be performed.

Application Depth:

« The point of injection mus

t be @ minimum of 5 inches from the final soilfair interface.

The point of deep injection must be at a minimum of 18 inches from the final soil/air
interface. Use deeper placement when fumigating soil to be pianted to deep-rooted
plants, such as perennial fruit and nut crops, or to control deeply distributed pests.

Tarped Type
Nobie Sealing,
Single Plow Yeiter Applied
Sweap Injector Rig immediately
Application | Injection Chisel Qutlet Injector aftar Non-Tarped
Type depth Spacing | Spacing | Spacing application* | Type Sealing
Broadcast 5-15 612 612 4 -6 PE, VIF, TIF Overhead
Shallow inches inches inches inches sprinkler, water
Shank Use of no cap and/or
mare than RO“eri’PaCker
2 nozzles to compact soil
per sweep surface, and
with 4-5 close chisel
inches / traces
nozzle and
bottom
nozzle at
no more
than 15
inches from
I soil surface
Broadcast > 17 18 - NA NA NA Roller/packer
Deep Shank inches 24inches to compact soil
surface
Raised Bed| 8-15 6~12 NA . 4.5 PE, VIF, TIF { Overhead
shallow inches inches inches Sprinkler,
shank or Use of no water cap
Strip more than andfor
Application 3 nozzles Ro#er/Packer
per sweep to compact soil
with 4 — 5 surface, and
inches / close chiset
nozzie and traces
bottom
nozzle at
no more
than 15
inches from
i soil surface

“PE = Polyethylene film; VIF = Virtually Impermeable Film; TIF = Totally impermeable Film
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Prevention of End Row Spiilage:

Do not apply or allow IRF135 to spil onto the soil surface. Each injection line either
needs a check valve located as close as possibie to the soil injection point to avoid
dripping or spillage. If a check valve system is not in place purge and drain the injection
line prior to lifting the injection shanks from the ground.

Only ift the injection shanks from the ground when the shut-off valve has been closed,
and the IRF135 injection line has been depressurized to passively drain remaining
iRF 135 or when the system has been actively purged (e.g. via air compressor).

Injection Rig Calibration, Set-up, Repair, and Maintenance:

[:]

JRF136 application equipment must be calibrated and all control systems working
properly. Proper calibration is critical to ensure {RF135 application rate and soil
placement. Refer to the equipment manufacturer's instructions to properly calibrate the
injection equipment. The equipment dealer, local Cooperative Extension Sefvice, crop
advisor or IRF135 dealer can provide assistance.

Flush ail equipment with water after each day's use; disassemble valves and clean
carefully. All rinsate should be property applied to the field.

Planting Interval for Raised Bed Shank and Broadcast/Flat Fume Application

After application, leave the soil undisturbed for at least 5 days after application prior to
tarp cufting or perforation/hole punching.

For tarped applications, complete cutting of the tarp for removal or perforation/hole
punching 2 to 24 hours prior to tarp removal or planting to assist in iRF135 dissipation.
Tarp cutters and removers shall wear long-sieeved shirt, long pants and gloves when
there is no waiting or aeration period between tarp cutting and removing the tarp
following appiication and prior to planting.

Soil can be planted with the target crop at a minimum of 10 days following application.
Cold, wet, or cold and wet soils can decrease dissipation of IRF135 and can require a
fonger soil exposure and or aeration period.

Soil applied under untarped shanked applications. must remain undisturbed for a
minimum of 10 days following completion of the appfication before tillage and or planting
of the target crop.

Use of a Jar Seedling andfor. Transpiant test for crop safety can be performed prior to
planting the target crop. See pages 8-9 of this label for instructions.

PESTS CONTROLLED FROM SOIL TREATMENT USES

Nematodes
Common Name (if applicable) Scientific Name
Pin nematede Faratylenchus
Ring nematode " | Mesocriconema (=Criconemoides,
=Criconemelfa)
Root knot nematode Meloidogyne
Root-lesion nematode Pratylenchus
Spiral nematode Helicotylenchus
Sting nematode Belonolaimus
Stubby-root nematode Paratrichodorus
Stem and bulb nematode Tylenchus
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Soil Borne Fungi

Common Name (if applicable)

Scientific Name

Armillaria root rot

Armilfaria mellea

Charcoal rot

Macrophomina phaseolina

Clubroot organism Plasmodiophora
Corky root Pyrenochacta
Fusarium wilt Fusarium spp.
Phytophthora Phytophthora spp.
Pythium Pythium spp.
Rhizoctonia Rhizoctonia spp.

Southern blight

Sclerotium rolfsii

Verticillium wilt

Verticillium dahliae

Insecis in the Soil at the Time of Treatment

Common Name (if applicable)

Scientific Name (if applicable}

Cutworms

Japanese beetles

June beetles and larva

Symphylan (centipedes)

VWhite grubs

Wireworms

Weeds

Common Name (if applicable)

Scientific Name

California burclover

Medicago lupulina

Common chickweed

Stellaria media

Common mallow

‘Malva neglecta

Common purstane

Partudaca oleracea

Field bindweed

Convolvulus arvensis

Grasses

Morningglory spp.

ipomeea spp.

Prostrate knotweed

Polygonum aviculare

Yellow nutsedge

Cyperus esculentus

Moilusks: Siugs and Snails.

STORAGE AND DISPOSAL

Do not contaminate water, food or feed by storage and disposal.

PESTICIDE STORAGE
Store in original container in a cool, dry place.

PESTICIDE DISPOSAL

Waste resulting from the use of this product may be disposed of on site or at an approved waste

disposal facility.

CONTAINER DISPOSAL for non-refillable containers

This is a non-refillable container. Do not reuse or refill this container. Empty the package
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completely and triple rinse container {or eguivalent pressure rinse) promptly after emptying with
water to be used for application. Then dispose of the empty container according to state and
local regulations. Place in trash or offer for recycling if available or return it to the Seller, or, if
allowed by state and local authorities, by burning. if burned stay out of smoke.

TRIPLE RINSING INSTRUCTIONS:

For rigid, nonrefillable containers smali enough to shake {with capacities equal to or less
than § gallons):

Triple rinse as follows: Empty the remaining contents into application equipment or a mix “tank
and drain for 10 seconds after the fiow begins to drip. Fill the container one-fourth full with water
and recap. Shake for 10 seconds. Pour rinsate into appiication equipment or a mix tank or store
rinsate for later use or disposal. Drain for 10 seconds after the flow begins to drip. Repeat this
procedure two more times.

For rigid, non-refillable containers that are too large to shake {with capacities greater
than 5 gallons):

Triple rinse as follows: Empty the remaining contents into application equipment or a mix tank.
Fill the container one-fourth full with water. Replace and tighten closures. Tip container on its
side and roll it back and forth, ensuring at least one complete revolution, for 30 seconds. Stand
the container on its end and fip it back and forth several times, Turn the container over onto its
other end and tip it back and forth several times. Empty the rinsate into application equipment or
a mix tank or store rinsate for later use or disposal. Repeat this procedure twe more times.

PRESSURE RINSE PROCEDURE (all sizes):

Pressure rinse as follows: Empty the remaining contents into application equipment or a tank
mix and continue to drain for 10 seconds after the flow begins to drip. Hold container upside
down over application equipment or mix tank or collect rinsate for iater use or disposal. insert
pressure rinsing nozzle in the side of the container, and rinse at about 40 PSI for at teast 30
seconds. Drain for 10 seconds after the flow begins to drip.

CONTAINER DISPOSAL for rigid, refilable containers

Refillable container. Refill this container with IRF135 pesticide only. Do not reuse this container
for any other purpose. Cleaning the container before final disposal is the responsibility of the
person disposing of the container. Cleaning before refilling is the responsibility of the refilier.
To ciean the container before final disposal, empty the remaining contents from this container
into application eguipment or mix tank. Fill the container about 10 percent full with water.
Agitate vigorously or recirculate water with the pump for 2 minutes. Pour or pump rinsate into
application equipment or rinsate coilection system. Repeat this rinsing procedure two more
times. ‘

LIMITATION OF WARRANTY AND LIABILITY
Read the entire label before using this product, including this Limitation of Warranty and
Liability.

If the terms are not acceptable, return the product at once unopened for a refund of the
purchase price.

This Company warrants that this product conforms to the chemical description on the label and
is reasonabily fit for the purposes set forth in the Directions for Use, subject to the inherent risks
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described below, when used in accordance with the Directions for Use under normal conditions.
TO THE EXTENT CONSISTENT WITH APPLICABLE LAW, ISAGRO MAKES NO OTHER
EXPRESS OR IMPLIED WARRANTY OF FITNESS OR MERCHANTABILITY OR ANY OTHER
EXPRESS OR IMPLIED WARRANTY.

Buyers and Users of this product must be aware that there are inherent unintended risks
associated to the use of this product, independent from the control of Isagro. These risks
include, but are nat limited to, weather conditions, soil factors, moisture conditions, diseases,
irrigation practices, condition of the crop at the time of application, materials which are present
in the tank mix with this product or prior to the application of it, cultural practices or the manner
of use or application, all risks which are impossible to eliminate. The Buyers and Users shouid
he aware that these factors may cause: ineffectiveness of the product; reduction of harvested
yield of the crop (entirely or partiaily), crop injury or injury to non-target crops or plants or to
rotational crops caused by carryover in the soil, resistance of the target weeds o this product.
Therefore additional care, treatment and expense are required to take the crop to harvest.

If the Buyer does not agree with the acceptance of these risks, then THE PROBUCT SHOULD
NOT BE APPLIED. To the extent consistent with applicable law, by applying this product the
Buyer acknowiedges and accepts these inherent unintended risks and AGREES THAT ALL
SUCH RISKS ASSOCIATED WITH THE APPLICATION AND USE ARE ASSUMED BY THE
BUYER.

To the extent consistent with applicable law, ISAGRQ or Sefler shall not be liable for any
incidental, consequential or speciai damages resulting from the use or handling of this product
(including claims based in contract, negligence, strict liabiiity, and other tort or otherwise).. To
the extent consistent with applicable law, the exclusive remedy of the User or Buyer and the
exclusive Liability of Isagro or Seller shall be the return of the purchase price of the product, or
at the election of Isagra or Seller, the replacement of the product.

To the extent conmsistent with applicable law, this Company does not warrant any product
reformutated or repackaged from this product except in accordance with this Company's
stewardship requirements and with express written permission from this Company.

Isagro or its Seller must have prompt notice of any claim so that an immediate inspection of
Buyer's or User's can be made. To the extent consistent with applicable law, if Buyer and User
do not notify Isagro or Selier of any claims, in proper time, it shall be barred from obtaining any
remedy.

To the extent consistent with applicable law, Buyers and Users are deemed to have accepted
the terms of this Limitation of Warranty and Liability, which may not be modified by any verbal
or written agreement.

IRF135; EPA Reg. No. (pending as File Symbol 89285-F)
MASTER LABEL — version {Be) dated September 23, 2013
FPage 16 of 16
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[. PRELIMINARY WORK PILLAN
Introduction

The Food Quality Protection Act (FQPA) of 1996 mandated the continuous
review of existing pesticides. All pesticides distributed or sold in the United States must
generally be registered by EPA, based on scientific data showing that they will not cause
unreasonable risks to human health or the environment when used as directed on the
product labeling. The registration review program is intended to make sure that, as the
ability to assess and reduce risk evolves and as policies and practices change, all
registered pesticides continue to meet the statutory standard of no unreasonable adverse
effects. Changes in science, public policy, and pesticide use practices will oceur over
time. Through the registration review program, the Ageney periodically reevaluates
pesticides to make sure that as change oceurs, products in the marketplace can continue
to be used safely. Information on this program is provided at:
hitp://www.cpa.govioppsrrdl/registration_reviewy.

The Agency has begun to implement the registration review program pursuant to
FIFRA Section 3(g) and will review each registered pesticide every 15 years to determine
whether it continues to meet the FIFRA standard for registration. The Agency will
consider benefits information and data as required by FIFRA. The public phase of
registration review begins when the initial docket is opened for each case. The docket is
the Agency’s opportunity to state what it knows about the pesticide and what additional
risk analyses and data or information it believes are needed to make a registration review
dccision. After reviewing and responding to comments and data received in the docket
during this comment period, the Agency will develop and commit to a final work plan
and schedule for the registration review of Vegetable and Flower Oils.

Vegetable and Flower Oils are oils extracted from leaves, flowers and fruits of
plants that exist naturally. These oils are active ingredients in pesticide products
registered for use as animal repellents, biochemical pesticides, feeding suppressants,
insecticides and miticides. Many of the vegetable and flower oils have other non-
pesticidal uses. These uses include food additives, flavorings, and components of
cosmetics, soaps, perfumes, piastics, and resins.

The Vegetable and Flower Oils Registration Review Case includes seventeen
active ingredients with federally registered products. Currently, there are no Special
Local Needs (24c¢) State Registrations for any of tbe active ingredients discussed in this
case. The Agency issued a Registration Eligibility Document (RED) for Flower and
Vegetable Oils in 1993 which included twenty four active ingredients that are categorized
as a vegetable and flower oil. For the purposes of registration review, this document
covers, as mentioned above, only sevenicen active ingredients since the remaining seven
active ingredients are considered minimum risk pesticides and arc not currently in any
federally registered products. The active ingredients covered in this case are:
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Oil of Lemengrass, Oil of Eucalyptus, Oil of Mustard, Soybean Oil, Bergamot Oil, Oil
of Orange, Alpha-lonone, Geraniol, Canola Oil, Oil of Citronella, Indole, Castor Oil,
Lavandin Oii, Jojoba Oil, Eugenol, Balsam Fir Oil, Oil of Thyme.

The EPA first registered a product containing a Vegetable and Flower Oil active
ingredient in 1947, Currently, there arc fifty-two end-use produets containing these active
ingredients that are federally registered as noted above. Forty of the products are for
residential use, six for agricultural use and six for both residential and agricuitural use.
Twenty of the fifty-two products contain only one of these vegetable and flower oils as
their active ingredient. The remaining thirty-two products contain additional active
ingredients, including pyrethrins, capsaicin, and other vegetable and flower oils.

There are tolerance exemptions established for certain active ingredients included
in this registration review case. They are as follows:

§ 180.1127 Biochemical pesticide plant floral volatile attractant compounds:
cinnamaldeliyde, cinnamyl alcohol, 4-methoxy cinnamaldeliyde, 3-phenyl propanol, 4-
methoxy phencthyl alcolol, indole, and 1,2,4-trimethoxybenzen reads as follows:

Residues of the biochemical pesticide plant floral volatile attractant compounds:
cinnamaldehyde, cinnamyl aleohol, 4-methoxy cinnamaldehyde, 3-phenyl propanol, 4-
methoxy phenethyl alcohol, indole, and 1,2,4-trimethoxybenzene are exempt from the
requirement of a tolerance in or on the following raw agricuitural commodities: the
following ficld crops—alfalfa, clover, cotton, dandelion, peanuts (including hay), rice,
sorghum (milo), soybeans, sunflower, sweet potatoes, and wheat; the following vegetable
crops—asparagus, beans (including forage hay), beets, carrots, celery, cole crops
(cabbage, broccoli, brussels sprouts, cauliflower), collards (kale, mustard greens, tumip
greens, kohlrabi), corn, fresh (field, sweet, pop, seed), com fodder and forage, chinese
cabbage, cowpeas, cucurbitis (cucumbers, squash, pumpkin), egg plant, endive (escarole),
horseradish (radish, rutabagas, turnip roots), leafy greens (spinach, swiss chard), lettuce
(head leaf), okra, parsley, parsnip, peas, peas with pods, peppers, potatoes, sugar beets,
tomatoes; the following tree [ruit, berry and nut crops—almonds, apples, apricots, berries
{blackberry, boysenberry, dewberry, loganberry, raspberry), blueberry, cherry, citrus
(grapefruit, kumquat, lemon, lime, orange, langelo, and tangerine) cranberry, grapes,
melons, (watermelon, honeydew, crenshaw, cantaloupe, casaba, persian), nectarines,
pears, pecans, peaches, and strawberry as dispersed from the end-use product Corn
Rootworm Bait”, a pesticidal bait, in accordance with the prescribed conditions in
paragraph (a) of this section.

{a) Cumulative yearly application cannot exceed 20 grams of each floral
attractant/acrc/application.

(b [Reserved]
[59 FR 15857, Apr. 5, 1994]

§ 180.1160 Jojoba oil; exemption from the requirement of a tolerance.
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The insecticide and spray tank adjuvant jojoba oil is exempted from the
requirement of a tolerance in or on all raw agricultural commodities when applied at the
rate of 1.0% or less of the final spray in accordance with good agricultural practices,
provided the jojoba oil does not contain simmondsin, simmondsin-2-ferulate, and related
conjugated organonitriles including demethyl simmondsin and didemethylsimmondsin.

[61 FR 2121, Jan. 25, 1996

§ 180.1167 Allyl isothiocyanate as a component of food grade oil of mustard;
exemption from the requirement of a tolerance.

The insecticide and repellent Allyl isothiocyanate is exempt from the requirement
of a tolerance for residues when used as a component of food grade oil of mustard, in or
on ail raw agricultural commodities, when applied according to approved labeling,

[61 FR 24894, May 17, 1996]
§ 180.1241 Eucalyptus eil; exemption from the requirement of a tolerance.

Time-limited exemptions from the requirement of a tolerance are established for
residues of eucalyptus oil on honey and honeycomb in connection with use of the
pesticide under section 18 emergency exemptions granted by the EPA. These time-
limited exemptions from the requirement of a tolerance for residues of eucalyptus oil will
expire and are revoked on June 30, 2007,

[70 FR 37696, June 30, 2005}
§ 180.1251 Geraniol; exemption from the requirement of a tolerance.

An exemption from the requirement of a tolerance is established for residues of
the biochemical pesticide geraniol in or on all food commodities.

[69 FR 23151, Apr. 28, 2004]
§180.1271 Eucalyptus oil; exemption from the requirement of a tolerance.

An exemption from the requirement of tolerance is established for residues of
cucalyptus oil in or on honey, honeycomb, and honeycomb with honey when used at 2g
or less eucalyptus oil per hive, where the eucalyptus oil contains 80% or more cucalyptol.

[71 FR 53979, Sept. 13, 2006]

The Agency does not foresee the need for new data or for a new human health
risk assessment for these aclive ingredients. Hazard and exposurc information as well as
Agency risk assessments on vegetable and flower oils were evaluated against current
safety standards established by FIFRA and FFDCA as well as the Agency’s scientific
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policies and regulations and it was determined that there is no need to conduct an
additional human health risk assessment. Vegetable and flower oils are naturally-
occurring substances that have non-toxic modes of action (they are primarily repellents)
and there is a significant history of exposure to humans and the environment. The
Agency believes it is unlikely that any adverse effects would result to the general
population from exposure to vegetable and flower oils in the products containing these
active ingredients when they are used according to label instructions.

Anticipated Risk Assessment and Data Needs

Human Health Risk Assessiment Status

A preliminary human health risk asscssment bas been conducted as a part of the
registration review of vegetable and flower oils. The Agency has determined that based
on the available data and information on the vegetabie and flower oils, no new data or a
new human health risk assessment are expected to be needed at this time for this
registration review, Hazard and exposure information as well as the Agency risk
assessment on vegetable and flower oils were cvaluated against current safety standards
as established by statute, regulations, and the Agency’s scientific policies. Based on this
information, it was determined that there is no need to conduct an additional human
health risk assessment. Vegetable and flower oils are naturally-occurring substances that
have a non-loxic mode of action and there is a signiticant history of exposure from these
active ingredients to humans and the environment. While there have been reported
incidents for seven of the seventeen active ingredients, [see section entitled Incidents, p
30] these reports did not indicate any risk from the use of preducts that specifically
related to the active ingredients. The Agency does not expect any risks associated with
these active ingredients when they are used according to the label instructions. Further,
these active ingredients are commonly found in foods, and are considered as GRAS
substances (Generally Recognized as Safe) by the U.S. FDA. However, should the
Agency find that there may be risks associated with any of these active ingredients, they
will be further addressed in the Final Work Plan. (February 19, 2010, Preliminary
Human Health Assessment for the Registration Review of Vegetable and Flower Oils,
Sadaf Shaukat, Biologist).
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Table 1  Acute Toxicity Profile- Vegetable and Flower Oils
Acute Acute Acute Acute Acute Skin
Activ Orai Dermai | Inhalation Eye Dermal e
ctive . . i . . T v e Sensitization

Ineredient Toxicity Toxicity Toxieity Irritation | Irritation Cat
Ere Catego Catego Catego Catego Catego ~ALCEOTY
(PCC) pegory | Lareeory 4 gory BOYY | OPPTS
OPpPTs OPPTS OPPTS OPPTS OFPPTS 870.2600

870.1100 | 870.1200 870.1300 870.2400 | §70.2500 )

Oil of v I v IH v **Not a
mustard scnsitizing
(04941) Agent

Canola Oil A% v v v v **May cause
(011332) sensilizing
Oil of v v v [t 3% **Not a
Citronella sensitizing

(021901) Agent

Indole v 51 Satisfied* IH v Satisfied*

(025000}
Soybean Oil | Satisfied* | Satisfied* Satisfied®* 111  Satisfieg* Satisfied*
(031605) _
Castor Qil | Satisfied* | Satisfied* Satisfied* | Satisfied* | Satisfied® Satisfied*
(031608) ‘
Lavandin Satisfied* v IH Satisfied* | Satisfied* Satisfied*
Oil
(040500)
Oil of Satisfied* | Satisfied* | Satisfied* | Satisfied* | Satisfied™ Satisfied*
L.emongrass
(040502)
0il of I8Y i1 Satisfied* v v **Moderate
Eucalyptus Sensitizing
(040503) Agent

*A valid scientific rationale regarding the fow toxicity of these active ingredients was
submitted to the Agency in support of these data requirements.

#¥ (February 19, 2010, Preliminary Human Health Assessment for the Registration
Review of Vegetable and Flower Qils, Sadaf Shaukat, Biologist).
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Acute Acute Acute Acute Acute Skin
. Oral Dermal Inhalation Eye Dermai o ee
Active . . . PR L o Sensitization
X . Toxicity | Toxieity Toxicity | [rritation | Irritation
Inpredient _ Category
(PCC) Category | Category Category Catcgon:y Ca tegnf'y OPPTS
OPPTS OPPTS OPPTS OPPTS 181 9 I 70,2600
870.1100 | 87{4.12060 §70.1300 870.2400 : 870.2500 )
Qil of Satisfied* | Satisfied® | Satisfied* | Satisfied* | Satisfied* Satisfied*
Orange -
(040517)
Jojoba Oil v Satisfied® | Satisfled* | Satisfied* | Satistied® Satisfied*
{067200) _
Fugenol It i i Satisfied* il **Not a
(162701) sensitizing
Agent
Balsam Fir | Satisfied* | Satisfied* | Satisfied* | Satisfied*® | Satisfied* Satisfied*
QOil (129635)
Bergamot | Satisfied* | Satisfied* | Satisfied* | Satisfied* | Satisficd* Satistied®
QOil
(129029}
Geraniol Satisfied* | Satisfied* | Satisfied* | Satisfied* | Satisfied* Satisfied*
(597501)
Gil of Satisfied* | Satisfied* | Satisfied* | Satisfied* | Satisfied* Satisficd*
Thyme
(597800}
Alpha- 111 11X Satisfied* | Satisfied* 111 Satistied*
longne
(129030)

*A valid scientific rationale regarding the low toxicity of these active ingredients was
submitted to the Agency in support of these data requirements.

** (February 19, 2010, Preliminary Human Health Assessment for the Registration
Review of Vegetable and Flower Oils, Sadaf Shaukat, Biclogist).

Tier I Biochemical Toxicology Data Requirements were satisfied for all of the
active ingredients. No new Tier I biochemical toxicity data are expected to be required
for this registration review.

Based on the information presented above, the Agency does not foresee the need
for new data or for a new human health risk assessiment for this regisiration review. The
Apgency believes it is unlikely that any adverse effects would result 1o the general
population from exposure in the use of products containing vegetable and {lower oils
when they are used according to fabel instructions.

10
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Environmental Fate and Ecological Risk Assessment Status

The environmental fate data for the vegetable and flower oils have been satisticd
due to the low concentration of the active ingredient in end use products, low use volume,
and rapid degradation in the environment by normal biological, physical, and /or
chemical processes that can be reasonably expected to exist where the pesticides are
applied. The Agency does not anticipate the need for additional environmental fate and
ecological risk assessments for vegetable and flower oils. (February 26, 2010, Non-
Target Organism Studies, Hazard Assessment, and Endangered Species Assessment for
the Vegetable and Flower Oils in Support of Registration Review, Jacob Moore,
Chemist).

Risk te Threatened and Endangered Species

Based on the lack of toxicity associated with these active ingredients, EPA
believes that they will have “No Effect” on any cumrently listed threatened or endangered
species or any designated critical habitat as listed by the {.5. Fish and Wildlife Service
(USFWS) and the National Oceanic and Atmospheric Administration’s (NOAA)
National Marine Fisheries Service (NMFS), EPA anticipates conducting no further
analysis of potential risks to endangered or threatened specics unless public comments
provide additional information that would alter the Agency’s current position that
Vegetable and Flower Oils will have “No Effect” on such species or their designated
habitat. Before making the final determination, the Agency will consider any data or
comments submitted during the public comment period.

Product Chemistry

The Agency has conducted a product chemistry assessment of all available data
and information associated with vegetable and flower oils as an animai repellent, feeding
suppressant, insecticide and miticide in support of this registration review. Based the
Agency assessment there is adequate data available on the vegetable and flower oils and
therefore the Agency does not foresee the need to require additional generic product
chemistry data for this registration review. The data related to the vegetable and flower
oils are summarized below:

0il of mustard (PCC 004901) is listed as an active ingredient in four current
registrations with a maximum concentration of 4.43%,

Canola oif (PCC 011332) is listed as an active ingredient in six current registrations with
a maxirnum concentration of 89.5%.

Oil of citromeila (PCC 021901) is listed as an active ingredient in thirteen current
registrations with a maximum concentration of 4.2%.

Indole (PCC 025000) is listed as an active ingredient in one current registration with a
maxtmum concentration of 0.2%.

L
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Soyhean oil (PCC 0631605) is listed as an active ingredient in thrce current registrations
with a maximum conceniration of 98%.

Castor pil (PCC 031608) is listed as an active ingredient in one current registration with
a maximurm concentration of 100%.

Lavandin oil (PCC 040500) is listed as an active ingredient in two current registrations
with a maximum concentration of 17.29%.

Oil of lemongrass (PCC 040502) is listed as an active ingredient in two current
registrations with a maximum concentration of 2%.

Oil of eucalyptus (PCC 040503) is listed as an active ingredient in six current
registrations with a maximum concentration of 100%,

Oil of orange (PCC 040517) is listed as an active ingredient in two curreqt registrations
with a maximum concentration of 0.02%.

Jojoba oil (PCC 067200) is listed as an active ingredient in two current registrations
with a maximum concentration of 97.5%.

Eugenol (PCC 102701) is listed as an active ingredient in thirteen current registrations
with a maximum concentration of 4.2%.

Balsam Fir Qil (PCC 129035) is listed as an active ingredient in two current
registrations with 2 maximum concentration of 10%.

Bergamot oil (PCC 129029) is listed as an active ingredient in two current registrations
with a maximum concentration of 0.11%.

Geraniol (PCC 597501) is listed as an active ingredient in eleven current registrations
with a maximum concentration of 17.28%.

Oil of thyme (PCC 597800) is listed as an active ingredient in one current registration
with a maximum concentration of 36%.

Alpha-Ionone (PCC 129030) is listed as an active ingredient in two cutrent registrations
with a maximum concentration of 0.01%.

Physical and Chemical Charaecteristics

‘T'he product chemistry database for Vegetable and Flower Oils is complete and
adequately fulfills the guideline data requirements. There are no reported-impurities of
toxicological concern, The data related to the vegetable and flower oils are summarized
beiow:

12
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Oil of Mustard , S
‘Common name Oil of Mustard
CAS Registry Number 57-06-7
End-use products/EP Outdoor Animal Repellent (0.216% AlI); nsect control Concentrate
(4.43% Af). Scent-OFF Aroma Pouches (0.2% Al); Scent-Off Peliets
(0.2% Al).
Physical and Chemical Properties for Oil of Mustard
Guideline Reference No. Property Description of Result

Product identity and
$30.1100 | composition CEI

Description of starting
materfals, production and

830,1200 | formulation process CBI
‘ Discussion of formation
830.1400 ] of impurities CBl
830,1700 | Preliminary Analysis 9321
£30.6302 | Color Colarless
830.6303 | Physical state Liquid at ambient temp
830.6304 : Qdor Pungent

Stability to normal and
elevated temperatures,
830.6313 | metals and metal ions Stable

830.7000pH N/A

: Boiling point/boiling '
830.7220 trange 152 °C.
830.7300| Density 1.02 gimt. at 15°C

Particle size, fiber length,
830.7520 | and diameter disiribution | NJ/A

830.7550 EP Testing
830.7560 EP Testing
Partition coefficient {n-
830.7570 | OctanoliWater) N/A
stightly soiubie, miscible whether, chloroform,
830.7840 | Water solubility and benzane
830,7950 | Vapor pressure 3.5 mmig
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Canola Oil -

Common name

Canola Oil

CAS Registry Number 120962-03-0

Fnd-use producis/EP

NEU 1160 Vegetable Oil Insecticide (96% Al); NEUI161 (89.5%
AD: NEUL161 RTU (1% Al NEU1161 Residual Pest Spray (1%
AD: Aerosol NEUL161 Residual Pest Spray (1% AlD); Aerosol
NEUi16! RTU (0.01% AD

Physical and Chemical Properties for Canola Oil

Guidetine . .
. : tion o 3
Reference No. Property Description of Result
Product identity and
830.1100 | composition  CBl
Description of starting
materials, production and
830,1200 | formulation progess CBl
Discussion of formation of
830.1400 | impurities Cal
830.1700 | Preliminary Analysis CBl
830.6302 | Color pale yellow
830.68303 j Physical state liguid
830.6304 | Odor odoriess
Stability to normal and
elevated temperatures, metals
830.6313|and metal ions Stable
830.7000 | pH 6.82
830.7220 | Boiling point/boiling range N/A
830.7300 | Density 0.92 g/ml. at 19.5°C
Particle size, fiber length, and
830.7520 | diameter distribution N/A
830.7550 EP Testing
830.75680 | Partition goefficient {n- EP Tesling
830, 7570 | OctanclWater) EP testing
830.7840 | Water solubility soluble
830.7950 { Vapor pressure EP testing

14
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Oil of Citronella .

Comimon name Oil of Citroneila

CAS Registry Number 2000-29-1

End-use products/EP Cutter Insect Repellent RDCO3 IRN (3% Al), Cutter fnsect Repellent

ICARUS (3% AD); Cutter Repellent PROMETHCUS (3% Al); TPC

EQUI SPRAY “N” WIPE (1% Al), Bug Block Sunscreen & Insect
Repellent (4.2% ALY, OFF! Citroneila Candle (3% Al); Fiebing’s Fly spray
44 (1% Al); Buzz away insect repellent (5% Al), Buzz Away insect '
tepetient towlettes (5% Al); Aloe herbal horse spray {0.75% Al); Aloe
Herbaj horse spray ready-to-use (0. 15%Al); Scent —Off aroma pouches
{1.2%A1); Scent-OfTf pellets (1.2%Al0).

Physical and Chemical Properties for Oil of Citronelia

Guideline
Reference No.

Property Description of Result

830.1100

Product identity and
composition CBI

Descripticn of starting
materiats, production and

830.1200 | formulation process CBi
Discussion of formation of

830.1400 | impurities CBl

830.1700; Preliminary Analysis CBi

830.6302 | Color i Not Required

830.6303 | Physical state Not Reqguired

830.6304 | Odor Not Required

Stability to normal and
clevated temperatures, metals

830.6313 ] and metal ions Not Required
830.7000 | pH _ Not Reqguired
830.7220 | Boiling point/beiling range Not Required
830.7300 | Density Not Required
Particle size, fiber length, and
£30,7520 | diameter disiribufion Not Required
830.7550 . Not Required
830.7560 | Partition coefficient {n- Not Required
830.7570 | OctanoliWater) Not Required
830.7840 | Water solubility Not Required
Not Required
830.7950 | Vapor pressure

15
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Common name Indole
CAS Registry Number 120-7-9
End-use products/EP Bull Run Fly Attractant (0.2% Al).
Physical and Chemical Properties for Indole
(tuideline

Reference No. Property | Description of Result

Product identity and
830.1100 | compuosition GBI

Description of starting
matarials, production and

830,1200 | formulation process OBl

: Discussian of formation of
830.1400 | impurities CBi
830.1700 | Prefiminary Analysis CBI
830.8302 | Coler White
830.6303 | Physical state Solid
830.6304 | Odor Fecal odor

Stability to normal and
elevated temperatures,

830.6313 | metals and metal ions Stable
830.7000 | pH 5.9 at 25°C
830.7220 | Boiling poirt/boiling range 52.5°C (melting range)
830.73C0 ; Density 1.22 g/mL
Particie size, fiber length, and

830.7520 | diamater distribution N/A

Not Required
830.7550
830.7560 | Partition coefficient {n- Not Required
830.7570 ; Octanol/MWater) log Kow =2.14
#30.7840 ; Water sclubility | 3.56 g/mL
830.7950 | Vapor pressure 0.0122 mmHg

16
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Common name Soybean Oit
CAS Registry Number 3001-22-7
End-use products/EP Citru-Soy (98% AT); Drexel Soydorm oil (98% Al); Golden
Pest Spray Oil (93% Al).
Physical and Chemical Properties for Soybean Oil
Guideline

Reference No. Property Description of Result

Product identity and
830.1100 | composition CBl

Description of starting
materials, production and

830.1200 | formulation process CBl

Discussion cf fermation of
830.1400 | impurities i CBI
830.1700 | Preliminary Analysis CBI
830.6302 | Color Amber
830.6303 | Physical state ‘ Liguid
830.6304 | Odor Slightly aromatic

Stability to nermal and
elevated temperatures,

830.6313 | metals and metat lons - Stable
830.7000: pH 7.5
830.7220 | Boiling peint/bolling range >2500C
§30.730¢C | Density 7.68 Ibs/gal @200C
Particle size, fiber length, and
830.7520 | diameter distribution N/A
Noi Required
8330.7550
830.7560 | Partition coefficient {n- Not Required
8307570 | Octancl/Water) N/A
830.7840 | Water solubility Emulsifies upon contact with water
830.7950 | Vapor pressure N/A
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Castor oil R R
Common name Castor Oil
CAS Registry Number 8001-79-4

End-use products/EP

Scoot Mole Evacuator (100% Al).

Physical and Chemical Properties for Castor Ol

Guideline
Reference No,

Property

Description of Result

Product identity and

830.1100 | composition CBI
Description of starting
materials, production and
830,1200 | formulation process CBl
Discussion of formation of
830,1400 | impurities CBi
830.1700 [ Preliminary Analysis CBl
8430.8362 Color Not Required
830.8303 | Physicat state Not Required
830.6304 | Odor Not Required
Stability to normal and Not Required
elavated temperatures, metals
830.6313|and metal ions
830.7000 | pH Not Required
Not Required
830.7220 | Bailing point/bailing range
830.7300 | Density Not Required
Particle size, fiber length, and | Not Required
830.7520 | diameter disfribution
Not Required
830.7550
830.7560 | Partition coefficient (n- Not Required
830,7570 | Octanol/\Water) Not Required
830.7840 ; Water sclubility Not Required
Not Required

830.7850

Vapor pressure
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Common name

Lavandin Qil

CAS Registry Number 8022-15-9

End-use products/EP

OFF! Moth Proofer 5 (11.49% Al); Recede (17.29% Al).

Physical and Chemical Properties for Oil of Mustard

Guideline
Reference No.

Property

Description of Result

Product identity and

830.1100 | compesition CBI
Cescription of starting
materials, production and
830.1200 | formuiation process CBI
Discussion of formation of
830,1400 | impurities CBl
830.1700 | Preliminary Analysis CBl
830.6302 1 Color White
830.6303 | Physical siate Liquid
830.6304 | Qdor Odorless
Stability to normai and
alevated temperaiures,
830.6313 | metals and metal ions N/A
830.7000 | pH 8.4 at 25°C
830.7220 1 Boiling point/boiting range N/A
430.7300 | Density _ Ni/A
Particle size, fiber length, and
830.7520 | ciameter distribution N/A
830.7550 N/A
830.7560 | Partition coefficient {n- N/A
830,7570 | Octanol/Water) N/A
830.7840 | Water solubility N/A
830.7950 | Vapor prassure NIA
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Common name

Oil of Lemoongrass

CAS Registry Number 8007-02-1

End-use products/EP

Seent-Off Aroma Pouches (2% AT); Scent-OFF Pellets (2% Al).

Physical and Chemical Properties for Oil of Lemongrass

Guideline

Reference No. Property Description of Result
Product identity and
830,1100 ; compasition CaI
Desctiption of starting
materials, production and
830,1200 | formulation process CBI
Discussion of formation of
830. 1400 impurities CBl
£30.17001 Preliminary Analysis Cal
830.6302 | Color pale yeliow
830.6303 | Physical state liguid
830.6304  Odor herbaceous odor

Stability to normal and
elevated temperatures,

830.6313| metals and metal ions Stgbie
B30.7000 | pH N/A
830.7220 | Boiling point/boiling range N/A
830.7300 | Density 0.855 g/mL
Particle size, fiber length, and
830.7520 | diameter distribution N/A
830.7550 Not Required
830.7560 | Partition coefficient (n- Not Required
830.7570 | CctanclMVater) N/A
830.7840 | Water solubiiity N/A
830.7950 | Vapor pressure N/A
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Qil of Eucalyptus .~ o

Contmon name Oil of Eucaiypl‘us

CAS Registry Nus;l.b.er 3000-48-4

End-use products/EP Repel essential insect repellent lotion (30% Al); Repel essential

jnsect repellent pump spray (40% Al); Citriodiol (100% AD);
Repellent insect repelient 30 LE (30% Al); API Life VAR (16% Al);
Mint-X trash bags (0.04% Al).

Physical and Chemical Properties for Oil of Eucalyptus

Guideling

Reference No. Property Description of Result

Praduct identity and
830.1100 | composition CBI

Description of starting
materials, production and

8301200 ; formulation process Bl
Discussion of formation of

830.1400 | impurities GBI

830.1700 | Preliminary Analysis CBI

830.6302 | Color EP Testing

830.6303 | Physical state EP Testing

$30.6304 | Odor EP Testing
EP Testing

Stabifity to normal and
elevated temperatures, metals
830.6313 | and metal ions

830.7000 | pH EP Testing

EP Testing
830.7220 | Boiling point/boiling range

830.7300 | Density EP Testing

Particle size, fiber length, and | EP Testing
830,7520 | diametar disiribution

EP Testing
830.7550
830.7560 | Partition coefficient (n- EP Testing
830.7570 | Octanol/Water) EP Testing
830.7840 | Water soiubility EP Testing
EP Testing

830.7950 | Vapor pressure
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Oil of Orange T

Common name

Ot of Orange

CAS Registry Number 8008-57-9

End-use products/LP

AD.

Scent-Off Aroma Pouches (0.02% Al), Scent-OFF Pellets (0.02%

Physical and Chemical Properties for Oil ot Orange

Guideline
Reference No.

Propetty

Description of Result

Praduct identity and

830.1100 | composition cBl
Description of starting
materiais, production and
B30,4200 | formulation process CBl
Discussion of formation of
§30.1400 : impurities cBl
830.1700 | Preliminary Analysis CBI
830.6302 | Color P Testing
830.6303 | Physical state EP Testing
830.6304 | Odor EfR Testing
Stability to normal and EP Testing
elevated temperatures, metals
$30.6313 | and metal ions -
830.7000 | pH EP Testing
EP Testing
830.7220 | Boiling poin¥boiling range '
830.7300 | Density EP Testing
Particle size, fiber length, and | EP Testing
830.7520 | diameter distribution
EP Testing
830.7550
§30.7560 | Partition coefficient {n- EP Testing
§30,7570 | Octanol/Water) EP Testing
830.7840 { Water solubility EP Testing
EP Testing

830.7950

Vapor pressure
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]ﬂjoba‘o" E A LR
Common name Jajoba Oil
CAS Registry Number 61789-91-1

End-use products/EP

Detur (97.5% Al); E-Rase ready to —use (0.5% Al).

Physical and Chemical Properties for Jojoba Qil

Rc(_freiledr‘xﬂ?;o. Property Description of Result
Product identity and EP Testing
830.1100 i composition
Description of starting EP Testing
materials, preduction and -
830.1200 | formulation process
Discussion of formation of EP Testing
830, 1400 ! impurities
830.1700 | Preliminary Analysis EP Testing
830.6302 | Color EP Testing
830.6303 | Physical state EP Testing
830.6304 | Odor EP Testing
Stability to normal and EP Testing
elevated temperatures, metals '
230.6313 | and metal ions
830.7000 | pH  EP Testing
EP Testing
830.7220 | Boiling point/boiling range
830.7300 | Density EP Testing
Particle size, fiber length, and | EP Testing
830.7520 | diameter distribution
EP Testing
830.7550
830.7560 | Partition coefficient (n- EP Testing
830, 7570 | OctanoiWater) EP Testing
830.7840 | Water solubility £P Testing
EFP Testing
830.7950 | Vapor pressure
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Eugennl T S
Common name Eugenol
CAS Number 97-53-0

End-use products/EP

Raid BO ARK (0.5% Al); Lure N Kill Japanese Beetle (23% Al); Bag-
A-Bug Japanese Becetle Trap (23% Al); Japanese Beetle (21.98% Al);
Japanese Beetle Bait Il (22.25% AI); Trece Japanese Beetle Trap
(22.25% Al); Surefire Japanese beetle trap (25.233% Al); Ecopco Jet
Contact Insecticide (2.5% Al); Ecozap Wasp & Hornet Insecticide
(0.05% Al); Ecozap Crawling and flying insecticide (0.05% Al); Bull
Run Japanese & Oriental Beetle Trap (15.48% Al).

Physical and Chemical Properties for Eugenol

Guideline
Reference No.

Property

Description of Resuit

Product identity and

830.1100 | composition CBI
Description of starting :
materials, production and
830. 1200 | formulation process CBi
Discussion of formation of
830.1400| impurities CBi
830,.1700 | Preliminary Analysis CBi
830.6302 | Color Pale to dark yellow
830.6303 | Physical state Liguid
830.6304 | Odor Sweet spicy clove woody

Stability 2o normal and
elevated temperatures,

830.6313 | metals and metal ions Stable
830.7000| pH 8.8 at 21°C
830.72201 Boiling pointboiling range 264.2°C
830.7300 | Density 1,050 g/mL
Particle size, fiber length, and
830.7520 | diarmeter distribution Not found?
B30.75580 Not Required
830.7560 | Partition coefficiant {n- Not Required
830.75701 OctanolWater) 273
§30.7840 | Water sclubility insoluble

830.7950

Vapor pressure

0.00948 mmHg
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Balsam Fir Ofl- .~ . |
Common name Balsam Fir Oil
CAS Registry Number 8021-28-1
End-use products/EP Fresh Cab (2% Al); Canadian Wilderness Oil (10% AT},
Physical and Chemical Properties for Balsam Fir Oil
Guideline

Reference No. Property Description of Result

Product identity and
830.1100 | composition EP Testing

Description of starting EP Testing
materials, production and
83012001 formulation process

Discussion of formation of EP Testing
830.1400 | impurities
830.1700 | Preliminary Analysis. EF Testing
830.6302 | Color EP Testing
830.6303 | Physical state EP Tesfing
830.6304 | Gdar EP Testing
Stability to normal and EP Testing
elevated temperatures,
830.6313 i metals and metal jons
830.7000 i pH | EP Testing
E# Testing

830.7220| Beiling point/boiling range

830.7300 | Density EP Testing

Particle size, fiber length, and | EP Testing
830.7520 | diameter distribution

830.7560 | Partition coefficient (n- EP Tasting
830.7570 | Octanol/\Water) EP Testing
830.7840 1 Water solubility EP Testing

EP Testing

830,7950 | Vapor pressure
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Bergamot Oil -~ R
Common name Bergamot Qil
CAS Registry Number 8007-75-8

End-use products/EP

(0.11% AL,

Scent-Off Aroma Pouches (0.11% AI); Scent-OFF Pellets

Physical and Chemical Properties for Bergamot Oil

Guideline
Reference No.

Property

Description of Result

Product identity and

830.1100 | compasition CBl
Description of starting
materials, production and
830.1200 | formulation process CBI
Discussion of formation of
830.1400 | impurities CBI
830.1700 | Prefiminary Analysis CBI
830.6302 | Color EP Testing
830.6303 | Physical state EP Testing
830.6304 | Qdor EP Testing
Stabiity to normal and EP Testing
elevated temperatures, metals
830.6313 and metal ions _
830.7000 | pH EP Testing
EP Testing
830.7220 | Boiling point/boiling range
830.7300 | Density EP Testing
Particle size, fiber length, and | EP Testing
830.7520  diameter distribution
EP Testing
830.7550
830.7560 | Partition coefficient (- EP Testing
830.7570 | OctanoliWater) EP Testing
830.7840C | Water solubility P Testing
EP Testing
830,7950 | Vaper pressure
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Geraniol : i s Frt e R R

Common name Ceraniol

CAS Registry Number 106-24-1

End-use products/EP Lure N Kill Japanese beetle (9.84% Al); Bag-A-Bug Japanese Beetle
Trap (2.84% Al); Japanese Beetle combo bait {9.43% Al); Japanese
Beetle Bait I1(9.5% AD); Trece Japanese beetle trap (9.5% AlL);
Surefire Japanese beetle trap (10.698% Al); Shooter insecticide
(17.28% Al);, Biomite (0.417% Al); Scent-OFF Aroma pouches
(0.04% AI), Scent-OFF Peilets (0.04% AT); Bull Run Japanese &
oriental beetle trap (6.622% Al).

Physical and Chemical Properties for Geraniol
Guideline

Reference No. Property Description of Result.

Product identity and
830.1100 | composition GBI

Description of starting
materials, production and

830.1200 | formulation process cBl
Discussion of formation of
§30.1400 | impurities CBi
830.1700 | Preliminary Anaiysis : CBl
830,6302 | Color Colorless
830.6303 | Physical state Liguid :
830.6304 | Odor sweat floral fruity rose waxy

Stability to normal and
elevated temperatures,
830.6313 | metals and metal ions Stable

830.7000 | pH 6.3at20°C

830.7220 | Boiling point/bolling range 239.88900C

830.7300 | Density 7.231 Ibs/gai
Particle size, fiber length, and
830.7520 | diameter distribution Naot found?
830.7550 Not Required
830.7560 | Partifion coefficient (n- Not Required
§30.7570 | Octanol/Water) 3.47
830.7840 | Water solubility insoluble
830.7950 | Vapor pressure 0.0159 mmig
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Oilof Thyme .

Common name

Oil of Thyme

CAS Registry Number

R(07-46-3

End-use products/EP

Shooter Insecticide (36% Al).

Physical and Chemical Properties for Oil of Thyme

Guideline
Reference No.

Property

Description of Result

Product identity and

830.1100 | compositon CBI
Description of starting
materials, production and
830.1200 | formuiation process GBI
Discussion of formation of
830.1400 | impurities. Bl
830,1700 | Preiminary Analysis CBi
§30.6302 | Color Not Required
830.6303 | Physical state Not Required
830.6304 { Odor Not Required
Stability to normal and Not Required
elevated temperatures,
830.6313 | metals and melal ions
830.7000 | pH Not Required
Not Required -
830.72201 Boiling point/boiling range
830.7300 | Density Nol Required
Particle size, fiber length, and | Not Required
§30,7520 | diameter distribution
Not Reqguired
830.7550
830.7560 | Partition coefficient (n- Not Required
830.7570 | OctanolWater) Not Required
830.7840 | Water solubility Not Required
- Not Required

830.7950

Vapor pressure
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Alpha-Ionone - -

Common naihe

Alpha-lonone

CAS Registry Number

127-41-3

End-use products/EP

Scent-Off Aroma Pouches (0.01% Al).

Physical and Chemical Properties for Alpha-Ionone

Guideline
Reference No.

Property

Description of Result

Product identity and

830.1100 | composition CBi
Description of starting
materials, production and
830.12001 formulation process CBl
Discussion of formation of
830.1400 | impurties CBi
B30.1700 Preliminary Analysis CBl
830.6302 1 Color Pale yellow
830.6303 | Physical state Liguid
8330.6304 | Odor Cedar wood
Stability to normal and
glevated ternperatures, metais '
830.6313 | and metal ions Stable
830.7000 | pH N/A
830.7220 | Boiling point/boiling range 238°C
830.7300 ] Dansity 0.831 g/mb
Particie size, fiber length, and
830.7520 | diameter distribution NiA
830.7550 EP Testing
830.7560 | Partition coefficient {n- EP Testing
830.7570 | Octanol/Water) N/A
830.7840 | Water solubility NIA

830.7850

Vapor pressure

<1 mmHg at 68°C
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Incidents

Products containing seven of the active ingredients had reported incidents. They
are: Oil of Mustard, Canola Oil, Oil of Citronella, Eugenol, Geraniol, Lavandin Qil, and
Oil of Eucalyptus. The incidents repotted for four of the seven active ingredients (Oil of
Mustard, Canola Gil, Eugenol, and Geraniol) contained additional active ingredients. The
Agency believes that the presence of these other active ingredients is likely to increase
the overall toxicity of the product. A review of the details from each incident report
prompted the Agency to look for trends that may indicate any threat to human health.
Several incidents that were reported point to product misuse and the symptoms reported
were attributable to the presence of the other active ingredient(s) in the product. These
reports did notindicate any risk from the use of products that specifically related to the
active ingredients. The Agency does not expect any risks associated with these active
ingredients when they are used according to the label instructions. Further, these active
ingredients are commonly found in foods, and are considered as GRAS substances
(Generally Recognized as Safe) by the U.S, FDA. However, should the Agency find that
there may be risks associated with any of these active ingredients, they will be further
addressed in the Final Work Plan. (February 19, 2010, Preliminary Human Health
Assessment for the Registration Review of V’egctabie and Flower Qils, Sadaf Shaukat,
Biologist).

Endacrine Disraptor Screening Program

As required under FFDCA section 408(p), EPA has developed the Endocrine
Disruptor Sereening Program (EDSP) to determine whether certain substances (including
pesticide active and other ingredients) may have an effect in humans or wiidlife similar to
an effect produced by a “naturally occurring estrogen, or other such endocrine effects as
the Administrator may designate,” The EDSP employs a two-tiered approach to making
the statutorily required determinations. Tier | testing consists of a battery of i1 screening
assays to identify (he potential of a chemical substance to interact with the estrogen,
androgen, or thyroid (B, A, or T) hormonal systems. Chernicals that go through Tier I
screening and are found to have the potential to interact with E, A, or T hormonal
systems wil] proceed to the next stage of the EDSP where EPA will determine which, if
any, of the Tier I tests are necessary based on the available data. Tier II testing is
designed to identify any adverse endocrine related effects caused by the substance, and
establish a dose-response relationship between the dose and the E, A, or T effect.

Between October 2009 and February 2010, EPA issued test orders/data call-ins
for the {irst group of 67 chemicals, which contains 58 pesticide active ingredients and 9
inert ingredients. This list of chemicals was selected based on the potential for human
exposure through pathways such as food and water, residential activity, and certain post-
application agricultural scenarios. This list should not be construed as a list of known or
likely endocrine disruptors.

30



Docket iD): EPA-HQ-OPP-2009-0904 www.regulations.gov

Vegetable and Flower Oils are not among the group of 58 pesticide active
ingredients on the initial ifst to be screened under the EDSP. Under FFDCA sec. 408(p)
the Agency must screen all pesticide chemicals. Accordingly, EPA anticipates issuing
future EDSP test orders/data call-ins for all pesticide active ingredients.

For further information on the status of the EDSP, the polictes and procedures, the
list of 67 chemicals, the test guidelines and the Tier I screening battery, please visit our
website: http//www,cpa.gov/endo/.

Timeline

EPA has created the following estimated timeline for the completion of the
Vegetable and Flower Oils regisiration review:

Table 4 Estimated Timcline

Activilies Estimated Month/Year

March 2010
May 2010

Develop Final Work Plan (FWP) September 2010

Open Public Comment Period for Proposed Reg. Review Decision March 2011
Close Public Comment Period May 2011
Final Decision and Begin Post-Decision Follow-u fune 2011

Cuidance for Commenters

The public is invited (0 comment on EPA’s preliminary registration review work
plan and rationale. The Agency will consider ajl comments as well as any additional
information or data provided in a timely manner prior to issuing a final work plan for the
Vegetable and Flower Qils case.

Environmental Justice

EPA seeks o achieve environmental justice, the fair (reatment and meaningtul
involvement of all people, regardless of race, color, national origin, or income, in the
development, implementation, and enforcement of environmentai laws, regulations, and
policies. To help address potential environmental justice issues, the Agency seeks
information on any groups or segments of the population who, as a result of their
location, cultural practices, or other factors, may have atypieal, unusually high exposure
to Vegetable and Flower Qils, compared to the general population. Please comment if
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you are aware of any sub-populations that may have atypical, unusually high exposure
compared to the general population,

Water (Quality

Vegetable and Flower Oils are not identified as a cause of impairment for any
water bodies listed as impaired under section 303(d) of the Clean Water Act, based on
information provided at
hitp:/fiaspub.epa gov/tmdl waters|0/attains_nation_cy.cause_detail 303d?p cause grou
p_id=883. In addition, no Total Maximum Daily Loads (TMDL) have been developed
for [insert pesticide], based on information provided at :
hitp://iaspub.epa.gov/imdl_waters]0/attains_nation tmdl_pollutant_detail?p pollutant gr
oup id=885&p pollutant group name=PESTICIDES. More information on impaired
water bodies and TMDLs can be found at http://www.epa.goviowow/tmdl/. The Agency
invites submission of water quality data for this pesticide. To the extent possible, data
should conform to the quality standards in Appendix A of the OPP Standard Operating
Procedure: Inclusion of Impaired Water Body and Other Water Quality Data in OPP’s
Registration Review Risk Assessment and Management Process (see:
http://www.epa.covioppsrrd /registration_review/water_quality_sop.htm) in order to
ensure they can be used quantitatively or qualitatively in pesticide risk assessments.

Trade [rritants

Through the registration review process, the Agency intends to solicit information
on trade irritants and, to the extent feasible, take steps toward facilitating irritant
resolution. Growers and other stakeholders are asked to comment on any trade irritant
issues resulting from lack of Maximum Residue Limits (MRLs) or disparities between
U.S. tolerances and MRLs in key export markets, providing as much specificity as
possible regarding the nature of the concern. Given the fact that active ingredients in this
case are supported by tolcrance exemptions, no MRL’s would be expected to be
established. Therefore, the Agency does not anticipate current uses of Vegetable and
Flower Qils posing concerns as a trade irritant.

Additional Information

Stakeholders are also specifically asked to provide available information and data
in the following areas:

1. Confirmation on the following tabel information:

Siles of application

Formulations

Application methods and equipment.

Maximum application rates

Frequency of application, application intervals and maximum number of
applications

Geographic limitations on use

o a0 TE
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Use or potential use distribution

Use history

Usagefuse information for non-agricultural uses (e.g., materials preservation)
Typical application interval

State or {ocal use restrictions

Monitoring data

N e N

Next Steps

After the 60-day comment period closes, the Agency will review and respond to
any comments received in a timely manner and then issue a Final Work Plan for the
Vegetable and Flower Oils Case.

1. FACT SHEET
A. Canola Oil

Background Information
Vegetable and Flower Oils registration review case number: 8201

Vegetable and Flower Oils registration review case number: 8201

e Cancla Oil PC Code: 011332

e Canola Oil:

o CAS#: 120962-03-0

Other Chemical Names: N/A

e Technical registrants: N/A (Registrant for EP with highest Al concentration: W.
NEUDORFF GMBH KG)

s First approved for use in a registered product as a biochemical classified
insecticide/miticide in 1998,

e Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon@epa.gov

Description of Active Ingredient

Canola Qil is an edible refined vegetable oil obtained from the seeds of four
species of rape plants; Brassica napus, Brassica juncea, Brassica Rapa and B. campestris
of the family Cruciferee (mustard family). Canola oil is considercd safe for human
consumption, Canola Oil repels insects by altering the outer layer of the leaf surface or by
acting as an insect irritant.

Use Information
e Use Sites: Canola Oil is registered for use on a wide range of plants, including:
citrus, corn, fruit trees, nut trees, sugar beets, soybeans, tomatoes, vegctable figs,

melon, olives, small fruits, alfalfa, bedding plants, ornamentals and hotseplants.
» Target pest: mites, whitellies, flies, spider, gnats, insects (eggs)
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»  Application Methods: The products are applied either with spray or irrigation
systems.
o There are currently six biochemical pesticide registrations.

Recent Actions

There have been no recent significant regulatory activities regarding Canola Oil
products (i.e., tolerance refated actions, changes of use patterns, submission of
toxicological studies).

Human Heakth Risk Assessment

Canola 0l was first registered in 1998 as 2 biochemical insecticide. The Agency
does not foresee the nced for new data or for a new human health risk assessment for
Canola Oil for this registration review. It is a naturally-occurring substance that has a
non-toxic mode of action. There have been reported incidents for Canola Qil. See
Tncident section on page 30 of this document. (February 19, 2010, Preliminary Human
Health Assessment-for the Registration Review of Vegetable and Flower Oils, Sadaf
Shaukat, Biologist)

Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Canola Oil have been
satisfied.due to the low concentration of the active ingredient in the end use products,
fow use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected 1o exist where the pesticides
are applied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible fo non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Canola Oil is naturaily-
occurring and regarded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero. No contact toxicity has been reported.
No ecological incidents were reported. Therefore; the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientific rationales duc to the low
toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)
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1.abels and Products

Registration Company# .  Company Name

Registration # Name

‘ T T —
. 67702-4 | VEGETABLE OIL. | 67702 \IQVGNEUDORFF GMBH |
| (INSECTICIDE | | |
s E o ,.j;._,,,.k.;... ‘.._;&,,,,,.,_.,...._;. S s
67702-5 . NEU1161 67702 | v NEUDORFF GMBH
67702-6 NEUT61RTU 67702 W NEUDORFF GMBR
: e i
6770214  RESIDUAL PEST 67702  W. NEUDORFF.GMBH |
\ 'SPRAY | f |
| AEROSOL
.  NEU1161 : ' W. NEUDORFF GMBH
8770218  RESIDUAL PEST 87702 kG
SPRAY
| TAEROSOL gy W. NEUDORFF GMBH
- 67702-20 LT KG

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: hitp://oaspub.epa.gov/pestlabl/ppls home

B. il of Mustard

Background Information
Vegetable and Flower Oils registration review case number: 8201

s Vegetable and Flower Oils registration review case number: 8201

e Qil of Mustard PC Code: 004901

o (il of Mustard:

o CAS# 57-06-7
Other Chemical Names: 1-Propene, 3-isothiocyanato-

2-Propenyl isothiocyanate
3-Isothiocyanato-1-propene
Allyl isosulfocyanate
Allyl isothiccyanate
Allyl mustard oil

e Technical registranis: N/A (Registrant for EP with highest Al concentration:
CHAMPON MILLENNiUM CHEMICALS, INC.)

» First approved for use in a registered product as a biochemical classified
insecticide in 1962.

o Biopcsticide and Pollution Prevention Registration Review Lead:
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Menyon Adams, adams. menyon{@epa.goy

Description of Active Ingredient

0Oil of Mustard is an active ingredient in four pesticide products that are registered
for use as an insect and animal repellent and feeding suppressant. Oil of Mustard is
isolated from the black mustard seed, Brassica Ingra L. (Family: Cruciferae), It may also
be prepared from aliyl iodide and potassium thiocyanate. It is colorless to pale yellow
liquid. Oil of Mustard is slightly soluble in water and miscibie with alcohol and most
organic solvents. The Allyl moiety, which is a component of numerous odoriferous
compounds, probably contributes to the odor of the compound which forms the basis of
its repellent action toward insects and animals.

TUse Information

o Use Sites: Houschold/domestic dwellings contents, household domestic dwellings
indoor premises, ornamental and/or shade trees, ornamental lawns and turf,
ornamental woody shrubs and vines, farm or agricultural structures/premises, bird
feeding areas and refuse and solid waste containers. ‘

s Target pest: centipedes, millipedes, spiders, carwigs, silverfish, ants, cockroaches,
water bugs, crickets, squirrels, dog, raccoon, cats, and deer.

s Application Methods: aerosol can, sprayer, by hand, and trigger spray bottle.
There are four biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED)) was issued in December 1993 for
Flower and Vegetable Oils which included Oil of Mustard.

Human Health Risk Assessment

0il of Mustard was first registered in 1962 as a biochemical pesticide. The
Agency does not foresee the need for new data or fot a new human health risk assessment
for Oil of Mustard for this registration review. Oil of Mustard is included in the
Vegetable and Flower Qils case. It is a naturally-oceurring substance that has a non-toxic
mode of action. There have been reported incidents for Oil of Mustard. See Incident
section on page 30 of this document. (February 19, 2010, Preliminary Human Health
Assessment for the Registration Review of Vegetable and Flower Qils, Sadaf Shaukat,
Biologist)

Environmental Fate and Ecological Risk Assessment Status
‘The Ageney does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Oil of Mustard have been

satisfied due to the low concentration of the active ingredient in the end use products,
low use volume and rapid degradation in the environment by normal biological, physical,
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and/or chemical processes that can be reasonably expected to exist where the pesticides
are applied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Ol of Mustard is naturally-
occurring and regarded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
the use of this product, a Risk Quotient (RQ) is not typically calculated since the point
estimates of either toxicity or exposure will be at or near zero. No contact toxicity has
been reported. No ecologieal incidents were reported. Therefore, the Agency docs not
foresee the need for additional ecotoxicity data for a new risk assessment for this
registration review. Ecological cffects data requircments were fulfilled by scientilic
rationales due to the low toxicity and low exposure-[rom the use patterns. (February 26,
2010, Non-Target Organism Studies, Hazard Assessment, and Endangered Species
Assessment for the Vegetable and Flower Oils in Support of Registration Review, Jacob
Moore, Chemist)

Labels and Products

E

Reqistra;ién# Registration Name Comganx#- Company Name
saea  MSECICONIOL e CHAFONMLEWOM
ona SCENTOFF e | BAKER'S & 18

| PELLETS { CORPORATION

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: hitp://oaspub.epa.gov/pestiabl/ppls.home.

C. il of Citronella

Background Ionformation
Vegetable and Flower Qils registration review case number: 8201

s Vegetable and Flower Oils registration review case number: 8201
s (il of Citronella PC Code: 021901
e Qil of Citronella:
o CAS#: 8000-29-1
Other Chemical Names: N/A
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e Technical registrants: N/A (Registrant for EP with highest Al concentration:
QUANTUM INC)

s First approved for use in a registered product as a biochemical classified
insecticide/repellent in 1934,

¢ DBiopesticide and Pollution Prevention Registration Revicw Lead:
Menyon Adams, adams. menyon{@epa.gov

Deseripiion of Active Ingredient

0Ol of Citronella is an active ingredient in products registered for use as an insect
and animal repellent. Oil of Citronella is volatile, liquid oil derived from dried cultivated
grasses. It has a distinctive odor which may make it difficult for some pests to locate a
tost. The length of repellency time varies with the inert ingredient and amount of oif of
citronella in product.

Use Information

e Use Sites: Oil of Citronella is registered for use on humans to repel insects. It is
registered for use in recreational areas, outdoor household areas, and around trees
and shrubs.

» Target pest: Various specific insects including mosquitos, black flies, fleas and
ticks.

e  Application Methods: The products are applied in various ways. Liquid products
are sprayed or applied by hand (cloth wipe-on) on skin or clothing. As a solid, it is
used as candles, cariridges, and rub-on products.

s There arc currently thirteen biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED), Case 3105 was issued for Oil of
Citronelia.

Human Health Risk Assessment

0il of Citronella was first registered in 1948 as a biochemical pesticide. Oil of
Citronella is a naturally-occurring substance that has a non-toxic modc of action which
has a significant history of cxposure to humans and the environment. There have been
reported incidents for Oil of Citronella. Sce Incident section on page 30 of this document.
(February 19, 2010, Preliminary Human Health Assessment for the Registration Review
of Vegetable and Flower Oils, Sadaf Shaukat, Biologist)

Fnvironmental fate and Ecological Risk Assessment Status
The Agency does not anticipate the need for additional environmental fate data

for this registration review. The environmental fate data for Oil of Citronella have been
satisfied due to the low concentration of the active ingredient in the end use produets, low
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use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist where the pesticides
are applied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Oif of Citronella is naturally-
occurring and regarded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxic mode of action and lack ol exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero, No contact toxicity has been reported.
No ecological incidents werce reported. Therefore, the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientific rationales due to the low
toxicity and low exposure from the use patterns, (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review; Jacob Moore, Chemist)

L:abeis and Producis

66551-6

‘Registration # Registration Name company # Company Name
42179 | CUTTER INSECT 121 | SPECTRUM, A DIV OF
' REPELLENT RDCO31RN | UNITED INDUSTRIES CORP
12180 | CUTTER INSECT | 4o | SPECTRUM, A DIV OF
(REPELLENTICARUS ' UNITED INDUSTRIES CORP
12185 CUTTER INSECT 127 SPECTRUM ADIV OF
; | REPELLENT PROMETHCUS | UNITED INDUSTRIES CORP
270274 TPC EQUI-SPRAY "N" WIPE 270 | FARNAM COMPANIES, INC.
' BUG BLOCK SUNSCREEN & | i o
154314 INSECT REPELLENT 1643 WF. YOUNG, INC.
4822-422 OFF| GITRONELLA CANDLE a822 15.C. JOHNSON & SON INC.
98162 FIEBING'S JFLYSPRAY 44 9816 FIEBING COMPANY, INC.
| R
66551-4 REPELLENT 66551 QUANTUMINC
BUZZ AWAY INSECT 66551 ' QUANTUM INC |

; | REPELLENT TOWELETTES
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- ALOE HERBAL HORSE 669563 { ESPREE ANIMAL

5663-8  SPRAY ' PRODUCTS, INC
| ALOE HERBAL HORSE  ESPREE ANIMAL
669639 'SPRAY READY-TO.USE 1 2%%%%  pRODUCTS, INC
" SCENT-OFFAROMA  4sgs | BAKERS &18
746931 'POUCHES (74893 CORPORATION
' 74693-2 | SCENT-OFF PELLETS 74693 DAKERS &18

| CORPORATION

[abels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: hitp://oaspub.epa.gov/pestlabl/ppls.home.

D, Indole

Background Information
Vegetable and Flower Oils registration review case number: 3201

e Vegetable and Flower Qils registration review case number; 8201
Indole PC Code: 025000 '
Indole:
o CAS#: 120-72-9
Other Chemical Names: 1- Azaindene
1- Benzazole
1-  Benzo(b)pyrrole
2.3- Benzopyrole
2.3- Benzopyrrole
Indole
Ketone
o Technical registrants: N/A (Registrant for EP with highest Al concentration: QU
BULL RUN SCIENTIFIC, VBT)
o First approved for use in a registered product as a biochemical classified
insecticide/ attractant in 1994.
o Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyoni@epa.gov

Deseription of Active Ingredient

Indole is a naturally-occurring, aromatic substance that is responsible for the fecal
adors associated with human waste. As all animal waste contains indole, as do some
plants and other naturally-occurring substances, it is ubiquitous in the environment. At
high concentrations, it gives off the odor of feces but at lower concentrations, it smells
flowery. For this reason, it is a common ingredient in perfumes and synthetically-
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produced essential otls, such as jasming oil. Indole is also a major constituent of coal tar,
the main industrial source, but was first isolated from indigo for use as a dyestuff.

Use Information

e Use Sites: Indole is an active ingredient in products registered for use to attract
and trap filth flies. It is registered for use outdoors.

e Target pest: Filth flies

e Application Methods: The product is an aliractant pouch that is placed in a {ly
trap.

e There is currently one biochemical pesticide registration.

Recent Actions

A Biopesticides Registration Action Document (BRAD) was issued in May 2009
for Indole.

Human Health Risk Assessment

Indole was first registered in 1994 as a biochemical pesticide. Indole is a
naturally-occurring substance that has a non-toxic mode of action and has-a significant
history of exposure to humans and the environment. There are no incident reports on file
with the Agency for Indole.(February 19, 2010, Preliminary Human Health Assessment
for the Registration Review of Vegetable and Flower Qils, Sadaf Shaukat, Biologist)

Envirenmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review, The environmenta] fate data for Indole have been satisfied
due to the low concentration of the active ingredient in the end use products, low use
volume and rapid degradation in the environment by normal biological, physical, and/or
chemical processes that can be reasonably expected to exist where the pesticides are
applied. In each case, non-target data and/or various non-target scientific rationales were
sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Indole is naturally-occurring
and regarded as practically non-toxic to non-target mammals, birds, and plants. Due to
the non-toxic mode of action and lack of exposure to non-target organisms from this
product, a Risk Quotient (RQ) is not typieaily calculated since the point estimates of
cither toxicity or exposure will be at or near zero. No contact toxicity has been reported.
No ecological incidents were reported. Thercfore, the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Fcological effects data requirements were fulfilled by scientific rationales due to the low
toxicity and low exposure from the use patterns. (February 26, 2019, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)
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Lahels and Products

| Registration # Registration Name . Company # . Company Name

~  BULL RUN SCIENTIFIC,

84565 VBT

845652 ATTRACTANT

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: hitp:/foaspub.gpa.gov/pestiabl/ppls.home.

E. Soybean Oil

Background Information
Vegetable and Flower Oils registration review case number: 3201

e Vegetable and Flower Qils registration review case number: 8201
Soybean Qil PC Code: 031605

o Soybean Oil:

o CAS#: B001-22-7

Other Chemical Names: N/A _

o Technical registrants: N/A (Registrant for EP with highest Al concentration:
DREXEL CHEMICAL COMPANY)

¢ First approved for use in a registered product as a biochemical classilied
insecticide in 1959, '

e Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon{@epa.gov

Description of Active Ingredient

Soybean Qil is a complex mixture of substances that come from various parts of
the plants such as flowers, fruits, and wood. Soybean Qil is obtained from soybeans,
glycine max., by solvent extraction using petroleum hydrocarbons or, to a lesser extent,
by expression using continuous screw press operations. The oil is usually refined with
alkali. Soybean Oil is a pale yellow to brownish yellow oil. It is miscible with organic
solvents. Soyhean is also considered to be GRAS by FDA (21 CFR:173.340 and 182.70)
and is commonly used as a human food additive.

Use Information
e Use Sites: Soybean Oil is an active ingredient in products registered [or use on
food and feed crops, ornamental plants. It is registered for use indoor and

outdoors,
o Target pest: Mites, beetles and other insects.
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e Application Methods: The product is applied by sprayer, ground or aerial
applications.
e There are currently three biochemical pesticide registrations.

Recent Actions

There have been no recent significant regulatory activities regarding Soybean Oil
(i.e., tolerance related actions, changes of use patterns, submission of toxicological
studics or incident reports.}

Human Health Risk Assessment

Soybean Qil was first registered in 1959 as a biochemical pesticide. Soybean Oil
is a naturally-occurring substance that has a non-toxic mode of action and has a
significant history of exposure to humans and the environment. There are no incident
reports on file with the Agency for Soybean Oil. (February 19, 2010, Preliminary Human
Hecalth Assessment for the Registration Review of Vegetable and Flower Oils, Sadaf
Shaukat, Biclogist)

Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review, The covironmental fate data for Soybean Oil have been
satisfied due to the low concentration of the active ingredient in the cnd use products, low
use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processcs that can be reasonably cxpected to exist wherc the pesticides
are applicd. In each case, non-target data and/or various non-targct scientific rationalcs
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Soybean Oil is naturally-
occurring and regarded as practically non-toxic to non-target mampmals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero. No contact toxicity has been reported,
No ecological incidents were reported. Therefore, the Agency does not foresce the need
for additional ecotoxicity data for a new risk assessment for this registration review,
Ecological effects data requirements were fulfilled by scientific rationales due to the low
toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, J acab Moore, Chemist)
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Y.abels and Products

Registration # Registration Name I Company # Company Name
: 19713663 : CITRU-SOY | - | ” 19713 " .g.SEAT?E\LNf,HEM'CAL. .’ o
| 179713-605 DRE*ELVSOYD.QRM oIL 19713 %zﬁ?ﬂ?swcm

57538-11 GOLDEN PEST SPRAY 57538 % STOLLER ENTERPRISES, ING

(OIL

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: http://oaspub.epa.gov/pestlabl/ppls home.

E, Castor Oil

Background [nformation
Vegetable and Flower Oils registration review case number: 8201

s Vegetable and Flower Qils registration review case number: 8201

e Castor Qil PC Code: 031608

e Castor Oil:

o CASH: 8001-79-4

Other Chemical Names: Ricinus Oi}.

e Technical registrants: BALK FAMILY TRUST 7

e First approved for use in a registered product as a biochemical classified.
insecticide/miticide in 1994.

o Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon@epa.gov

Description of Active Ingredient

Castor Oil is a vegetable oil obtained from the castor bean (technically castor seed
as the castor plant, Ricinus commaunis, is not a member of the bean family). Castor Oil is
colorless to very pale yellow liquid with mild or no odor or taste, It is a triglyceride in
which approximately ninety percent of fatty acid chains are ricinoleic acid. Oleic and
linoleic acids are the other significant compounds.

Use Information
e Use Sites: Castor Oil is an active ingredient in products registered for use as mold
inhibitots.

» Target pest: Mole, Voles, Gophers from lawns, otnamentais, turf, golf courses and
athletic fields.
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e Application Methods: The product is applied with sprayer.
s There is currently one biochemical pesticide registration.

Recent Actions

There have been no recent significant regulatory activities regarding Castor Oil
(i.e., tolerance related actions, changes of use patterns, submission of toxicological
studies or incident reports.)

Human Hearlth Risk Assessment

Castor Oil was tirst registered in 1994 as a biochemical pesticide. Castor Oil is a
naturally<occurring substance that has a non-toxic mode of action. There are no incident
reports on file with the Agency for Castor Qil. (February 19, 2010, Preliminary Human
tHealth Assessment for the Registration Review of Vegetable and Flower Oils, Sadaf
Shaukat, Biologist)

Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Castor (il have been
satisfied due to the low concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the environment by normal biological, physieal,
and/or chemical processes that can be reasonably expected to exist where the pesticides
are applied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Castor Oil is naturally-
occurring and regarded as practically non-toxic to non-target marmmals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
cither toxicity or exposure will be at or near zero, No contact toxicity has been reported.
No ecological incidents were reported. Therefore, the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientific rationalcs due to the low
toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
QOrganism Studies, IHazard Assessment, and Endangered Specics Assessment for the
Vegetable and Flower Qils in Support of Registration Review, J acob Moore, Chemist)

Labels and Products

* Reqistration # Registration Name - Company # Company Name
- 65615-1 $COOT MOLE EVACUATOR 65815 BALK FAMILY TRUST

i
'
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Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: http://oaspub.epa.gov/pestlabl/ppls.home.

G. Lavandin Oil

Background Information
Vegetable and Flower Oils registration review case number: 8201

e Vegetable and Flower Oils registration review case number: 8201
e Lavandin Oil PC Code: 040500
e Lavandin Oil:
o CAS# 8022-15-9
Other Chemical Names: N/A

o Technical registrants: N/A (Registrant for EP with highest Al concentration: S.C.
JOHNSON & SON INC.}

e Firstapproved for use in a registered product as a biochemical classified
insecticide/mitieide in 1996.

¢ Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon@epa.gov

Description of Active Ingredient

Lavandin Qil is plant oil which includes complex mixtures of natural components
of plants, such as flowers, fruits, and wood. They are responsible for the distinctive odor
ot flavor of the plant they come from. Lavandin Oil is an active ingredient in products
registered for nse as an insect repellent.

Use Information
e Use Sites: Lavandin Oil is an active ingredient in products registered for use in
homes, especially closets, drawers, clothes storage containers.
e Target pest: moth

Application Methods: The products are applied as a cartridge.
There are currently two biochemical pesticide registration

Recent Actions

There have been no recent significant regulatory activities regarding Lavandin Oil
(i.e., tolerance related actions, changes of use patterns, submission of toxicological
studies or incident reports.)
Human Health Risk Assessment

Lavandin Oil was first registered in 1996 as a biochemical pesticide. It is a

naturally-occurring substance that has a non-toxic mode of action. There have been
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reported incidents for Lavandin Oil. Sec Incident section on page 30 of this document.
February 19, 2010, Preliminary Human Health Assessment for the Registration Review
of Vegetable and Flower Oils, Sadaf Shaukat, Biologist)

Environmental Fate and Ecological Risk Assessment Status

" The Agency does not anticipate the need for additional cnvironmental fate data
for this registration review. The environmental fate data for Lavandin Oil have been
satisficd duc to the low concentration in the end use products, low use volume and rapid
degradation in the environment by normal biological, physical, and/or chemical processes
that can be reasonably expected to exist where the pesticides are applied. In cach case,
non-target data and/or various non-target waiver requests were sufficient to determine
that the proposed uses of the pesticides containing this active ingredient posed negligible
to non-cxistent ecological risk. EPA’s ecological risk assessments to date are supported
by the understanding that Lavandin Oil is naturally-occurring and regarded as practically
non-toxic to non-target mammats, birds, and plants. Due to the non-toxic mode of action
and lack of éxposure to non-target organisms from this product, a Risk Quotient (RQ) is
not typically calculated since the point estimates of either toxicity or exposure will be at
or near zero. No contact toxicity has been reported. No ecological incidents were
reported. The Agency does not foresee the need for additional ecotoxicity data for a new
risk assessment for this registration review. Ecological effects data requirements were
fulfilled by waivers due to low toxicity and exposure use patterns. (February 26, 2010,
Non-Target Organism Studies, Hazard Assessment, and Endangered Species Assessment
for the Vegetable and Flower Qils in Support of Registration Review, Jacob Moore,
Chemist) '

Labels and P'roducts

' Registration# | Registration Name § Company # | Company Name

3
' 4822-440 | OFF! MOTH PROOFER 5 4822 ' 8.C. JOHNSON & SON INC. |
4822-485 | RECEDE 14490P163 | 4822 | 5.C. JOHNSON & SON INC.

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: http;//oaspub.cpa.gov/pestlabl/ppls.home.

H. Oil of Lemongrass

Background Information
Vepetable and Flower Oils registration review case number: 8201 -

¢ Vegetable and Flower Oils registration review case number: 8201
« il of Lemongrass PC Code: 040502
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e (il of Lemongrass:
o CAS#: 8007-02-1
Other Chemical Names: N/A
e Technical registrants: N/A (Registrant for EP with highest Al concentration:
BAKER'S & 18 Corporation)
e First approved for use in a registered product as a biochemical classified
insecticide/ repelient in 1962.
e Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon(@epa.gov

Description of Active Ingredient

Oil of Lemongrass is-a volatile oil expressed from grasses Cymbopogon
Andropogon citratus or Cymbopogon flexuosus, [t is used as a source-of citral which in
turn is used in the synthesis of vitamin A. Oil of Lemongrass is a reddish-yellow or
brownish-red liquid. Tt has a strong odor of verbena. It is slightly soluble in watcr and
soluble in alcohol, chloroform and ether. It is composed mostly (75-85%) of citral,
methylheptenone, citronellal, geraniol, limonene, and dipentane. Oil of Lemongrass, is
commonly used in food flavoring and cosmetics and is listed by FDA as GRAS (21 CFR
182.20).

Use Information

s Use Sites: Oil of Lemongrass is an active ingredient in products registered for use
on ornamental herbaceous plants, ornamental woody shrubs and vines,
ornamental and shade to repel dogs and cats.

e Target pest: Dogs and cats
Application Methods: The products are applied with an aroma pouch and
sprinkled by hand with pellets.

e There are currently two biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED) was issued in December 1993 for
Flower and Vegetable Qils which included Oil of Lemongrass.

Human Health Risk Assessment

Oil of Lemongrass was first registered in 1962 as a biochemical pesticide. Itis a
naturally-occurring substance that has a non-toxic mode of action. There are no incident
reports on file with the Agency for Oil ol Lemongrass. (February 19, 2010, Preliminary
Human Health Assessment for the Registration Review of Vegetable and Flower Oils,
Sadaf Shaukat, Biologist)
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tnvironmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Oil of Lemongrass have been
satisfied due to the low concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist where the pesticides
are appiied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Ol of Lemongrass is
naturally-occurring and regarded as practically non-toxic to non-target mammals, birds,
and plants. Due to the non-toxic mode of action and fack of exposure to non-target
organisms from this product, a Risk Quotient (RQ) is not typically calculated since the
point estimates of either toxicity or exposure will be at or near zero. No contact toxicity
has been reported. No ecological incidents were reported. Therefore, the Agency does
not foresee the need for additional ecotoxicity data for a new risk assessment for this
registration review. Feological cffects data requirements were fuifilled by scientific
rationales due 1o the low toxicity and low exposure from the use patterns. (February 26,
2010, Non-Target Organism Studies, Hazard Assessment, and Endangered Species
Assessment for the Vegetable and Flower Qils in Support of Registration Review, Jacob
Moore, Chemist)

Labels and Products

Reqistration # Registration Name . Company # s Company Name
- SCENT-OFF AROMA § ' BAKER'S & 18
74693 'POUCHES 74893 | CORPORATION
e T e P et |
746932 | SCENT-OFF PELLETS 74893 | CORPORATION

Labels for the above products can be obtained from the Pesticide Product Label System,
(PPLS) website: http;//oaspub.cpa.gov/pestlabl/ppls.home. :

[. Qil of Eucalyptus

Background Information
Vegetable and Flower Oils registration review case number; 8201

» Vegetable and Flower Oils registration review case number: 8201
Oi! of Fucalyptus PC Code: 040503
e il of Eucalyptus:
o CAS#: 8000-48-4
Other Chemical Names: N/A
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s Technical registrants: UNITED INDUSTRIES CORP.

e First approved for use in a registered product as a biochemical classified
insccticide/repellent in 1948,

o Biopesticide and Poliution Prevention Registration Review Lead:
Menyon Adams, adams.menyon{@epa.gov

Description of Active Ingredient

0il of Eucalyptus is a volatile oil from the fresh leaves of Fucalyptus globulus
and some other species of Rucalyptus. It is almost insoluble in water, but soluble in
aleohot. It is miscible with absolute alcohol, oils and fats. Tt is composed mostly (70-
80%) of eucalyptol, alpha pinene, phailandrene, terpineol, citronellal, geranyl acetate,
cudesmol, eudesmyl acetate, piperifone, and volatile isovaleric aldhydes.

Use Information

e Use Sites: Oil of Eucalyptus is an active ingredient in products registered for use
on pets.

¢ Target pest: Fleas and insccis

e Application Methods: The products are applied in various ways. The products arc

sprayed or applied by hand, in a form of a lotion, or a trash bag.

There are currently six biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED) was issued in December 1993 for
Flower and Vegetable Oils which included Oil of Eucalyptus.

Human Health Risk Assessment

O1il of Eucalyptus was first registered in 1948 as a biochemical pesticide. There
have been reported incidents for Oil of Eucalyptus See Incident section on page 30 of
this document. (February 19, 2010, Preliminary Human Health Assessment for the
Registration Review of Vegetable and Flower Qils, Sadaf Shaukat, Biologist)

Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipale the need for additional environmental fate data
for this registration review. The environmental fate data for il of Eucalyptus have been
satisfied due to the low concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the cnvironment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist where the pesticides
ate applied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient poscd negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Oil of Eucalyptus is
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naturally-occurring and regarded as practically non-toxic to non-target mammals, birds,
and plants. Due to the non-toxic mode of action and lack of exposure to non-farget
organisms from this product, a Risk Quotient (RQ) is not typicaily calculated since the
point estimates of either toxicity or exposure witl be at or near zero. No contact toxicity
has been reported. No ecological incidents were reported. Therefore, the Agency does
not foresee the need for additional ecotoxicity data for a new risk assessment for this
registration review. Ecological effects data requirements were fulfilled by scientific
rationales due to the low toxicity and low exposure from the use patterns. (February 26,
2010, Non-Target Organism Studies, Hazard Assessment, and Endangered Species
Assessment for the Vegetable and Flower Oils in Support of Registration Review, Jacob
Moore, Chemist)

Labels and Products

Registration“#m%” | Rggis;i}atidﬁ Name | Company # Corpany Name
| 405-66  REPEL ESSENTIAL INSECT 2305 - UNITED INDUSTRIES
| | REPELLENT LOTION ' CORP.
' 305-57  REPEL ESSENTIAL INSECT 305 . UNITED INDUSTRIES
| REPELLENT PUMP SPRAY | . CORP, _
S T iR | nTeD NoUsTRIES
30559 CITRIODIOL 305 . CORP.
.  REPEL INSECT REPELLENT 30 ~ UNITED INDUSTRIES
E 305-62 LE 306 ' CORP, :
732911 AP! LIFE VAR (73281 5 CHEMICALS LAIF |
S R D CORPORATION OF
85589-1 MINT-X TRASH BAGS 85588 AMERICA _

Labeis for the above products can be obtained {rom the Pesticide Product Label System
(PPLS) website: http://oaspub.epa.gov/pestlabl/ppis home.

J.  Oil of Orange

Background Information
Vegetable and Flower Oils registration review case number: 8201

Vegetable and Flower Oils registration review case number: 8201
Oil of Orange PC Code: 0040517
0il of Orange:
o CAS#: 8008-57-9
Other Chemical Names: Oils, Orange, sweet
e Technical registrants; N/A (Registrant for EP with highest Al concentration:
BAKER'S & 18 CORPORATION})
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s First approved for use in a registered product as a biochemical classified
insecticide/repellent in 1973.

o Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyoni@epa.gov

Deseription of Active Ingredient

0il of Orange is a volatile oil expressed from fresh peel ripe fruit of the orange
(Citrus aurantium var, sinensis L., Rutaceae that gives distinctive odors or flavor to plant,
flower, or fruit. It was originally considered an essential oil. It consists of about 90% d-
limonene, citral, decyl aldehyyde, methyl anthranilate, linaloo}, and terpineol. Oil of
Orange is commonty used in food flavoring and cosmetics and is listed by FDA as GRAS
per (21 CFR 182.20).

Use Information

e Use Sites: Oil of Orange is an active ingredicnt in products registered for use on.
ornamental plants, homes, and garbage dumps to repel dogs and cats.

e Target pest: Dogs and cats

e Application Methods: The products are applied in various ways: It is applied as an
aroma pouch or as a pellet/tablet.

o There are currently two biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED) was issued in December 1993 for
Flower and Vegetable Oils which included the review of Oil of Orange.

Human Health Risk Assessment

0Oil of Orange was first registered in 1973 as a biochemical pesticide. Oil of
Orange is a naturally-occurring substance that has a non-toxic mode of action which has a
significant history of exposure to humans and the environment. There are no incident
reports on file with EPA for Oil of Citronella. (February 19, 2010, Preliminary Human
Health Assessment for the Registration Review of Vegetable and Flower Qils, Sadaf
Shaukat, Biologist)

Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this repistration review. The environmental fate data for Oil of Orange have been
satisfied due 1o the low concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist whete the pesticides
are applied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active

LA
B



Docket 1D: EPA-HQ-OPP-2009-0904 www.regulations.gov

ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Oil of Orange is naturally-
occurring and regarded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero. No contact toxicity has been reported.
No ecological incidents were reported. Thercfore, the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientific rationales due to the low
toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)

Labels and Products

: Registration # Registration Name Company # Company Name
e T ety

74693-1  POUCHES 74893 CORPORATION
745932 SCENT-OFF PELLETS 74603 DARERS 812

. CORPORATION

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: http://oaspub.epa.gov/pestlabl/ppls.home.

K. Jojoba Gil

Background Information
Vegetable and Flower Oils registration review case number: 8201

s Vegetable and Flower Oils registration review case number: 8201
e Jojoba Oil PC Code: 067200
o Jojoba Oil:
o CAS#: 61789-91-1
Other Chemical Names: N/A

¢ ‘Technical registrants: N/A (Registrant for EP with highest Al concentration: 4O
PRODUCTS, LLC)

« Tirst approved for use in a registered product as a biochemical classified
insecticide/fungicide in 1996.

« Biopesticide and Pollution Prevention Regisiration Review Lead:
Menyon Adams, adams.menyon(@epa.gov

Description of Active Ingredient

Jojoba oil is the liquid wax esters produced in the sced of the jojobas
(Simmondsia Chinensis) plant. The oil makes up approximately 50% of the jojoba seed
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by weight. It appears as & clear golden liquid at room temperature with a slightly fatty
odor. Jojoba Oil is a fungicide registered for use for controlling mildew and an
insecticide registered for use for controlling whiteflies.

Use Information

e Use Sites: Jojoba Oil is an active ingredient in products registered for use asa
fungicide on ornamental plants, roscs, strawberries, lormatoes, and registered as an
insecticide on vegelable crops.

e Target pest: Whiteflies and powdery mildew

e Application Methods: The products are applied in by a tank sprayer on in a RTU
spray solution

o There are currently two biochemical pesticide registrations.

Recent Actions

There have been no recent significant regulatory activitics regarding Jojoba Oil
(i.c., tolerance related actions, changes of use pattems, submission of toxicological
studies or incident reports).

Iluman Health Risk Assessment

Jojoba Oil was (irst registered in 1996 as a biochemical pesticide. Jojoba oil 1s @
naturally-occurring substance that has a non-toxic mode of action which has a significant
history of exposure to humans and the environment. There are no incident reports on file
with EPA for Jojoba Oil. (February 19, 2010, Preliminary Human Health Assessment for
the Registration Review of Vegetable and Flower Oils, Sadaf Shaukat, Biologist)

Favironmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Jojoba (il have been
salisfied due to the low concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist where the pesticides
are applied. Tn each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Jojoba Oil is naturally-
occurring and regarded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-iarget organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero. No contact toxicity has been reported.
No ecological incidents were reported. Therefore, the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientific rationales due to the low
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toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vepetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)

Labels and Products

- Registration # Registration Name © Company # Company Name

68186-2  E-RASE READY-TO-USE 68186 1JO PRODUCTS, LLC

 58186-1 | DETUR 58186  1JO PRODUCTS, LLC
B N TS B

Labels for the above products can be obtained from the Pesticide Product Label System
(PPL.S) website: hitp://oaspub.epa pov/pestlab I/ppis.home.

L. Eugenol

Background Information
Vegetable and Flower Oils registration review case number: 8201

¢ Vegctable and Flower Oils registration review case number: 8201
Eugenol PC Code: 102701
e Fugenol:
o CAS#: 97-53-0

Other Chemical Names: 4-Allyl-2-methoxyphenol
Phenal, 2-methoxy-4-(2-propenyh-

e ‘Technical registrants: N/A (Registrant for EP with highest Al concentration:
SUTERRA LLC)

» First approved for use in a registered product as a biochemical classified
insecticide/attractant in 1983.

s Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon@epa.gov

Description of Active Ingredient

Eugenol is an allyl chain-substituted guaiacol. It is a member of the
phenylpropanoids class of chemical compounds. It is clear to pale yellow oily liquid
extracted from certain essential oils especially from clove oil, nutmeg, cinnanon, basil,
and bay leaf. Fugenol is slightly soluble in water and soluble in organic solvents. It has a
pleasant, spicy, clove-like aroma. Eugenol is used in perfumery and flavoring and also
used in formulating insect attractants and UV absorbers, analgesics, biocides and
antiseptics.
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{se Information

o Use Sites: Bugenol is an active ingredient registered for use on many food crops,
ormnamentals; buildings; inside and outside and pets as an aftractant and repeilent.

e Target pest: Japanese Beetles, dogs and cats.

o Application Methods: The products are applied in various ways a bait trap or as a
pressurized liquid.

e There arc currently thirteen biochemical pesticide registrations.

Recent Actions

There have been no recent significant regulatory activities regarding Eugenol Oil
(i.e., tolerance related actions, changes of use patterns, submission of toxicological
studies or incident reports.)

Human Health Risk Assessment

Eugenol was first registered in 1983 as a biochemical attractant. Eugenol is a
naturally-occurring substance that has a non-toxic mode of action which has a significant
history of exposure to humans and the environment. There have been reported incidents
for Eugenol. See Incident section on page 30 of this document. (February 19, 2010,
Preliminary Human Health Assessment for the Registration Review of Vegetable and
Flower Qils, Sadaf Shaukat, Biologist)

Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Eugenol have been satisfied
due to the fow concentration of the active ingredient in the end use products, fow use
volume and rapid degradation in the environment by normal biological, physical, and/or
chemical processes that can be reasonably expected to exist where the pesticides are
applied. In each case, non-target data and/or various non-target scientific rationales werc
sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Eugenol is naturally-
accurring and regarded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxieity or exposure will be at or near zero. No contact toxicity has been reported.
No ecologica! incidents were reported. Therefore, Agency does not foresee the need for
additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientific rationales due to the low
toxicily and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)
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Labels and Producis

Registration # Reqgistration Name Company # Company Name

- BULL RUN SCIENTIFIC,

| VBT
' BIOGANIC SAFETY
' BRANDS, INC.

"BULL RUN JAPANESE &

845651 ORIENTAL BEETLE TRAP | 845068

. ECOZAP CRAWLING AND

738252 _FLYING INSECTICIDE

73825

 BIOGANIC SAFETY
' BRANDS, INC,

ECQZAP WASPF & HORNET

738254 INSECTICIDE

: 73825

| ECOSMART
- TECHNOLOGIES, INC. |

T ECOPCO JET CONTACT |
674255 INSECTICIDE 67428

56336-8 SUREFIRE JAPANESEBEFTLE 56336 | SUTERRALLC

TRECE JAPANESE BEETLE

51934-8 TRAP 51934 3. TRECE, INC.

-

- 51934-2 JAPANESE BEETLEBAITII | 51934 | TRECE, INC.

Lo

JAPANESE BEETLE COMSO
| BAIT

e i ot o S G b e e R B

- BAG-A-BUG JAPANESE
BEETLE TRAP

8845-129 . 8845 | SPECTRUM GROUP

 8845.48 8845 | SPECTRUM GROUP

. ABERDEEN ROAD
. COMPANY

| LURE N KILL JAPANESE

- 8.C. JOHNSON & SON

- 4822-534 RAID EQ ARK 4822 “INC.

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: http://oaspub.epa.gov/pestlabl /ppls.home.

M. Balsam Fir Qil

Background Information
Vegetable and Flower Qils registration review case number; 8201

s Vegetable and Flower Oils registration review case numbecr: 8201

» Ralsam Fir Qil PC Code: 1290353
Balsam Fir Oil:
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o CAS#: 8021—28-%
Other Chernical Names: Fir Needle

o Technical registrants: N/A (Registrant for EP with highest Al concentration:

EARTH KIND, INC.)
First approved for use in a registered product as a rodent repellent biochemical

classified in 2007.
Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon@epa.gov

Deseription of Active Ingredient

Balsam Fir Oil is a pale yellow to amber liquid with a fresh woodsy scent. Balsam

Fir Oil is a technical grade active ingredient (TGAI) in the manufacturing use product
MP) Canadian Wilderness Oil and the end use product (EP) Fresh Cab®. This product is
a non-food use biochemical pesticide that repels rodents in non-living spaces by emitting
an odor.

Use Information

»  Use Sites: Balsam Fir Oil as an active ingredient registered as a manufacturing

use product (MP); and an end use product(EP), for use as a rodent repelient
indoors in non-living areas (attics, bagements, storage areas, garages, sheds,
pantries, and barns) and in other enclosed spaces (such as automobiles,
recreational vehicles, airplanes, boats, tractors, trucks and electric junction boxes).
Target pest: Rodents

Application Methods: The (EP) product, the pesticide is applied as one pouch per
square teet of area (for indoor use) and four pouches per storage unit per season
(for enclosed space).

o There are currently two biochemical pesticide registrations.

Recent Actions

A Biopesticides Registration Action Document (BRAD) has been prepared for

Balsarn Fir Oil.

THuman Health Risk Assessment

Balsam Fir Oil was first registered in 2007 as a biochemical pesticide. Balsam Fir

Qil is a naturally-occurring substance that has a non-toxic mode of action which has a
significant history of exposure to humans and the environment. There are no incident
reports on file with EPA for Balsam Fir Oil.(February 19, 2010, Preliminary Human
Health Assessment for the Registration Review of Vegetable and Flower Oils, Sadat

Shaukat, Biologist)
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Environntental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Balsam Fir Oil have been
satisfied due to the low concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist where the pesticides
are applied. In each case, non-target data and/or various non-target scientific rationaies
were sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Balsam Fir Ol is naturally-
occurring and reparded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxie mode of action and lack of exposure to non-target organistms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero. No contact toxicity has been reported.
No ecological incidents were reporied. Therefore, the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientifie rationales duc to the low
toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)

Labels and Products

' Registration # Registration Name | Company # Company Name
82016-2 'CANADIAN WILDERNESS Ol 82016 | EARTH KIND, INC.
- 82016-1 - FRESH CAB 82016 |EARTHKIND, INC. |

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: hitp://oaspub.epa.gov/pestiabl/ppls.home.

N. Bergamot Oil

Background Information
Vegetable and Flower Oils registration review case number: 8201
e Vegetable and Flower Oils registration review case number: 8201
e Rergamot Oil PC Code: 129029
e Bergamot Oil:
o CAS# 8007-75-8
Other Chemical Names: N/A.
o Technical registrants: N/A (Registrant for EP with highest Al concentration:
BAKER'S & 18 CORPORATION)
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" e First approved for use in a registered product as a repellent biochemical classified
in 1972, '
e Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon{@epa.goy

Deseription of Active Ingredient

Bergamot Oil is a volatile oil expressed from the rind of fresh fruit citrus
aurantium L., var. bergamia It is used in cosmetics as perfumes and is popular in
aromatherapy. It can be used in foods, as a fragrance and as a companion piant. Bergamot
Oil is an active ingredient in products registered for use as a repellent for dogs and cats
on ornamentals plants, homes, and garbage cans. [t is also considered by FDA as GRAS
(Generally Recognized As Safe) per 21 CFR 182.20.

Use Information

e Use Sites: Bergamot is registered for usc on ornamental plants, homes and
garbage cans. '
Target pest: Cats and dogs.

o Application Methods: The products are formulated as impregnated sofid material
or pellets.

» There are currently two biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED) was prepared in December 1993
for Flower and Vegetable Oils which included Bergamot Oil.

Human Health Risk Assessment

Bergamot Qil was first registered in 1972 as a biochemical pesticide. Bergamot
0Oil is a naturally-occurring substance that has a non-toxic mode of action which has a
significant history of exposure to humans and the environment. There are no incident
reports on file with the Agency for Bergamot Oil. (February 19, 2010, Preliminary
Hiuman Health Assessment for the Registration Review of Vegetable and Flower Oils,
Sadaf Shaukat, Biologist)

Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Bergamot Qil have been
satisfied due to the jow concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist where the pesticides
are applied. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uses of the pesticides containing this active
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ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Bergamot Ol is naturally-
oceurring and regarded as practically non-toxic to non-target mammals, birds, and piants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero. No contact {oxicity has been reported.
No ecological incidents were reported. Therefore, the Agency does not foresee the need
for additional ccotoxicity data for a new risk assessment for this registration review.,
Ecological cffects data requirements were fulfilled by scientific rationales due to the low
toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the.
Vegcetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)

L.abels and Products

poe § i

Registration # ’ Registration Name . Company # Company Name i
e e

(746951 poucHEs 74893 CORPORATION |
746932  SCENT-OFF PELLETS 7apg3 | DAKERS &S

| CORPORATICON

Labels for the above products can be obtained from the Pesticide Product Label System.
(PPLS) website: hitp://oaspub.epa.gov/pestiabl/ppls.home.

. Geraniol

Background Information
Vegetable and Flower Oils registration review case number: 8201

s Vegetable and Flower Oils registration review case number: 8201
s Geraniol PC Code:397501
e Geraniol;
o CASH# 106-24-1
Other Chemical Names: E)-Nerol )
2. 6-Octadien-1-ol, 3,7-dimethyi-, (E)-
Geranyl
trans-3,7-Dimethyi-2,6-octadien-1-ol
trans-Geranio!
Technical registrants: N/A (Registrant for EP with highest Al concentration: ARYSTA
LIFESCIENCE NORTH AMERICA, LLC)
s First approved for use in a registcred product as a biochemical classified repellent
in 1972.
o DBiopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon@epa.gov
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Description of Active Ingredient

Geraniol is a monoterpenoid and an alcohol. It is the primary part of rose oil,
palmarosa oil, and citronetla oil (Java type}. It also oceurs in small quantities in
geranium, femon, and many other essential oils. Tt appears as a clear to pale-yellow oil
that is insoluble in water, but soluble in most common organic solvents. It has a rose-like
odor and is commonly used in perfumes. It is also used in flavors, (feraniol is an active
ingredient in product registered for use as a Japanese beetle attractant and dog and cat
repellent.

Use Information

e Use Sites: Geraniol is registered for use as an attractant on fruits, vegetables,
ornamentals, homes and garbage dumps. '

o ‘Target pest: Japanese beetles, dogs and cats.

e Application Methods: The products are formulated as impregnated solid material
or pellets .

e There are currently cleven biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED) was issued in December 1993 for
Flower and Vegetable Oils which included Geraniol.

Human Health Risk Assessment

Geraniol was first registered in 1948 as a biochemical pesticide. Geraniol is a
naturally-ocourring substance that has a non-toxic mode of action which has a significant
history of exposure to humans and the environment. There have been reported incidents
for Geraniol. See Incident section on page 30 of this document. (February 19, 2010,
Precliminary Human Health Assessment for the Registration Review of Vegetable and
Flower Qils, Sadaf Shaukat, Biologist)

Environmenta! Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Geraniol have been satislied
due to the low concentration of the active ingredient in the end use products, low use
volume and rapid degradation in the environment by normal biological, physical, and/or
chemical processes that can be reasonably expected to exist where the pesticides are
applied. In each case, non-target data and/or various non-target scientific rationales were
sufficient to determine that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ceological risk
assessmenis to date are supported by the understanding that Geraniol is naturally-
occurring and regarded as practically non-toxic to non-target matmmals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms {rom
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this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
either toxicity or exposure will be at or near zero. No contact toxicity has been reported.
No ecological incidents were reported. Therefore, the Agency dogs not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Ecological effects data requirements were fulfilled by scientific rationales due to the low
toxicity and low exposure from the use pattetns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangercd Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)

Labels and Products

' Registration # Registration Name Company # 5 Company Name
! BULL RUN SCIENTIFIC,
VBT

H

i

 BAKER'S & 18
 CORPORATION

' BULL RUN JAPANESE &

' ORIENTAL BEETLE TRAP | 84563

' 845651

74693-2 | SCENT-OFF PELLETS 74693
 BAKERS&18
~ . CORPORATION

e
 POUCHES 74593

i
R

74693-1

 NATURAL PLANT

700571 | Biomite - \ 70057 E PROTECTION S.A.

i

66330390 SHOOTER INSECTICIDE | 66330 | ARYSTA LIFESCIENCE

I NORTHAMERICA LLC -

 SUREFIRE JAPANESE é

56336-8  BEETLE TRAP 56336 - SUTERRA LLC

| TRECE JAPANESE BEETLE E
 TRAP 51934 | TRECE, INC.

 51934-6

. 51934-2 | JAPANESE BEETLE BAIT Il | 51934 | TRECE, INC.
: 4 i

' JAPANESE BEETLE

8845-129 COMBO BAIT 88456 . | SPECTRUM GROUP

BAG-A-BUG JAPANESE

8845-48  BEETLE TRAP

. 8845 . SPECTRUM GROUP

| ABERDEEN ROAD
| COMPANY

'LURE N KiLL JAPANESE

" 8730-57 BEETLE 8730

Labels for the above products can be obtained from the Pesticide Produet Label System
(PPLS) website: http://oaspub.epa.gov/pestiabl/ppls.home.
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P. Alpha-lonone
Background Iiformation
Vegetable and Flower Oils registration review case number: 8201

e Vegetable and Flower Oils registration review case number: 8201

s Alpha-lonone PC Code: 129030

»  Alpha-lonone:

o CASH#: 127-41-3

Other Chernical Names: N/A.

e Technical registrants: N/A (Registrant for EP with highest Al concentration:
BAKER'S & 18 CORPORATION)

o First approved for use in a registered product as a biochemical classified
insecticide/repelient in 1963,

» Biopesticide and Pollution Prevention Registration Review Lead:
Menyon Adams, adams.menyon{@cpa.gov

Deseription of Active Ingredient

Alpha [onone is from volatile oil of the plant Boronia meégastigma Nees.,
Rutaceace: or can be produced synthetically. Alpha Ionone is an active ingredient in
products registered for use as a repellent in dogs and cats repellent, and an attractant to
adult rose chafers (a beetlc). Alpha-lonone products are used outdoors only. It is applied
to plants and inanimate objects. It is also known as Trisone. Trisone is used in cosmetics as
a perfume. Alpha-lonone is also allowed in food for humans’ consumption as a direct
food additive.

Use Information
o Use Sites: Alpha-lonone is registered for use outdoors only on plants and
inamimate objects, ¢.g.. lawn furniture.
o Target pest: Adult rose chafers (a beetle) and dogs and cat.
e  Application Methods: The products are in the form of impregnated solid material
or peliets.
o There are currently two biochemical pesticide registrations.

Recent Actions

A Reregistration Eligibility Document (RED) was issued in December 1993 for
Flower and Vegetable Oils which included Alpha-lonone.

Human Health Risk Assessment

Alpha-lonone was first registered in 1965 as a biochernical pesticide. Alpha —
lonone is a naturally-occurring substance that has a non-toxic mode of action which has a
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significant history of exposure to humans and the environment. There are no incident
reports on file with EPA for Alpha-loncne. (February 19, 2010, Pretiminary Human
Health Assessment for the Registration Review of Vegetable and Flower Oils, Sadaf
Shaukat, Biologist)

FEnvironmentz} Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review, The environmental fate data for Alpha-lenone have been
satisfied due to the low concentration of the active ingredient in the end use products, low
use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasonably expected to exist where the pesticides
are applicd. In each case, non-target data and/or various non-target scientific rationales
were sufficient to determire that the proposed uses of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supported by the understanding that Alpha-fonone is naturally-
occurring and regarded as practically non-toxic to non-target mamumals, birds, and plants.
Duc 1o the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ} is not typically calculated since the point estimates of
eithet toxicity or exposure will be al or near zero. No contact toxicity has been reported.
No ecological incidents were reported. Therefore, the Agency does not foresee the need
for additional ecotoxicity data for a new risk assessment for this registration review.
Fcological effects data requirements were fulfilled by scientific rationaies due to the low
toxicity and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Oils in Support of Registration Review, Jacob Moore, Chemist)

Labels and Products

Registration # Registration Name Company # Company Name

|  SCENT-OFF AROMA ? ' BAKER'S & 18
746931  POUCHES 74893 | GORPORATION -
746932  SCENT-OFF PELLETS 7aegs | DAKERS 310

CORPORATION

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: http://oaspub.epa. gov/pestlabl/ppls.home.

Q. Oil of Thyme

Rackground Information
Vegetable and Flower Oils registration review case number: 8201

o Vegetable and Flower Oils registration review case number: 8201
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e Qilof Thyme PC Code: 597800
a (il of Thyme:
o CASi: 8007-46-3
Other Chemical Names: N/A
» Technical registrants: N/A (Registrant for EP with highest Al concenfration:
ARYSTA LIFESCIENCE NORTH AMERICA, LLC)
o First approved for use in a registered product as a biochemical classified
insecticide/repellent in 2004.
s Biopesticide and Pollution Preveation Registration Review Lead:
Menyon Adams, adams.menyon@epa.gov

Description of Active Ingredient

0il of Thyme is a pesticide active ingredient in products registered for use in
controlling aphids on ornamental plants in ponds and other aquatic sites. It is also a
common herb used for flavoring food. It has no known harmful effects to living
organisms or the environment.

Use Infermation

s Use Sites: Oil of Thyme is registered for use on ponds, fountains, aguaria, and
other aquatics as a repellent.
Target pest: Aphids

o Application Methods: The product is sprayed on the exposed parts of the plants,
left to sit five minutes, and then washed away with the dead aphids using a water
spray.

e There are currently one biochemical pesticide registrations.

Recent Actions

There have been no recent significant regulatory activities regarding Oil of
Thyme (i.c., tolerance related actions, changes of use patterns, submission of
toxicological studies or incident reports.)

Humzan Health Risk Assessment

Oil of Thyme was first registered in 2004 as a biochemical pesticide. Oil of
Thyme is a naturaliy-occurring substance that has a non-toxic mode of action which has a
significant history of exposure to humans and the environment. There ate no incident
reports on file with the Agency for Oil of Thyme. (February 19, 2010, Preliminary
Human Health Assessment for the Registration Review of Vegetable and Flower QOils,
Sadat’ Shaukat, Biologist)
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Environmental Fate and Ecological Risk Assessment Status

The Agency does not anticipate the need for additional environmental fate data
for this registration review. The environmental fate data for Oil of Thyme have been
satisfied due to the low concentration of the active ingredient in the end use products,
low use volume and rapid degradation in the environment by normal biological, physical,
and/or chemical processes that can be reasenably expected to cxist where the pesticides
are applied. In gach case, non-target data and/or various non-target scientific rationales
were sufficient to determine that the proposed uscs of the pesticides containing this active
ingredient posed negligible to non-existent ecological risk. EPA’s ecological risk
assessments to date are supporicd by the understanding that Oil of Thyme is naturally-
oceurring and regarded as practically non-toxic to non-target mammals, birds, and plants.
Due to the non-toxic mode of action and lack of exposure to non-target organisms from
this product, a Risk Quotient (RQ) is not typically calculated since the point estimates of
gither toxicity or exposure will be-at or near zero. No contact toxicity has been reported.
No ecological incidents were reported. Therefore, the Agency does not foresee the need
for additional ccotoxicity data for a new risk assessinent for this registration review.
Ecological effects data requirements were fulfilled by scientific rationales due to the low
toxicily and low exposure from the use patterns. (February 26, 2010, Non-Target
Organism Studies, Hazard Assessment, and Endangered Species Assessment for the
Vegetable and Flower Qils in Support of Registration Review, Jacob Moore, Chemist)

Labels and Products

Reqistration # Regigtration Name Company # | Company Name
; ; i
' 66330-390 { SHOOTER I ARYSTA LIFESCIENCE NORTH >

' AMERICA, LLC

| 66330 =
| | |

' INSECTICIDE

Labels for the above products can be obtained from the Pesticide Product Label System
(PPLS) website: Littp://oaspub.epa.gov/pestiabl/ppls.home.

i1, GLOSSARY of TERMS & ABBREVIATIONS

ai Active Ingredient

AR Anticipated Residue

ASTM American Society for Testing and Materials
AWPA American Wood Preserver’s Association
CFR Code of Federal Regulations

cPAD Chronic Population Adjusted Dase

CSF Confidential Statement of Formula

CSFI USDA Continuing Surveys for Food Intake by [ndividuals
DCE Data Cail-In

DEEM Digtary Exposure Evatuation Model

DER Dislodgeable Foliar Residue

DNT Developmentai Neurotoxicity

DWLOC Drinking Water Level of Comparison
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EC
EDWC
EEC
EPA
EUP
FDA
FIFRA
EFDCA
FQPA
FOB
GENEEC
R
LCso

LDs,

LOC
LOAEL
el

pet,
mgikpiday
mg/L
MOE
MRID

MUP

NA
NAWQA
NPDES
NR
NOAEL
QPP
OPPTS
PAD
PAIRA
PCA
ror
PHED
PHI

ppb
PPE

ppm
PRZM/EXAMS
Q*

RAC

RED

REL

RID

RQ
SCI-GROW
SAD

Emulsifiable Concentrate Formuiation

Estimated Drinking Water Concentration

Bstimated Environmental Concentration

Environmental Pratection Agency

¥nd-Use Product

Food and Drug Administration

Federal Insecticide, Fungicide, and Rodenticide Act

Federal Food, Drug, and Cosmetic Act

Food Quality Protection Act

Functional Observation Battery

Tiér | Surface Water Computer Model

Index Reservoir

Median Lethal Concentration. A statistically derived concentration of a
substance that can be expected to cause death in 50% of test animals. 1t is
usually expressed as the weight of substance per weight or volume of water. air
or feed, e.g., mg/l, mg/keg or ppm.

Median Lethal Dose. A statistically derived single dose that can be expected to
cause death in 50% of the test animals when administered by the route indicated
{oral, dermal, inhalation), It is expressed as a weight of substance per unit
weight of animal, e.g., mg/kg.

Level of Concern

Lowest Observed Adverse Effect Level

Micrograms Per Gram

Micrograms Per Liter

Miiligram Per Kilogtam Per Day

Milligrams Per Liter

Margin of Exposure

Master Record Identification (number). EPA's system of recording and tracking
submitted studies.

Manufacturing-Use Product

Not Applicable

USGS National Ambient Water Quality Assessment

" National Poliutant Discharge Elimination System

Not Required

No Observed Adverse Effect Level
EPA Office of Pesticide Programs
EF A Office of Prevention, Pesticides and Toxic Substances
Popuiation Adjusted Dose

Pure Active ingredient Radiofabelled
Percent Crop Area

LISDA Pesticide Data Program
Pesticide Handler's Bxposure Data
Preharvest Interval

Parts Per Billion

Personal Protective Equipment

Parts Per Million

Tier §I Surface Water Computer Model
The Carcinogenic Potential of a Compound, Quantified by the EPA's Cancer
Risk Model

Raw Agriculture Commaodity
Reregisiration Eligibility Decision
Restricted Entry [nterval

Reference Dose

Risk Quotient

Tier I Ground Water Computer Model
Science Advisory Panel
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S Safety Factor

SLN Special Local Need (Registrations Under Section 24(c)) of FIFRA)
TGAI Technical Grade Active Ingredient

TEP Typical End-Use Produet

uspa Linited States Department of Agriculture

UF Uncertainty Factor

WPS Worker Protection Standard

1V. References

U.S. EPA (1993) Reregistration Eligibility Decision (RED) Flower and Vegetable Oils.
Washington, DC, US Environmental Protection Agency

U.S. EPA Reregistration Eligibility Decision (RED) for Oil of Citronella
U.5. EPA Reregistration Eligibility Decision (RED) Fact Sheet for Qil of Citronella

U.S. EPA (1993) Reregistration Eligibility Decision (RED) Fact Sheet for Flower and
Vegetable Qils

U.S. EPA (1993) Reregistration Eligibility Decision (RED) Fact Sheet for Plant Oils
U.S. EPA (2009) Biopesticides Registration Action Document (BRAD) Indole

U.S, EPA (2009) Indole TFact Sheet

U.S. EPA (2001) Plant Oils Fact Sheet

Wikipedia

IFDA (2009) Code of Federal Regulations title 21

U.S. EPA (200) Biopesticides Registration Action Document (BRAD) Balsam Fir Oil

February 19, 2010, Preliminary Human Health Assessment for the Registration Review
of Vegetable and Flower Qils, Sadaf Shaukat, Biologist

February 26, 2010, Non-Target Organism Studies, Hazard Assessment, and Endangered

Species Assessment for the Vegetable and Flower Qils in Support of Registration
Review, Jacob Moore, Chemist
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STATEMENT OF DATA CONFIDENTIALITY CLAIMS

No claim of confidentiality is made for any information contained in this
document on the basis of its falling within the scope of FIFRA Section {0

(d)(1)(A), (B), or (C).

Spoensor/Submitter

Date

Date

This study is proprietary and is to be considered confidential and trade secret
information in all countries except the United States of America, and for all
purposes other than those enunciated in FIFRA Section 3 and Section 10.
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1. SUMMARY

An analytical method for determining the content of active ingredient in Allyl
Isothiocyanate (AITC) technical product was developed and validated for
specificity, linearity and precision, according to SANCO/3029/99 rev. 4
(11/07/2000).

The content of active ingredient in AITC technical product was assessed by
GC/FID with split/splitless injection method.

Since AITC is present in equilibrium mixture with its isomer Allyl Thiocyanate
(ATC), that quickly converts to the isomer by allylic rearrangement at the
temperatures commonly used with the split/splitless injection system, the active
ingredient content was determined as sum of AITC and ATC isomers. Then the
actual ratio of the isomers was determined by 'H-NMR.

Two AITC samples, batch#QJH1203012 of synthetic  origin  and
batch#1050120806/11 of natural origin, were analysed for active ingredient
content and characterized by GC/MS, '"H-NMR, IR and UV/VIS spectroscopy.
Refractive index, boiling point and density were also determined on both samples.

The gaschromatographic purity of the samples of synthetic and natural origin is
100% and 98.93% (w/w) respectively and the AITC/ATC isomer ratio is 96/4 for
both samples.

GC/MS, ‘H-NMR, IR and UV/VIS spectra of the samples (synthetic and natural
origin} are comparable.

Also refractive index, boiling point and density determined in both samples are
comparable.

The comparison results are summarized in table below:

batch#QJH 203012 balch#1050120806/11
synthetic origin natural origin

GC purity 100% (w/w) 08.93% {w/w)
NMR (AITC/ATC ratio) | 96/4 96/4
GC/MS comparable spectra
"H-NMR comparable spectra
IR comparable spectra
UV/VIS comparable spectra
e |1
boiling point 420 K (147°C) 422 K (149°C)
density £.017 g/ml [.016 g/ml

In conclusion AITC samples of synthetic and natural origin were confirmed to be
authentical and have comparable chemical-physical characteristics.
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2. OBJECTIVE

The present characterization was conducted to compare the AITC samples of
synthetic and natural origin.

3. TESTITEMS
3.1. IDENTIFICATION

AITC technical product of synthetic origin ~ Batch#QJH1203012
ALTC technical product of natural origin Batch#1050120806/11

General characteristics of AITC and its isomer ATC:

H,CP C:H“c:H/ZN\C\S H,c? CH\CH/ZS\C§N
AITC ATC
IUPAC name: 3-isothiocyanato-1-propene  allyl thiocyanate
Molecular formula: C,HsNS
Molecular weight: 99.15
CAS No: 57-06-7 764-49-8
Physical state: colorless oil

3.2. SOURCE

Batch#QJH1203012 was supplied by Quingdao Ji Ahua Chemical Company
Ltd and Batch#1050120806/11 by Naturex (sec Appendix A).

- 8 of 100 -
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3.3. STORAGE

Test Items were stored at room temperature,

4. CHARACTERIZATION

Both batches of AITC (QJH1203012 of synthetic origin and 1050120806/’11 of
natural origin) were analysed for active ingredient content by GC/FID and "H-
NMR and characterized by GC/MS, 'H-NMR, IR (Infrared spectroscopy),
refractive index, UV/VIS spectroscopy. Refractive index, boiling point and
density were also determined on both samples.

Relevant study reports are attached in Appendices 1 to 7.

4.1. SOURCE OF DATA

e The analytical method for AITC was developed and validated by
Renolab srl - Test Facility, Via Spinelti 12, 44028 Poggio Renatico (FE)
— Italy

e 'H-NMR analysis was performed by Chemistry Dept of Isagro SpA
Centro Ricerche, Via Fauser 4, 28100 Novara — Italy

e GC/MS analysis was carried out by Process Development.Dept of Isagro
SpA Centro Ricerche, Via Fauser 4, 28100 Novara — Italy

e IR analysis and determination of refractive index were performed by
Redox snc Test Facility — Viale Stucchi 62/26 — 20052 Monza-Italy

e UV7VIS analysis and determination of density and boiling point were
carried out by Renolab sri - Test Facility, Via Spinelli 12, 44028 Poggio
Renatico (FE) — Italy

5. REFERENCES

* EC Working document SANCO/3030/99 rev. 4 (11/07/00)
s (QECD guidelines 101, 103

®  (OPPTS guidelines series 830

¢ CIPAC3.2
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Uitimate Botanical Benefits

Product Specification

Ref :
MUSTARD ESSENTIAL OIL AA010801
This specification sheet cancels and replaces afl previous publications : February 14, 2012
* Description :
Essential oil obtained by steam distillation from mustard seeds.
Botanical name :  Brassica juncea L.
® Composition :
Natural extract
* Regulations status :
Natural fiavouring of the named source according to European Regulation 1334/2008/EC. Natural flavoring
according to US Code of Federal Regulation 21CFR101.22.
Specifications :
Sensory quality :
Aspect: Liquid
Color : Clear yeliow
Flavor: Characteristic of mustard, extremely penetrating, pungent
Solubility Qi and alcohel scluble
Analytical quality :
Specific gravity (20°C/20°C) 1.01-1.03
Refractive index (20°C) : 1.52-1.54
Optical rotation {20°C) : Inactive
Water content : <05 %
Allyl-{isothiocyanate + thiccyanate) content : > 95%
Totat isothiocyanates + thiocyanates content : > 87%
Microbiological quality :
Total plate count : <1000 ufc/g
Yeasts and molds : <100 cfu/g
Packaging :
Aluminium bottle: 1 and 6 kg net
Storage conditions :
Temperature <12 °C, sheltered from light, moisture and oxygen.
* Shelf life :
12 months under the previously mentioned conditions and in its originai packaging.
111

GLOBAL HEADQUARTERS - Site d'Agroparc - BP 1218 - 84911 Avignon cedex 8 - France - Tel : 33 (0)4 90 23 96 89 - Fax : 33 {0)49023 7340
US HEADQUARTERS - 375 Huyler street - South Hackensack - NJ 07606 - USA - Tel: 1 201 440 5000 - Fax : 1 201 342 8000
E-mail : naturex@natutex.com - Website : wwwnaturex_com
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6.2 APPENDIX B: Development and validation of an analytical method for
the determination of ATTC in technical product
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Date
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Statement of Confidentiality

This report contains confidential and proprietary information of ISAGRO S.p.A. which must not be
disclosed to anyone except the employees of this company or to persons authorised by law or judicial
judgemant without the expressed and written approval of ISAGRQO S.p.A.

Statement of Compliance with the Principles of
Good Laboratory Practice

The study described in this report was conducted in compliance with the most recent edition of:

o Law Decree 2nd March 2007 N°® 50 - Actuation of Directives 2004/9/EC and 2004/10/EC
concerning the inspection and verification of Good Laboratary Practice {GLP) and aiigning of taws,
regulations and administrative provisions related to the application of the Principles of Good
Laboratory Practice and to the control of their application for chemicals tests.

« The OECD Principles of Good Laboratory Practice.

The Italian requirements are based on the OECD Principles of Good Laboratory Practice which are
accepted by regulatory authorities throughout the European Community, the United States of America
(FDA and EPA) and Japan (MHW, MAFF and METI) on the basis of intergovernmental agreements.

This report fully and accurately reflects the procedure used and data generated.

TR, 91 DEC IS

Sara-Morsiani Date
Study Director
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Statement of Quality Assurance Unit
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T

Study code: 12070-01C

Study title: Development and Validation of an Analytical Method for the
Isothiocyanate (AITC) in AITC Technical

Determination of Allyl

Study plan was verified and experimental phase, draft report and final report of this study were
audited by the Quality Assurance in compliance with the OECD Guidelines and to Renolab’s Standard
Operating Procedures.

The dates are given beiow:

Phase or Date of Date of report to.
d it _—
i::::c'f:: verai;liila{ion Principal Test site Study Test Facility
Investigator Management Director Management
Study plan: 21 Nov 2012 n.a. n.a. n.a. n.a.
Experimental
analytical phase: 23 Nov 2012 n.a n.a. 26 Nov 2012 26 Nov 2012
Draft Final
report: 20 Dec 2012 n.a. n.a. 21 Dec 2012 21 Dec 201.2

The final report correspond to the raw data

ALl

Drf Kimdma Nfgemiu
Q a{ty ssgnce
-._-—-—/

24 AE‘L Lofk.

Date
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i Summary

An analyticai method {MA CCF 141-1) for determining the content of active ingredient in the Allyl
Isothiocyanate (AITC) Technical was validated with respect to specificity, linearity of detector
response, and precision according to guideline SANCO 3030/99 rev. 4 (11/07/2000).

Method principle: The content of active ingradient in the Allyl Isothiocyanate (AITC) Technical was
assessed by GC/FID whit split/splitless injection method.

Since AITC is present in equilibrium mixture with its isomer Allyl Thiocynate
{ATC), that quickly converfs to the isomer by allylic rearrangement at the
temperatures commonly used with the spiit/splitiess injection system, the active
ingredient content was determined as sum of AITC and ATC isomers. Then the
actual ratic of the isomers was determined with 14-NMR (“cold method”).

Specificity: Allyl Isothiocyanate (AITC) and Allyl Thiocynate (ATC) were identified by
retention time in comparison to a corresponding reference substance. Since
GC/FID is not a highly specific method, a non-GLP confirmatien of the Ally}
Isothiocyanate (AITC) and Allyi Thiocyanate (ATC) identity in the test item was
performed by 'H-NMR.

Linearity: The linearity of the detector response was demonstrated by analyzing test item
solytions (duplicate independent determinations) at the nominal content, -20 %o
nominal content and + 20 % neminai content of test item and piotting the
detector response versus the fest jtem weighed amount {mg}. The correlation
coefficient (r) was found to be 0.9980.

Precision: The method precision was assessed as relative standard deviation {RSD %) for
the whole procedure of sample preparation and measurement of five extracts.

The precision determined was 1.22 % and fell within the Limits given In
SANCO/3030/99 rev.4 by the modified Horowitz equation.

Purity: The a.i, content in the test item (purity), determined concurrently with precision,
resulted 100.5 = 1.2 % as sum of AITC and ATC isomers. Moreover the *H-NMR
analysis revealed a 96:4 ratio between AITC and ATC in the test item at ambient
temperature.

2  Time Schedule

Study ptan authorisation: 21 November 2012
Start of experimental phase: 23 Movember 2012
End of experimentai phase 27 November 2012
Draft report: 19 December 2012
Study compietion date 21 December 2012

3 Study Objective

The aim of this study was to validate the analytical method for determining the active ingredient
content (purity) in AHyl Isothiocyanate (AITC) Technical to meet the requirements of guidelines
SANCO/3029/99 rev. 4 (11/07/2000}.
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4 materials and Methods
4.1 Test [tem
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Fi

Name:

-Allyl Isothiocyanate (AITC) Technical

Active ingredient(s)
{common name and synonym)

Allyl Isothiocyanate (AITC)
or oif of mustard

Active ingredient(s}
IUPAC name:

3-isothiccyanatoprop-1-ene

CAS Number of a.i.{s):

57-06-7

Purity {nominal):

> 96 %

Physical state:

Limpid orange liquid

Supplier: ISAGRQ RICERCA S.r.l.
Batch number: QJH120312
Renolab Code: 12070

Expiry date:

September 2014

Storage conditions:

Room temperature

4.2 Reference Item(s)

]
Name:

Allyl Isothiocyanate (AITC)
Synonym: Allyt Isothiocyanate (ALTC)
or oil of mustard
IUPAC hame 3-isothiocyanatoprop-1-ene
CAS No.: 57-06-7
Supplier: Sigma Aldrich
Renolab code: SR 220
Batch number: SZBC285XV
Purity: 95,5 851
Expiry: 11 October 2015
Storage: Refrigerator, nominally 4-10 °C

()This value was reported on the Sigma Ald
Allyl Isothiocyanate (AITC) is present In eq
that quickly converts to the isomer by allylic
the split/sphtless injection system (References,

The resuiting reference item purity was then 100

4.3 Equipment

« Standard laboratory glassware

» Analytical Balance accurate to 0.1 mg, mod. AT 261, Mettler-Toledo

=« Gas chromatograph equipped with split/splitiess injector, autosampler, column oven and FID

detector, mod. Autosystem XL, Perkin Eimer

s GC caplllary column 0.32 mm internal diameter, 0.25 pm film thickness, 30 m length, Supelcowax

10, Supeico
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« iH-NMR spectrometer 300MHz, Brucker (equipment of 1sagro Ricerca Chemistry Department)

4.4 Reageénts and Materials

« n-hexadecane, Sigma Aldrich

« Dichioromethane, Sigma Aldrich

= Deuterated chloroform (used for_‘HwNMR spectrum by Isagro Ricerca Chemistry Department)

4.5 Reagent Solutions Preparation

Internal standard solution, n-hexadecane 1.5 mg/mL in dichloromethane: 303.1 mg of n-hexadecane
were accurately weighed and transferred in a 200 mL volumetric flask; then dituted to volume with
dichloromethane to give a 1.5 mg/mL n-hexadecane internal standard solution.

4.6 Reference Item Solutions

Reference item stock salution SM 220-2 was prepared by weighing 22.5 mg of Allyl Isothiocyanate,
batch SZBC285XV in a 2 mL volumetric flask and making up to volume with dichloromethane. This
stock solution was used for the reference item purity check.

Reference Item stock solution SM 220-3 was prepared by weighing 75.3 mg of Allyl Isothiocyanate,
batch SZBC285XV in a 5 mL volumetric flask and making up to volume with n-hexadecane 1.5 mg/mL
in dichloromethane internal standard soiution to give a 15.060 mg/mL {sum of isemers} refererence
item solution.

Reference item stock soiution SM 220-4 was prepared by weighing 74,7 mg of Allyl Isothiocyanate,
batch SZBC285XV in a 5 mL volumetric flask and making up to volume with n-hexadecane 1.5 mg/mL
in dichloromethane internal standard solution to give a 14.940 mg/mL {sum of isomers) refererence
item solution.

Reference item stock solution SM 220-5 was prepared by weighing 78.5 mg of Altyl Isothiocyanate,
batch SZBC285XV in a 5 mL valumetric flask and making up to volume with n-hexadecane 1.5 mg/mL
in dichloromethane internal standard solution to give a 15,700 mg/mL (sum of isomers) refererence
item solution. :

Reference item stock solutions injections were Interspersed with test item solutions injections ad used
to calculate the active ingredient content in Allyl Isothiocyanate Technical by a bracketing procedure.

In Appendices, Figure 5 and 6 were reported examples of chromatograms of test item solutions for
linearity.
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4.7 GC-FID arnalysis

GC-FID system: Perkin Fimer, Autosystem XL
Analytica!l Column: Supelcowax 10, 30.0 m x 0.32 mm id, film 0.25 pm
QOven: 80 °C, hold 2 minutes

to 160 9C 5 9C/min, hold €.10 min
to 240 °C 20 °C/min, hold 2 min

Run time: ' 24.10 minutes
Carrier gas: Helium 1.0 mL/min (constant flow)
Inlet: Split mode
280 °C
split flow 30 mL/min
Injection volume: 1pL
FID Detector: 280 °C
Retention times: AITC: 6.3 min
ATC: 8,0 min

n-hexadecane: 10.9 min

4.8 Analytical procedure

Around 150 mg of test item were accurately weighed into a 10 mL volumetric flask and then made up
to volume with n-hexadecane 1.5 mg/mL In dichloromethane internal standard solution. Then the test
item solution was transferred in a vial and GC/FID analysed.

4.9 Calculations

The concentration of AITC/ATC sum of isomers CONCrouwn iN the test item solutions was calculated as
follows by comparison of the test item solution response with the response of the reference item stock
salutian injected before and after (bracketing procedure):

CONCyp ¥ AR gample

CONGraup(mg/mL) = o
Where:
CONCsro = concentration {mg/mL) of the bracketing reference item stock solution
ARgmple =  INternal standard response ratio of the AITC/ATC sum area of isomers in the analytical
sample
ARgmp = internal standard response ratio of the AITC/ATC sum area of isomers in the reference

itern stock solution injected before and after the sample {mean value}.
Then the purity the test item was calculated as folfows:

. coNe <V
Purity (%) = _EQW___ UND T 1o

Where:
CONGrouw = CONcentration of AITC/ATC sum of isomers in the test item soiution
Vo= volume of the test item solution

W= sampie weight
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All the data reported in the tables of this report are rounded values taken from Excel spreadsheets
which will be archived with the raw data. The use of Excel spreadsheets to make. the calcutations
produces more accurate endpoints. These endpoints may occasionally slightly differ from the values
derived by substituting the rounded values in calculations. o :

5 Amendment/Deviations to the study plan

The study was performed according to Study Plan 12070-01C dated 21 November 2012. This report
refiects the conduct of this study. : : . :

6 Resuits
6.1 Specificity

The retention times of Allyl Isothiocyanate (AITC) and Allyl Thiocyanate {ATC) isomers in the test item
solutions matched the retention times of the components of the analytical standard (Appendices,
Figure 4 and Figure 7). )

Since GC/FID is nat a highly specific method , @ non-GLP confirmation of the Allyl Isothiocyanate
{AITC) and Allyl Thiocyanate (ATC) identity in the test item was performed with NMR by Dr Marilena
Gusmeroli, Chemistry Department - Isagro Ricerca, This test was performed by diluting a suitable
amount of test item in deuterated chioroform and analysing by IH-NMR spectroscopy. The presence of
the AITC and ATC isomers was pointed out by the chemical shift (&) and splitting of *H-NMR signals
related to -CHs group and Ha, Ha, Hi, Hy hydrogens (Appendices, Figure ). In the following table
(Table 1) was described and discussed the 1H.NMR spectrum of the test item, Allyl Isothiocyanate
(AITC) Technical, batch QJH120312 which is reported in Appendices, Figure 9.

Table 1@ Discussion of ‘H-NMR spectrum of the test item

Chemical Shift (3)

Test item Batch (pprm) Integration Assignment
1.5 trace water
3.5-3.6 5.932 CH,-ATC
Allyl Iﬁggﬂ;‘:g;f”ate QIH120312 4.1-4.2 143.265 CHZ-ALTC
5.2-5.5 143.152 H, Hyr
5.8-6.0 70.604 Hp He

Since *H-NMR is a “cold” method, the ratio between the CH>-AITC and CH,-ATC signals also yielded -
the actual ratio (i.e. at ambient temperature) between the AITC and ATC isomers that resulted 96-4
respectively.

6.2 Linearity

The linearity of the detector response was demonstrated by analyzing test item sofutions {duplicate
independent determinations) at the nominat content, -20 % nominal content and + 20 % nominal
content of test item and piotting the detector response versus the test item weighed amount {mg).
The anaiytical system of AITC/ATC sum of isomers gave a linear response for test item weighing
amounts between 120 and 180 mg in dichloromethane with 1.5 mg/mL n-hexadecane interral
standard. The linear correlation coefficient of the regression iine (r*) was found to be > 0,99 fulfilling
the requirements of SANCO/3030/ rev. 4. The linearity plot is reported in Appendices, Figure 1.

The linearity range comprised the concentration range of the samples £ 20 %.
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6.3 Precision and.a.. conient

The repeatability test was performed by processing flve independent sampies prepared as described in
section 4.8: each extract was injected twice. Results, reported in Table 2, were used to determine the

following precision,
Purity as sum of AITC and ATC isomers {mean}: 100.5 £ 1.2 % w/w  RSD % = 1.22

The amblent temperature ratio between the AITC and ATC isomer in the test (tem was determined by
LH-NMR “cold method” by mean of the ratio between CH,-AITC and CHy-ATC signals and resuited 96-4
respectively.

Results of precision determination, fell within the limits given in SANCG/3030/99 rev.4.

Table 2: Data and results method precision

Sa".‘P’e Sample AITC purity as sum of isomers
Det n® weight volume Dilution

mg mL Yo wiw
101.3

1 153.3 10 1
100.8
101.5

2 149.4 10 1
99.8
100.5

3 154.9 10 1
10L.8
99.1

4 155.5 10 1
102.2
98.5

5 153.7 10 1
99.8

A representative chromatogram of a test item solution was reported in Appendices, Figure 7.

7 Discussion and Conclusions

The analytical method, which was assigned the Renolab code MA CCF 141-1, was validated for
specificity, linearity and repeatability. :

Allyl Isothiocyanate (AITC) and the isomer Allyl Thiocynate (ATC) were identified by retention times in
comparisen to a corresponding reference substance. Moreover a non-GLP confirmation of the two
isomers identity in the test item was performed with 1H-NMR,

The tinear correlation coefficient (r¥) for the = 20 % test ftem nominal content in the samples was
found to be > 0.99 fulfilling the requirements of SANCO/3030/ rev. 4.

The relative standard deviations of the precision determination for the test item purity determination
was 1.22 %, within the proposed acceptability assessed by Horowitz equation. i

The a.i. content, determined concurrently with precision, resulted 100.5 £ 1.2 % as sum of AITC and
ATC isomers. Moreover the *H-NMR analysis revealed a 96:4 ratio between AITC and ATC in the test

item at ambien{ temperature.

The data presented in this report demonstrate that the analytical method provides a specific, reliable
and precise procedure for the purity determination of Allyl Isothiocyanate (AITC) Technical.
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g Archiving

For the periods demanded by the principles of GLF the following documents and materials will. be
archived: . .

»  Study plan, raw data and the final report (10 years).

« Ali documentation generated by the Quality Assurance Unit (10 years).

« A sample of test itemn and reference items (1 year).

All documents and materials will be stored in the archives of Renolab S.r.l. The premises for storing
the documents and materials are settied according to the principles of Good Laboratory Practice in the
organisation of the testing facility.

3 Reference (s)

1 Technical Materiai and Preparations, Guidance for ganerating and reporting methods of analysis in
support of pre - and post-registration data requirements for Annex II (part A, Section 4) and
Annex III (part A, Section 5} of Directive 91/414, European commission, SANCO/3030/99 rev.4,
11/07/00,

2 Antimicrobial Properties of Sinigrin and its hydrolysis properties, B. G. Shofran, S. T. Purrington, F.
Breidt and H. P. Fleming, Journai of Food Science, Volume 63, No 4, 1998

10 Distribution

Study Pian Raw Data Final Report
Sponsor 1 original - 1 original
Test Facitity: 1 original 1 original 1 original
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11i.1 Linearity Curve(s)

finai Report =

12070-01C

11.2 Representative Chromatograms

Linearity ;
!
70 P
: PO H
6,0 - I
50 - P i
40 !
; y=0,04238x-0,42787
30 RY = D, 30800 ‘
e !
i 1,0
00 . : : %
; 120 140 160 180 200
| . i
Figure 1: Linearity curve of AITC and ATC sum of isomers in AITC Technical.
Sotware Version : 6.2.1.0.104:0104 - Date T 1112712012 53755 AM
“Sampla Name  ; SM 220-2 Pur Chack Dala Acguisition Time : 11/23/2012 5:33:58 PM
Instriment Name : AutosystemXL Channet t A
Rack/Viat - oz Operator . lg
Sampie Amount : 1.000000 Dilution Faclor 2 1.000000
Cycla 12

Result File ; D:AGascromatografolAuiosystemXL\§P12070-01C AITC Techiprec_002.rst
Sequenca File : D\GascromalografoiiulosystemXLiSP12070-01C AITC Tech\Pracision.seq

[LI—

F'e#ak Componentl

1 AITC
2 ATC

3

[ t B}
13 Ta

2 b4

4 L9

HEUEHEHAND ii‘l'i!‘ BT BB RRIAHIBR AL
¢ ! 10 12 il s o B b7
Time ferdii]

Ally! Isothiocyanate Purity

Time  Area Area
[min} {uvsee] (%]

641 1431315 82,07

8.10 123359 7.93

1554675 100.00

Figure 2: Purity check of Allyl Isothiocyanate reference item, batch SZBC285XV, Sigma-Aldrich
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Sofrware Version © 8.2.1.0.104:0104 Daie © 112742012 B:49:20 AM
" Sample Name  : ‘solveni DCM Cata Acquisition Time : 14/23/2012 11:48:15 AM
tnstrument Name © AuiosystemXL Channal H

Rack/Vial © 0t Operatar Tig

Sampie Amount @ 1.000000 Dilution Factor 1 1.0008300

Cytle o1

. Result File : D:\GascromatsgrafolAutosystemXL\SP12070-0¢C AITC Tech\23nav001,rst
Sequence File : D\CascromatografolAulosystemX S 2070-01C AITC TechiLinearity seq

i f1iv]

PP T e T T LA e T T
1r:»!E !é I :54 ¥ 1!5[i 1u}lr|;[ P 2‘2 A

Tl {min]

Allyt Isothiocyanate Technical
No paaks avaifable ta reporl
Missing Component Report
Component Expected Retention {Cafibration File}

LAITG §.380
ATC §.000
n-hexadaecane 11,110

Figure 3: Chromatogram of a dichloromethane (DCM) solvent injection

Software Version : 6.2.1.0.104:0104 Date L 272012 8:36:10 AM
‘Sample Name  : SM220-3(2) Data Acquisition Time ; 11/23/2012 $1:22:17 PM
Instrument Name @ AutosysternXL Channel A

RackViel . 0f3 Operaior . g

Sampla Amount  ; 1,000000 Diution Factor = 1.000000

Cycle 113 :

Resuit File : D:\Gascromatografa\hutosystemXLASP12070-01C AITC Tech\prec_013.rst
Sequence File : D:\Gascromategrafo\AutasysiemX1\8P12070-01C AITC Tech\Precision,saq

BT

=
£ 1
|
£ :
g i
< : !
- g
T 7 T s
S S -1 4 —
; ik §
H =
;m;im.‘L.;ui!m-n BiBt i ] ,:ufm[immanizﬁ ULEIREIER [RE ISR
[ A 1 1z 14 i 18 o=
Titno fmin]

Alivl Isothiocyanate Technical

Peak Component Time Area ISTD Resp
#

Name [min] {uv*seg] Ratio
1 AITC 8.41 17536806 0.0000
2 ATC B.10 151159 0.0000

3 n-hexadecane 11.09 327920 0.0000
2247685 0.0000

Figure 4: Chromatogram of a 15.060 mg/mL as AITC/ATC sum of isomers reference item solution
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Software Version © B.2.1.0,104:01104 Date CARETR012Z 49134 AM
Sample Name. . Lin -20% Th-2 Data Acquisition Time @ 1142372012 2:27:15 PM
instrument Name : Autosystemxl Channel Tt A

Rack/Vial . 06 Qparslor : g

Sampie Amouni  : 1.000000 Ditution Factar : 1.000000

Cycle 18

Resuli Fits - DAGascromatografchutosystemxL\SP12070-04C AITC Tech\23nova0G.rst
Sequence Flle DGastromaiograioAutosystemX\SP12070-01C AITC TachiLinearity.seq

T
E s g
] I ®
£ 3 |
: l :
€ |
: g
S . ; . [ —
5o P
Lo g
; i
T T BT BRI En B EHT N RN I B R TME ]
F I L S 0 2 1 5 B
Fietets jmin}

Allyl Isothiocyanate Technical

Pt;lak Companent Tima Area ST Resp

~ Nama [min] {uV*sec] Ratio
i AITC 640 1397517 6.6000
2 ATC 8.09 120402 0.0000
3 n-hexadecane 11.04 324283 0.0000

1842202 0.0000

Figure 5: Chromatogram of a 120.5 mg in 10 mL test item solution for linearity

Sollware Version @ 0.2.1.0,104:0104 Datg 112712012 8;:49:33 AN
Sampla Mame ¢ Lin +20% TH-1 Data Acquisition Time - 11/23/2012 1:55:28 PM
instrument Name ; AutosystemxL Channet T A
Rack/vial 1 05 Oparator :ig
(S:arrllple Amount | ; 000000 Diution Faclor : 1.000000

ycle :

Result File : D\GascromatografolAutosystemXL\SP12070-04C AITC Tech\23nov005.rst
Sequence File ; Di\GascromatogratoiutosystamX\SP1 2070-01C AITC TechiLinearity.seq

g
&
5 B H I ¥ o
£ b 3
i
IR A T T "[i('JTT"‘!'I'E'I(’i‘_'!'\‘il’:f]ﬂl‘ B
4 8 g 1z w C o1 o 2

Tmp [min]

Allyl Isothiocyanate Technical

Piak Component Time  Area  15TD Resp

Name [min] fuvsecl Ratio
1 ATC 641 2086159 0.0000
2 ATC 8.10 180075 0.0000
3 p-hexadecane 11.04 316059 0.0000

2582293 0.0000

Figure &; Chromategram of a 181.3 mg in 10 mL test item solution for linearity
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AITC Technical

Sofware Version : 6.2.1.0.104:0104 Date 112712042 9:38:00 AM
“-Sample Name  : Sample 5 {1} Daia Acguisition Time : 11/23/2012 10:50:37 PM

nstrument Mame ; AutosystemxL Channet DA

RackiVial » M6 Qperatar :lg

Sampie Ameunt  © 1.00000Q Ditution Factar ; 1.000000

Cyate 112

Result File : DAGascromatogralc\AutosystemXL\SP12070-01C AITC Techiprac_012.rst
Sequence Fila DAGascromatografolAutosystemXLASP12070-01C AITC Tech\Preclsion.seq

Fessponsa ]

1

ATC Fpm—f. 1

;
:

W T e
3 [

T O T
0 16 T[ 2% Iz'z

kL]

Thee [wi}

Allyi Isothiocyanate Technical

Pagk GCompohent Tims  Area ISTS Rasp
W

Nama {min] [uV=sec} atlo
1 ATC | 642 1870386 0.0000
2 ATC g1 153037 0.0000

3 n-hexadecane 11,056 346016  0,0000

ZagEdsz | 0.0000

Figure 7: Chromatogram of a 153.7 mg in 10 mL AITC Technical, bateh QIH120312 test item solution

11.3 'H-NMR Spectroscopy

b B
a CH N a
= CH s
H,C CH, ﬁc\ Hch ~CH \c\
\S %N
AITC ATC

Figure 8: Scheme of AITC and ATC stuctures for *H-NMR signal assignment
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Figure 9: *H-NMR spectrum of AITC Technical, batch QIH120312
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Final Report

AITC Te_chn%cal

i1.4 Analytical Certificate(s)

F Avtie T/ raduct: 36682

SiEMA-ALOFRICH”

CERTIFICATE OF AMALYSIS

Sty Bldeieh Laboen
Tulaten R

riliae Sebl G-2GS1¥ Saalze
130

Farlie, 1510 20ZMIE NI4T

Sudar o :
Cuztaperrllolt

rdar-Cade:

Erounntlek 19T0 11,0e¢. 2001
Zaplef Paier ShoSan.2008

Exbeh @ SRAC2OGHY

Ayl-izathiceysnzis pesTaUAL®

o ;

mm.nm filaievinl (R} )

1. Generat Hdpimalian

Fowaasla: CARANE
Chi-da.: [S1-06-7
Dezge : Insecticide

tHolar mass: 9%.15 g/Mole
Recomnmn, sbarsge temp. . rookbewp,

{dentily (M)

LGy
ractive iadax (o 200
Male of Anzlysis

28.0ct 3012

2 advice and Remaiks

* Uia esprey dal v de baeel an ghe mepcenz Snaviedgs ol Ledds ealy ot prepaT Utatigt vowlitionz ik the
z sdtal putihag

ase is opeand fon roasval o1 aligeor pertioe of Rt nbitibon. Cha perzoo Raudling kbe
w1t TRIL Ehe detaynily of the zuprpange s saklia
WAL Lo WY taken 12

i sl gtsprs wscevdd of atl Ska

4 3ag gentemipablon 02 sunleerablos oL Lha eubstencs.

tunry Lr 2tzached szmasdiog bs the sec

2k latirery soaditlons sgeesd

waks a6 the anlbaki

217 Sznersl Sorabiiung ot Salas,

for n pertivntar aved af Appliceilon zqv nok paeeyed,

£LO-Mezled
Rrticie
Article-Ha
Batak
Column

T . -Penwr.
hat. “fewp.
Gren-Toap.
golir

TFlow

g v,
Evslusbion
Gperatny

9

ase

Pnalyticel Deparemznc

: milyl-iuothiceysmabe
5683
SEZRCZOSKY
#oH-5, anm, B, 25 4
185°C

€0 - PIB .
Mmmncno 1504C (57¢Inind ko 256°C {10°C/win)
2:500
Q,Tul Hafuio
0.@pl
Novmalisatrion (uncorraveadl)
+ Echilz

.. 0,350 FITn

CHROMATCGRANN

Rrea  Perosubt Repnxt

¢ deaa. R Helght Lrea JITLI Corponnd Haue
1 1.65% 3.560 5,65 3027
2 6.387 8.537 23:75 0386
3 6.46% 15.725 252.64 1.841
2 s.fla 1082624 £154.03 25,11
5 15.053 5017 11,30 G_1E2

Certificate of analysis of Allyl Isothiocyanate reference item batch SZBC2B5XV

Figure 10
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Sponsor:

Test item:

Batch Number:
CAS No. (of a.l.)!

sample received on!

Analysis compietion date:

Expiry date:

Metnod{s):

R, et

CERTIFICATE OF ANALYSIS Ne. 016/12

ISAGRO 5.p.A. _

Aliyl Isothiocyanate (AITC) “Technical
QIH120312 '
57-06-7

26 September 2012

27 November 2012

fNovember 2014

GC/FID methed MA CCF 141-1 described In the GLP Study 12070-01C
for purity

IH-NMR spectroscopy

for lsomers ratio at ambient temperatlre

r Purity

1 (as sum aof ALTC and ATC ismoers)

1005 & 1.2 % w/w
RSD % = 1.22

AITC/ATC ratio

26:4

{at ambient temperature)

L

Poggic Renatico, 21 December 2012

Dr, Sara Morsiani Dr.j| %ma!l\lyatemﬂ
il

Study Director Qui ssUfance
/‘ ’

Renctab S.r.l. GLPcomphant facility
via A. Spinelli 12 1-44028 Poggic Renatico {(Ferrara) Italy
Tel.c +39 0532 82 11 16 | Fax: +39 0532 82 40 91

Figure 11: Certificate of analysis of Allyl Isothiocyanate (AITC) Technical, batch QIH120312
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LAB
GLP
GLP compiiant facility

Renclab S.r.l.
Via A. Spinelli, 12 1-44028 Poaggio Renatice {Ferrara) Italy

Phone ; +390532 8211 16 Fax : +39 0532 82 40 91

CERTIFICATE OF ANALYSIS Mo, 004/13

ISAGRO S.p.A.

Sponsor: Centro Uffici San Siro, Edificio D—ala 3 Via Caldera 21,
1~-20153 Milano (MI), Italy
Test Item: Allyl Isothiocyanate (AITC) Technical of natural origin
Batch number: 1050120806/11
57-06-7

CAS No. (of a.L.): Allyl isothiocyanate (AITC) or cil of mustard

Physical state: Limpid orange liquid

Molecular Weight

Renoclab Study

Sample received on:

Analysis completion
date:

Expiry date:

Type of assay:

99.15 g/moi
2013-05NC
15 January 2013

21 February 2013

February 2015

GC analysis with FID detection

sum of AITC/ATC isomers
[%% w/w]

{98.93 - 98.93 ~ 98.93)

fa/L]

a.i. content

1005

Determination Result Method

- CIPAC MT 3.2.1 {Pyknometer
Density [g/mL] 1.016 method)
a.i. content as 98.93 %

GC-FID intaernal method

Analyst: Dr. Sara Morsiani

Lo e
) I e, ©
D ogy ~ My
T s

Poggio Renatico, 21 February 2013




- LAB

GLP

Comparison between Allyl Isothiccyanate Technical of natural origin
and Allyl Isothiocyanate Technical from synthesis

Software Version : 6.2.1.0.104:0104 Date 1 2/25/2013 3:40:45 PM
Sample Name : DCM _ Data Acquisition Time : 10/4/2012 5:01:10 PM
instrument Name : AutfosysternXL Channel A

Raclk/Vial 10N Operator 1 LG

Sample Amount : 1.000000 Dilution Factor _+ 1.000000

Cycle o1

Resuilt File : D:\Gascromatografo\AutosystemXL\SP12069-01C-AITC pre\pur_check001.rst
Sequence File : D:\PenExe\TcWS\Wer6.2,1\Temp\pur_check001-534833567-20130225-1564028.idx

i
1504
S‘ ok
E o
% 00—
8 -
50—
4 k3 o -
G AN L e
IR R I I naR B B I H O HETHT T
lé‘l!als| Ejzlwtljaifsfzia 2E2

Time [min]

Figure 1: Chromatogram of a dichloromethane (DCM) solvent injection
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GLP

Software Version : 6.2.1.0.104:0104 Date : 2/25/2013 3:38:30 PM
Sample Name » AITC 15 mg/mL in DCM Data Acquisition Time : 10/4/2012 6:04:59 PM
Instrument Name : AutosystemxXL Channel t A

Rack/Vial D002 Operator LG

Sample Amount : 1.000000 Difution Factor : 1.000000

Cycle 2

Resuit File : D\GascromatografolAutosystemXL\SP12063-01C-AlTC pre\pur_check003.rst
Sequence File :

DAPenExe\TcWSWVer6. 2. 1\Temp\pur_check003-245000755-20130225-153747 idx

7.08

L

150—|

i

100~}

Response fmV]

[

EETRANREN

o.
T
l

. AH L et

PNl —
e
|

AITG =

TITETHTTTHTIT [ I’WEW

il HITHTIT TN
18 20 2‘2 "

Time [min]

Allyl Isothiocyanate Purity

Peak Component Time Area  Area
# Name  [min] [uV*sec] [%]

1 AITC 7.08 1960780 93.30
2 ATC 8.87 140785 6.70

2101566 100.00

Figure 2: Chromatogram of a 15.0 mg/mL Allyl Isothiocyanate Technical from synthesis, batch QJH120312,
test item solution.
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L LeB

GLP

Software Version : 6.2.1.0.104:0104 Date L 272572013 4:29:57 PM
Sample Name  : Sampls 1 {1) Data Acquisition Time : 2/20/2013 12:59:07 PM
Instrument Name : AutosystemXL Channel LA

Rack/Vial 042 Operator s

Sample Amount : 1.000000 Dilution Factor : 1.000000

Cycle o1

Result Fite : D:\GascromatografolAutosystemXL\SP12070-01C AITC Tech\AITC_nat002.rst
Sequence File :

D:\PenExe\TcWSiVer8. 2. 1\Temp\AITC _nat002-1824264302-20130225-162922.idx

5.29

!
150
E - |
@
g woﬂ 1 i
4 - 2
o . i i
50— \
: o = g i o A"‘M”"“NJ\"’
— + .
Q- i ;{n ! _‘L* —7 L -
g g
HI E[T[s‘llii!5|lii‘}iikl|\EH‘HI\[i!H’iEH‘Hi[PEHE!!E!“:l{gil‘[iIEH|HHiMI‘%EI!‘
10 12 14 16 8 20 22

Time frin]

Allyl Isothiocyanate Purity

Peak Component Time Area Area
# Name  [min] [uV*sec] [%]

1 413 18132 (.84
2 5.08 4917 0.23
3 AITC 6.29 1941756 90.37
4 ATC 7.97 183891 8.56

2148696 100.00

-Figure 3: Chromatogram of a 14.8 mg/mL Allyl Isothiocyanate Technical of natural origin, batch
1050120806/11, test item solution.

RN T
Date 43 KAy
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ISAGRO AITC 05/02/2013

Novara

AITC -~ GC-MS analysis

The following samples of Allylisothiocyanate (AITC) were analysed by GC-MS.

i.
AITC of synthetic origin
Batch: QJH1203012

2.

AITC of natural origin
Sample name: “Mostarda OE”
Batch: 1050120806/11

The scope of the analysis was to confirm the identity of the active ingredient in each sample
through identification of characteristic molecular ion peak and fragmentation.

Test conditions

Instrument: Agiient Technologies Gaschromatograph 7890A
Detector: Agilent Technologies 5975C electron impact, single quadrupole
Capillary column: HP-5; 1. 30 m; i.d. 0.32 mm; f.t. 0.25 um
Carrier gas: Helium, 1.0 mL/min
Injector temperature: 270 °C
Temperature program: 50°C - 3 min - 12°C/min - 300°C
Sample preparation: ca. 17.5 mg/mL substance dissolved in dichloromethane
Injected volume: 1ul
Retention times: 5.7 min (AITC)
5.4 min (ATC)

Fragmentation:

Conclusions:

+ The current AITC samples of synthetic and natural origin both display mass
spectra in agreement with expected molecular ion peak (MY, m/z 99) and
fragmentation.

s In the particular gaschromatographic conditions, each product appears as a
mixture of isomers, due to the presence of Allylthiocyanate (ATC) as a
secondary peak.

Annexes: 1. Chromatogram; mass spectrum (AITC); mass spectrum (ATC) for sample QJH1203012
(synthetic origin).
2. Chromatogram; mass spectrum (AITC); mass spectrum (ATC) for sample 1050120806/11
{natural origin).
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ISAGRO AITC 05/02/2013

Novara

AITC - *HNMR analysis

The following samples of Allylisothiocyanate (AITC), comprising the isomer Altylthiocyanate
{ATC) were analysed by means of proton magnetic resonance; and related spectra were
recorded,

1.
AITC of synthetic origin
Batch: QIHi2030412

2.
AITC of natural origin
Sample name: “Mostarda OE”
Batch: 1050120806/11

The scope of the analysis were:
a. to confirm the identity of the active ingredient in each sample through identification and
integration of characteristic resonance peaks;
b. to determine the AITC/ATC ratio from integration of relative area of specific NMR
sighals.

Test conditions
Instrument: Bruker HNMR 30 MHz
Sample preparation: ca. 20 mg/mL substance dissolved in deuterated chloroform.

The peak integration of —~CH,- groups was adopted as the measure for the AITC/ATC relative
abundance in each sample.

The relevant NMR signals {doublets) for the -CH,- groups are found respectively at 4.17 ppm
(in AITC) and at 3.55 ppm (in ATC).

Other signals in the NMR graphs are at 5.2 - 5.5 ppm (=CH;) and 5.8 - 6.0 ppm {=CH-);
attribution to AITC or ATC is not applicable.

CH _N CH _S
H,eZ “CHy Nc H,eZ “CH, “Cso
Ns XN
AITC ATC

Conclusions:
« The current AITC samples of synthetic and natural origin both result composed
of 969% AITC and 4% ATC, in relative abundance.

Amnexes: 1. *HNMR graph for sample QJH1203012 (synthetic origin).
2. 'HNMR graph for sample 1050120806/11 (natural origin).
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Final Report

Physical-Chemical Characterisation of a
Sample of AITC Technical
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OECD guidelines and US EPA/OPPTS series 830

Study Director
Dr, Lidia Gazzotti

Date
22 February 2013

Test Facility @ ' Sponsor
Renolab S.r.L ISAGRO S.p.A.
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Ttaly

Test item
AITC Technical

Study code
12070-02C

Renoiab S.r.l. - GLP comptliant facility
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RENOLAB,

12070-02C

LP

AITC Technical Final Report

Statement of Confidentiality

This report contains confidential and proprietary information of ISAGRCO S.p.A. which must not be
disclosed to anyone except the employees of this company or to persons autherised by law or judicial
judgement without the expressed and written approval of ISAGRO S.p.A.

Statement of Compliance with the Principles of
Good Laboratory Practice

The study described in this report was conducted in compliance with the most recent edition of:
50 - Actuation of Directives 2004/9/EC and 2004/10/EC

concerning the inspection and verification of Good Laboratory Practice (GLP) and aligning of laws,
regulations and administrative provisions related to the application of the Principies of Good
Laboratory Practice and to the control of thelr application for chemicais tests.

e Law Decree 2nd March 2007 N°

» The OECD Principles of Good Laboratory Practice.
aboratory Practice which are

The Italian requirements are based on the QECD Principles of Good Li
accepted by regulatory authorities throughout the Furopean Community, the United States of America

(FDA and £PA) and Japan (MHW, MAFF and METI) on the basis of intergovernmental agreements.

This report fully and accuraEer reflects the procedure used and data generated.

L4 Fel o3

Date

Dr, Lidia'Gazzottl
Study D'n#ctor
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AITC Technical Final Report

12070-02C

Statement of Quality Assurance Unit

Study code: 12070-02C

Study title: Physical-Chemical Characterisation of AITC Technical

Study plan has been verified and experimental phase, draft report and final report of this study were
audited by the Quality Assurance In compliance with the QECD Guidel

Operating Procedures Audit dates are given below:

nes and to Renclab’s Standard

Phase or Date of Date of report to
doc i ki
acument ven;;l::iéon Principal ‘Test site Study Test Facility
Investigator Management Director Management
Study plan: 24 JAN 2013 n.a. n.a. n.a.

Experimental

01 FEB 2013 04 FEB 2013

analytical . . 30 JAN 2013 . n.a.
phase

Draft Final = 55 peg 2013 na. 2 FEB 2013 22 FEB 2013
repart:

The draft report correspond to the raw data.

§ Gy

Dr. Paolo Bonetti
Quality Assurance
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AITC Technical

Final Report

12070-02C

1 Summary

The fotlowing physical-chemical characteristics of AITC technical batch QIH120312 were determined.

Test Method Resuit
Boiling Point | OECD 103 420 K (147°C)
Density/Relative
Density CIPAC 3.2 1.017 g/mi.
Type of phase and | Observed Amax | Absorbance Calculated £
pH (nm) (al) (Mem™)
Methanol pH 1.8 203 1.6130 3877
UV/visible Methano! pH 6.61 203 1.2328 2701
absorption OECD 101
spectra Methanol pH 11.29 203 1.2738 2618
Methanol pH 1.81 245 0.6320 1519
Methanol pH 6,61 246 0.44886 983
Methanol pH 11.29 246 0.4243 872

2 Time Schedule

Study plan authorisation:
Start of experimental phase:
End of experimental phase:
Draft report:

‘Study compietion date

3 Study Objective

The alm of this study is the determination of density, boiting point and UV spectra of

Allyl Isothiocyanate {AITC) Technical,

24 January 2013
30 January 2013
01 February 2013
01 February 2013
22 February 2013
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4 Materials
4.1 Test item

| Name:

 Allyl Isothiocyanate (AITC) Technical

Active ingredient(s)
{common name and synonym)

Allyl Isothiocyanate (AITC)
or oif of mustard

Active ingredient(s}
IUPAC name:

3-isathlocyanatoprop-1-ene

CAS Number of a.i.(s): 57-06-7

Physical state: Limpid orange liquid
Molecular Weight 59,15 g/mol

Supplier: ISAGRO RICERCA S.r.l.
Batch number: QIH120312

Renolab Code: 12070

Expiry date:

September 2014

Storage conditions:

Room temperature

4.2 Apparatus

¢  Apparatus for meiting/boiling point, Bichi

s« Standard laboratory glassware and equipment
e  Analytical balance accurate to 0.1 mg, Mettier-Toledo
«  pH-meter, mod. 827 pH lab Metrohm

e . Thermostatic bath with immersion thermostat, Haake

N UV/Visible spectroscopy system, Agilent

4.3 Reagents

«  Hydrochloric acid solution 0.1M, Carlo Erba
s Sodium hydroxide solution 0.1M, Carlo Erba
»  Methanol gradient grade, Sigma Aldrich

5 Physicai-Chemical Characterisations

5.1 Boiling point (OECD 103)

The boiling point is defined as the temperature at which the phase transition from the liquid to the gas
state at atmospheric pressure takes place.

5.1.1 GQutline of method(s)

Bolling point was determined by the Siwoboloff method, placing the substance in a capillary immersed
in a liquid bath method over the temperature range ambient to 593 K {320 °C).

A portion of the test item was put in a tube which was immersed in a liquid bath. The apparatus and
then the stirrer motor, the heating circuit and the lamp to illuminate the sample, were switched on
and the sample Is gradually heated. The sample tube was held in close contact with a thermometer
and it contains a boiling capiilary which is fused about 1 cm above its lower end. The bath was heated
at a rate of about 3 K per minutes to about 10 degrees below the expected boiling point, then the
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current was reduced to 1 K per minute. Upon approach of the boiting temperature bubbles emerge
rapidly from the lower open end of the capilary. The boiling temperature is that temperature at which,
on momentary cooling, the string of bubbles stops and liquid suddenly rises in the capiilary. The test

was performed in triplicate assay.

5.1.2 Caleulations

The measured temperature was converted from °C to K using the following equation:
T=t+ 273

where:

T: temperature in Kelvin degrees

t: temperature in Celsius degrees

5,1.3 Result of boiling point
The results of the boiling point determinztions were reported in Table 1.
Table 1: Results of AITC Technical boiling point determination

Boiling point

Temperature
°C K
Determination 1 147 420
Determination 2 146 419
Determination 3 147 420
Mean i47 420

5.2 Density (CIPAC MT 3.2)

The 25 mL pychometer (including the rids) was weighted empty, then filled with water and incubated
for at least 15 min at 20 °C (water bath, calibrated thermometer). The surface of the pycnometer was

dried and the pycnometer was weighed.

After cleaning and drying, the ﬁychometer was filled with the test item sonicated in order to degas and
incubated for at least 15 min at 20 °C as above,

The test was conducted at the temperature of 20 °C.

5.2.1 Calculation
The density was calculated from the foilowing equation:

= (wig - vig) 'PHzo
(Wq —wq)
p Density of test substance (g/mL)
Mg Mass of empty pychometer before measure with water(g}
ms; Mass of pycnometer flilled with water (@)
msz Mass of em bty pycnometer before measure with test item (g)
ms Mass of pycnometer filled with test item {g)

onzo  Denslty of water (0.9982 g/mL at 20 °C)
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5.2.2 Results

Table 2: Results for density determination

Determination Density at 20°C {g/mL)
1 ' B W 0 A B o
2 1.017
Mean value 1.017

5.3 UV/Visible absorption spectra (OECD 101)

The ultraviolet-visible (UV-VIS) absorption spectrum of a chemical compound gives some indication of
the wavelengtis at which the compound may be susceptible to photochemical degradation.

5.3.1 Outline of method(s)

The absarption of a compound is due to its particular chemical form. It is often the case that different
forms are present, depending on whether the medium Is acidic, basic or neutral. Consequently,
spectra under ait three conditions are required where solubility and concentration allow, Where it was
not passible to obtain sufficient concentrations in any of the aqueous media, a suitable organic solvent
was used {methanal preferred). The acid medium should have a pH of Jess than 2, and the basic

medium should be at least pH 10,

Test item solutions were prepared by accurately weighting about 15 mg of the test substance in a 20
mL volumetric flask and making up to volume with the tested phase. The test item solution was
diluted 20 times in order to achieve a concentration that produced at least one absorbance maximum

in the range 0.5 to 1.5 units.

UV/Visible absorption spectra were acquired by a singie beam UV/visible spectroscopy system over
the wavelength range 1900-750 nm at 1-nm intervals with a 1 cm cell path length.

5.3.2 Calculations

The molar absorption coefficient £ was calculated as follows for all the maximum absorbance vatue of
the test item.

A
gy (Mtem™)= o
x

wavelength (nm) of the observed maximum
observed absorbance of maximum

test substance concentration (M)

o o= o

cell path fength {1 cm}

5.3.3 Reagents solutions preparation

Due to the hydrophobic nature of the test item methanol was used as solvent instead of pure water.
Acid and basie pHs were achleved by adding respectively HCl 0.1 M and NaOH 0.1 M to 100 mL of

soivent until reaching pH 1.81 and 11.29.
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5.3.4 Results
Two peaks were found in the UV range, molar extinction coefficient was calculated at both
waveijengths.

Table 3; Table of result-of AITC Technical spectra: R

Medium wavhgl?aﬁg?cﬁr?nm) Abs(oArEa)mce Sample Conc (M) (M'lgm"i)
pH 1.81 203 1.6130 4,1604E-04 3877
pH 6.61 203 1.2328 4,5638E-04 2701
pH 11.29 203 1.2738 4,8664E-04 2618
pH 1.81 245 0.6320 4,1604E-04 1519
pH 6.61 246 0.4486 4,5638E-04 983
pH 11.29 246 0.4243 4,8664E-04 872

Representatives spectra are shown in figure from 1 to 3 in Appendices

All the data reported In the tables af this report are rounded values taken from Excel spreadsheets
which will be archived with the raw data. The use of Excel spreadsheets to make the calculations
produces more accurate endpoints. These endpoints may occasionalty slightly differ from the values
derived by substituting the rounded values in calculations.

6 Amendments/Deviations

The study was performed according to Study Plan 12070-02C dated 24 January. This report reflects
the conduct of this study.

7 Archiving
For the periods demanded by the principles of GLP the following documents and materials will be
archived:

» Study plan, raw data, and the final report (10 years).
e All documentation generated by the Quality Assurance Unit (10 years).
« A sample of the test item (1 year) and reference itern.

All documeants and materials will be stored in the archives of Renolab S.r.k. The premises for storing
the documents and materials are settled according to the principles of Good Laboratory Practice in the
organization of the testing facility.

8 Reference (s)
OECD gquidelines for testing of chemicalsNo. 10%; 103 and 109

EPA/QPPTS Series 830 guidelines

CIPAC Handbook Vol. F Physico-chemicals Methods for Technical and Formuiated Pesticides, W. Dobrat
and A. Martiin Editars, {1995)

9 Distribution

Study Plan Raw Data Final Report
Spansor: 1 originat : - 1 original
Test Facility: 1 original 1 original 1 original + 1 pdf file

pPage 9 of 12



AITC Technical Final Report 12070-02C

10 Appendices: Spectra
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Figure 1: Spectrum at basic condition in UV/Vis spectra determination
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Figure 2: Spectrum at neutral condition In UV/Vis spectra determination

Page 11 of 12




RENOLAB,

Lp
AITC Technical Final Report 12070-02C
spectrum/Peak Repork : Date D2/0:/2013 Time £9:13:25 Fage 1 of 1
T Mmbhed Filer 00T 7T URLLYLLEM T Lashupdat#l Dates 0172972003 © Time &vG4:43 PM- - -
Information Default Mebhed
pata Tile H C: \APCHEM\ LA DATANL2Q70-~1\ACIDL . 5D Created @ 2/01/713 0B:4%:22
Overlaid Spectra: V
pH acid
188
4 ta¥]
1.4
5 124
T 1
B
.E: 0.3; g
ﬁ 0.6 7
< 3
0.4 ]
8.2
0:5-' AR A A LA LA T T’ LAY DR AL W T
200 300 400 5060, 600 700 300 o0 Wanelangth {nm
i MName Peaks (nm) Abs (AT) F Name Paaks (N} Abs {Al)
1 pH acid 203.0 1.6158D 1 245.0 0.63243
Report generated by : ML SLgNALUTE: .« covammran iy

*ux Epd Spactrum/Pezk Report *¥¥

Figure 3: Spectrum at acid condition in UV/Vis spectra determination

Page 12 of 12



L)
1 Test Favility
Metzholism & Favironmental Fate Dept

ANTC

Suuinary Repoit

6.7 APPENDIX G: Physical-chemical characterisation of AITC of
natural origin

- 71 of 100 -



P Test Facility
Metaholism & Frvironmearal Faje Dept

SHBTRATY

Page left blank intentionally

- 72 of 100 -



ey

RENOLAB

GLP
13002-01C

AITC Technical (natural origin} Final Report

Final Report
Physical-Chemical Characterisation of a
Sample of AITC Technical of natural origin

Guideline(s)
OECD guidelines and US EPA/OPPTS series 830

Study Director
Dr. Lidia Gazzotti

Date
22 February 2013

Test Facility Sponsor
Renolab S.r.i. ISAGRO S.p.A.
Via Spinelli, 12 Centro Uffici San Siro Edificio D - ala 3

[-44028 Poggio Renatico (FE) Via Caldera, 21
- Italy ' 1-20153 Milario (MI)
Ttaly

Teast item -
AITC Technical

Study code
13002-01C

Ranolab S.r:l. - GLP compliant facility: -

Page 1 of 11




LR

RENOLAB::

GLP
13002-01C

AITC Technical (natural origin) Final Report

Statement of Confidentiality
proprietary information of ISAGRO SpAwhlch must not be '
authorised by law or judicial

This report contains confidential and
disclosed to anyone except the employees of this company or to persons
judgement without the expressed and written approval of ISAGRC S.p.A.

Statement of Compliance with the Principles of
_ Good Laboratory Practice

The study deseribed in this report was conducted in compiiance with the most recent editlon of:

« Law Decree 2nd March 2007 N° 50 - Actuation of Directives 2004/9/EC and 2004/10/EC
concerning the inspection and verification of Good Laboratory Practice (GLP) and aligning of laws,
regulations and administrative provisions related to the application of the Principles of Goed
Laboratory Practice and to the control of their application for chemicals tests.

« The DECD Principles of Good Laboratory Practice.

The Itafian requirements are based on the CECD Principles of Good Laboratory Practice which are
accepted by regulatory autharities throughout the Eurgpean Community, the United States of America
(FDA and EPA) and Jjapan (MHW, MAFF and METI) on the basis of intergovernmental agreements.

This report fully and aceurately reflects the procedure used and data generated.

CJ{D&WOL&': 9.8 otz

Dr, Lid'iei Gazzotti Date
Study Djrector :
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Statement of Quality Assurance Unit

Study code: 13002-01C
Study title: Physical-Chemical Characterisation of AITC Technical

Study plan has been verified and experimental phase, draft repart and final report of this study were
audited by the Quality Assurance in compliance with the DECD Guidelines and to Renclab’s Standard

Operating Procedures Audit dates are given below:

Phase or Date of Date of report to
document ve?:::;:l:on Principal Test site Study Test Facility
 Investigator Management Director Management
Study plan: 24 JAN 2013 n.a. n.a. n.a. n.a.
Experimentat
analytical 30JAN 2013 | na, na.  OLFEB2013 04 FEB 2013
phase ' S
Draft Final 54 reg 2013 n.a. n.a. 22 FEB 2013 22 FEB 2013
report:

The draft report corresponds to the raw data.

@ TR 91 5en 2043

Dr. Paolq Bonetti Date
Quality Assurance
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1 Summary
The following physical-chemical characteristics of AITC technical of natural origin batch

1050120806/11 were determined.

Test Method Result
Boiling Point OECD 103 422 K (149°C)
Density/Relative
Density CIPAC 3.2 1.016 g/mL
Observed Amax Absorbance | Calculated &
Type of phase and pH (am) (AU) (Miem™)
Methanol pH 1.81 202 1.2124 2968
UV/visibie Methanol pH 6.61 203 1.3277 3116
absorption QECD 101
spectra Methano! pH 11.29 203 1.2370 2820
Methanol pH 1.81 245 0.3187 748
Methanol pH 6.61 246 0.4743 i161
Methanol pH 11.2% 244 0.4415 1006

2 Time Schediile
Study plan authorisation:
Start of experimental phase:
End of experimental phase:
Draft report:

Study completion date

3 Study Objective

The aim of this study is the determinakion of density, bolling point and UV spectra of Allyl

24 January 2013
30 lanuary 2013
01 February 2013
01 February 2013
22 February 2013

Isothiocyanata (AITC) Technical of natural origin.
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4 Materials
4.1 Test item

Final Repert

Name:

Allyl Isothiocyanate {AITC) Technical of natural origin

Active ingredient(s}
(common name and synonym)

Allyt Isothiocyanate (AITC)
or ol of mustard

Active Ingredient(s)
[UPAC name:

3-isothiocyanatoprop-1l-ene

CAS Number of a.i.(s): 57-06-7

Physical state: Limpid orange liquid

Molecular Weight 99,15 g/moi

Supplier: ISAGRO RICERCA S.r.l.
Batch number: 1050120806/11
Renolab Code: 13002

Expiry date: Jul 2014

Storage conditions: Room temperature

4.2 Apparatus

@ Apparatus for melting/boiling point, BUchi

e  Standard laboratory glassware and equipment

e  pH-meter, mod. 827 pH lab Metrohm

e  Spectrophotometer UV/Visible, Agilent mod. 8453

e Thermostatic bath with immarsion thermostat, Haake mod. DC3

e  Analytical balance accurate to 0.1 mg, Mettler-Toledo mod. AT261

4.3 Reagenis

. Hydrochloric acid solution 0.1M, Carlo Erba
«  Sodium hydroxide sclution 0.1M, Carlo Erba
=«  Methanol gradient grade, Sigma Aldrich

5 Physical-Chemical Characterisations

5.1 Boiling point (OECD 103)

The boiling point Is deflned as the temperature at which the phase transition from the liquid to the gas
state at atmospheric pressure takes place.

5,1,1 Outline of method(s)

Boiling point was determined by the Siwoboloff method, ptacing the substance in a capillary immersed
in a liquid bath method over the temperature range ambient to 553 K (320 °C).

A portion of the test item was put in a tube which was immersed in a liguid bath. The apparatus and
then the stirrer motor, the heating circuit and the famp to iliuminate the sample, were switched on
and the sample is gradually heated, The sample tube was held in close contact with a thermometer
and It contains a boiling capillary which is fused about 1 cm above its lower end. The bath was heated
at a rate of about 3 K per minutes to about 10 degrees below the expected boiling point, then the
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current was reduced to 1 K per minute. Upon approach of the boiling temperature bubbles emerge
rapidly from the tower open end of the capitlary. The boiling temperature is that temperature at which,
on mementary cooling, the string of bubbles stops and liquid suddenly rises in the capillary. The test

was performed In triplicate assay.

5.1.2 cCalculations
The measured temperature was converted from °C to K using the following equation:
T=t+ 273

where:
T: temperature in Kelvin degrees

t: temperature in Celsius degrees

5.1.3 Result of boiling point
The resuits of the boiling point determinations were reported in Table 1. -

Table 1: Results of AITC Technical boiling point determination

Boiling point

Temperature
°ec K
Determination 1 149 422
Determination 2 149 422
Determination 3 150 423
Mean 149 422

5.2 Density (CIPAC MT 3.2)

The 25 mL pycnometer (including the rids) was weighted empty, then filled with water and incubated
for at least 15 min at 20 °C (water bath, calibrated thermometer). The surface of the pycnometer was

dried and the pycnometer was welghed. ,

After cleaning and drying, the pycnometer was filled with the test item sonicated in order to degas and
incubated for at least 15 min at 20 °C as above.

The test was conducted at the temperature of 20 °C.

5.2.1 Calculation

The density was calculated from the fotlowing equation:

_ (w3 -wy)

(W, —wo) ‘ PH20
p Density of test substance (g/mL)
Mg Mass of empty pycnometer before measure with water{g}
my Mass of pycnometer filled with water (9)
ms Mass of empty pychometer before measure with test item {g)
ms; Mass of pycnometer filled with test item {(g)

PHz20 Density of water (3.9982 g/mL at 20 °0C)
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5.2.2 Results
Table 2: Resuits for density determination

Determination Density at 20°C (g/mL)
1 1.015 -
2 1.017
Mean vaiue 1.017

5.3 UV/Visible absorption spectra (OECD i01)

The ultraviolet-visibie (UV-VIS) absorption spectrum of a chemical compound gives some indication of
the wavelengths at which the compound may be susceptible to photochemical degradation.

5.3.1 oOutline of method(s)

The absorption of a compound is due to Its particular chemical form. It is often the case that different
forms are present, depending on whether the medium is acidic, basic or neutral. Caonsequently,
spectra under all three canditions are required where solubiiity and concentration allow. Where it was
not possible to obtain sufficient concentrations in any of the aqueous media, a suitable organic soivent
was used (methanal preferred). The acid medium should have a pH of less than 2, and the basic

medium should be at least pH 10.
Test item solutions were prepared by accurately weighting abeout 15 mg of the test substance in a 20

mL volumetric flask and making up to volume with the tested phase. The test item solution was
diluted 20 times in order to achieve a concentration that produced at least one absorbance maximum

in the range 0.5 to 1.5 units.

UV/Visible absorption spectra were acquired by a single beam UV/visible spectroscopy syste
the wavelength range 1900-750 nm at 1-nm intervals with a 1 cm cell path length.

m over

5.3.2 Calculations
The motar absorption coefficient & was calculated as follows for all the maximum absorbance values of
the test item.

A
£ (M'lcm'i) = ﬁ
x

wavelength (nm) of the observed maximum
observed absorbance of maximum

test substance concentration (M}

N e >

cell path length (1 cm)

5.3.3 Reagents solutions preparation

Due to the hydrophobic nature of the test item methanol was used as solvent instead of pure water.
Ackd and basle pHs were achieved by adding respectively HCl 0.1 M and NaOH 0.1 M to 100 mL of

sofvent until reaching pH 1.81 and 11.29.
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5.3.4 Results
Two peaks were found in the UV range, molar extinction coefficient was calculated at both
wavelengths.

Table 3: Table of result of AITC Technical spectra -~ - v - oo - - - -

Medium wavgli)ggtﬁTnm} Absgﬁe}mce Sample Conc (M) (M"lgm'l)
pH 1.81 202 1.2124 4.0847E-04 2968
pH 6.61 203 1.3277 4.2512E-04 3116
pH 11.29 203 1.2370 4,3873E-04 2820
pH 1.81 245 0.3187 4,2612E-04 748
pH 6.61 246 0.4743 4.0847E-04 1161
pH 11.29 244 0.4415 4.3873E-04 1006

Representatives spectra are shown in figure from 1.to 3 in Appendicas . .

All the data reported in the tables of this report are rounded vaiues taken from Excel spreadsheets
which will be archived with the raw data. The use of Exce! spreadsheets to make the calculations
produces more accurate endpolints. These endpoints may occasionally slightly differ from the values
derived by substituting the rounded values in calculations. .

6 Amendments/Deviations

The study was performed according to Study Plan 13002-01C dated 24 January. This report reflects
the conduct of this study.

7 Archiving

For the periods demanded by the principles of GLP the foliowing documents and materiais will be
archived:

¢ Study plan, raw data, and the finat report (10 vears).
o All documentation generated by the Quality Assurance Unit {10 years).
« A sample of the test item (1 year) and reference Item.

All documents and materials will be stored in the archives of Renolab S.r.l. The premises for storing
the documents and materials are settled according to the principles of Good Laboratary Practice in the

organization of the testing facility.

8 Reference (s}
OECD guidelines for testing of chemicals No. 101; 103 and 149

EPA/OPPTS Series B30 guidelines

CIPAC Handbook Vol. F Physico-chemicals Methods for Technicat and Formulated Pesticides, W. Dobrat
and A. Martijrn Editors, (1595)

9 Distribution

Study Plan Raw Data : Final Report
Sponsor: 1 originat - 1 original
Test Facility: 1 originat 1 original 1 original + 1 pdf file
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Figure 1: Spectrum at basic condition in UV/Vis spectra determination
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1 - INTRODUCTION

The sample Allyl Isothiocyanate (AITC) (batch QJH120312) was characterized by Infrared
spectroscopy and refractive index: :

No reference was available.

2 — EXPERIMENTAL SECTION
2.1 Sample

Allyl Isothiocyanate (AITC) (batch QJHI20312) Analysis N°2013000529
Supplier: Renolab

2.2 FT-IR / ATR Spectroscopy (Fourier Transform Infra Red Spectroscopy with Attenuated
Total Reflectance).

The FT-IR characterization was carried out by FT-IR/ATR Perkin Elmer Spectrum Two (SOP STR
078) equipment under the following conditions:

Range: 4000 — 450 cm™
Background: Air
Resolution: 4 cm™

2.3 Refractive index

Refractive index (nz9) of sample was determined with refractometer Jena 183264 (SOP STR 064) at
temperature of 20.2 °C and wavelength 589 nm.

REDOX GLP Study 002/2013 ‘ page 4 of 6
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3 -RESULTS

31

FT-IR / ATR Spectroscopy

In Fig.1 the FT-IR spectrum is reported.

Fig. 1~ FT-IR/ ATR spectrum relative to Allyl Isothiocyanate (AITC) (batch GJHI20312).
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The main characteristic bands are following reported:
1090 cm™: C-H stretching of CHj, in vinyl group
1022 cm™: C-H stretching of CH in vinyl group
2990+2856 cm™': C-H stretching of —-CHa- ceniral group
2078, and shoulder at 2164 em’; -N=C=8§ out-¢f-phase stretching
1648 cm™; C=C stretching
1435+1409 cm™': =CH, wagging (vinyl CHy)
1341, 1324 em’!:; ~CHy- wagging (central CHz)
987 cm™': CH wagging in R-CH=CH,
923 cm’!: tenninal CH; wagging in R-CH=CH,:
708 cm™: -N=C=S in-phase stretching
3.2  Refractive index
The value of refractive index results n"sp = 1.531
REDOX GLP Study 002/2013 page 5 of 6
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4 - FINAL SUMMARY
Analysis N 2013000529

Test Facility: REDOX s.n.c. — Viale Stucchi 62/26 — 20052 MONZA (Italy)
Supplier: RENOLARB Via Altiero Spinelli, 12 44028 Poggio Renatico (FE)
Sample: Allyl Isothiocyanate (AITC) (batch QTHI20312)

Subject: Sample Allyl Isothiocyanate (AITC) (batch QJHI20312) was analyzed for Infrared
Spectroscopy characterization and determination of refractive index.

The main infrared bands are congruent with the structure; the refractive index is 1.531.

Analyst: Principal investigator:

st e b

P, oni
Q::nﬁﬁ Qs 49102/

Date of issue:  February 19" 2013 Quality Assurance;

P. Colombo

lz 1902 213

This study has been performed in compliance with the principles of Good Laboratory Practice.

REDOX GLP Study 002/2013 page 6 of 6
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1 - INTRODUCTION
The sample natural Allyl Isothiocyanate (AITC) {batch ) was characterized by Infrared spectroscopy

and refractive index.
No reference was available.

2 - EXPERIMENTAL SECTION

21  Sample

Natural Allyl Isothiocyanate (AITC) (batch 1050120806/11) Analysis N°2013000530
Supplier: Renolab

2.2 FT-IR/ ATR Spectroscopy (Fourier Transform Infra Red Spectroscopy with Attenuated
Total Reflectance).

The FT-IR characterization was carried out by FT-JR/ATR Perkin Elmer Spectrum Two (SOFP STR
078) equipment under the following conditions:

S A PoC 2t

Range: . 4000 — 450 cm™
Background; Air
Resolution: 4 cm’?

2.3 Refractive index

Refractive index (nP30)of sample was determined with refractometer Jena 183264 (SOP STR 064) at
termperature of 20.2 °C and wavelength 589 nm.

REDOX GLP Study 003/2013 page 4 of 6
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3-RESULTS

3.1

FT-IR / ATR Spectroscopy

In Fig.1 the FT-IR spectrum is reported.

Fig. 1 - FT-IR / ATR spectrum relative to natural Allyl Isothiocyanate (AITC) (batch 1050120806/11).
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The main characteristic bands are following reported:
3091 cm™: C-H stretching of CH; in vinyl group
3022 cm’': C-H stretching of CH in vinyl group
2990+-2856 cm™: C-H stretching of ~CH,- central group
2078, and shoulder at 2164 em’; -N=C=S8 out-of-phase stretching
1648 ¢cm™: C=C streiching
1436+1410 cm™: =CH, wagging (vinyl CHy)
1341, 1325 cm™': ~CH;,- wagging (central CHy)
987 em™: CH wagging in R-CH=CH,
923 cm’': terminal CH, wagging in R-CH=CHy:
708 em’: -N=C=$§ in-phase stretching
3.2  Refractive index
The value of refractive index results an =1.532
REDOX GLP Study 003/2013 page 5 of 6
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4 —~ FINAL SUMMARY

Analysis N 2013000530
“Test Facility: REDOX s.nc. - Viale Stucchi 62/26 — 20052 MONZA (ltaly)
Supplier: RENOLAB Via Altiero Spinelli, 12 44028 Poggio Renatico (FE)
Sample: Natural Allyl Isothiocyanate (ATTC) (batch 1050120806/11)

- Subject: Sample Natural Allyl Isothiocyanate (AITC) (batch 1050120806/11) was analyzed for
Infrared Spectroscopy characterization and determination of refractive index.

The main infrared bands are congruent with the structure; the refractive index is 1.532.

Analyst: Principal investigator:
M. G% A. Borriero %Z/
/ & / . é
é/ A /Z/” 3 {’7&4@% 2
R. Annoni ' ' ' - I o
e, Oy, Al
i
- Dateof issue:  February 19%, 2013 : Quality Assurance:
P. Colombo

oUpTy ATD2EA %

This study has been performed in compliance with the princi;z;es of Good Laboratory Practice.
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NATIONAL TOXICOLOGY PROGRAM

The National Toxicology Program (NTP), established in 1978, develops
and evaluates scientific information about potentially toxic and hazardous
chemicals. This knowledge can be used for protecting the health of the
American people and for the primary prevention of chemically induced
disease. By bringing together the relevant programs, staff, and resources
from the U.S. Public Health Service, DHHS, the National Toxicology
Program has centralized and strengthened activities relating to toxicology
research, testing and test developmeni/ validation efforts, and the dissemi-
nation of toxicologica! information to the public and scientific communi-
ties and to the research and regulatory agencies.

The NTP is comprised of four charter DHHS agencies: the National
Cancer Institute, Nationa! Institutes of Health; the National institute of
Envirenmental! Health Sciences, National Institutes of Health; the
National Center for Toxicological Reseatch, Food and Drug Administra-
tion; and the Nationa} Institute for Occupational Safety and Health,
Centers for Disease Control. In July 1981, the Carcinogenesis Bioassay
Testing Program, NCI, was transferred to the NIEHS,
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NOTE TO THE READER

This is one in a series of experiments designed to determine whether selected chemicals produce
cancer in animals. Chemicals selected for testing in the NTP carcinogenesis bioassay program are
chosen primarily on the bases of human exposure, level of production, and chemical structure. Selection
per se is not an indicator of a chemical’s carcinogenic potential. Negative results, in which the test
animals do not have a greater incidence of cancer than contro] animals, do not necessarily mean that a
test chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a test chemical is carcinogenic for animals under the
conditions of the test and indicate that exposure to the chemical is a potential hazard to humans, The
determination of the risk to humans from chemicals found to be carcinogenic in animals requires a
wider analysis which extends beyond the purview of this study.

This study was initiated by the National Cancer Institute’s Carcinogenesis Testing Program, now part
of the National Institute of Environmental Health Sciences, National Toxicology Program.

Comments and questions about the National Toxicology Program Technical Reports on Carcino-
genesis Bioassays should be directed to the National Toxicology Program, located at Room A-306,
Landow Building, Bethesda, MD 20205 (301-496-1152) or at Research Triangle Park, NC 27709
(919-541-3991),

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes
may occur. Readers are requested to communicate any mistakes to the Deputy Director, NTP (P.O.
Box 12233, Research Triangle Park, NC 27709), so that corrective action may be taken. Further,
anyone who is aware of related ongoing or published studies not mentioned in this report is encouraged
to make this information known to the NTP. ’

These NTP Technical Reports are available for sale from the National Technical Information Ser-
vice, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650).

Single copies of this carcinogenesis bioassay technical report are available without charge (and while
supplies tast) from the NTP Public Information Office, National Toxicology Program, P.O. Box 12233,
Research Triangle Park, NC 27709.
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CARCINOGENESIS
BIOASSAY OF
ALLYL ISOTHIOCYANATE

CHg = CH —CHg =~ N=C=8§

ALLYL ISOTHIOCYANATE

CAS NO, 57-06-7
CgHgNS  Mot, Wt 90.16

ABSTRACT

A 2-year carcinogenesis bioassay of food-grade allyl isothiocyanate (greater than 93% purity), a
flavoring agent, was conducted by administering 12 or 25 mg/ kg allyl isothiocyanate in corn oil five
times per week by gavage to groups of 50 F344/N rats and 50 B6C3F1 mice of each sex for 103 weeks.
Groups of 50 rats and 50 mice of each sex received corn oil alone and served as vehicle controls.

A single-dose study, a 14-day study, and a 13-week study were performed before the chronic study
was conducted. Pathologic findings seen in the [4-day study at 50 mg/ kg included a thickened mucosal
surface of the stomach in rats and mice and a thickened urinary bladder wall in male mice. No gross or
microscopic lesions were seen at the highest dose level {25 mg/kg) in the 13-week study,

In the chronic study, survival of dosed and control rats of each sex was comparable. Throughout the
study, the mean body weights of high-dose male rats were Jower than those of the controls, while during
the last half of the study the mean body weights of the low-dose and high-dose female rats were higher
than the mean body weights of the control animals. Final body weights in control and dosed groups
were comparable,

Transitional-cell papillomas in the urinary bladder occurred in dosed male rats with a statistically
significant trend (P<{0.0S; controls, 0/49, 0%; low-dose, 2/49, 4%; high-dose, 4/49, 8%). This tumor has
not been observed among 568 untreated male control F344/N rats at this laboratory. The incidence of
transitionai-cell papillomas in male vehicle control rats in all laboratories in the NCI/NTP Bioassay
Program is 1/994 (0.19). Epithelial hyperplasia in the urinary bladder was also observed at increased
incidences in dosed male rats {0/49, [/49, 6/49). The hyperplasia did not occur in the same animals
that had papillomas.

Fibrosarcomas in the subcutaneous tissue occurred in female rats with a statistically significant
positive trend (P<C0.05; controls, 0/ 50, 09: low-dose, 0/ 50, 0%: high-dose, 3/50, 6%), but the incidence
in the high-dose group was not significant when compared with that in the control group, The historical
incidence of this lesion is 1/5%1 ¢0.2%} in untreated control female F344/N rats at this laboratory and
9/999 (0.99%) in female gavage control rats in all laboratories in the Bioassay Program.

Survival of contro! and dosed female mice, although comparable, was unusually low. Mean body
weights of high-dose mice of each sex were higher than those of the controls throughout most of the
study. Final body weights in control and dosed groups were comparable. The mice probably did not
receive the maximum tolerated dose of allyl isothiocyanate,

The increased incidence of cytoplasmic vacuolization in the liver of dosed male mice was related to
administration of allyl isothiocyanate (controls, 2/49, 4%: low-dose, 8/49, 16%: high-dose, 13/50, 269).

Under the conditions of this bioassay, allyl isothiocyanate was carcinogenic for male F344/N rats,
causing transitional-cell papillomas in the urinary bladder, Evidence for associating allyl isothiocyanate
with subcutaneous fibrosarcomas in female F344/N rats was equivocal. Allyl isothiocyanate was not
carcinogenic for BECIF1 mice of either sex.
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SUMMARY OF PEER REVIEW COMMENTS ON THE BIOASSAY OF
ALLYL ISOTHIOCYANATE

On June 23, 1981, this carcinogenesis bioassay report on ailyl isothiocyanate underwent peer review
and was approved by the National Toxicology Program Board of Scientific Counselors® Technical
Reports Review Subcommittee and associated Panel of Experts at an open meeting held in Building
10§, Nationa! Institute of Environmental Health Sciences, Research Triangle Park, NC.

Dr. Williams, as a principal reviewer for the report on the bioassay of aliyl isothiocyanate, agreed
with the conclusions that, under the conditions of the bioassay, allyl isothiocyanate was carcinogenic to
male F344/N rats, causing transitional-cell papillomas in the urinary bladder. Evidence for associating
allyl isothiocyanate with subcutaneous fibrosarcomas in female rats was equivocal. The chemical was
not carcinogenic for B6C3F| mice of either sex. He stated that the discussion should emphasize that this
compound was associated with only a low incidence of benign bladder tumors under conditions of
exposure that are known to affect the physiology of urine excretion.

As the second principal reviewer, Dr. Hitchcock said there was guite low survival in control and
high-dose female mice and suggested that some explanation should have been given for this. She noted
the incidence of eye lesions which may have been due to groups of rats being housed near the light
source without rotation of cages. Dr. Shore asked whether attention could be given to balancing cage
position in the room. Dr. G. Boorman, NTP, replied that one problem with cage rotation is that it may
enharnce the chances for gavage errors; he further stated that the NTP was investigating this recurring
phenomenon and would consider the option of cage rotation as well as reduced light intensity.
Dr. Hitcheock asked that recent negative results with Sa/monella be mentioned. Dr. Swenberg said
that the discussion should include comment that allyl isothiocyanate may possibly be working as a
tumor prometer.

Dr. Williams moved that the report on the bioassay of ally! isothiocyanate be accepted. Dr. Hitch-
cock accepted the motion, and the report was approved unanimously by the Peer Review Panel.
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I, INTRODUCTION

CHy=CH—CHy; —N=C=8§

ALLYL ISOTHIOCYANATE

CAS NO. 57-06-7
Vol Wi, 99.16

CaHENS

Allyl isothiocyanate is the major component in
volatile ol of mustard, a flavoring agent pre-
pared from seeds of black mustard {Brassica
nigra) (Life Sciences Research Office, 1975). Syn-
thetically prepared allyl isothiocyanate and vola-
tile oil of mustard are approved by the U.S. Food
and Drug Administration for use as flavoring
agents (.S, CFR, 1979); the Food Chemicals
Codex (1972) specifies that the oil should con-
tain not less than93% allyl isothiocyanate. Allyl
isothiocyanate is also found in cabbage, broccoli,
kale, cauliflower, and horseradish (Mitchel! and
Jordan, 1974; Life Sciences Research Office,
1975: Hall, 1973).

Volatile oil of mustard is used in pickling spices
and imitation pineapple flavoring (Kirk-
Othmer, 1966), Aliyl isothiocyanate may be
present in the following foods: syrups (10-88
ppm), meats (87 ppm), condiments {52 ppm),
baked goods (5.2 ppm), candy, ice cream, and
ices {0.50 ppm}, and nonalcoholic beverages
{0.02-0.50 ppm} (Life Sciences Research Office,
1975). Allylisothiocyanateis also used as a dena-
turant for aicohol and as a medicinal counter-
irritant {Merck Index, 1976; Kirk-Othmer,
1965).

Approximately 33,000 pounds of ailyl isothio-
cyanate were used by the food industry in the
United States in 1970 (Life Sciences Research
Office, 1975). The amount of synthetic allyl iso-
thiocyanate produced in 1979 exceeded 1,000
pounds, but specific production figures are not
available (USITC, 1979). Thirty-two thousand
metric tons of mustard seed were imported into
the United States in 1978 (Kirk-Othmer, 1980),

The oral 1.Dsg value of allyl isothiocyanate is
reported to be 339 mg/kg for Osborne-Mendel
rats {Jenner et al., 1964) and 490 mg/ kg for male
rats of an unspecified strain (Vernot et al., {977).
The subcutaneous LDg,value for white mice is 80
mg/ kg (Klesse and Lukoschek, 1955).

Allyl Isothiocyanate

Administration of allyl isothiocyanate has been
shown to affect various functions and organs in
the rat. Radioiodine uptake by the thyroid was
depressed and the relative weight of the thyroid
was increased in male Wistar rats administered
2-to 5-mg doses of ally! isothiocyanate by gavage
daily for | to 60 days (Langer and Greer, 1968;
Langer and Stole, 1963). Hyperplastic areas were
observed in the thyroid of female Holtzman rats
12 days after they received two 100 mg/kg subcu-
taneous doses of allyl isothiocyanate (Nishiec and
Daxenbichler, 1980}, The blood coagulation time
for male Sprague-Dawley razs given daily 0.5 mg
intraperitoneal injections of ally] isothiocyanate
for 30 days was 60% of the value for controls
(Muztar et al., [979b). A twofold increase in
urine volume, an increase in the total amount of
uric acid, creatinine, and glucose excreted during
a 24-hour period, and an increase in the concen-
tration of uric acid in the urine compared with
that of controls were observed in male Sprague-
Dawley rats fed diets containing 100 or 300 ppm
allyl isothiocyanaie (Muztar et al., 1979a; Muz-
tar et al., 1979b).

Epithelial hyperplasia of the nonglandular por-
tion of the stomach, with acute to subacute ulcers
2 1o 6.5 mm in diameter, was observed in all
Osborne-Mendel rats of either sex administered
50 mg/kg allyl isothiocyanate by gavage for 20
days and in 50% of the rats receiving 20 mg/kg.
Minor inflammatory foci were observed in the
liver of rats receiving the higher dose (Hagan et
al.. 1967).

Ally! isothiocyanate was not mutagenic in
Bacillus subtifis H17 and M45, Escherichia coli
WP2, or Saimonelia typhimurium TA 98, 100,
1535, or 1537 (with or without metabolic activa-
tion} (Oda et al., 1978; Eder et al.,, [980; NTP,
1981). Allyl isothiocyanate was fetotoxic for
Holtzman rats (Nishie and Daxenbichler, 1980),
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but was not found to be teratogenic in Wistar
rats {Ruddick et al., 1976).

The Food and Drug Administration has pre-
pared three reviews on oil of mustard (90% allyl
isothiocyanate), a food additive generally recog-
nized as safe (NTIS, 1972; NTIS, 1973; NTIS,
1975). These reviews emphasize the lack of data
on the carcinogenicity and toxicity of these sub-
stances. The FDA cites some evidence for
increased fetal deaths and resorptions in rodents
when oil of mustard is administered at 28.0
mg/ kg for 10 consecutive days (from days 6 to 15
of gestation) to pregnant mice (albino CD-1
outbred mice). Qther teratology studies in rats,

hamsters, and rabbits were considered negative
{NTIS, 1973). A select committee of the Federa-
tion of American Societies for Experimental
Biology (FASEB) stated that “more definitive
toxicological studies” on oil of mustard were
warranted. Using the data available in 1975,
FASEB concluded that there was no indication
that allyl isothiocyanate was a hazard to the pub-
lic at levels currently used in food {NTIS, 1973).

The NCI/NTP Bioassay Program tested allyl
isothiocyanate because it is a widely used food
additive that had not been tested for carcino-
genicity.

Ally! Isothiocyanate
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II. MATERJALS AND METHODS: CHEMICAL ANALYSIS

CHEMICAL ANALYSIS

Food-grade allyl isothiocyanate (CAS No. 57-
06-7), greater than 93% allyl isothiocyanate, was
obtained from Arsynco, Ing, (Carestadt, NJ)in a
single batch (Lot No. 532251).

The results of the analyses performed at Mid-
west Research Institute (Appendix E) indicated
the following: elemental analyses agreed with
theoretical values; gas-liquid chromatography on
two different systems detected at least six minor
impurities with areas totaling less than 1% of the
major peak; thin-layer chromatography in two
systermns detected only one spot; the infrared and
ultraviolet spectra were consistent with the struc-

ture and spectra reported in the literature (Sadtler
Research Laboratories); and the nuclear mag-
netic resonance spectrum was consistent with the
structure. The nuclear magnetic resonance spec-
trum indicated the presence of a minor impurity
that could be the thiocyanate. The identity of this
minor impurity was not pursued.

Southern Research Institute analyzed the
chemical periodically throughout the study by
gas-liquid chromatography and infrared spec-
troscopy. The results indicated no breakdown of
the bulk material during the study.

DOSAGE PREPARATION

Dosage mixtures of ally} isothiocyanate were
prepared daily in the single-dose and 14-day stu-
dies and were prepared weekly in the [3-week
and chronic studies. Mixtures were obtained by
pipetting the appropriate amount of the chemical
in a beaker and dissolving it in a small amount of
corn oil. This stock solution was diluted with
additional corn oil to the desired final volume.
Concentrations of the test substance were based
on the volume of the chemical in relation to the
volume of corn oil,

Analysis of the stability of allyl isothiocyanate
in corn oi} was performed at Midwest Research
Institute by assaying samples of corn oi] mixtures
containing 0.05% test chemical that had been
stored at room temperature for 7 days (A ppendix
F). The corn oil/allyl isothiocyanate solutions
were then diluted with anhydrous ethyt ether,

and the concentration of the test chemical was
determined by vapor-phase chromatography. Allyl
isothiocyanate was found to be stable in corn oil
for 7 days at room temperature with a recovery
of 99.5%. Selected batches of corn oil gavage
mixtures adrinistered during the chronic study
were analyzed at Southern Research Institute to
determine the adequacy of preparation; differ-
ences between the mean sample concentration
and the targeted concentration were 0.01% (v/ v}
or less (Table GI).

Four samples of corn oil gavage mixtures pre-
pared and analyzed at Southern Research Insti-
tute were shipped to either Midwest Research
Institute or Raltech Scientific Services, {nc., for
referee analysis of allyl isothiocyanate. The results
from the three laboratories were in agreernent.

PRECHRONIC STUDIES

Single-Dase Study

Groups of five F344/N rats of each sex were
administered a single dose of allyl isothiocyanate
{25, 50, 100, 200, or 400 mg/kg body weight) in
corn oil by gavage. Groups of five B6C3F I mice
of each sex received 50, 100, 200, 400, or 800
mg/ kg allyl isothiocyanate by the same route.
No controls were used.

Allyl Isothiocyanate
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Animals were observed twice daily for 16 days.
Weights were taken on the day of dosing and
then on day [5. The peritoneal cavities were
examined in male mice administered 2G0, 400, or
800 mg/ kg and in fernale mice administered 100,
200, or 400 mg/kg.

Further details of the study are presented in
Table 1.



I1. MATERIALS AND METHODS: PRECHRONIC STUDIES

Fourteen-Day Study

Groups of five F344/N rats of either sex were
administered 25, 50, 100, 200, or 400 mg/ kg aliyi
isothiocyanate in corn oil by gavage for 14 con-
secutive days {Table 1}. Groups of B6C3F1 mice
received 3, 6, 12, 25, or 50 mg/ kg by the same
route. No controls were used.

Rats and mice were observed twice daily and
were weighed on days 1 and 15 of the study.
Gross necropsies were performed on all animals.

Thirteen-Week Study

Thirteen-week studies were conducted to eval-
uate the cumulative toxicity of allyl isothiocya-
nate and to determine the doses to be used in the
chronic studies,

Groups of 10 rats and mice of each sex
received 1.5, 3, 6, 12, or 25 mg/ kg allyl isothio-
cyanate by gavage 5 days per week for 13 weeks
(Table 1). Vehicle controls received corn oil
alone.

All animals were checked for mortality and
clinical sighs of toxicity and morbidity twice
daily. Moribund animals were killed and
necropsied. Individual anjmals were weighed
weekly.

From days 92 to 96, survivors were killed with
carbon dioxide. Necropsies were performed on
animals that survived to day 92 and on all ani-
mals found dead, unless precluded in whole or
part by autolysis or cannibalism. The following
specimens were examined histologically in ve-
hicle-control and high-dose groups: gross lesions,
tissue masses, abnormai lymph nodes, skin,
mandibular tymph nodes, mammary gland, sali-
vary gland, thigh muscle, bone marrow, trachea,
lungs and branchi, heart, thyroid, parathyroid,
esophagus, stomach, cecum, duodenum, jejunum,
ileum, colon, mesenteric lymph nodes, liver, gall-
bladder {mice), pancreas, spleen, thymus, kid-
neys, adrenals, urinary bladder, seminal vesicles/-
prostate/testes or ‘ovaries/uterus, brain, and
pituitary. Tissues were preserved in 10% neutral
buffered formalin, embedded in parafiin, sec-
tioned, and stained with hematoxylin and eosin.

CHRONIC STUDY

Study Design

Groups of 50 rats and 50 mice of each sex
received 12 or 25 mg/kg allyl isothiocyanate in
corn oil by gavage 5 times per week (Monday
through Friday) for 103 weeks (Table 1}. Groups
of 50 rats and 50 mice of each sex received corn
oil on the same schedule and served as vehicle
controls,

Control and dosed groups were of the same
strain, sex, and age range and were from the
same source and shipment. All animals were
housed in the same room, and no other chemicals
were on test in that room. Neither cages nor
racks were rotated. The animal cages were housed
on two racks, each rack having six levels. On one
rack, high-dose males were on the top two levels,
high-dose females were on the middle two levels,

" and low-dose males were on the bottom two lev-
els. On the other rack, low-dose females were
placed on the top two levels, conirol maies were
on the middle two levels, and control females
were on the bottom two levels. All aspects of
animal care and maintenance were similar. Ani-
mals were randomized to control and dosed
groups as described in Table 1. Chronic studies
for rats and mice began in March 1978,

Clinical Examinations and Pathology

All animals were observed twice daily for signs
of morbidity and mortality. Clinical signs and
body weights by cage were recorded every 4
weeks. The mean body weight of each group was
calculated by dividing the total weight of all
animals in the group by the number of surviving
animals in the group, Moribund animals and
animals that survived to the end of the bioassay
were killed with carbon dioxide and necropsied.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
were preserved in 10% neutral buffered formalin,
embedded in paraffin, sectioned, and stained
with hematoxylin and eosin, The following were
examined microscopically: tissue masses, ab-
normal lymph nodes, skin, mandibular lymph
nodes, mammary gland, salivary gland, thigh
muscle, bone marrow, femur, thymus, trachea,
lungs and bronchi, heart, thyroid, parathyroid,
esophagus, stomach, duodenum, jejunum, ileum,
colon, mesenteric lymph nodes, liver, gallbladder
{mice), pancreas, spleen, kidneys, adrenals, uri-
nary bladder, seminal vesicles/ prostate/testes or
ovaries/ uterus, brain, and pituitary, Oil Red O
on {rozen sections was used fo more clearly
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II. MATERIALS AND METHODS: CHRONIC STUDY

define the nature of cytoplasmic vacuolization in
the livers of male mice.

Necropsies were performed on all animals
found dead and on those killed at the end of the
study, unless precluded in whole or in part by
autolysis or cannibalism. Thus, the number of
animals from which particular organs or tissues
were examined microscopically varies and is not
necessarily equal to the number of animals that
were placed on study in each group.

The pathology report and selected slides were
evaluated by the NTP Pathology Working Group
as described by Ward et al. (1978). The diagnoses
represent a consensus of contracting pathologists
and the NTP Pathology Working Group.

Data Recording and Statistical Methods

Data on this experiment were recorded in the
Carcinogenesis Bioassay Data System (Linhart et
al., 1974). The data elements include descriptive
information on the chemicals, animals, experi-
mental design, clinical observations, survival,
body weight, and individual pathologic results,
as recommended by the International Union
Against Cancer (Berenblum, 1969).

Probabilities of survival were estimated by the
product-limit procedure of Kaplan and Meier
(1958) and are presented in this report in the
form of graphs, Animals were statistically cen-
sored as of the time that they died of other than
natural causes or were found to be missing;
animals dying from natural causes were not sta-
tistically censored. Statistical analyses for a pos-
sible dose-related effect on survival used the
method of Cox {1972) for testing two groups for
equality and Tarone’s (1975) extensions of Cox's
methods for testing for a dose-related trend.

The incidence of neoplastic or nonneoplastic
lesions has been given as the ratio of the number
of animals bearing such lesions at a specific ana-
tomic site to the number of animals in which that
site was examined. In most instances, the denom-
inators included only those animals for which
that site was examined histologically, However,
when macroscopic examination was required to
detect lesions (e.g., skin or mammary tumors)
prior to histologic sampling, or when lesions
could have appeared at multiple sites (c.g., lym-
phomas), the denominators consist of the num-
bers of animals necropsied.

For the statistical analysis of tumor incidence
data, two different methods of adjusting for
intercurrent mortality were employed, Each used
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the classical methods for combining contingency
tables developed by Mantel and Haenszel (1959).
Tests of significance included pairwise compari-
sons of high-and fow-dose groups with controls
and tests for overall dose-response trends.

The first method of analysis assumed that all
tumors of a given type observed in animals dying
before the end of the study were “fatal™ i.e., they
either directly or indirectly caused the death of
the animal. According to this approach, the pro-
portions of tumor-bearing animals in the dosed
and control groups were compared at each point
in time at which an animal died with a tumor of
interest. The denominators of these proportions
were the total number of animals at risk in each
group. These results, including the data from
animals killed at the end of the study, were then
combined by the Mantel-Haenszel methods to
obtain an overall P-value. This method of adjust-
ing for intercurrent mortality is the life table
method of Cox (1972) and of Tarone {1975).

The second method of analysis assumed that
all tumors of a given type observed in animals
dying before the end of the study were “inciden-
tal™; i.e., they were merely observed at autopsy in
animals dying of an unrelated cause. According
to this approach, the proportions of animals
found to have tumors in dosed and control
groups were compared in each of five time inter-
vals: 0-52 weeks, 53-78 weeks, 79-92 weeks, week
93 to the week before terminat kill, and the ter-
mina] kill period. The denominators of these
proportions were the number of animals actually
autopsied during the time interval, The individ-
ual time interval comparisons were then com-
bined by the previously described methods to
obtain a single overal] result, (See Peto et al.,
1980, for the computational details of both
methods.)

In addition to these tests, one other set of sta-
tistical analyses was carried out and reported in
the tables analyzing primary tumors; the Fisher’s
exact test for pairwise comparisons and the
Cochran-Armitage linear trend test for dose-
response trends {Armitage, 1971, Gart et al,
1979). The tests were based on the overall pro-
portion of tumor-bearing animals. All reported P
values are one-sided. For studies in which there is
little effect of compound administration on sur-
vival, the results of the three alternative analyses
will generally be similar. When differing results
are obtained by the three methods, the final
interpretation of the data will depend on the
extent to which the tumor under consideration is
regarded as being the cause of death.
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III. RESULTS: RATS==PRECHRONIC STUDIES

PRECHRONIC STUDIES

Single-Dose Study

All animals survived to the end of the [6-day
observation period. The following average weight
increases over the initia} weight {on day 0) were
measured:

Weight Increase

Dose (Percent)
(mg/kg) Males Females
25 69 40
50 58 45
100 61 44
200 50 1]
400 31 20

Other signs of toxicity seen in male rats receiv-
ing 200-400 mg/kg included inactivity, watery
eyes, and ruffled fur, All signs were gone by day 9
in the 400 mg/ kg group and by day 3 in the 200
mg/ kg group. Female rats also exhibited inactiv-

ity and ruffled fur. Since no rats died during the
course of those studies, the highest dose for the
l4-day study was set at 400 mg/kg.

Fourteen-Day Study

All rats administered 200 or 400 mg/kg allyl
isothiocyanate died before the end of the study
{Table 2). Animals administered 100 mg/ kg gained
less weight than did animals receiving lower
doses. A thickened mucosal surface of the stom-
ach was seen in groups of males and females
administered 50400 mg/ kg, and adhesion of the
stomach to the peritoneum was observed in
groups of male rats receiving 50-400 mg/kg and
in groups of female rats receiving 100400 mg/ kg
{Table 3).

Toxic signs were seen at all dose levels. These
signs included inactivity and ruffled fur and were
most severe at the 400 mg/ kg dose level. Due to
the toxicity and pathologic effects observed, the
highest dose for the |3-week study was set at 25

mg/ kg.

TABLE 2. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF RATS RECEIVING ALLYL
ISOTHIOCYANATE BY GAVAGE FOR 14 DAYS

Mezn Body Weight (grams)

Dose Suorvival
(mg/kg) {a) Initial Final Change (b)
Males
25 5/5 96.6 £ 5.0 147.0 £ 6.6 +504 £ 2.8
50 575 858139 127.2 £ 4.1 +41.4+23
100 5/5 938 +7.1 [13.046.1 +20.2 £ 2.2
200 0/5(c) (d) (d) (d)
400 0/5(e) (d) (d) {d)
Females
25 5/5 826+ 2.7 {13.2 £ 1.7 +306+23
50 515 774 +£35 1056 £ 3.2 282 +2.6
100 5/5 848 + 1.0 1058 £3.8 210+£27
200 01540 (d) (d) {d)
400 0/5(g) (d) (d) ()

{2} Number surviving/ number initially in the group. Ali calculations refer only to the survivors of each group.
) Mean weight change of the survivors of the group + standard error of the mean.

(c) Days of death: 2,2, 3,8, 9

(d) No data are presented due to the 100% mortality in this group.

e) Days of death: 2,2, 2,2, 4
(/) Days of death: 2, 2, 6,8, 9
(z) Days of death: 2,2, 2, 2.3

Allyf 1sothiocyanate
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TABLE 3. INCIDENCE OF COMPOUND-RELATED EFFECTS OBSERVED IN RATS AT NECROPSY

IN THE 14-DAY STUDY OF ALLYL ISOTHIOCYANATE

Thickened Mucosal

Adhgsion of Stomach

Duose {mg/kg) Surface of Stomach 1o Peritoneum
Males
25 0/5 0/5
50 575 175
100 575 4i5
200 4/{5¢a) 5/5(a)
400 1/5¢a) 3/5(a)
Females
25 0/5 0/5
50 5/5 0:5
100 545 25
200 3/ 5fa) 4}5(a)
400 3 5fa) 4!5(a}
(a) See Table 2 for days of death,
+
Thirteen-Week Study this study, the highest dose level (25 mg/kg) had

no effect on either male or female F344/N rats.

Doses of |2 and 25 mg/ kg allyl isothiocyanate,

No compound-related deaths or histopatho-
logic effects in the stomach or other tissues were
observed. Mean body weight gains of control
and dosed groups were comparable (Table 4). In

administered five times per week by gavage, were
selected for rats in the chronic study because
compound-related gross pathologic effects were
observed in the 14-day study at 50 mg/kg.

TABLE 4. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF RATS ADMINISTERED ALLYL

1S0THIOCYANATE BY GAVAGE FOR {3 WEEKS

Weight Change
Mean Body Weight (grams) Relntive to
Dose Survival Controls {d)
(mg/kg)fa} {b) Initial Final Change (c) {Percent)
Males
Ore) 10: 10 654+ 3.4 W98+ 54 +2444 £ 38
1.5 10/ 16 659+ 238 3225162 +256.6 + 4.8 +5.0
k] i0; 10 67.2+2.6 321052 +255.8 £4.2 +3.8
4] w10 67.2+£3.9 IlB4 54 +251,2149 +2.B
12 10: 10 66.9 £2.9 314,554 +247.6 1 4.8 +1.3
25 10/ 10 66.7 £ 4.4 303.4 £ 8.8 +2367 + 7.5 -1.2
Females
Ofe) 10,10 561 1.8 191.9 £ 3.1 +1358 £4.1
1.5 10: 10 600221 1947 £ 4.4 +134.7 + 5.1 -0.8
3 10;10 64.0+23 196.4 + 4.0 +132.4 £4.1 -2.5
& 10/10 60.8 £ 2.4 1953+ 36 +134.5 £ 2.1 -1.0
12 10;10 598+ 1.9 1914 3.0 +131.6 £ 38 -3
25 10:10 62.6 £ 2.7 1929 + 4.4 +130.2133 4,1
fa) Aliv! isothiocyanate in corn ail was administered § days per week.
b} Mumbar surviving: pumber initialty in the group,
{c) Mean weight change of the group + standard error af the mean,
(d) Weight change of the dosed group rclative to that of the controls &
Weight Change (Dosed Group) - Weight Change (Control Group) . toD

Weight Change {Control Group)
fe) ¥ehicle contrals received corn oit alone.

27
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IIf. RESULTS: RATS=CHRONIC STUDY

CHRONIC STUDY

Body Weights and Clinical Signs

Throughout the study, the mean body weights
of high-dose male rats were lower than those of
the controls, and during the last haif of the study

the mean body weights of both low- and high-
dose female rats were higher than those of the
controls (Figure 1, and Appendix H, Table H1).
Na compound-related clinical signs were observed.
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Figure 1. Growth Curves for Rats Administered Allyl Isathiocyanate by Gavege.
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If. RESULTS: RATS—CHRONIC STUDY

Survival

Estimates of the probabilities of survival of
male and female rats administered aliyl isothio-
cyanate by gavage at the doses of this bioassay,
together with those of the control groups, are
shown by the Kaplan and Meier curves in Figure
2. Two male rats were accidentally killed, one in
the low-dose group at week 54 and one in the
high-dose group at week 68, Two female rats in
the low-dose group were accidentally killed at
week 54, These deaths were due to gavage error.
No significant differences .in survival were
observed. One control male, one low-dose male,

and two low-dose females died during weeks 104-
106. In the statistical analyses reported in Tables
6 and 7, no distinction was made between these
animals and those killed during the termination
period.

In male rats, 37/50 (749, of the controls,
32/50 (64%) of the low-dose, and 33/ 50 (669) of
the high-dose group lived to the termination
period of the study at 104-106 weeks. In female
rats, 35/50 (709%) of the controls, 29/ 50 (580%) of
the low-dose, and 33750 (66%)} of the high-dose
group lived to the end of the study at [04-106
weeks.
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Figure 2. Survival Curves for Rats Administered Allyl Jsothiocyanate by Gavage.
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I1l. RESULTS: RATS=CHRONIC STUDY

Pathology and Statistical Analyses of
Results

Histopathologic findings on ncoplasms in rats
are summarized in Appendix A, Tables Al and
A2; Tables A3 and A4 give the survival and
tumor status for each individual animal in the
male rat and female rat studies, respectively.
Findings on nonneoplastic lesions are summar-
ized in Appendix C, Tables C{ and C2, Tables 6
and 7 contain the statistical analyses of those
primary tumors that occurred with an incidence
of at least 5% in one of the three groups.

Subcutaneous Tissue; Fibrosarcomas were
observed in 3/50 (6%) high-dose female rats;
none were seen in the control and low-dose
groups, The results of all three trend tests were
significant (P<<0.05), but comparisons between
the high-dose and control groups were not sig-
nificant. '

Hematopoietic System: Leukemia was ob-
served in dosed male rats with a statistically sig-
nificant positive trend (P<{0.05; incidence: con-
trol, 2/50, 49%,; low-dose 6/50, 12%; high-dose,
8/50, 169). The incidence in the male high-dose
group was significantly higher (P<0.05) than
that in the control group. This leukemia, desig-
nated here as undifferentiated leukemia, is the
typical leukemia of F344/N rats and is variously
described as mononuclear cell leukemia, Fischer
rat leukemia, or monocytic leukemia,

Urinary Bladder: Transitional-cell papillomas
occurred in dosed male rats with a statistically
significant {P<(0.05) positive trend. Incidences

in the control, low-dose, and high-dose groups
were 049 (055), 2/49 (4%), and 4/49 (8%). One
female rat in the high-dose group had this lesion;
the results in female rats were not significant.
Epithelial hyperplasia was seen in 1/49 (2%)
low-dose and 6/49 (12%) high-dose male rats.
Both the overall trend and the increase at the
high dose were statistically significant (P<00.05).
Incidences of bladder lesions are givenin Table 5.

Three of the tumors were large polypoid masses.
The other lesions were small. Two of the large
papillomas had a prominent myxomatous stroma.
The hyperpiasias were focai and smalk; a few
were associated with mild inflammation. Urinary
calculi were not observed in any animals in this
study.

Eye: An increased incidence of nonneoplastic
lesions consisting of retinopathy and cataract
formation was observed in high-dose maie rats
and in low-dose female rats. Retinopathy was
seen in 9/50 {18%) control males, 6/50 (12%)
low-dose males, 3%/50 {78%) high-dose males,
4/ 50 (8%) control females, 35/ 50 (70%) low-dose
females, and 11/50 (229%) high-dose females.
Cataract formation was observed in 7/50 {14%)
control males, 6/ 50 {12%) low-dose males, 13/50
{269 high-dose males, 2/ 50 (4%) control females,
33/50 (66%) low-dose females, and 9/ 50 (18%)
high-dose females. The incidence of retinopathy
and cataract formation correlated with the place-
ment of the cages. The animatls that occupied the
two top levels of the racks (i.c., high-dose males
and low-dose females) had the highest incidence
of eye effects,

TABLE 5. INCIDENCE OF RATS WITH BLADDER LESIONS IN THE CHRONIC STUDY WITH

ALLYL ISOTHIOCYANATE

Incidence
Mates Females
Y ehicle Low High Vehicle Low High
Controt Duose Daose Control Dose Daose
Animals examined 49 49 49 49 49 50
Lesion:
Transitional-Cell
Papilloma 0 2 4 0 ¢ |
Epitheliai Hyperplasia ¢ t 6 (a) 0 ¢ [
Nodular Hyperplasia ¢ 0 1 ¢ ¢ 0

{a) None of these animals had papillomas.

Allyl Isothiceyanate
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a)

Vehicle Low High
Controf Daose Dose
Skin: Squamous Ceil Papilloma
Tumor Raies
Overall (b) 3750 (6%) 0/50 (0%%) 4/50 (8%)
Adjusted (¢) 1.6% 0.0% 12.1%
Terminal (d) 2/38 (5%) 0/33 (0%) 4733 (12%)
Statistical Tests (&)
Life Table P=0.33] P=0.i52N P=0.418
Incidental Tumor Test P=0.292 P=0.159N P=0.364"
Cochran-Armitage Trend,
Fisher Exact Tests . P=0.393 P=0.121N P=0.500
Skin: Squamous Cell Papilloma or Carcinoma
Tumor Rates
Overall (b) 4/ 50 (R%%) 0/50 (0%) 6/50 (12%)
Adjusted (e) 10.1% 0.0% 17.2%
Terminal (d) 3/38 (8% 0/33 (0%) 5133 (15%)
Statistical Tests (e)
Life Table P=0.203N P=0.086N P=0.284
Incidental Tumor Test P=0.234N P=0.090N P=0.331
Cochran-Armitage Trend,
Fisher Exact Tests P=0.260 P=0.059N P=0.370
Subcutaneous Tissue: Fibrosarcome
Tumor Rates
Overall (b) 5750 (10%) 5/50 (10%) 1750 (2%)
Adjusted (¢) 12.5%, 14.1% 2.8%
Terminal (d) 4738 (11%;) 4{33 (12%) 0/ 33 (090)
Statistical Tests (e}
Life Table P=0.133N P=0,542 P=0.154N
Incidental Tumor Test P=0,123N P=0.628N P=0.215N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.088N P=0.630 P=0.102N
Subecutaneous Tissue: All Sarcomas
Tumor Rates
Overall (b) 6/50 (12%) 8/50 (169%) 2/50 (4%)
Adjusted (c) 14.56 20.5% 5.1%
Terminal (d) 4/38 (1%} 5/33 (15%) 0/33 (0%}
Statistical Tests {e)
LLife Table P=0.189N P=0,304 P=0.209N
Incidental Tumor Test P=0.088N P=0.540 P=0.198N
Cochran-Armitage Trend, ‘
Fisher Exact Tests P=0.124N P=0.387 P=0.134N
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma
Tumor Rates
Overall (b} 3/49 (6%) 2/49 (4%) 3/48 (64}
Adjusted (c) 1.2% 6.3% 88%
Terminal (d) 1/37 (3%} 2/32 (6%) 2/31 (0%)
Statistical Tests {e)
Life Table P=0.512 P=0.556N P=0.590
Incidental Tumeor Test P=0.545N P=0.426N P=0.54IN
Cochran-Armitage Trend,
Fisher Exact Tests P=0.577 P=0.500N P=0.651
31 Allyl Isothiocyanate



TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued)

Vehicle Low High
Control Dose Dose
Hematopoietic System: Undifferentiated Leukemia
Tumor Rates
Overali (b) 2/50 (4%) 6/50 (12%) B/50 (16%)
Adjusted {c) 4.7% 17.1% - 21.69%
Terminal {d) 0738 (0%} 4/33 (12%) 5733 (15%)
Statistical Tests (2)
Life Table P=0.024 P=0.093 P=0.030
Incidental Tumor Test P=0.006 P=0.,070 P=0.009
Cochran-Armitage Trend,
Fisher Exact Tests P=0.03% P=0.134 P=0.046
Hematopoietic System; Lymphoma or Leukemin
Tumor Rates
Overall (b) 2/50 (4%) 7/50 (149%) 8/50 (169%)
Adjusted (c) 4.79 19.19 21.6%
Terminal (d) 0/38 (09%) 4/33 (129) 5/33 (159%)
Statistical Tests fe)
Life Table P=0.027 P=0.054 P=0.030
Incidental Tumor Test P=0.0¢1 P=0.060 P=0.00%
Cochran-Armitage Trend,
Fisher Exact Tesis P=0.044 P=0.080 P=0,046
Liver: Neoplastie Nodule '
Tumor Rates
Overall (8) 2/50 {4%) 0/50 (0%) 5/50 (10%)
Adjusted (¢} 5.3% 0.09; 15.2%
Terminal (d} 2/38 (59%) 0/33 (0%} 5/33(15%)
Statistical Tests (e)
Life Table P=0.085 P=0.270N P=0,162
Incidental Tumor Test P=0.085 P=0.270N P=0,162
Cochran-Armitage Trend,
Fisher Exact Tests P=0.112 P=0,24TN P=0.218
Urinary Bladder: Transitionzl-Cell Papilloma
Tumor Rates
Overall (b) 0/49 (0%) 2749 (d4%) 4/49 (8%
Adjusted (c) 0.0% 5.50;, 12.1%
Terminal (d) 0/37 (0%) 1/32 (3%) 4733 (129%)
Statistical Tests (e}
Life Tabie P=0.030 P=0.209 P=0.049
Incidental Tumor Test P=0.048 P=0.356 P=z0.049
Cochran-Armitage Trend,
Fisher Exact Tests P=0.033 P=0.247 P=0.059
Pituitary: Adenoma
Tumor Rates
Overall (b) 7747 (15%;) 12/49 (24%) 4/49 {8%)
Adjusted {c) 18.0% 30.6% 1.7%
Terminal {d) 536 (14%) 6/32 (19%) 3/33 9%)
Statistical Tests (e)
Life Table P=0.326N P=0.107 P=0.136N
Incidental Tumor Test P=0.270N P=0.236 P=0.462N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.204N P=0.178 P=0.238N
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued)

Vehicle Low High
Control Dose Dose
Pituitary: Adenoma or Carcinoma
Tumor Rates
Overall (&) 7147 {15%) 13749 (27%} 4/49 (8%)
Adjusted (c) 18.0% 33.3% 11.7%
Terminal (d) 5/36 (149%) 7132 (22%) 3/31(9%)
Statistical Tests (e)
Life Table P=0.329N P=0.071 P=0.336N
Incidental Tumor Test P=0.275N P=0.162 P=0.462N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.205N P=0.124 P=0.238N
Adrenal: Pheochromocytoma
Tumor Rates
Overall (b) 16150 (32%) 15/50 (30%) 11/50 (22%)
Adjusted (c) 39.7% 40.8% 33.3%
Terminal (d} 14/ 38 (37%) 12/33 (36%) 11/33 (33%)
Statistical Tests (e)
Life Table P=0.293N P=0,483 P=0.322N
Incidental Tumor Test P=0.260N P=0.580N P=0.376N
Cochran-Armitage Trend,
Fisher Exact Tests P=0,158N P=0,500N P=0.184N
Adrenal: Pheochromaeytoma or Malignant Pheochromocytoma
Tumor Rates
Overall (b) 17/50 (349) 15750 (30%) 11/50 (22%)
Adjusted (¢) a41.1% 40.8% 33.3%

Terminal (d)

Statistical Tests fe)

14/38 (37%)

12/33 (36%)

11733 (33%)

Life Table P=0.23IN P=0,557 P=0,258N
Incidental Tumor Test P=0.213N P=0.505N P=0.330N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.113N P=0.415N P=0.133N
Thyroid: C-Cell Adenoma
Tumor Rates
Overall (b) 6/48 (13%) 10/50 (20%%) 5/50 (10%)
Adjusted f{¢) 16.7% 2910 14,6%
Termtinal (d) 6/36 (17%) 9/33 (279%5) 4/33 (129)
Statistical Tests (¢)
Life Table P=0.511N P=0,151 P=0,570N
Incidental Tumor Test P=0.470N P=0.194 P=0.614N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.400N P=0.233 P=0.47IN

Thyroid: C-Celt Adenoma or Carcinoma

Tumor Rates
Overall (b}
Adjusted (c)
Terminal (d}

Statistical Tests (e)

Life Table

fncidental Tumor Test
Cochran-Armitage Trend,
Fisher Exact Tests

8/48 (17%)
21.4%
7/36 (19%)

P=0,530N
P=0.474N

P=0.404N

33

11750 {22%)
30.7%
9/33 (27%)

P=0.235
P=0.348

P=0.34}

7150 (14%)
20.5%
6/33 (18%)

P=0.587N
P=0.560

P=0.465N
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (o) (Continued)

Vehicle Low High
Contvrol Dose Dose
Pancreatic Islets: Islet-Cell Adenomeg or Carcinoma
Tumor Rates
Overall (b) 3/50 (6%) 2/ 50 (4%) 1/4% (290)
Adjusted (¢} 7.9% 6.1% 1.0%
Terminal (d) 3/38 (8%) 2/33 (6% 1733 (3%)
Statistical Tests (e}
Life Table P=0.272N P=0.564N P=0.156N
Incidental Tumor Test P=0.272N P=0.564N P=0.356N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.232N P=0.500N P=0.316N
Mammary Gland: Fibroadenoma
Tumor Rates
Overall () 3/50 (6%) 3/50 (6%) 3/ 50 (6%}
Adjusted (c) 7.4% 9.1% 9.1%
Terminat (d) 2/38 (5%) 3/33 (9%) 3/33 (99
Statistical Tests (e}
Life Table P=0.508 P=0.591 P=0.584
Incidental Tumor Test P=0.474 P=0.584 P=0.533
Cochran-Armitage Trend,
Fisher Exact Tests P=0.586 P=0.661 P=0.661
Preputiel Gland: Adenocarcinoma
Tumor Rates .
Overall () 4/50 (8%) 1750 (2%) /50 (2%)
Adjusted (¢} 10.5%, 3,09 3.0%
Terminal (d} 4/38 (11%) 1/33 3%) 1/33 (3%)
Statistical Tests (e)
Life Table ) P=0.13TN _ P=0,223N P=0,223N
Incidentai Tumor Test P=0.137N P=0.22IN P=0.223N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.108N P=0.18IN P=0.18IN
Preputial Gland: Carcinoma or Adenocarcinoma
Tumor Rates
Overall (b) 4/50 (8%) 2150 (4%) 2/50 (4%)
Adjusted (c) 10.5% 6.1% 68.1%
Terminal (d) 4138 (i1%) 2/33 (6%) 2133 (6%)
Statistical Tests (e}
Life Table P=0.316N P=0.403N P=0.403N
Incidental Tumor Test P=0.316N P=0.403N P=0.403N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.260N P=0.339N P=0.339N
Testis: Interstitial-Cell Tumor
Tumor Rates
Overall (b) d45/50 (909%,) 45750 {30%) 49/ 49 { L00%)
Adjusted (c) 97.8% 95,7% 100.0%
Terminal (d) 37/38 (979%) 31/33 (94%) 33/33(100%)
Statistical Tests (e)
Life Table P=0.024 P=0.146 P=0.023
Incidental Tumor Test P=0.066 P=0.566N P=0.068
Cochran-Armitage Trend.
Fisher Exact Tests P=0.036 P=0.630 P=0.030
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS {a) (Continued)

fa} Dosed groups received doses of 12 or 25 mg/ kg of allyl isothiocyanate by gavage.

{b) Number of tumor-bearing animals/number of animals examined at the site {percent).

(c) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality.

fd) Observed tumor incidence in surviving animals killed at end of study.

(2} Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed group
incidence are the P-values corresponding to pairwise comparisons between that dosed group and the
control. The life table analysis regards tumors in animals dying before the end of the study as being (directiy
or indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal, The Cochran-
Armitage and Fisher's exact tests compare directly the overail incidence rates. A negative trend is indicated
by (N).
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (a)

Vehicte Low High
Caontrol Dose Dose
Subcutaneous Tissue: Fibrosarcoma
Tumor Rates
Overall {b) 0750 (0%) 0/50 {0%) 3/50 (69%)
Adjusted (¢} 0.09; 0.0% 8.1%
Terminal (d) 0/35 (0%) 0/31 (0%) 2/33 (69}
Statistical Tests (e}
Life Table P=0.037 ) P=0.116
Incidental Tumor Test P=0.028 ) P=0.094
Cochran-Armitage Trend,
Fisher Exact Tests P=0.036 X P=0.121
Lung: Alveolar/Bronchiclar Adenoma or Carcinoma
Tumor Rates '
Overall (b) 150 {29%) 0/30 {0%) 3750 {69)
Adjusted () 2.9% 0.09; 7.4%
Terminal (d) 1/35 (3%) 0/31 (0%) 1/33 (3%)
Statistical Tests (e}
Life Tabie P=0.174 P=0.524N P=0.301
Incidental Tumor Test P=0.125 =0,324N P=0.223
Cochran-Armitage Trend,
Fisher Exact Tests P=0.171 P=0.500N P=0.309
Hematopoietic System: Undifferentiated Leukemin
Tumor Rates
Overall (&) 7750 (149) 9/50 (189%) §1/50 (2295)
Adjusted (¢} 16.6% 23.8% 26.1%
Terminal (d) 3/35 (9%) 4/31 (13%%) 433 (12%)
Statistical Tests fe)
Lile Table P=0.192 P=0.318 P=0.219
Incidental Tumor Test P=0.186 P=0.373 P=0.291]
Cochran-Armitage Trend,
Fisher Exact Tests P=0.184 P=00.393 P=0.218
Hemetopoietic System: Al Leukemia
Tumor Rates
Overall (b) 7150 (14%} 9/50.(18%) 12/50 (24%)
Adjusted (c) 16.6% 23.8% 28.6%
Terminal (d} 3/35 (9%) 4/31 {13%) 5733 (15%)
Statistical Tests (¢)
Life Table P=0.136 P=0.318 P=0.159
Incidental Tumeor Test P=0.124 P=0,373 P=0.210
Cochran-Armitage Trend,
Fisher Exact Tests P=0.125 P=0.393 P=0.154
Hematopoietic System: Lymphoma or Leukemia
Tumor Rates
Overall (b) 8/50 (14%) 9/ 50 {18%) 14750 (289%%)
Adjusted (o) 19.2% 23.8% 31.6%
Terminal (d) 4435 (119%) 4/31 (13%) 5/33 (15%)
Statistical Tests (¢}
Life Tabie P=0.101 P=0.410 P=0.125
Incidental Tumor Test P=0.096 P=0.479 P=0.206
Cochran-Armitage Trend,
Fisher Exact Tests P=0.087 P=0.500 P=0.114
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS fa) (Cantinued)

Vehicle Low High
Topography:Morphology Control Dose Dose
Pituitary: Adenoma
Tumor Rates
Overall (b) 17749(35%) 10/ 50(20%) 13/ 50{26%)
Adjusted (c) 44.3%, 29.8% 36.7%
Terminal {d) 13/34(38%) 8/31(269%) 11/33(33%)
Statistical Tests (e}
Life Table P=0.247N P=0.145N P=0.283N
Incidental Tumor Test P=0.24IN P=0.135N P=0.279N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.207N P=0,07&N P=0.235N
Pituitary: Carcinomsa
Tumor Rates
Overall (b) 0/4%0%) 3/ 50(6%) 2/ S0{4%)
Adjusted () 0.0% 9.7% 6.1%
Terminal (d) 0/34(0%) 3/3K10%) 2/33(6%)
Statistical Tests fe)
Life Table P=0.208 P=0.105 P=0.231
Incidental Tumor Test P=0.208 P=0.105 P=0.231
Cochran-Armitage Trend, .
Fisher Exact Tests P=0(,219 P=0.125 P=0.253
Pituitary: Adenoma or Carcinoma
Tumor Rates :
Overall (b} 17/49(35%) 13/50(26%) 15/ 50{30%)
Adjusted {c) 44.3% 38.9% 42.5%
Terminal {d) 13/34(38%) 11/31{35%) 13/33(39%)
Statisticai Tests (e)
Life Table P=0.407N P=0.360N P=0.446N
[ncidental Tumor Test P=0.404N P=0.359N P=0.447TN
Cochran-Armitage Trend, :
Fisher Exact Tests P=0.355N P=0.235N P=0.388N
Adrenal: Pheochromocytama
Tumor Rates
QOverall (b) 1/50(29%) 2/50(4%) 3/ 50(6%)
Adjusted () 2.3% 6.5% %1%
Terminal (d) 0/35(0%) 2131(690) 3/33(9%)
Statistical Tests (e)
Life Tabie P=0.216 P=0.464 P=0.293
Incidental Tumor Test P=0.194 P=0.451 P=0.256
Cochran-Armitage Trend,
Fisher Exact Tests P=0.226 P=0.500 P=0.309
Adrenal: Pheochromocytoma and Malignant Pheochromocytoma
Tumor Rates
Overall (b) 2/50(4%) 2/50{4%) 3/ 50(6%%)
Adjusted (c) 5.19% 6.59; 9.1%
Terminal {d) 1/35(3%) 2/31{6%) 3/33(9%)
Statistical Tests (e)
Life Table P=0.390 P=0.654 P=0.481
Incidental Tumor Test P=0.364 P=0.644 P=0.442
Cochran-Armitage Trend,
Fisher Exact Tests P=0.408 P=0.691 P=0.500
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (a} (Continued}

Vehicle Low High
Controt Dose Daose
Thyroid: C-Cell Adenoma
Tumor Rates
Overall (b) T 10750 (209%) B/48 (17%) 6/50 (12%)
Adjusted (c} 28.6%% 26.1% 18.2%,
Terminal (d} 10735 (29%) 7/29 (24%) 6/33 (18%)
Statistical Tests ()
Life Table P=0.200N P=0.570N P=0.236N
Incidental Tumor Test P=0.2IIN P=0,574N P=0.236N
Cochran-Armitage Trend,
Fisher Exact Tests P=0,173N P=0.435N P=0.207N
Thyroid: C-Cell Carcinema
Tumeor Rates
Overall (b) 2/50 (49%) 2/48 {4%) 3/50 (69%)
Adjusted (c) 5.7% 6.9% 9.19%
Terminal (d) 2135 (6%} 2/29 (7%} 3/33 (9%)
Statistical Tests (¢)
Life Table P=0.385 P=0.626 P=0.473
Incidental Tumor Test P=0.385 P=0.626 P=0473
Cochran-Armitage Trend,
Fisher Exact Tests P=0.409 P=0.676 P=0.500
Thyroid: C-Cell Adenoma or Carcinoma
Tumor Rates
Overall (B) 12/50 (249%) 10/48 (219 9/50 {189%)
Adjusted (¢) 34.3% 32.8% 27.0%
Terminal (d) 12/35 (34%) 9/29 {31%) 9/33 (27%)
Statistical Tests (e)
Life Table P=0.314N P=0.598 P=0.359N
Incidental Tumor Test P=0.327N P=0,595 P=0.35N
Cochran-Armitage Trend,
Fisher Exact Tests P=0,272N P=0.447N P=0.312N
Mammary Gland: Fibroadenoma
Tumor Rates
Overall (b) 8/50 (169} 14/50 (28%) F1/50 (22%)
Adjusted () 21.8% 19.7% 30.7%
Terminal (d) 7135 (209%) 11731 (35%) 9/33 (279%)
Statistical Tests (&)
Life Table P=0.247 P=0.068 P=0,264
Incidental Tumor Test . P=0.246 P=0,115 P=0.246
Cochran-Armitage Trend,
Fisher Exact Tests P=0.285 P=0.114 P=0.306
Uterus: Endometrial Stromal Polyp
Tumor Rates )
Overall (b} 14/50 (28%) 15/49 (3i%) 16/50 (32%)
Adjusted (¢} 3R.9% 44.30% 42.49%
Terminal (d) 13/35 (37%) 13/31 (42%} 12/33 (369
Statistical Tests {e)
Life Table P=0.311 P=0.346 P=0.347
Incidental Tumor Test P=0.374 P=0.420 P=0.400
Cochran-Armitage Trend,
Fisher Exact Tests P=0.375 P=0.474 P=0.414
38
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS {a) (Continued)

fa) Daosed groups received doses of 12 or 2§ mg/kg of ally! isothiocyanate by gavage.

(k) Number of tumor-bearing animals/ number of animals examined at the site (percent).

{c) Kaplan-Meier estimated lifetime tumeor incidence after adjusting for intercurrent mortality.

(d) Observed tumor incidence in surviving animals kitled at end of study.

fe) Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed group
incidence are the P-values corresponding to pairwise comparisons between that dosed group and the
control, The life table analysis regards tumors in animals dying before the end of the study as being (directly
or indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal, The Cochran-
Armitage and Fisher's exact tests compare directly the overall incidence rates. A negative trend is indicated
by (N).

¢f) No test was performed because there was no incidence in the low-dose or vehicle control group.
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I1l. RESULTS: MICE=PRECHRONIC STUDIES

PRECHRONIC STUDIES

Single-Dose Study

Two of five males receiving 400 mg/kg and
4/5 males and 5/5 females receiving 800 mg/ kg
died {Table 8). The following average weight
increases over the initial weight (on day 0) were
calculated at the end of the [6th day for the sur-
viving male and female mice:

Weight Increase

Dose (Percent)
{mg/kg) Males Females
50 2 I8
100 17 22
200 24 3
400 21 Il
BOO 38 —

Male and female mice exhibited a transient,
dose-related toxicity which was most marked in
the 100, 200, 400, and 800 mg/kg groups. This
included inactivity, drooping eyelids, and ruffled
fur,

The peritoneal cavities were examined in male
mice administered 200, 400, or 800 mg/ kg and in
female mice administered 100, 200, or 400 mg/kg.
The lower third of the mucosal surface of the
stomach was thickened and necrotic. The stom-
ach adhered to the peritoneal wall in male mice
administered 400 or 800 mg/kg and in female
mice administered 200 or 400 mg/kg. The sever-
ity of these effects was dose related.

The highest dosage levels producing no deaths
were 200 mg/ kg in the males and 400 mg/kg in
the females. In addition, the 100, 200, 400, and
800 mg/ kg levels produced toxicity. For these
reasons, the highest dose level in the 14-day study
was set at 50 mg/kg.

Fourteen-Day Study

One male mouse administered 50 mg/kg died
(Table 9). A thickened area of mucosa in the
nonglandular region of the stomach was observed
in 4/35 males and 5;/5 females administered 50
mg/kg. A thickened urinary bladder wall was
seen in 4/5 males and 1/5 females administered
50 mg/ kg. The average weight gain in the exper-
imental groups varied from 3% to 16%.

No other signs of toxicity were observed, Due
to the stomach and bladder lesions observed at
the 50 mg/ kg dose, the highest dose set for the
13-week study was 25 mgj kg.

Thirteen-Week Study

No compound-related deaths or histopatho-
logic effects in the stomach or other tissues were
observed. Mean body weight gains of control
and dosed groups were comparable (Table 10).
The highest dose level (25 mg/kg) had no effect
on male or female BAC3F1 mice.

Doses of 12 and 25 mg/ kg ally isothiocyanate,
administered five times per week by gavage, were
selected for mice in the chronic study because
compound-related effects were observed in the
14-day study at 50 mg/kg.

TABLE 8. DOSAGE AND SURVIVAL OF MICE ADMINISTERED A SINGLE DOSE OF ALLYL
ISOTHIOCYANATE IN CORN OIL BY GAVAGE

Survivel {a)
Dose (mg/kg} Males Females
50 5/5 5/5
100 5/5 5/5
200 5/5 5/5
400 3/5(B) 5/5
800 1/5 (e} 0/5 (d)

(a} Number surviving/ number initially in the group.

(b) Deaths occurred on days | and 14,

fc) Two animals died on day | and two animals on day 2.

fd) Four animals died on day 1 and one animal on day 2.

Alliy! Isothiocyanate
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TABLE 9, DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF MICE RECEIVING ALLYL
ISOTHIOCYANATE BY GAYAGE FOR 14 DAYS

Mean Body Welght (grams)

‘Dose Survival
(mg/kg) {a) Initial Final Change (b}
iales
3 5/5 202 £04 21007 +#.8+0.5
6 5/5 206 +0.2 226207 +2.0+ 0.5
12 5/5 20,2 £ 0.7 210210 +.8 104
25 5/5 19,8 £ 0.5 A 21807 +2.0+05
50 4/5 (c) 20.5 £ 0.7 238 0.5 +331 08
Females
3 5/5 174£04 190 £0.3 +1.6£0.35
[ 58 166 £0.2 188207 22107
12 5/8 178205 R4 1204 +H1.6£8.2
25 515 [6.8 £0.4 184 £0.2 +i.61£0.5
50 5/8 176£038 [8.0£09 410

fa) Number surviving/ number initially in the group. All calculations refer anly to the survivors of each group:
(b} Mean weight change of the survivors of the group * standard error of the mean.
(c) Death occurred on day I3, the day after administration of the test material was discontinued,

TABLE 10, DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF MICE ADMINISTERED ALLYL
ISOTHIOCYANATE BY GAVAGE FOR 13 WEEKS

Welght Change

Wean Body Weight (grams) Relative to
Dose (a) Surviyai Controls {d)
(mg/kg) (b) Initial Final Change (c} (Percent)
Males
0fe) 10/10 8.7 0.5 324 H0.6 +13.7 10.5
L5 9/10 () 194 0.3 34,1 211 +14.7 £1.1 +173
3 10710 18.2 H0.6 334 £t +152 0.8 +{0.9
6 [0/10 I1R.7 £0.7 350108 +16.3 .8 +19.0
12 9/10 () 201 £0.5 32.8 0.4 +12.7 10.4 -13
25 o/ to 19.9 H).4 352 106 +15.3 #).8 +11,7
Females
Ofe) 10/10 16.1 0.4 253403 9.2 0.4
[.5 10410 15.6 1.3 24.3 10.5 +8.7 10.7 -54
3 8/10 () 16.4 +0.5 24.5 H0.6 +8.1 #1.2 -12.0
6 9/10 (0 16.6 #0.4 25.2 0.6 +8.6 £0.5 - 65
12 9710 ) 16.9 #H).5 2591408 +9.0 0.7 - 22
25 10/ 10 159 104 24.5 #.5 +8.6 0.3 - 63

fz) Allyl isothiocyanate in corn oil was administered 5 days per week.

(6} Number surviving/ number iitiaily in the group. All calcuiations refer only to the survivors of each group.

{c) Mean weight change of the survivors of the group £ standard error of the mean.

() Weight change of the dosed group relative ta that of the controls =
Weight Change (Dosed Oroup) - Weight Change {Control Group)

Weight Change {Control Group)
fe) Vehicle controls received corn oil alone,
(f) Death was a result of gavage error.

100
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IMI. RESULTS: MICE-—-CHRONIC STUDY

CHRONIC STUDY

Body Weights and Clinical Signs higher than those of the vehicle controls (Figure

3, Appendix H, Table H2).
Throughout most of the study, mean body

weights of high-dose male and female mice were
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Figum 3. Growth Curves for Mice Administared Allyl sothiocyenate by Gavage.
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[ii. RESULTS: MICE~CHRONIC STUDY

Survival

Estimates of the probabilities of survival of
male and female mice administered allyl isothio-
cyanate by gavage at the doses of this bioassay,
together with those of the control groups, are

shown by the Kaplan and Meier curves in Figure
4. No significant differences in survival were
observed between any groups of either sex, The
survival in control female mice was consistently
lower than the survival in either dosed group
after week 40. One control male, one low-dose

1.00
G Lat " W
Aevverrarans EI—--——-—-'—E
090 & & 4 oI E’_'t..
o= 3 %& 1
0.80 b &"
. == - &y
Qw =~ = e s
OG- T
-4 DG oot [
< - - - a.é% 3
g _ A
z o A
E 0w p
tn
("9
; 050
2
o
% 040
a
Q
&
[
MALE MICE
020 €1 VYEHICLE CONTROL
O Low GOSE
0.10 4 A HIGH DOSE
0.00 + L
] 18 M0 28 80 7% 8 106 120
TIME ON STUDY IWEEKS)
100 10,1, T
iy seangs freoes vore —l
0.80 » -é TRPLIYRAN NS
-- #*'*'a,:':'z;g, ..... ,
e
a.60 =2 3T
ol i, 5
L, 010 o gedm = :.,
g N
F Ao D
i o080 s
2 9y
A, =1
I &
IC:’ 050 ey 2
: %
- A
2 o040 .
g b—lﬁk
£ om0 =
FEMALE MICE
020 T————= [0 VEHICLE CONTROL
©  LOW DOSE
010 F— e & HIGH Dossl
200 . !
[ 15 W 4 50 7% 0 108 120

TIME ON STUDY {WEEKS)

Figure 4. Susvival Curves for Mice Administered Atlyl isothiccysnate by Gavege.
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I11. RESULTS: MICE—=CHRONIC STUDY

male, and two high-dose female mice died during
weeks [04-106. In the statistical analyses reported
in Tables Il and 12, no distinction was made
between these animals and those killed during
this termination period. One control male (at
week 41), six low-dose males {at weeks 42, 48, 56,
59, 60, and 65), seven high-dose males (at weeks
6, 20, 29, 31, 35, 62, and 65), and one high-dose
female (at week 60) were accidentally killed (due
to gavage error) during the study.

In male mice, 26/50 (52%) of the controls,
24/ 50 (489%) of the low-dose, and 27/50 (54%) of
the high-dose group lived to the termination
period of the study at 104-106 weeks. in female
mice, 16/ 50 (329) of the controls, 25/50 (50%) of
the low-dose, and 18/50 (36%) of the high-dose
group lived to the termination period of the study
at 104-106 weeks. Suppurative inflammation of
the peritoneum, uterus, or multiple organs was
seen in many of the female mice that died before
(04 weeks (13/34 contrals, 6/25 low-dose, 12/30
high-dose). These lesions are suggestive of gener-
alized infection and may have been causative in
these early deaths.

Allyl Isothiocyanate

Pathology and Statistical Analyses of
Results

Histopathologic findings on neoplasms occur-
ring in mice are summarized in Appendix B,
Tables B! and B2; Tables B3 and B4 give the
survival and tumor status for each individual
animal in the male and female mouse studies,
respectively. Findings on nonneoplastic lesions
are summarized in Appendix D, Tables D1 and
D2. Tables 11 and 2 contain the statistical analy-
ses of those primary tumors that occurred with
an incidence of at least 5% in one of the three
groups.

Liver: A significant, {P<C0,01) dose-related
increase in cytoplasmic vacuolization was ob-
served in male mice (control 2/49, 4%, low-dose,
8/49, 16%; high-dose, 13/50, 26%). The distribu-
tion of these vacuoles was not consistent, but
most livers had some centrilobular component.
In other male mice with cytoplasmic vacuoliza-
tion, the distribution was more consistently cen-
trilobular. The vacuoles contained fat as deter-
mined by special stains of frozen sections. The
degree of severity was similiar in the three groups.



TABLE 11, ANALYSIS OF PRIMARY TUMORS IN MALE MICE (a)

Yehicle Low High
Control Dose Dose
Lung: Alveolar/Bronchiolar Adenoma without Carcinoma
Tumor Rates
Overall (b) 450 (B9%) 3/50 {6%) 4/50 (B%)
Adjusted {¢) 14.8% 10.6% 14.3%
Terminal (d) 4/27 (159%) 2/25 (8%) 3127 (119)
Statistical Tests (e)
Life Table P=0.435 P=0.557N P=0.643N
Incidental Tutmor Test P=0.509 P=0.547N P=0.575
Cochran-Armitage Trend,
Fisher Exact Tests P=0.575 P=0.500N P=0.643
Lung: Alveofar/Bronchiolar Carcinoma
Tumor Rates
Overall (b) 0/50 (0%) 1/50 (29%) 350 (6%)
Adjusted () 0.0% 4.0% 10.3%
Terminal (d) 0/27 (0%) 1/25 (49) 2/27 (1%)
Statistical Tests (&} ‘
Life Table P=0.060 P=0.485 P=0.113
Incidental Tumor Test P=0.048 P=0.485 P=0.084
Cochran-Armitage Trend,
Fisher Exact Tests P=0.061 P=0.500 P=0,121
Lung: Alveolar/Bronchioler Adenoma or Carcinoma
Tumor Rates
Overall (b) 4/50 (89) 4/50 (8%) 7/50 (149%)
Adjusted (¢} 14.8% 14.5% 23.9%
Terminal {d) 4727 (150%) 3/25 (129) 5,27 (19%)
Statistical Tests (e)
Life Table P=0.191 P=0.588 P=0.253
Incidental Tumor Test P=0.143 P=0.598 P=0.176
Cochran-Armitage Trend,
Fisher Exact Tests P=0.201 P=0.643 P=0.262
Hematopoietic System: Lymphoma
Tumor Rates
Qverall (h) 3/50 (6%) 2/50 (4% 0/50 (0%)
Adiusted (¢} 8.9%, 7.7% 0.0%
Terminal {d) 1727 (4%) (/25 (49} 0/27 (0%)
Statistical Tests {e)
Life Table P=0.104N P=0.576N P=0.148N
Incidental Tumor Test P=0.175N P=0.661 P=0.194N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.083N P=0.500N P=0.12IN
Liver: Adenoma without Carcinoma
Tumor Rates
Overali (b) 8/49 (16%) 5/49 (10%) 9750 (18%)
Adjusted (¢) 28.0% 18.79% 31.3%
Terminal ()} 7/27 (2695 4725 (16%) 8/27 (30%)
Statistical Tests {e)
Life Table P=0.4t1 P=0.349N P=0.482
{ncidental Tumor Test P=0.439 P=0.378N P=0.540
Cochran-Armitage Trend,
Fisher Exact Tests P=0.453 P=0.276N P=0.5!8
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TABLE 11. ANALYSIS OF PRIMARY TUMORS IN MALE MICE {g) (Continued)

Yehicle Low High
Control Dose Dose
Liver: Carcinoma
Tumeor Rates
Qverall (b) 13/49 (27%) 9/49 (18%) 10/ 50 (20%)
Adjusted (¢) 35.39% 29.49, 35.7%
Terminat (d) 5/27 (19%) 5]25 (20%) 9/27 (33%)
Statistical Tests fe)
Life Table P=0.356N P=0.408N P=0.)85N
Incidental Tumor Test P=0.534N P=0.580N P=6.597
Cochran-Armitage Trend,
Fisher Exact Tests P=0.261N P=0.234N P=0.298N
Liver: Adenomsa oy Carcinoma
Tumor Rates
Qverall (b) 21/49 (41%) 14/49 (29%) 19750 (38%)
Adjusted (¢} 51.2% 45.4% 65.2%
Terminal (d) 12/27 (449} 9/25 (36%) 17/27 (63%)
Staiistical Tests (e)
Life Table P=0.476N P=0.259N P=0.490N
Incidental Tumor Test P=0.469 P=0.392N P=0.529
Cochran-Armitage Trend,
Fisher Exact Tests P=0.362N P=0.103N P=0.387N
Thyroid: Follicular-Cell Adenoma
Tumor Rates
Overall (B) 3/50 (6%) 2/45 (4%) 1/50 (2%}
Adjusted (¢} 11.1% 7.2% 3.7%
Terminal {d) 3727 (11%) i/24 (4%) 1/27 (4%)
Statistical Tests {e)
Life Table P=0.242N P=0(.576N P=0.303N
Incidental Tumor Test P=0,236N P=0.569N P=0.303N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.228N P=0.550N P=0.309N
Harderian Gland: Adenoma or Cystadenoma
Tumor Rates
Overall () 3/50 (69%) 1750 (29%) £/ 50 (29%)
Adjusted (c) 10.0% 4.0% 7%
Terminal (d) 2/27 (1%) 1/25 (4%) 1727 (4%)
Statistical Tests (e)
Life Table P=0.224N P=0.346N P=0.325N
Incidental Tumor Test P=0.258N P=0.420N P=0.366N
Cochran-Armitage Trend, )
Fisher Exact Tests P=0.210N P=0.309N P=0.309N

(a} Dosed groups received doses of 12 or 25 mg/ kg of ally! isothiocyanate by gavage.

(&) Number of tumat-bearing animals/ number of animals examined at the site {percent).

(¢) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality.

fd) Observed tumor incidence in surviving animals killed at end of study.

(e) Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed group
incidence are the P-values corresponding to pairwise comparisons between that dosed group and the
controls. The life table analysis regards tumors in animals dying before the end of the study as being {directly
or indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal. The Cochran-
Armitage and Fisher's exact tests compare directly the overall incidence rates. A negative trend is indicated

by {N).
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE MECE (a)

V ehicle Low High
Control Dose Dose
Lung: Alveolar/Bronchiclar Carcinoma
Tumor Rates
Overall (b) 0/47 (09%) 2/49 (4%) 3/49 (6%)
Adjusted {c) 0.09 14% 11.8%
Terminal {d) 0/ 16 (0%) 0/25 (09%) . 1/20 (59%)
Statistica} Tests (e)
Life Table P=0.119 P=0.337 P=0.194
Incidental Tumor Test P=0.247 P=0.395 P=0.281
Cochran-Armitage Trend,
Fisher Exact Tests P=0.091 P=0.258 P=0.129

Lung: Alveolar/Bronchiolar Adenoma or Carcinomea
Tumor Rates

Overall (b) 2/47 (4%) 2/49 {(4%) 3/49 (6%)
Adjusted (¢) 7.9% 7.1% 11.8%
Terminal (d) 0/16 (0%) 0/25 (0%) 1/20 (5%)
Statistical Tests (e}

Life Table P=0.510 P=0.559N P=0.626
Incidental Tumor Test P=0.594 P=0.697N P=0.600
Cochran-Armitage Trend,

Fisher Exact Tests : P=0.425 P=0.676N P=0.520

Hematopoietic System: Melignant Lymghoma, Lymphoeytic Type
Tumor Rates

Overall (b) 3/50 (6%) 2150 (4%) 1749 (2%)
Adjusted (c) 13.69 5.80; 5.0%
Terminal (d} 1/16 (69%) 0/25 (0%) 1/20 (5%)
Statistical Tests (e)

Life Table P=0.166N P=0.354N P=0.24IN
Incidental Tumor Test P=0.277N P=0.604N P=0.397TN
Cochran-Armitage Trend,

Fisher Exact Tests P=0,232N P=0,500N P=0316N

Hematopoietic System: Lymphoma
Tumor Rates

Overali (b} 5/50 (10%) 4/50 (89 4/49 (89%)
Adjusted (c) 21.3% 11.7% 17.9%
Terminal (d) 1716 (6%} 1/25 (4%) 3/20 (15%)
Statistical Tests (e}

Life Table P=0.326N =0.320N P=0.375N
Incidental Tumor Test P=0.393N P=0.562N P=0.448N
Cochran-Armitage Trend,

Fisher Exact Tests P=0.447N P=0.500N P=0.513N

Hematopoietic System: Lymphome or Leukemia
Tumor Rates )
Overall (5) 5750 (10%) 4/50 (8%) 6/49 (12%)

Adjusted (c} 21.3% 11.7% 24.6%
Terminal (d} 1/16 (6%} 1/25 (490 3/20 (15%)
Statistical Tests (e}
Life Table P=0.559 P=0,320N P=0,593N
Incidental Tumor Test P=0.559 P=0.562N P=0.589N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.418 P=0.500N P=0.486
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE fa) (Continued)

Vehicle Low High
Conirol Daose Dose
Liver: Adenoma or Carcinoma
Tumor Rates
Overall (b) 2/50 (4%) 3749 (69)) /49 (2%)
Adjusted (¢} 12.5% 10.9% 2.9%
Terminal (d) 2/16 (13%) 2/25 (8%} 0/20 (0%)
Statistical Tests (g)
Life Table P=0.325N P=0.675N P=00.445N
Incidental Tumor Test P=0.453N P=0.597 P=0.534N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.404N P=0.490 P=(0.508N
Pitultary: Adenoma
Tumor Rates
Overall (b) 3/47 (69%) 345 (79} 4/44 (9%)
Adjusted (c) 18.8% 1L.0% 17.9%
Terminal (d) 316 {199%) 2125 (8%) 3/20 {159}
Statistical Tests (e}
Life Table P=0.535 P=0.465N P=0.643
Incidental Tumor Test P=0.493 P=0.56IN P=0.635N
Cochran-Armitage Trend,
Fisher Exact Tests P=0,388 P=0.641 P=0.463
Pituitary; Carcinoma
Tumor Rates
Overali (b) 3747 (6%) 3/45 (7%} 0/44 (0%
Adjusted (¢} 18.8% 12.0% 0.0%
Terminal (d) 3/16 (19%) 3/25 (12%) 0/20 (0%)
Statistical Tests (e)
Life Table P=0.054N P=0.444N P=0,08IN
Incidentai Tumor Test P=0.054N P=0.444N P=0.081N
Cochran-Armitage Trend,
Fisher Exact Tests P=0,112N P=0.64} P=0,133N
Pituitary; Adenome or Carcinoma
Tumor Rates
Overall (b} 6/47 (13%) 6/45 (13%) 4/44 (9%)
Adjusted {e) 37.5% 22.6% 17.9%
Terminal (d} 6/16 (389%) 5/25 {20%) 3720 (15%)
Statistical Tests fe)
Life Table P=0.176N P=0.304N P=0.212N
Incidenta! Tumor Test P=0.200N P=(t37IN P=0.183N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.354N P=0.589 P=0.413N
Thyroid: Follicular-Cell Adenoma or Carcinoma
Tumor Rates
Overall (b} 1148 (2%) 3747 (69%) 3/47 (69%)
Adjusted (c) 6.3% 12.5% 15.0%
Terminal (d) 1716 (69%) 3724 (12%%) 3/20 (15%%)
Statistical Tests (e}
Life Table P=0.302 P=0.458 P=0.385
Incidental Tumor Test P=0.302 P=0.458 P=0.385
Cochran-Armitage Trend,
Fisher Exact Tests P=0.238 P=0.300 P=0.300
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE fa) (Continued)

fa) Dosed groups reccived doses of 12 or 25 mg/kg of allyl isothiocyanate by pavage.

¢b) Number of tumor-bearing animals/ number of animals examined at the site (percent),

fe) Kaplan-Meier estimated lifetime tumor incidence after adijusting for intercusrent mortality.

fd) Observed tumor incidence in surviving animals killed at end of study.

fe) Bencath the control incidence are the P-values associated with the trend test. Beneath the dosed group
incidence are the P-values corresponding to pairwise comparisons between that dosed group and the
controls. The life table analysis regards tumors in animals dying before the end of the study as being (directly
or indirectly) the cause of death. The incidental tumor test regards these lesions ay nonfatal. The Cochran-
Armitage and Fisher’s exact tests compare directly the overall incidence rates. A negative trend is indicated
by (N).
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IV. DISCUSSION AND CONCLUSIONS

A 2-year carcinogenesis bioassay of allyl iso-
thiocyanate was conducted in F344/N rats and
B6C3F| mice. Doses of 12 or 25 mg/kg allyl
isothiocyanate, administered 5 times per week by
gavage, were selected for the chronic study since
the 50 mg/kg dose administered in the 14-day
study produced thickening of the mucosal sur-
face of the stomach in male and female rats and
mice, adherence of the stomach to the perito-
neum in male rats, and a thickened urinary
bladder wall in male mice. A dose of 25 mgfkg
produced no gross lesions when administered for
14 consecutive days or when administered 5
times per week for 13 weeks, and all animals
survived this dose,

Survival of dosed and control rats was com-
parable in the chronic study. Throughout the
study, the mean body weights of high-dose male
rats were lower than those of controls, and dur-
ing the last half of the study the mean body
weights of high-dose female rats were higher than
the control values,

Transitional-celt papillomas of the urinary
bladder occurred in dosed male rats with a statis-
tically significant positive trend (P<C0.05; inci-
dence: control, 0/49, 0%; low-dose, 2/49, 4%;
high-dose, 4/49, 895), This benign urinary bladder
tumeor has not been observed among 568 untreated
male control F344/ N rats at this laboratory. The
incidence of transitional-cell papillomas in male
vehicle control rats in all laboratories in the
NCI/NTP Bioassay Program is 1/994 (0.1%).

Epithelial hyperplasia was also seen at an
increased incidence {P<{0.05) in the urinary
bladder of dosed male rats (control, 0/49, 0%;
low-dose, 1/49, 29%; high-dose, 6/49, 12%). This
hyperplasia did not occur in the animals that had
transitionai-cell papillomas. No urinary bladder
calculi were seen in male rats.

Fibrosarcomas of the subcutaneous tissue
occurred in female rats with a statistically signifi-
cant positive trend (P<0.05; incidence: control,
0/50, 09%; tow-dose, 0/50, 0%; high-dose, 3/50,
6%). The incidence in the high-dose group was
not significant in comparison with the control
group, and the evidence for the association of
fibrosarcomas with administration of allyl iso-
thiocyanate is considered equivocal. This tumor
has been observed in 1/591 {0.2%) of the untreated
female control F344/N rats at this laboratory
and in 9/999 (0.9%) of the female vehicle control
rats in all laboratories in the NC1/ NTP Bioassay
Program,
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Retinopathy and cataract formation occurred
at increased incidence in high-dose male rats and
in low-dose female rats. This eye toxicity occurred
most frequently in animals placed at the top of
the racks, a position that gives maximum light
exposure. Other chemicals assayed in a similar
manner, such as stannous chloride (NTP, 1982),
also showed a correlation between eye toxicity
and rack position. However, not all NTP bioas-
says have shown a correlation between rack
placement and eye toxicity, From these inci-
dental observations it is not possible to deter-
mine whether a causative relationship exists for
light exposure, allyl isothiocyanate administra-
tion, and eye defects.

Leukemia occurred in dosed male rats with a
statistically significant positive trend (P<C0.05;
incidence: control, 2/50, 4%; low-dose, 6/50,
12%; high-dose, 8/ 50, 16%). The incidence in the
high-dose group was significantly higher than
that in the controls (P<{0.05). However, this
observed incidence was not statistically different
from the historicalincidence in male gavage con-
trols in alt laboratories in the Bioassay Program
(96/999, 109%). No significant increases were
observed for leukemia in female rats(7/ 50,9/ 50,
12/50), or for lymphoma in male and female
mice. Consequently, this increase is not con-
sidered to be the result of allyl isothiocyanate
administration.

Survival of control and dosed female mice was
comparable but lower than that usually seen at
this laboratory, and the decreased survival may
have reduced the incidence of late-appearing
tumors in these groups. Suppurative inflammation
of the peritoneum, uterus, or multiple organs was
found in about one third of the female mice that
died before the terminal kill, suggesting that an
infection may have been a contributing factor to
the decreased survival. Mcan body weights of
high-dose maie and female mice were higher than
those of controls throughout most of the study,
and the animals may have been able to tolerate
higher doses of ally! isothiocyanate,

The incidences of liver tumors in dosed male
and female mice were not statistically significant.
However, cytoplasmic vacuolization in the liver
of dosed male mice was related to administration
of allyl isothiocyanate {controls, 2/49, 4%; low-
dose, 8/49, 16%; high-dose, 13/50, 26%).

The mechanism of action of aliyl isothiocyanate
is not known. Other unsaturated compounds,
such as haloolefins, are thought to be metabolized
in vivo to active epoxides (Eder et al., 1980} Tt



IV. DISCUSSION AND CONCLUSIONS

has been suggested that some haloolefins con-
taining an allylic group may act as alkylating
agents (Eder et al., 1980). Thiocyanate, which
may be metabolically derived from isothiocyanate
{White et al., 1978), has been shown to promote
pitrosation of amines {Edwards et al., 1979; Fan
and Tannenbaum, 1973). Iscthiocyanates can
react with an alcohol or an amine to give a
thiocarbamate or thiourea {March, 1977). It is
not known if any of these reactions were involved
in producing the “ultimate carcinogen.” An alter-
native mechanism of action for allyl isothiocya-

nate is as a promoter (Pitot and Sirica, 1980).

Ally] isothiocyanate might enhance or stimulate
the neoplastic growth of cells already initiated in
the bladder cells, rather than initiate the first
alteration itself. Allyl isothiocyanate was not
mutagenic with or without activation in the
Ames assay using strains TA 98, 100, 1535, and
1537 (NTP, 1981).

53

Other studies have shown that allyl isothi-
ocyanate increases urine excretion (Muztar et al,,
1979b). Williams (1974) has shown that allyi
isothiocyanate and other isothiocyanates are directly
toxic to cells grown in culture. These other toxic
effects of allyl isothiocyanate were not measured
in this bioassay. Whether they have an association
with the carcinogenic effect observed in this
study is not known.

Conclusions: Under the conditions of this bio-
assay, allyl isothiocyanate was carcinogenic for
male F344/N rats, causing transitionai-cell
papillomas of the urinary bladder. Evidence for
associating allyl isothiocyanate with subcutaneous
fibrosarcomas in female F344/N rats was
equivocal. Allyl isothiocyanate was not carcino-
genic for B6CIFI mice of either sex.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEQOPLASMS
IN RATS ADMINISTERED ALLYL ISOTHIOCYANATE
BY GAVAGE
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TABLE A1.

SUMMARY OF THE INCIDENCE OF NEGPLASAAS IN MALE RATS ADMINISTERED
ALLYL tSOTHIOCYANATE 1N CORN 0IL BY GAVAGE

AHIMALS INITIALLY IN STUDY
ANIMALS HECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

INTEGUMENTARY SYSTEH

KSKIN
PAPTLLOMA,
SQUAMOUS CELL PAPILLDHA
SQUAMOUS CELL CARCINOMA
BASAL~CELL TUMOR
BASAL-CELL CARCIHOMA
ADNEXAL ADENOMA
KERATOACANTHOMA

¥WSUBCUT TISSUE
SARCOMA, HOS
FIBROMA
FIBROSARCOMA
FIBROUS HISTIOCYTOMA, MALIGHANT

e AL L D . o W T ek 3

RESPIRATORY SYSTEH

BLUNG
SQUAMOUS CELL CARCINOMA. UNC PRI
ALVEDLAR/BRONCHIOLAR ADENOMA
ALVECLAR/BRONCHIOLAR CARCINGMA
SARCOMA, NOS, UNC PRIM OR META
F1BROSARCOMA, METASTATIC
FIBROUS HISTIOCYTOMA, METASTATIC

o e e o P L e e T Yl A D T A L

HEMATOPDIETIC SYSTEM

AMULTIPLE ORGANS
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
UNDIFFERENTIATED LEUKEMLA

BSPLEEN
HISTIOCYTOMA, MEVASTATIC

VEHICLE
CONTROL

50)
2 (ax}
(50)

i D . e R s ok e D e 22 7 P

o e e 2 7 M e o T g o

(50

(50)
B (16X%)
(502

4 NUMBER OF ANIMALS WITH TISSUE EXAMINED
¥ HUMBER OF ANIMALS HECROPSIED

Ally! Isothiocyanate

MICROSCOPICALLY




TABLE Ai. MALE RATS: NEOPLASMS (CONTINUED)

__________________________________________________ o 3 P 7 R bt B T b I T e R s O D D B R el i

VEHICLE '
CORTROL LOW DOSE HIGH DGSE
CIRCULATORY SYSTEM
4SPLEEN (50) (49) t50)
HEMANGIDSARCOMA t (2%)
DIGESTIVE SYSTEM
JLIVER (50 (50) (50)
NEOPLASTIC HODULE 2 (4%) 5 (10%}
EPANCREAS (50) {(50) (%9)
ADENOMA, HOS 1 (2%)
BRDUODENUM (48) {49)
MUCINOUS ADENOCARCINQMA 1 (2%)
#ILEUM {48) (4" (47}
OSTEOSARCOMA 12w
URINARY SYSTEM
#KIDNEY (507 (50 (50)
TUBULAR-CELL ADENOMA 1 (2%
BURINARY BLADDER (49 (49}
TRANSITIOHAL-CELL PAPILLOMA 2 (6%) 4 (8%)
LIPOMA 1 (2%
ENDOCRINE SYSTEM
PPITUITARY {475 (49 (49)
CARCTINOMA,NOS 1 ¢2%)
ADENOMA, MNOS 7 C15%) 12 (24%) 4 (8%)
§ADRENAL {50) (50 {50)
CORTICAL ADEHOMA 1 2%
PHEOCNRGMOCY TOMA 16 (32%) 15 (30%) 11 (22%)
PHEOCHRGOMOCYTOMA, MALIGNANT 1.¢2%) 1 (2%)
GANGL TONEUROMA 1 (2%
#THYROID (48) (50) (50)
FOLLICULAR~CELL CARCINOMA 1_€2%) 1 12%)

2 NUMBER OF AMIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS HECROPSIED
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TABLE A1, MALE RATS: NEOPLASMS (CONTINUED}

VEHICLE
CONTROL LOW DOSE HIGH DOSE
G~CELL ADENDMA 6 (13¥%) 10 (20%> 5 (10%)
C~CELL CARCIHOMA 2 (4%) 1 (2%) 2 (4%)
EPANCREATIC ISLETS (50) {50) (49)
ISLET-CELL ADENOMA 2 (64X) 2 (&%) i (2%)
ISLET~CELL CARCINOMA 1 {2X)
REPRODUCTIVE SYSTEM
¥MAMMARY GLAND {50) (50) (50)
FIBROADERDMA 3 (8%) 3 (6 3 (&%)
HPREPUTIAL GLAND (50) {50) {50)
CARCINOMA ,NOS 1 ¢2%) 1 (2%)
ADENOMA, NOS
ADENQCARCINOMA, HOS 4 (BX%) 1 (2% 1 (2%)
CYSTADENOMA, HNOS 1 (2%)
BTESTIS (56) (50) (49)
INTERSTITIAL-CELL TUMGOR 45 (%0%) 45 (90%) 49 (100X)
NERYOUS SYSTEM
§BRAIN (50) (49} {(50)
GLIOMA, NOS 1 (2%)
ASTROCYTOMA 2 (48¥%)
SPECIAL SEHNSE ORGANS
wZYMBAL'S GLAND ' (50) {50) 0)
ADENOMA, NOS , 1 ¢2%)
MUSCULOSKELETAL SYSTEM
¥SKULL (50) . (50> (502
0STEOQOMA T {2X)
BODY CAVITIES
MTHORAX £50) (50) {502
ALVEQOLAR/BRONCHEQLAR €A, METASTA 1.(2%)

B NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF AMIMALS HECROPSIED

Allyl Isothiocyanate 62



TABLE Af. MALE RATS:

NEOPLASMS (CONTINUED)

VEHIGLE
GONTROL

¥ABDOMINAL WALL
OSTEOSARCOMA

®MESENTERY
MESOTHELIOMA, NODS

®TUNICA VAGINALIS
MESOTHELIOMA, HOS

ALL OTHER SYSTEMS

KMULTIPLE DRGANS

ALVEOLAR/BRONCHIOLAR CA, METASTA

SARCOMA, N

0s
FIBROUS HISTIOCYTOMA, METASTATIC

MESOTHELIOMA, NOS
MESOTHELIOMA,

TAIL
0STEQOSARCOMA

MALIGHANT

ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY

NATURAL DEATHa
MORIBUND SACRIFICE

SCHEDULED SACRIFICE
ACCIDENTALLY KILLED

TERMINAL SACRIFICE
ANTHMAL MISSING

3 INCLURES AUTDLYZED ANIMALS

B NUMBER OF ANIMALS WITH TISSUE

#* NUMBER OF AMIMALS NECROPSIED

63
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

TUMOR SUMHMARY

TOTAL AHIWMALS WITH PRIMARY TUMORSH
TOTAL PRIMARY TUMORS

TOTAL AMIMALS WITH BENIGH TUMORS
TOTAL BENIGN TUMORS

TOTAL AHIMALS WITH MALIGHANT TUMORS
TOTAL MALIGHANT TUMORS

TOTAL ANIMALS WITH SECONDARY TUMORS#S
TOTAL SECONDARY TUMORS

TOTAL AHIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGHANT
TOTAL UNCERTAIN TUMORS

TOTAL AHIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMDRS

M PRIMARY TUMORSs ALL TUMORS EXCEPT SECONDARY TUMORS

VEHICLE

CONTHOL LOW DOSE HIGH DODSE

1 50 49

118 128 118

47 49 49

90 99 a4

17 25 21

22 27 24

2 3 1

2 3 1

2 2 6

2 2 6

2

2

§ SECOHDARY TUMORS: METASTATIC TUMORS QR TUMORS INVASIVE INTQ AN ADJACENT ORGAN
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TABLE A2,

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE AATS ADMINISTERED
ALLYL ISOTHIOCYANATE IM CORN OIL BY GAVAGE

(50)
2 {4%)

(502
1 2%
(503

3 (6%}

VEHICLE
CONTROL
ANIMALS INITIALLY IN STUDY 50
ANIMALS NECROPSIE 30
ANIMALS EXAMINED HISTDPATHDLDGICALLY 50
INTEGUMENTARY SYSTEM
HSKIN {50)
BASAL-CELL TUMOR 1 {2%)
SARCOMA, HOS
#S5UBCUY TISSUE (503
SARGOMA, KOS
FIBROMA
FIBROSARCO
FIBROUS HISTIOCYTUMA. MALIGHANT 1.(2%)
0STEOSARCOMA

RESPIRATORY SYSTEM

#LUNG (50)
ALVEOLAR/BRONCHIOLAR ADENOMA
ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (2
C-CELL CARCINOMA, METASTATIC 1 (2
FIBROUS HISTIOCYTOMA, METASTATIC 12
CARCIHOSARCDMA

HEMATOPOIETIC SYSTEM

HMULTIPLE ORGANS (50}
MALIG.LYMPHOMA, UNDIFFER-TYPE
MALIG,LYMPHOMA, LYMPHOCYTIC TYPE 2%
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
LEUKEMIA,NOS
UNDIFFERENTTATED LEUKEMIA 7 (t4Xx)

#SPLEEN (50)
OSTEDSARCUMA

DIGESTIVE SYSTEM

¥TOHGUE
SQUAMOUS CELL PAPILLOMA i 2%)

#5ALIVARY GLAND (507
ADENOMA, NOS 1 {20

RLIVER (503
HEOPLASTIC NODULE
FIBROUS HISTIOCYTOMA, METASTATIC 1 (2%}

JPANCREAS (49)
ADENOMA, NO5

URINARY SYSTEM

SURINARY BLADDER €49)
TRANSITIONAL-CELL PAPILLOMA
 ENDOMETRIAL STROMAL SARCOMA, MET

i (2%)

(50)

(49}

(50)
t 2%

§ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
M NUMBER OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEGPLASHMS (CONTINUED)

VEHICLE
________________________________________________________ CONTROL __ __  LOWDOSE  __ _HIGH DOSE
ENDOCRINE SYSTEM

#PITULTARY (49} {50) 50)
CARCINOMA  HOS 3 (6%) 2 {8%)
ADENOMA, KOS 17 (35%) 10 (20%) 13 (26%)

BADRENAL (582 (50) (502
CORTICAL ADENOMA 2 (&%) 2 (&%) 2 (&%)
PHEOCHROMOCYTOMA 1 (2%) 2 (43 3 (6%)
PHEDCHROMOCYTOMA, MALIGHANT 1 (2%)

GANGLIONEUROMA 1 (2%)

#THYROID (50) (48) (50)
FOLLICULAR~CELL CARCINQMA 1 (2%)

C-CELL ADENOMA 10 (20%) 8 (17%) & (12%}
C-GELL CARCINOMA 2 (4%) 2 {a%) 3 (6X)

" GPANCREATIC ISLETS (497 (493 (50)
ISLET-CELL ADENUMA 1 (2%}

REPRODUCTIVE SYSTEM

EMAMMARY GLAND (50) {50) (507

. ADENOCARCINOMA, NOS___ _____ U 1.1 R 2_(a%)
FIBROADENOMA 8 (16X) 14 (28%) 11 (22%)

KCLITORAL GLAND (50) (50) (50)
ADENOMA, NOS 1 (2%)

KYAGINA (50} {500 (50}
SARCOMA, NOS
FIBROMA 1 (2%)

BUTERUS {50} (49) (50)
ADENOCARCINOMA, NOS 1 (2%)

LEIOMYOMA 1 (2%)
ENDOMETRIAL STROMAL POLYP 14 (28%) 15 (31%) 16 (32%3
ENDOMETRIAL STROMAL SARCOMA : 1 (234

HCERVIX UTERIL T (50) (49) (50}
SARCOMA, NOS :

BOVARY 0 (500 (50)
CARCINOMA,HOS 1 (2%)

NERVOUS SYSTEM

®CEREBRAL VENTRICLE (50) (502 {50)
ASTROCYTOMA 1 (2%}

#BRAIN . [ 3] (50} (50}
ASTROCYTOMA 1 (2%)

BBRAIH/THALAMUS (50} {503 (503
GLIDMA, NOS 1 (23

SPECIAL SENSE ORGANS
HZYMBAL'S GLAN {50) (50} (503
BlSAL*CELL CARCINUHA 1 (2%}
MUSCULOSKELETAL SYSTEM
!SKELETAL MUSCLE (50) (50) (50)
1P OMA 1 (2%)

5 KUMBER OF AHIMALS WITH TISSUE EXAMINED MICROSCDPICALLY
% NUMBER OF ANIMALS HECROPSIED
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TABLE A2, FEMALE RATS: NEOPLASMS (CONTINUED)

VEHIGLE
CONTAOL LO¥ DOSE HIGH DOSE
BODY CAVITIES
HMEDTASTIHUM (502 (50)
ALVEDLAR/BRONCHIDLAR CA, INVASIV 1%
ALL OTHER SYSTEMS
HONE
ANIMAL DISPOSITIOH SUMMARY
ANIMALS INITIALLY IN STUDY 58 59 50
NATURAL DEATHa § 12 5
MORIBUNHD SACRIFICE 9 7 12
SCHEDULED SACRIFICE 5 '
ACCIDENTALLY KILLED 2
TERMINAL SACRIFICE 30 29 33
ANIMAL MISSING
3 INCLUDES AUTOLYZED ANIMALS
TUMDR SUMMARY
TOTAL ANIMALS NITH PRIMARY TUMORSH* 42 43 42
TOTAL PRIMARY TUMORS 77 iz 86
TOTAL AWIMALS WITH BENIGN TUMORS 37 32 33
TOTAL BENIGN TUMORS 58 54 56
TOTAL ANIMALS WITH MALIGNANT TUMORS 17 16 25
TOTAL MALIGNANT TUMORS 19 18 2%
TOTAL AMIMALS WITH SECOMDARY TUMORSH 2 1
TOTAL SECDNDARY TUMORS - 3 1
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGH OR MALIGHANT ' 1
TOTAL UMCERTAIN TUMORS 1

TOTAL ANIMALS WITH TUMORS UNCERTAIH-
PRIMARY OR METASTATIC
TDTAL UHCERTAIN TUMORS

# PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
B SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

e et e el L e e e e L o S o o
. -
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Allyl lsothiocyanate

TABLE A3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE

VEHICLE CONTROL

*ATHAL G &) e[ o] & o] o[ of o[ €7 of ¢f a] ¥ U EE[ 7 @
KUHBER al aj of of 2] 41 @ WAoo o2l 2 2t 2 ey 2
1 2: 3] 6 3L &L T al 1] 21 3} 8¢ Sl & al ¢l op 3] 21 31 4l %
'l NI e ! g el vy
HHEHHEREBRERERSHEHEEHE HEE
THTEGURENTREY TVSTER 2l il el el aleleld
SKIN b 4+ 4 4 F P+ F 4 b 4+ 4 4 B+ H F F b & K H
SQUAMOUS CELL PAPILLOMA %
SQUAHOUS GELL CARCINOHA
HA5AL-CELL TUMGR
ADHEXAL ADEHOMA
SYBCUTAHEDUS TISIUE Bk 4+ 4 4 6 4+ 4 4 4+ F 4t ¢t + H + + ¥+ HH
$ARCOMA, HO0% X
FIOROHA X
FIAROSARCIMA x X
FIBROUS HISTIOCYTOMA. RMALTOHANT x
KEIFIRATORY SYSTER
LUNGS AHD BROMCHI [ T T S I B D R D I
ALVEQLAR/BERONCHIDE AR ADEXROHA
ALVEQLARZ/BRONCHIOLAR CARCLHOHA
TRASHEA P O T 2. L T T R S N L T S SR
AERATSFOTETIC STSTEA
BONE MARROK PR T ST N SO S SR S S SH S U ST S S SN N S N N S S V. &
SPLEEH FONE T T T T T T ST S Y ST S SN S S S U S N S SO0 SN S U,
LYNPH HODES I T ST T N W S S Y ST A S SR N U S S N SN O S . O
THYMUSS + + + + + + + + + + + 4 * + + * - * L] 4 L ) + + +
ETREULATORY SYSTER
HEART P O T T L A T T S e L T B L L S S
DTOESTIVE SYSTEM
SALIVARY OLAND PO S T T S S B B L I S A
LIVER S L N I T T T T D I I A A 3 ¢
HEOPLASTIC HODULE X X
BILE DUST MR D R T T T TEE TR WK SIS TN S L S DU SN S N N S N
QALLBLADDER | COFMOH BILE DUCT WoOH KB M % H OHOH H W OH MWW KN HBH K SN KN H § N H
PAHCREAS OO S S I S T O I R I N T
ADENCHA, HES X
ESOPHAGUS P T T T Y S T T R ST S S SN N TN N N . F S S
STOMACH P YT W T T WL T L T U L SR S S SN N S S N S B
SHALL INTESTIHE PR S TR T P S ST U U N N S SRS N U S N N N S, B
LARGE INTESTIHE P T T T I T S R S T R S B S
URTHIRY 3751 IR
K IDNEY P T T T ST WA T S SN SN S S S S N S S S S S SO N
URIHARY BLADDER O N L T T e R A D D S S S
ENDacRINE STSTEN
PLIULTARY P L T T T A T R T A L B
ADEHOMA, HOS X X X
ADREHAL P L L T T L R S L A S
CORTIGAL ADENOMA X
PHEQCHROMOCY TOMA % ® X % x X X Hd X
PHEQCHROMOCYTOMA, MALIOHAHT X
THYRGLD F O T T L T T S S R T L R S
FOLLICULAR-CELL CARCINDMA
G-CELL HONA X
€~CELL CARCIHDHA X
FARATHYROID . P T T TR ST TR TR ST SN N VU SN S JUUR S S T S N
PANCREAEIC TSLETS P T T ST T T I SN T R B S S S B A
T9LET-GELL ADEROMA
TSLEI-CELL CARCLHOMA
v TE
HAMHARY GLAHD P T T S TS T S I L L L
FIRRGADEHIRA b4
TESTIS [ T A T T R R S S T L S A A L
THTEASTITIAL-CELL TUNOR X % ¥ ¥ x X X % XX X X X X X AKX X X X X X
PRASTATE P B T WO ST ST YT WAL S VUK S S N S S N SN N N S
PREPUTIAL/CLITORAL GLAKD R % H N H % H H H K M H H R N HNH BE H 0 H H # H
ADEROCARC LHOMA, HOY X x
Vo
ARALH P R . e T T L B N A L
ASTROCYTAMA
EJDY CAVITYER
PLEURA H # H N ¥ R H & K 8 B R H & # HUH H N % K N H I
ALVEDLAR/BROHCHIOLAR Tk, METASTAE
RUT GIHER SYSTEAD
MULTEPLE ORGAHS NOS E % K H # M H H # K B #H % K N R H K % H K H H H 1
FLEROUS Hlsrlucnum.enﬂasur:c X M

Ti$SUE EXAMIHED MICROYCOPICALLY

REQUIRED FISSUE HOT EXAMINED MICRESLOPISALLY

TUHOR IHGIPERC

E
HEGROPSY, MO AUTOLYSIS, M HICROSCOPIC EXAMINATION

i NO TU83GE THFDRMHATION SUGMIYTED
+  NECROPRY, MO HISTOLOSY DUE 10 FROTOCOL
t

ALTOLYSIS
AHLHAL MISSIHG
i 40 HECROPSY PERFORMED
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TABLE A3. MALE RATS:

TUMOR PATHDLOGY {CONTINUED) VEHICLE CONTROL

i RIRAL SRS R TSTAT B ST A AT 3T A7 43 8] a1 9] &4 9] 3 4] o 3
HUMBER 2 3 34 3 HEIRIRIE NEIRIEIE]
[ L] 23 & 8| 9l a) 1] 2 sp el 2] 819 TOTAL
EEK ] T Tt T I BB TISSUES
sTupY 9 3 ql 9 4 ot of af ol o o] o] ol ¢d & TUMOR3
§ ] 3l & 4 i3 51 4] 6% % 341 6L 316
TTTETUAERTARY SYSTEH
SKIH P T L T T N I + 0+ H 4 + H & ¥ + + ¢ ¢ ¥ ELL)
SGUAMOUS CELL PAPILLOHA X 3
5QUANMGUS CELL CARGIHOMA X 1
BASAL-CELL TUMER X I
ADHEXAL ADENONA - S !
EUBCUIMEWS TISSUE [ A A FOF K O+ 4+ H ¢ 4 b+ b 3t HI
Lo 1
BRONA X 2
F]BﬂﬂSMH.‘IHA X ® X 5
FLORD%S H1STIDCYTORA, MALIGHANT 1
REGFTRATCRY SYSTER
LUHOS ANWD BRAHCH] [ I T R I PR S A L A S | iy
MVEDL &R/BRONCHIGLAR ADEHDHA X x 2
ALVEOLAR/BRBHGHIGLAR CARCIHOMA X 1
TRACHEA PO T S TR T S T S A I N A U T T T T N N 50
REMRTAFOTFITE ST TER ‘
BOHE HARROW PR S SR S N S S N . 2 ) L - S N S SN N NN SN N N (1}
SPLEEN PR S SR S SR NC S S SN SN PRV S TR SR S SO SV SN S S S 29
LYMAH HODES [RNIE SN S SN SN NN SUNE SUUN NUNE. S, PN S L I B S ST DINE NUN SUNS WS . 1 S
THYHUS I e O N A I b F Ok 4 & 4 v F 44 i
T TE
HEART PR T T T T TR R S B 2 PR R R I 50
BIGESTIVE STSTEW
SALIVARY GLAKD IR S T TS S SR ST S O T T T T TR T L I I B uy
LIVER PR I S D T T B S B 4 PR T T S I I 51
HEOPLASTIC HODULE z
AILE DUCT PN S I SR SR SR JHC MU SN N P B ST T N 2 0. . S S S ) 50
GALLBLADDER & COMHO¥ BILE pueT H oH H K N .4 % H K 2 M 4 M H H M M B N K H H KW 58
PAHEREAS ~ ' 4 0+ + F 4+ & 4 4 5} PO O 2 R T T B SR B 50
ADEROMA . HOS :
ESDPHAGUS LR SR SRS W S, L W S B FEEE S ST SR R S S S S N, . S af
STGHACH PN T SEIE SRR SN SENE N . SR PN T ST JHE S SNNE S SN SN SN ) 49
SHALL IHTESTIHE P S SN R SN NS S NN SN N ) PUNCEIE TR SR T VUL YRR B SN S N S, 1.1
1ARGE IKTESTING PO TR TS R 2 R PO N DT T T S S I N R I | 58
URIARAT SYSTER .
KLDKEY J OISR S N S YN S S . PN S S S S S S SN S JUUN. . S 1]
URIHARY BLiADDER [ T R N N ] P L [T]
ERDOCRINE S¥5TEN
PITUITARY [ A L PR T N T R A S B A oy
ADENOHA, HODS X X, X X
ADREHAL P I S 2 I I R I 4 € 4 ¢ 3 b b b 3 B4t 50
CORYICAL kDEHUI‘IA - 1
PREQCHRGHMOCT TOH! X X X * X X X %
PHEOCHREHOCV!DHA; HMALEGHART 1
THYROLD PRI T SR ST SR T R R ) PO T T TR R B R B B ] Y3
FOLLICULAR-GELL CARCINOMA X i
C-CELL ADENDHA x X X H X &
G-CELL CARGIHOHA b 2
PARATHYRGID PR SN BRSNS S N S N . A PR SN SR S S S S SOV, SR 42
PAHCREATIC D3LETS I R A B A R R T S R R N 2 T 50
TSLET-CELL ADERQHA X b3 2
ISI.ET CELL CARCIHCMA X 1
REPRODUCTIVE SYSTEN
HAMHARY DL AND O L I R R B PO B T R A 5QH
FTBROAREHOMA X X L
TEATIL + + 1 * + * . * * + + * L4 L » + * * * + + + 50
INTERSTITIAL-CELEL TUMBR %X X X X W X X - PR T S A S A W Y S S S
PROSTATE b &+ LI BN B ) [ S R R N Y ) [ 2 4 43
PREPUTIALZGLTITORAL GLA!IB H % # H # H H HHRN H H & HMHKEHNHRHNEHNRDN Sak
ADEHOCARCINOMA, K25 X x 4
FERvoys ST3TER
BRATH PR I T A RS T R T S L 54
ASTRACYTOMA X X 2
BOEY CRVITIES
PLEURA HH K HHNHHNHN R H HHH HMHHBKEHHYHHK 504
ALVECLAR/BROHCHEOLAR CA. METASTAT X 1
FLT OTHER SYSTERS
ML YIFLE ORGANHS H M H H HH®NHNHH@HR H H HH H H H N HHHKESHH b1.2]
FH'IRDHS HISTYDD"TDHA, METASTATIE 1
iA X 2
N AHIMALS HECROPSIED
+!  TESSUE EXAHIHED MICROSCOPIGALLY P HG TI9SUE INFORMATION SUBHITTED
-i HEQUIREP TI3SUE MO? EXANIKEG HICRUSCOPICALLY 1 HE!:R 247, H0 H1STOLOQY OUE 12 PROTGCOL
%1 TUMOR THGIDENCE At UTaLYS LS
H? NEGKHPS‘I‘, HD AUZOLYSIS, HO MICROSCOPIC EXAMIHATEODH L AHIMM. HI55
34+ HQ HECROPY PERFDRHED

69

Ally§ Isothiocyanate




TABLE Al.

INDIVIDUAL ANIMAL T JMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR
STUI Y OF ALLYL ISOTHIOCYANRATE
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TABLE A4,

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS Il THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE
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TABLE A4, FEMALE RATS: TUMOR PATHOLOGY (CONTINUED)
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TABLE A4,

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE
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TABLE A4, FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN MICE ADMINISTERED ALLYL ISOTHIOCYANATE
BY GAVAGE
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TABLE B1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE ADMINISTERED
ALLYL ISOTHIOCYANATE I CORN OIL BY GAVAGE
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TABLE BY. MALE MICE: NEOPLASMS (CONTINUED)
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TABLE BY. MALE MICE: NEOPLASMS (CONTINUED)
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HEAD .
JARCOMA, NOS : 1

ANIRMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 5(: 50 5'.;!

HATURAL DEATHa L) 17 a
MORIBUND SACRIFICE 9 3 6
SCHEDULED SACRIFICE 5
ACCIDENTALLY KILLED 1 ] 7
TERMINAL SACRIFICE 21 24 27
ANIMAL MISSING

2 INCLUDES AUTOLYZED ANIMALS

2 HUMBER QF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ HUMBER OF ANIMALS NECROPSIED
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TABLE B1. MALE MICE: NEQPLASKS {CONTINUED)

LOW BO3E

22
27

12
13

14
16

HIGH DDBSE

26
39

13
£9

17
20

VEHICLE
CONTROL
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORSH 33
TOTAL PRIMARY TUMORS 39
TOTAL ANIMALS WITH BENIGK TUMORS 12
YOTAL BENIGN TUMDRS 20
TOTAL ANIMALS WITH MALIGNANT TUMORS 18
TOTAL HMALIGHANT TUMORS 18
TOTAL ANIMALS WITH SECONDARY TUMOQRSH ]
TOTAL SECONDARY TUMORS 6
TOTAL AHIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT 1

TOTAL URCERTAIN TUMORS 1
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC

TOTAL UNCERTAIN TUMORS

# PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B2.

SUMMARY OF THE INCIOENCE OF NEOPLASMS 1N FEMALE MICE ADMINISTERED
ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE

VEHICLE
CDNTROL LOW DOSE HIGH DOSE
AHIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 49
ANIMALS EXAMINED HISTOPATHDLOGICALLY 50 50 49
INTEGUMENTARY SYSTEM
#MULTIPLE ORGANS (50) {563 (69)
FIBROUS HISTIOCYTOMA, MALIGHANT 1 (2%
HSUBCUT TiSSUE {50) (50) (49)
MALIGHANT MELANOMA (2%
FIBROUS HISTIOCYTOMA, MALIGMANT 1 (2%
RESPIRATORY SYSTEM
8LURG (47) 49)
SQUAMOUS CELL CARCINOMA, METASTA 1 o2x)
ALVEQLAR/BRONGHIOLAR ADENOMA 2 (4X) 1 (2%)
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 (%X%) 3 (62
USTEUSARCOMA, METASTATIC t(2%)
HEMATQPOIETIC S5YSTEM
EMULTIPLE ORGANS (38) a0 (49)
MALIGNANY LYMPHOMA, NOS 1 (2%) 2%
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 3 (8% 2 (4%) 1 (2X)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%) 2 (&%)
MALIGNANT LYMPHOMA, MIXED TYPE
LYMPHOCYTIC LEUKEMIA 1 (2%)
#SPLEEN - {4a7) (48)
MALIGNANT LYMPHOMA, MIXED TYPE to(2%)
#MESENTERIC L. NODE (50} (47} (49)
MALIGHANT LYMPHOMA, MIXED TYPE ) i(2%)
LIVER ’ (502 (49} 49)
KYPFFER-CELL SARCOMA 1 (2%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
® NUMBER OF ANIMALS NECROPSIED

Ally! 1sothiocyanate 86



TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
UNDIFFERENTIATED LEUKEMIA ‘ _ 1 (2%)
CIRCULATORY SYSTEM
HSKIN (503 50) 49
HEMAHGIOMA 1 (2%
KSUBCUT TISSUE €502 (58) 49
HEMAHGIDSARCOMA 1 (2%)
LYMPNANGIOMA 1 (2%
#SPLEEN : €47 (48} 93
HEMANGIOSARCOMA 1(2%)
#MESENTERY {50} 59>
HEMANGIOMA 1 (2%)
BUTERUS €a7) (a9
HEMAHGIOSARCOMA 12
OVARY 49 C (48)
HEMANGIOSARCOMA 1 (2%)
DIGESTIVE SYSTEM
BLIVER (50) €49 €49)
HEFATOCELLULAR ADEHOMA 24X 1 (2%
HEPATOCELLULAR CARCINHOMA 2 (&%) 1 ¢2%)
BSTOMACH €47) “uN
SQUAMOUS CELL PAPILLOMA 1 (2%
$QUAMOUS GELL CARCIHOMA
URINARY SYSTEM
NONE
ENDOCRINE SYSTEM
#PITUITARY 47) (45) (44)
CARCIHOMA » HOS 3 ey 3_(7%)

% NUMBER OF ANIMALS WITH TISSUE EXAMIHNED MICROSCOPICALLY

# MUMBER OF ANIMALS NECROPSIED
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TABLE B2, FEMALE MICE: NEOPIL.ASMS (CONTINUED)

o o o o e e kR D D W 0T 173 o 8 P B 3 K T 3 Oy o e e oy i o i 28 R NP R S D 7 Y L 7 8 0 kbl ) o e o ok 0

VERICLE

CONTROL LOW DOSE HIGH DOSE
ADEHOMA, NOS 3 {6%) 3 (%) 4 (9%)
ACIDOPHIL CARCINCMA 1.(2%)

#THYRQID (%7} (47)
FOLLICULAR-CELL ADENOMA 1 (2% I (6% 1 (2%)
FOLLICULAR-CELL CARCINOMA 2 (6%)

#PANCREATIC ISLETS 47) 49
ISLET-CELL ADENOMA 1 t2%)

ISLET-CELL CARCINOMA
REPRODUCTIVE SYSTEM

HMAMMARY GLAND (503 (50) (497
ADENOMA, NOS 1 (2%)

ADENOCARCINOMA, NOS 1 (2% 1 (2%} t (2%)
$UTERUS (50) (47) )

SQUAMOUS CELL CARCINOMA 1 (2%}

ADENDCARCINOMA, NOS 12

ENDOMETRIAL STROMAL POLYP 2 (%)

#OVARY (49) {44) 48)
TERATOMA, NOS io(2%)

NERVOUS SYSTEM

SBRAIN sn (50) 49
ACIDDPHIL CARCINOMA, INVASIVE 1 ¢2%)

SPECIAL SENSE ORGANS

#HARDERIAN GLAND (50} (49)
ADENOMA, NOS 1 €2%) 1 (2%)

CYSTADENOMA, NOS 1 (2%
‘MUSCULOSKELETAL SYSTEM

#FEMUR (50} <50)

0STEOSARCOMA 1 (2%)

BODY CAVITIES
I__HONE

# NUMBER OF AMIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE B2, FEMALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL

ANIMAL PISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY
NATURAL DEATHa
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE
ANIMAL MISSING

a8 JHCLUDES AUTOLYZED ANIMALS

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORSH
TOTAL PRIMARY TUMORS

TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS

TOTAL ANIMALS WITH MALIGHAWT TUMORS
TOTAL MALIGHANT TUMORS

TOTAL ANIMALS MWITH SECONDARY TUMORSH
TOTAL SECONDARY TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGH OR MALIGNANTY
TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS URCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

% PRIMARY TUMORS: ALL TUMORS EXCEPT SECUONDARY TUMORS

20
28

1"
13

14
15

# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

T v i ke A Gk e vl ek e B e ey S P Lo AN U A o R o A ot o e s A L ot o R A s o VRt Tt
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TABLE B3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE

VEHICLE CONTROL

WATARL TR A A B O] 3] a] T V8] 9] 51 4] & 3] 3] & 61 8]
KUNBER v g 2 : 2 ; il o ; 1 f Jl ool ] s 2] 2f 2 2] 2} 2
.3 1l 2 at sl s] 1) sl 9t el xl 21 3l 405
WEEKS GH [] 10 8] 8] 17 1] 8 o[ 1% 5 oy s af o o i ryibayy
STUDY 9 7] o of 6| of ¢l o of 2F 8| #| of of 4| 91 of K| €] 9| @| 9] 25 @
k] A 4] 45 41 &) pi &) &) af 41 9] 6t &] of % 6 %l 6] &) 60 6} 77 8
EXIH I T S T N N N T e I B D L N
FAPILLOMA, HOY
REFPIRATORT ST3TEN
LUKAS AHD BROMCHY I T I T T T T T S T I I TN T R S L A
HEPATOCELLULAR CARCINOMA, HE'IASTA X xx
ALVEDEAR/BROHCHIOLAR HA X
TRACHEA I T R T S S S N N T A I R A T
TEFATOFCIETIC SYSTER
BOHE MARROW PSSR ST ST MK S SN SN SN U S S K N UK. SN . U SV SO S U, SN S
SPLEEN O S L I T T T S T D D TN S I S B
HEHAHGI BSARCDMA 1
1YHPH HODES I S Y WY S 00N ST SN S SN SR JNIE NN NS N SN NN SN S N SUNC S TN S
THYhUS R T T R I I L L e
GTREULATORY SYSTEN
KEART P O N N 2 I T T D I R T S I D T A B
GIGESTIVE SYITEN
SALIVARY BLAHD PINE T S S S IUUE SEUT SUE S WU SN SN NN SN SN S NN NN NN NN NN DU N N
LIVER L S T T S T B S S 2L T N D D S I B R
HEPATOCELLULAR ADEWdHA x X
HEPATOLELLULAR SARSIHOMA X X X 2 X X X
BILE BUCT [V TR TR ST S ST N N TS JUNE UL P S SN SRNT SN S N N S S N B
GALLBLADDER & COMHOR BILE DUGT N OH & + % & + 4+ + & K ¥ ¢+ + ¢ H H + H F # & + R ¥
PAHGREAS PO TR T T LR ST SN S N SO SN, T AN NN U S S N S N N NN
ESOPHAGUY PSRN R NN ST YU SN S NN AT S N SN DN SN UL JUNE S NN S, SUE SN N N S
STOHACH PR S T SO TR U N S TN SN SR SUAK SN DU SNV JC SN SN W S U S NN
SHALL IHTESTINE FREE SR T T SRS S U VR U N S N N SN SN SN S SN NN NN NN
LARGE IHTESTIHE [ N T S P T T S T T S T S S S A
GNIWART TYSTEM
KIDMEY PRI UK TR PO, S SN N TR W SN Y WHNT S S SNE NN NS SN N NN NN I SN
URIHARY BLAUDER R S T I I O T S T I S A A T
EABAERIRE . FEFER™
PITUITARY AT ST ST WK SURL U S N S SUN WA SN NN SN N T U S S N N S S
ADREHAL PN ST S Y T ST SR SHY SN ST A S S S SN S S S SO N SO W
THYROID P T T T T S TR T S S N N B
FOLLIGULAR-CELL ABEHOMA X X X
PARAFHYROID T R T L T T T R N T S I T T T N
HABHARY OLARE N_H ¢ H H.H .M N MW ® 3 H H + ¥ H H 4 K H H H 4 *+ ¢
TEATIS UEEE N S S DU SR S N RN SN S S S S SN S WU SN U N N S A
PROSTATE R R O A 2 T T S R I A A 2 D O
HERVIUE SYSTER
BRALH N I T T R R DT D DNNE DR B SN L B A S
FFEETAL SINSE ORGAHE
ll:léDEﬂllN :%‘IHD H H N HH® HHKHHUHRIEHHEHHHH ; ¥ E H KB N
CYSTADENOMA, Hos ®
0¥ CATITIZE
MESEHTER H M % H R H KEHHHBHHEHRHEHHNYNHEHNXNNHNH
HESDTHEHDHA. L] X
FEL OTHER STSTEMY
MULTIPLE ORGANS HOS H # B H K HHHHNHKEMNHHRHHNEHNHENH®EHRHSEHER
HEPATOCELLULAR CARGIHOMA, METASTA X
HEMAHOINSARCIMA X
HALEG, L YHPHOHA, LYMPHDSYTIC TYPE
LYNPHOMA,: HISTIOCYIC TVPE
4+ TIS5UE EXIH!HEIJ NICROSDGF[CALLY 1 A0 TISSUE IHFORHATIGH SURHITTED
~t REGUIRED TI155U% HOT EXAMIHED MICROSCOPICALLY ¢ HECRDPST: Ho K1S10LGGY DUE TO PRATOGOL
X! IUHEIR IRGTDEACE Rt ALIOLY S
Hr HECROPSY, HE AUTOLYS1S3, HO HIGROSGOPIC EXAMINATION Hi  AHIHAL H 55
A1 N0 HECROPSY PEﬂFnRMEB
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TABLE B3. MALE MICE: TUMOR PATHOLOGY (CONTINUED)

VEHICLE CONTROL

e

e e

T
|- o 1 o
o~ o o an el
i

e

e
fom i coben 4 f

2
2w

v

> |+ pese+

o] 81 ¢ 41 4] ¢
6f &l &] 4] 4f &
51 61 7| &1 %) &) TOTAL
gl ey 1| ¢ F] T[T195uES
8| #f ¢ &| 9| 8 TUHQRS
21.6) 61 31 &
I L T 1.1
1
P 11}
X 4
[T A} 50
LR S SR S N ) 50
[ SR 4%
1
+ + 4+ 0 + ¥ 58
D 41
P I T S 50
L S S N )
PR ST [T}
3
13
PRI L 1]
K o+ ¢ H + + 50m
PR T SR N 47
P S 2 5
PSR S S | 4
T2 T SRR 48
P 45
o+ ok _+ % ¥ §3
PRI T S 58

LI S S DU B i

PR S S S T [¥]
L L 50
P a0

t_ b 4 4+ 4 50
L 50
N N 55
H H K H N H 504
X Z

AMTHAL [ 0] 2} & © [T
HUMBER 2| &y 2| 3]} 3 3
Fl 81 ¢ ol v 3|4
"~ WEEKS GF AN o T
LA HEHE S R
THTESTNERTRRY STSTEN
SKIN I N
PAPILLOHA, HOS
RESFIRATORY BYSTER
LUHGS AND SROHGHI O T SR R R |
HEPATOGEL LUL AR ARCINUHA. HETASTL
MVEULRR/BHDNEHIDLAR ADEN X
TRAGCHEA v F o+ + F b o+ + 1
RERRTOFUTETTC SVSTEA
BONE MARROH P S S S S S N
SPLEEN [ N N T
REFIAHOTO4ARGOMA
LY4PH HODES [V S 2 BRSNS S A
THYHYS - # &t + -+ 4
EIRCUTRTORY SYSTER
HEARY [ T R B
BIGESTIVE SYSTEH
SALTVARY GLAHD PRGNS S U T S S B
LIVER L T R S R
HEFAYOOELLULAR ADEHUMA ® X X x
HEPATOCELLULAR CARCIHOMA X
BILE DVLT PN S SR SN S S S SO
OALLBLADDER & COMMON BILE DUST H o+ + + ¢+ + + & 4
PAHCREAS R S S S S S I S )
ES0PHACUS [ TR W W SN S N )
STAMACH LRSI S SV S T S S .
SHALL INTESTINE R S S S SN A S
LARQE IHTESFINE LN I T I
URTHARY 5¥3TEH
KIbHEY PR S SO S U N N N )
URIHARY BLADDER PO S
ERSUERIRE TYSTER
PITUITARY PR S N S N N B
ADRENAL PRSI S S S RN N N
THYROID P I I T S S R
FOLLICUEAR-GELL APEXQHA
PARAYHYROID [ I S ]
HEFROBUCTIVE SYSTER
HAMMARY GLAHD H o+ R H H K H N H
TESTIS DS SN TN SO S S B
PROSTATE L L I
NERVGUS S7STEH
BRAIH P L T T S I
IPECIAL SEASE OROAMAT
HARDERLAK OLARD - H H H R H HHRN
ADENOMA, KOS
CYS FADEKGHA, MBS
BoDT CAVITIES
MESEHTERY . HoWH H B AN R
HESDIHELIOHA. HOS
THi STERY
HELT1PLE CROANE HOS H H H W H A K KN
HEPHQCELLULAR CARGIHOMA, METASTA
HEMANGIOSARCOHA
MAL LG, LYHPHOA, L\’HPHUCYYIB ;Y:E x
—HALIG.LYMPHQHA, HIBTIOCY

¥ AHIMALYS HECROPSLER

41 TISSUE EXAHINED MICROSCOPICALLY
)-(! Tuwﬂgﬂga } Sng HOT EXAMINED MICROSCOPICALLY
Kt HECROPSY, WO AUTDLYM1S, MG MIGROSCOPIC EXAMIHATIDH
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1353100
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TABLE B3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE

Allyi Isothiocyanate

LOW DOSE

AWIFAL B0 o] af 4] of B[ ¥ e a] a] 9 ¢ [ T oy & 370
surer HEEHEHEHE HHEE s R
1 Al gl 5
WEERS ON M I3 i1 BN a ap | I o[ ¢
STURY ol af o ty 0| ¢ op af 9; ¢ ] HEIRIE1
T m L5110 51018 5t 1 9] 5{ 2] 5 5 91 8] 8] 21 ¢
Lunas Anb SROHEHI [ [ R S T S R S N L I
HEPATOCELLULAR CARCIHOMA. METASTA X
ALVEOLAR/BRORGHIOLAR ADEHODA X
ALVEOLAN/BRONCHTOLAR CARCINOHA
TRACHEA LI I S I I ) R I S R
FERATOPOTETTE S¥3TER
BOHE HARROH At b ¥ b+ o+ 4 LI S S D S ST SN S JUNE NS N S S .
SPLEEH L R S I T S R T T S 4
HEMAHQTDSARCOMA X
LYHPH HODEY IR S S NEE JU S S LSS SR S N P S S SN S SN N S )
THYHUS LR DI S e 2 O O B ]
TIRCULXIIRY SVETER
HEART L N R [ A I T N S I
HEHAHGIOMA x
D 5T
BALIVARY OLAHD FSNE SR W S N S B EXS SR SR S S N NS S N NS S NN W S
LIvER ER S T S S I R T T O L I R
HEPATOCELLULAR ADEHOMA 1 < X
HEPATBCELLYLAR CARCINOMA i XX
BILE pucT [N SN DU N S S ) FORESE SHNE S JUNE S SN SN RN N S N N N, S 3
OALLBLADRER § COMHOH BILE pucT b4 v 4 Ho¥ 4 4 + M ¢ + H ¢ + H OH ¥+ H + ¥ F + H
PAHCREAS LI S U, S S S N ) 4= 4 4 % % 4 ¥ ¥ 4+ ¥ + 4 4 + v
ESOEHAQUY LI B I PO R T T T S R I N
ATOMACH [N S S S N B 1 PR TN S S S T, JUNE SN SN S SN S SN 2. )
SHALL IRTESTINE [ A R P R T T T ST I I T B
CARCIHCMA, HDS X
LAROE INTESTINE LR 1 0= + 4k ok x o+ 4 F b ¢+ 4
ARY SY8E
KIDHEY U S SN S N N B [N ST SR SN S N N SN, SO, NUNL SN N N N,
URTHARY BLADDER LI S IR S I I R T N T S N . T D B B N B |
EWGGCRINE STOTEH
PLTUITARY PN SR S SN S S [N T S N ST S ST S S S-S U S S
ADRENAL LI S T N S N [ S SNE U S P S S SN SN JUNC S S S |
TKYROID LR O B I R R D I O L
FGLLISULAR-CELL ADEHOMA X
PARATHYROID EREE R R S P R S I I T
AEFRODUCYIVE SYSTER
MAHMARY OLAHE H H + H H 3 H M WM H # ¢+ H ¢ M W N ¥ R H # H N
TESTTY LR S R SOV U N PRER S R JE L U S SN T S SN S T S 1
PROSTATE 6 F kb 4 PRSI T I D T T S D B R
NERVOUS SYSTEN
ARAIN LR I I I T R [ A T I T I O S A
TFECIAL SEHSE ORGANS
HARDERJ AN GLARD H H H # H H H H K H K N H ¥ H M H HH H ENHH
ADERONMA, HOS
AT OTWER SYSTERS
BULTEPLE ORGANS HOY H HH HH K HH H H B HBHR KHNHEKEHBHREHEHHA
MALEQ, LYHPHOMA, HISTIQCYTIC TYPE X X
#: TISSUE EXAMIRER HICROSCOPICALLY i o TISSUE IHFDRMATION SUBMETTED
-t REQUIAXD F[53E HOT EXAMENED HICROSCOPICALLY €1 KECROPSY, NO HLSTOLOGY DUE 10 PRITGCOL
s TUMOR IHCEDEHCE At AGTOLYSTS
Hr HECROPSY, HO AUTOLYSLS, NO MICRBBCOPIT EXAMIHATION H:  ARIHAL NJ951H
¥' HD HECROFSY PERFURMED
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TABLE B3. MALE MICE: TUMOR PATHOLOGY {CONTIRUED)

------------------ AT NIRIE ITaT 37 o1 31 3] €] 3
HUHBER 2| 2 MEIRIRIE] 1]
4 7 glo13 2l 3¢ % &f 7
T REERS OH 1 el o 0
LR HEEHHERHEE
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LUNDS AND HRONCH] L L I N 2 T I B [} 50
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41 TISSUE £xamiNED MICRBSCOPLCALLY 1 No TISSUE IHFORMATION SUBMITTEQ
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Allyl lsothiocyanate

TABLE B3,

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE

HIGH DOSE

T
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RALH L R T T T e R e S L T TR S T R B N [T
SPETIAT SENSE OROANY
HARDERIAH OLAND H H R H HHHKHHKEAHHHHNHZEHNNEHNRKRBHEHNRNSEHRNHK ELL]
ADEHOT A, HDW x 1
EGOY CAVITIEY
HESEHIERY H HHHH & HHHNHEHHHNKSHHRHNEKHEH®RHRENHNEHHN L1 L
HEMANGIOMA %
ACL GTHER SVSTEAT
NULTIPLE OROAHY HOS N H HH H HH NN % HHMNEHESESHNHNNENHNHEHNHWNRH L1
HALTGHANT LYHFHOMA, HOS X 1
YFIC IYPE X 2

¥ ANIMALS RECROPSIED

4L TISSUE EXAMEWED MICRDBCOPICALLY EOHO FESSUR IKFORRATION SUBMITTED
- REQUIRED TISSUE HOT EXAMINED MICROSCOPICALLY ¢r  HECRQPSY, HO H13TOLOAGY DE 10 PROTOCOL
Xt TUMOR IMCIDENCE A AUTOLYALY
He WECROPSY, HO AUTOLYSIS, HD HICROBSOFIC EXAMIRATION Hr ANIHAL HI$314D

31 NP HEEROPSY PERFORRAED
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TABLE B4,

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE 1N THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYARATE

HIGH DOSE

TATHAE iF 8] G BT 8] & O3] 8] 1] ] 3T 8] 6] 8] 8
HUBBER of 81 0 [ 0 of 1 § ]
11 21 3 H ] ol a0 4 1
O] LI ] [ o1 ] i
sTuny & 8| 2 7 3 7 o) 8 3 °
TAYERURERTRRY SYIVER el sl nel sl Lt 2 4
SUBCUTANEDUS TIYSUE I S S R T T T I S ST TN SR N I N R R
FIBROUS HEISFIOCYTOMA, MALJOHANT
LYHPHARGIOHA x
KESFIRATORY SYSTEN
LUHGS AND DROHCHT [ T T S T Y 2 T TR T I S ST R RN T N I R v
SQUAMIUS CELEL CARCIHDMA: RETASTAT
ALVEDLAR/BRONCGHEOLAR CARCIRONA X X X
ASTEDSARCOMA, METAATATIC A
TRACHEA PR IR 2N N S TN B T S S S N N 2 A TN 2R I RN B N )
FERATOFBIEYTE SYSTER
BORE MARROH [N S N S S S NN NSNS SUE SUE JNE S SN N SN S NN SUNC NN, SO N I S
EPLEER [ S S R T T T S A I I I N S A |
HEHARGIDSARCOMA X
HALIGHAHT LYMPHOMA, MIXED TYPE X,
LYHPE NODE3 TN SR SR N S S SN S S, S SN N S DV S SN S B NN BN SN TN . )
THYHES L e N T I I N e e R S A B S S
CIRCUTATORY SYSTEW
HEARY I S S T T R LA T I T R TN N I
BIBETTIVE SYSTER
SALIVARY GLAHD 4 4+ 4 b+ o+ b+ bt 4 % kb ¥ F F 4 ¥

HEPAIIKEL%.I.ILAR GARCINDHA

UHD]FEERES#‘“%ES lEUKEHH X

SILE DUET FINR SR SNE S SN N SH S SN ST Y SUNE SN S SN S SO N T, SO TN S S )

QALLBLADDER & COMNON BILE DULY LS S PR U R TN N | UK. JORE S . NN SN N SR SO NNE ST NN NN N DU SN, A )

PAHCREAS DR S SN0 S WL S S N S SN S N SO W S S NN DU NN SN N N N )

E30PHASLS . LR S S S T SO S, N N SR SN SN SR DUV S N SN BN NN SN S T NN N |

STONACH PR SO S0 VOO S SN S NN SN S N S SR SO K S S S S NS BN N TN

SHALL INYESTIXE PN SRR SR SR S W S N S S SN SN-UUC A SHE SEE SN NN S NN TN NN T

LAROE INTESTIKE L T T R R S S I T I I R I B S I
ORIRARY STSTER

X1DHEY ERE SR S SO SO S . SN YU S NN A S S N NN S S N UK DU 2 B Y. )

URIHARY BLADDER L R N O L S T T S A R I I A N
ERDSTRTHE SYRTEN

FITUITARY [ L T S T S S S S R S R S T T I B B A

ADEHORA, HOS X X —

ADREHAL [YEE SN BEE SN SN S S-S SN SN SN SN SN SN SN S N NN N N W N S 2. )

HYROID ) CHEE NS B I O 2 2 R O I LI N R T B B

FALLICULAR-CELL ACEHOMA

FOLLICULAR-CELL GARCIHOMA X X

PARATHYROID I T . A T T T T JE T N B N S S A
WEFRGDUETIVE SvaTER

HAMMARY @ I R A S T S R A R R R R A A

AD!NDGIRCINUHA. Hos X

UTERUS
SEUAMBYS TELL CARCIHOHA

ovAKY EREE R N R S S TR S NN N T I R S A S S
TERATOMA, KOS X
WERVOUS SYSTER
BRAIN I R O A N I N R T L I I D I 4
ATSCOCOSKELETRL SYSTEN
BONE H H B HH HHHMH%HNSHSNNLHNHRRKHRRIPBEHNHKHRB
OSTEQRSARCCHA X
KT OTHER SYSTERR
HULTIPLE IROANE HOE H H# B HHHKHHNHRHHESHNHKEHRHHHKEHRH®HFHHNHN
FIARDUS XISTIOCYFOMA, MALIOHANY
HALIO.LYMPHONA, LYMPHOCYTIC TYPE
FAL1G, LYMPROMA, HISTIOCYTIC TYPE X X
__ \YHPHOCYYIC LEUKEMIA X
+1 TISSHE ENAMINED MICRDSCOPTCALLY 4 MO FISSUE [HFURMATION SUBKITYED
=1 REQUIRED TISSUE HOT EXAHIHED HICROSCOPICALLY c* NECIDFHY; Ho HISTOLOOY DUE T PRATOCOL
X1 TUNGR INCY A uTaLYStS
K1 HEGRGPSY, ND AUTUI.'{!H. NGO MICROSCOPIC EXAMIHATIOH Ht .IN!HAI. Mlss

B+ HO NECRGFSY PERFURHED
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TABLE B4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUEDB) HIGH DOSE

ARTARL [ 7 7 IR IDIRI =3
HUMRER 2 3 3 4 4] 4§ 4% 4
§ S 65 73 as 9 TOTAL
] ] 9 15 1] A0 9 TISIUES
STUDY ] [ T| 013} 3] 2 TUMORS
IRTECTRERTHRY~SYSTER HA * A 12l s

SUBCUTANEOUS TLISUE P T T T T N S I 2 L e ) 495
FIBROUS HISTIOCYTORMA. ARLIGHANT X 1
LYHPHAHOIGHA 1

RESFIRATORY SYSVER

LUHGS AHD BROHGHI [ T T S T T T S B R S 2 T T S R T T B B S 49
SQUAHQUS CELL CARCIHOHA, METASTAT X 1
ALVERLAR/ BRONCHIOLAR CARSIHOMA 3
DSTEBSARCOMA, MEIASTATIC 1

TRACHEA L I S S T T N N N I IR R R I D R R L I A 8

70 T STSTER

BONE MARRON PIEE S S S B S S S SR S S SN TR SR JH NS NN S NS S S S N N ] 4

SPLEEH L T R S N I T I I R O DL A T A 1]
HEMANGIOSARCOMA 1
HALTOHAHT LYMPHOMA, MIXED TYPE 1

LYHPH HODES LSRR W S S S S W T N NN SEE SN NS DU SN S NN NN N NN T I [1]

THYNES R R I R T TR T T S T T T S A SRR L I N 64

FTREULATORY SYATER
HEART O T T S T R T T T T R e N L T I | (1]
TTOETIVE STSIER

TALIVARY QLAND R T L SEY ST S N SU S S N NN S S S JUE. S U N S S S S .

LIVER O N T I B T T T T T Y T R T Y N BN S T S [
HEI’II’DCELI.BLAR GIICINGRI« x '
KUPPFER-GELL SARCOM X '
UNDIFFEREN'IIATED LEUKENTA ]

BILE DWET PR R U TR S S S S N VS WU S S S S I WU SN SN SN S S S 2 49

GALLELADDER & SOMMON BILE DUCT ek b 4 4 v ¥ H o+ ¢ 4 cH A% % & kot 4 % ¥ b ¥ H 1L

PARGREAS PR SR S T S L U U TN S S NN W S SN N S S N UK SN N S N | q9

ESDPHAGUS LI ANE TR IR SR R N TR TR UL SN S S N TN NN I NN SN SN SN N S 49

STOMACH FINE TUE WO S SO S ST SN NN ST SN S SN SN S SN NN T S S N N SO . 59

SMALL INTESTINE PPN S S ST W S S SR S S SR S SN SN S S S S S N N N ¥}

LARGE IHTESTINME R T T S TR S R R L IR I I S D I D N L A B 4 47

RY 3Y%
KIDMEY PR T T S S NS ST S SN S YUY BN SN NN N JUN D SN N N S SN N ) [13
BRINARY SLABDER P S S S S . T T T T S R B S S B I a7
ENDOCRTHE SYSTER

PITUITARY O A T T T T T T O S T RN BN R R B S T | (1]
ADENQMA, HDS X 4

ADRENAE PR S S S S W S UL SN N S S U S-SR S S ST S SEE SO SO S S §7

THYRRIE I I N N I I I e T D T D R L D L O a7
FOLLICULAR-CELL ADEHOMA x 1
FOLLICULAR-CELL CARGIHOMA 2

PARATHYRDID L S S R R I T N S U N S R S S L R B S »

REPRODUCTIVE SYSTER

MAHHMARY D I R O A T R R R I R T I I 494
ADENDE!RCINGHI. NO% 1

UTERYY [ 2 T T T T T TS TR T I D B DN N SN B L N S T ¢ 49
SYUAMOUS CELL CARTIHONA X 1

OVARY PRI T S S L I L Y S B N N S 48
TERATOMA, HOS L. ]

RERVAUS STSEER
BRAIH FO S T S T T S S S T N S N T e e &9
FUECBLOSKELETAL SYSTEA )

BOKE B N N B H H H H H % HH & H N HH O HHHH AN 434

03TEDSARTIMA
WL GTHER SYSTERS

MULTEPLE DROAHS %N0% H H H N HHHNKHHKEHT LR HEHNKHAEENBRAR 49
FI3ROUS HIATIOCYTOMA, HALIGHAHY X 1
HAL 10, LYMPRONA, LYHPHOCYTIC "'I'l X [}
muu LYMPHANA - Hl?:luc‘”}c e Zl

® AHIHALS HECROP3IED

+1 TISBYE EXAMIHED MICROSCOPICALLY ¢ HO FISSUE INFDRMATION SUBMITYED
~1  REQUIREN TISSUE KOT EXAMINED MECRDSCOPICALLY ¢r  HECROPSY, MO HISTOLGGY BUE T0 FROFOGCOL
X TUHOR IHCIDENCE A ANIGLYSIS
Ht NHECREPSY, HO AUTOLTSIS. KO MICROSCOPIC EXAMLRATEON M1 ANZINAL PMIsStHo
Bt HO HECROESY PERFORMED
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APPENDIX C

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN RATS ADMINISTERED
ALLYL ISOTHIOCYANATE BY GAVAGE

[03 Ailyl 1sothiocyanate



TABLE C1.

SUMMARY OF THE INCIDENCE OF NONNECPLASTIC LESIONS IN MALE RATS
ADMINISTERED ALLYL ISOTHIDCYANATE IN CORN OiL BY GAVAGE

VEHICLE
CORTRGL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
AHIMALS NECROPSIED 50 50 50
AHIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMEHTARY SYSTEM
SKIN
EPIDERMAL IMCLUSION CYST 3 (6% 1 (2%) 3 (6%
MSUBCUT TISSUE (50} (50)
HEMATOMA, HOS f 2%
GRANULOMA, FOREIGH B0DY 1 (2%)
FIBROSIS 1 (2%)
RESPIRATORY SYSTEM
FLUNG (49) (49) 48)
EDEMA, HOS 1 (2%}
PHEUHOMIA, ASPIRATIOHN 1 (2%) 4 (8X)
INFLAMMATION, SUPPURATIVE 2 (4%)
BRONCHOPHEUMONIA, CHROHIC
CHOLESTEROL DEPOSIT 1 (2%)
HYPERPLASIA, ADENOMATOU3 1 (2%)
HYPERPLASIA, ALVEOLAR EPITHELIUM 3 6%) 1 (2%)
METAPLASIA, OSSEQUS 1 (2%
NEMATOPOIETIC SYSTEM
€BONE MARROW (48) (49) (50)
HYPERPLASIA, HOS 2 (4%)
MYELOFIBROSIS 1 (2%)
#SPLEEN (50 (49) (50
CONGESTION, NOS 2 (443 .
FIBROSIS, MULTIFOCAL 1.(2%)
METAMORPHOSIS FATTY 1 ¢2%)
HEMOSIDEROSIS 20 (40%) 20 (61242 7 _(158%)

§ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

H HUMBER OF ANIMALS HECROPSIED

Allyt tsothiocyanate
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TABLE G1, MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

o i b e kA D A D I e e e o e e e e R e ke 5 D M L 53 N . R 2 O L AT

i e o A 0 i G T Y G e ek e R 2 D D D D

VEHIGLE
GﬂﬂTHﬂt L.0W DDSE KIBH DOSE

ANGIECTASIS 1 (2%)
HYPERFLASIA, LYMPHOID 2 (4%)
HEMATOPOIESIS 1 2x%) 2 (4X)

BLYMPH NODE 503 (50) (50)
HYPERPLASIA, NOS t2x)

SMANDIBULAR L., HODE (502 (30) {567
HYPERPLASIA, PLASMA CELL 1 (2X)

BMESEMTERIC L. NODE (50) (50} (50)
HEMORRHAGE, CHRONIC
INFLAMMATION, GRANULOMATDUS
ANGIECTASIS i (2X)

RINGUIMNAL LYMPH HODE 59 (502 (50)
HYPERPLASIA, DIFFUSE :

HPANCREAS (50) (49)
HYPERPLASIA, LYMPHOID 1 (2%)

CIRCULATORY SYSTEM

EHEART 50) (503 {50}
MINERALIZATION 1 (2X)
INFLAMMATION, CHRONIC
IHFLAMMATION, CHRONIC FOCAL t (2X%) 1 (2X) 1 (2%)
FIBROSIS, FOCAL 23 (a6X) 23 (46X} 19 (38X)

AMYOCARDIUM (50) (50) (50)
INFLAMMATION, CHRONIC 2 (4x) 5 (10%)
INFLAMMATION, CHRONIC FOCAL 1 (2%)

#DESCENDING THORACIC (50) (50
ARTERIDSCLEROSIS, NOS 1 (2X)

HMESENTERIC ARTERY {502 (500
INFLAMMATION, CHRONIC § (2%

GPANCREAS (50) (50 (49}
PERIARTERITIS

DIGESTIVE SYSTEM

BSALIVARY GLAND (4%) (50} (50
EI3ROSES, FOCAL 1 (2%}

‘$ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOFICALLY

¥ HUMBER OF ANIMALS NECROPSIED

i035
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TABLE €1, MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CORTROL LOW DOSE KiGH DOSE
ATROPHY, FOCAL 1 (2%)

SLIVER (50) 50 (50
CONGESTION, ACUTE 1 (2%)
INFLAMMATION, ORANULGHMATOUS 1 {2%)
NECRGSIS, ZOHAL 1 (2%)

CYTOPLASMIC VAGUOLIZATION 2 (4%)
CYTOLOGIC ALTERATIONW, NOS 1 (6X) 4 (BX) 1 (2%)
ANGIECTASIS 2 (4%)

BLIVER/CENTRILOBULAR (500 (50} (50)
CYTOPLASMIC VACUDLIZATION 1 (2%)

§BILE DUCT (50) (503 €503
NYPERPLASIA, HOS 11 (22%) 32 (64%) 10 (20%)
NYPERPLASIA, FOCAL 14 ¢28%) 1 ¢2%) 1 (2%)

EPANCREAS (50) (50) (493
CYST, NOS 1 2%
ATROPHY, FOCAL 4 (8%) 5 (10%) 1 (2%

8PANCREATIC ACINUS t50) (50) %9
ATROPHNY, NOS 1 (2%)

BGASTRIC SUBMUCOSA {49) (503 {49)
FIBROSIS i (2%)

8COLON (48)

PARASITISH 1 2n 1 (2%
URINARY SYSTEM

§KIDNEY €503 50) (50)
INFLAMMATION, CNRONIC %0 (B0X) 2% (46%) 20 (40%)
NEPHROSIS, NOS 1 (2%) 1 ¢2X)
PIGMENTATION, HOS 1 ¢2%)

SKIDNEY/TUBULE {50) (50) (50)
DEGENERATION, NYALINE 1 (2%)

BURIMARY BLADDER £49) (49) (49)
INFLAMMATION, NEMORRNAGIC
NYPERPLASIA, NODULAR 1 (2%

LIAL 1 (2%) 8 (12%)

8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

H NUMBER OF ANIMALS NECROPSIED

Allyl 1sothiocyanate
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(50)

VEHICLE
CONTAOL
ENDQCRINE S5YSTEM
PITUITARY (&7
ANGIECTASIS
SADRENAL i (50)
CYST, NO3
CYTOPLASMIC VACUOLIZATION
8ADRENAL CORTEX (30
CYTOPLASMIC VACUGLIZATION
ANGIECTASIS ’ 1 2%}
SADRENAL MEDULLA (50)
NECROSIS, MNOS
HYPERPLASIA, FOCAL 2 (6%)
BTHYROID {48)
CYSTIC FOLLICLES 7 (155
HYPERPLASIA, C-CELL
#PARATHYROID (62)
HYPERPLASIA, HODS
REPROOUCTIVE SYSTEM
HMAMMARY GLAND (50}
CYSTIC DUCTS 13 (26X%)
HYPERPLASIA, NO3
ADENOSIS 3 (%)
HPENIS . {502
PROLAPSE 1 (2X)
¥PREPUTIAL GLAND (50)
CYST, NOS
CYSTIC DUCTS ) 6 (12%)
INFLAMMATION, AGUTE
INFLAMMATION, AGUTE SUPPURATIVE 2%

INFLAMMATION ACUTE AND CHRONIC
INFLAMMATION, CHRONIC SUPPURATIV
HYPERPLASIA, HOS

HYPERPLASIA, CYSTIC

# NUMBER OF AHIMALS WITH TISSUE EXAMIMNED MICROSCOPICALLY
¥ NUMBER OF ANIMALS MECROPSIED
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TABLE C1. MALE RATS: NONKEOPLASTIC LESIONS (CORTINUED)

VERICLE
GDNTRDL LOW DOSE HiGH DOSE

BPROSTATE 49) {64%9) (492
INFLAMMATION, SUPPURATIVE 1 (2%)

INFLAMMATION, ACUTE SUPPURATIVE 16 ¢20x) 4 (6%) 1 (2%}
INFLAMMATION, CHRONIC FOCAL

GPROSTATIC GLAND {49) (49)
ABSCESS, CHRONMIC 1 {2X)

KSEMINAL VESICLE {50} 50)
DILATATION, NCS 12X 1 (2X%)
CYST, MOS
INFLAMMATION, ACUTE FOCAL
GRANYLOMA, SPERMAYIC

BTESTIS (50) (69)
ATROPHY, NOS 1 (2%)

HERVOUS SYSTEM

ABRAIN/MENINGES 59) (4%) €50)
INFLAMMATION, CNRONIC FOCAL 1 (2%)

BHYPOTHALAMUS (507 (4%} (503
HEMORRHAGE

SPECIAL SENSE ORGANS

HEYE (507 (50) (507
RETIHOPATRY 9 (18X) 4 12x) 3§ (78%)
CATARACT 7 C16%) 6 (12%) 13 (26X)

MUSCULOSKELETAL SYSTEM

MSKELETAL MUSCLE 50} (50) (50)
DEGENERATIOR, HNOS 1 2%

BODY CAVITIES

KMESENTERY (50) (50) (502

CHRONIC 1 (2%3

Q@ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

# NUMBER OF ANIMALS NECROPSIED

Allyl Isothiocyanate
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TABLE €1. MALE RATS: NORNEOPLASTIC LESIONS (CONTINUED)

------------------------------ o e A o o R P et e o s ke L 3 4 D 0 e e

VEHICLE
CONTROL LOW DOSE HIGH DOSE
HECROSIS, FAT 14 (28%) 9 (18%) 8 (16%)
1 2x)

ANGIECTASIS

e P YD D O O e ek o i e o Y200 - = 48 KB ok o e e R R 2 Y e kg e e e e D 8

ALL OTHER SYSTEMS

& NUMBER OF AMIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
® HUMBER OF ANIMALS NECROPSIED
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TABLE C2.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS
ADMINISTERED ALLYL ISOTHIOCYARATE IN CORN QIL BY GAVAGE

------ o e o i R o 2 7 e e T 0 AR O o M1 o N 7 e A0 7 e A W L 3 O 18 I B )y O D O o ok ) O T T e Pk e

VEHIGLE

GOKTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IR STUDY ) 50 50 50
ANIMALS MECROPSIED 50 5Q 50
ANIMALS EXAMINED HISTDPATHOLOGICALLY 50 50 50

INTEGUMENTARY SYSTEM

HSKIN (50) {50) (500
INFLAMMATION, SUPPURATIVE
INFLAMMATION, ACUTE FOCAL 1 (2
INFLAMMATION ACUTE AMD CHRONIC 1 (2
INFLAMMATION, CHRORIC 1 (2

HSUBCUT TISSUE (50) (50) {50)
EPIDERMAL IHCLUSION CY57 (2%
INFLAMMATION, CHRONIC FOCAL i (2n)

RESPIRATORY SYSTEM

LUNG {50) (50) (507
EPIDERMAL IHCLUSION CYST 1 (2X%)
CONGESTION, NOS 1 (2X%)

HEMORRHAGE 2 (4%)
PROTEINOSIS. ALVEOLAR ¥o(2%)
CHOLESTEROL DEPOSIT 1 (2%)

HYPERPLASIA, ALVEOLAR EPITHELIUM

HEMATOPOIETIC SYSTEM

#SPLEEN (50) {502 (50)
INFLAMMATION, CHRONIC 1 (2%}
FIBROSYS, FOCAL 1 (2%}

HEMOSIDEROSIS 30 (60%) 30 L60%) 27 (58%)
ANGIECTASIS 1022
REMATOPOIESIS 1 ¢2%3 1 2%}

UMEDIASTINAL L.HOOE (50) (50) (50)
HEMOSIDERDSIS 1 ¢2%)

& NUMBER OF ANIMALS WITH TISSUE EXAMINEOD MICROSCOPICALLY
W NUMBER OF ANIMALS NECROPSIED
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TABLE €2. FEMALE RATS: NONNEOPLASTIC LESIONS (CUNTINUED)

WA 3 R et 2 S Rt R o i A U2 Y T IR R o e e e e e e e o o g e i O D P 2 o R L L e e

YERICLE
GDHTHDL LOW COSE HIGH BOSE
BPANCREATIC L.NODE (50) {50¢) (50)
ANGIECTASIS
BPEYER'S PATCH a9 (48>
HYPERPLASTA, LYMPHOID 1 ¢2%)
CIRCULATORY SYSTEM
SHEART i50) (50 ¢50)
INFLAMMATION, CHRONIC FOCAL 1 (2%) 1 ¢2%) 1 (2%)
FIBROSIS, FOCAL 10 {20%) 8 ¢16%) 8 (16%)
FMYOCARDIUM 50 (50) (502
INFLAMMATION, CHRONIC 2" tax)
HMESENTERIC ARTERY €50) (50) (50)
REMORRHAGE 1 (2%
WMESENTERY ¢s0) t50) (50)
PERIARTERITIS 1 (2%X)
EKIDNEY/GLOMERULUS ¢50) (50 €30)
EMBOLISH, NOS 1 ¢2%)
GADRENAL (503 (50) ¢50)
EMBOLISH, NOS 1 ¢zxy
DIGESTIVE SYSTEM
SLIVER ¢50) (50
NECRDSIS, FOCAL 1 (2%
NECROSIS, ZONAL RS
CYTOPLASMIC VACUOLIZATION
CYTOLOGIC ALTERATION, NOS 3 (6X) 2 (4%) 3 (8X)
HYPERPLASIA, HODS 1 (2X)
gBILE DUCT ' €500 €50 €503
HYPERPLASIA, NGS 8 (16%) 21 (42%) 23 (46%)
HYPERPLASTA, FOCAL 12 (24X) 4 (8%) 1 (2%)
SPANCREAS 9 (4" €50)
IMFLAMMATION, CHRONIC 1 ¢2%) 1 (253

¥ NUMBER OF ANIMALS WITH TISSUE
¥ HUMBER OF ANIMALS NECROPSIED

EXAMINED MICRDSCOPICALLY

1%
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TABLE ¢2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTIRUED)

VEHICLE

CORTROL L.OW DDSE HIGH DOSE
INFLAMMATION, CHROWIC FOCAL ) t (20
FIBROSLIS, FOCAL 1 (2%)
ATROPHY, HOS 1t (2%) 1 (2%)
ATROPHY, FODCAL 3 {6%) 3 (6%) 1 (2%

§COLDON 47) (49)
PARASITISH 1 (2%) 1 ¢2x)

URINARY SYSTEHM
GKIDHEY (56) 1507 (50)
INFLAMHMATION, CHRONIC 1 (2%) 2 (4X)
FIBRDOSIS, FOCAL 12%) t(2x)
NEPHROSIS, HOS 1 €2%)
PIGMENTATION, HOS t (2%)

BURINARY BLADDER . (49} (49) (50}

HYPERPLASIA, EPITHELIAL 1 €2%)
ENDOCRINE SYSTEM

gPITUITARY {49} (502 (50)

CYST, HOS 1 (2x)
HEMOSIDEROSIS 1 {2%)
ENGIECTASIS 2 {4%) 3 (6%) t (2%)

RADRENAL (50) (50)

CYTOPLASMIC VACUODLIZATIOR 2 (4X)
ANGIECTASIS 1 (2%)

@ADREHAL CORTEX (50) (502 {50)
CYTOPLASMIC VACUOLIZATION 5 (10%) 6 (12%2 3 (6%)
ANGIECTASES (2%}

BTHYROID (500 (482 (5
UL TIMOBRANCHIAL CYST 1 (25>
CYSTIC FOLLICLES 2 (4%) 1°(2%)

FOLLICULAR CYST, NOS

ATROPHY, CYSTIC 1 (2%)

HYPERPLASIA, EPITHELIAL 1 (2%

HYPERPLASIA, C-CELL 1 (2% 1 (2%}
REPRODUCTIVE SYSTEM

HHMAMMARY GLAMD 50 (502 {500
CYSTIC DUCTS 30 (60%) 30 _(60%) 36 _(72%)

2 NUMBER OF AMIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

W HUMBER OF ANIMALS HECROPSIED

Allyl isothiocyanate
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TABLE 2. FEMALE RATS NONNEQOPLASTIC LESIONS (CONTINUED)

VEHICLE
CDNTRDL LOW DOSE HiGH GOSE
HYPERPLASIA; NOS
HYPERPLASIA, CYSTIG 3 (6X%)
ADENDSIS 5 (%) g (18%) 5 (10x)
HPREPUTIAL GLAND (50) {50} (503
CYSTIC DUCTS t (2%) 5 (12%4) 2 (4%)
INFLAMMATION, ACUTE SUPPURATIVE 3 (6X) 1 (2%)
HYPERPLASIA, HOS 1 (2%) 1 (2%) 1 (230
KCLITORAL GLAND (50) {50} {50)
€Y5T, NOS
CYSTIC DUCTS 1 (2%
INFLAMMATION, ACUTE SUPPURATIVE 1 (2%} (2%
BUTERUS ' (50) (49}
HEMATOMETRA 1 L2x) 1 (2% 1 (2%}
HYPERPLASIA, EPITHELIAL
ANGIECTASIS 1 (2%)
BUTERUS/ENDOMETRIUM (50} (59) (50}
EDEMA, 1 (253
HEMATOMETRA 2 {44
INFLAMMATION, NO 1 (2%}
INFLAMMATION, ACUTE SUPPURATIVE
HYPERPLASIA, NOS 1 02%) 3 (633
HYPERPLASIA, CYSTIC 9 (1842 5 (18%) Z (4%
BENDOMETRIAL GLAMD (50 692 (507
HYPERPLASIA, CYSTIC 1 2%
HOVARY {50) (50)
CYSY, NOS 3 (8x) 1 (2%)
FOLLICULAR CYST, NOS ! {2X)
NERVOUS SYSTEM
WCEREBRAL VENTRICLE (50) £50)
HYDROCEFHALUS. HDS 1 (2%
SPECIAL SENSE ORGANS
HEYE (50) (50} (50)
RETIMOPATHY § (8% 35 €70%2 11 (2243

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE CZ FEMALE RATS: NONNEOPLASTIC LESIUNS (CONTINUED)

VEHICLE
CORTRGL LOW OOSE HIGH DOSE
CATARACT 2 (e 33 (66%) 9 (18%)
HMEYE/RETINA (50 (50} {502
DEGENERATION, NOS §oe:xn
HEYE (30 (50) (50)
IHFLANNATIUN; CHRONIC FOCAL 1(2%)
MUSCULOSKELETAL SYSTEM
%STERNUM (503 (507 {502
CYST, NOS
BODY CAVITIES
HMEDIASTINAL PLEURA {50) (50) (502
HEMORRHAGE i (2%}
HMESENTERY {50) (50> (503
MIMERALYZATION 1 (2%
HEMORRHAGE
FIBROSIS, FOCAL 1 (2%}
HECROSIS, FAT 8 (16X 16 (36X} 13 (2643
ALL OTHER SYSTEMS
HONE
SPECIAL MORPHOLOGY SUMMARY
HO LESION REPORTED ] t

¢ NUMBER OF ANIMALS WITH TISSUE EXAMIHED MICRDSCOPICALLY
# NHUMBER OF ANIMALS NECROPSIED

Allyt Esothiocyanate 114



APPENDIX D

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN MICE ADMINISTERED
ALLYL ISOTHIOCYANATE BY GAVAGE
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TABLE D1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE
ADMINISTERED ALLYL !SOTHIOCYANATE IN CORN OIL BY GAVAGE

VEHICLE

CORTAOL Lﬂw DOSE l-IIGH DOSE
ANIMALS INITIALLY IN sTUDY 50 50 50
ANIMALS NECROFSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50

INTEGUMENTARY SYSTEM

®SKIN (501} [€-1:3) {50)
ULCER, FOCAL
INFLAMMATION, ACUTE/CHRONIC N
INFLAMMATION, CHRONIC 1 (2%
FIBROSIS
FIBROSIS, FOCAL 1 (2%

HSUBCUT TISSUE (50) (50 (502
INFLAMMATION, SUPPURATIVE LR
INFLAMMATION, CHRONIC SUPPURATIV 2 (
INFLAMMATION, FOCAL GRANULOMATOU 1 (2%)
INFLAMMATION, PYOGRANULOMATOUS t (2%

NECROSLIS, FQCAL
NECROSIS, FAT 380
FOREIGN MATERIAL, NOS 1 (2x%3

RESPIRATORY SYSTEM

#LUNG/BRONCHIOLE (503 (50 (50)
HYPERPLASIA, HOS 2 (4%) 1 (2%)

#LUNG (50) (50) (503
EDEMA, HOS 1 (2%
HEMORRHAGE 2
BROMCHOPHEUMONIA, FOCAL 2 ¢
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, INTERSTITIAL LI
BRONGCHOPNEUMONIA SUPPURATIVE 2%
INFLAMMATION, ACUTE/CHRONIC 1 (

PHEUMONIA, CHRONIC MURINE 3¢
INFLAMMATION, CHRONIC FOCAL
INFLAMMATION, GRANULOMATOUS LIS

&8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
X HUMBER OF ANIMALS NECROPSIED

%) 2 (4%)
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VERICLE
CORTROL

INFLAMMATION, FOCAL GRANULOMATOU
REACTION, FOREIGH BODY

CHOLESTEROL DEPOSIT

HYPERPLASIA, ADENOMATOUS
HYPERPLASTA, ALVEOLAR EPITHELIUM

HEMATOPOIETIC SYSTEM
HMULTIPLE ORGANS

HYPERPLASIA, HEMATOPOIETIC

HYPERPLASIA, LYMPHOID

@#SPLEEN
ANGIECTASIS
HYPERPLASIA, LYMPHOID
HEMATOPOIESIS

EMANDIBULAR L. HODE
HYPERPLASIA, LYMPHOID

MESENTERIC L. NODE
HEMORRHAGE
ANGIECTASIS
HYPERPLASIA, LYMPHODID
HEMATOPOIESIS

BINGUINAL LYMPH NODE
HYPERPLASIA, LYMPHOID

2LUNG/BRONCHUS
HYPERPLASIA, LYMPHOID

BPEYER'S PATCH
HYPERPLASIA, LYMPHOID

#THYMUS
CYST, HOS
ATROPHY, NOS
L]

HYPERPLASIA, LYMPHOID

CIRCULATORY SYSTEM

RILIAC LYMPH NODE
LYMPHANGIECTASES

(45)
5 (11%)

§1)
1 {2%)

(50)

%2)
4 (10X}
(%8)

8 HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED

117

Allyl Isothiocyanate



VEHICLE -
CONTAROL LOW DOSE HIGH DOSE
BAURICULAR APPENDAGE (50) (50) (50
PERIARTERITIS
SMYOCARDIUM (50) (506) (50)
INFLAMMATION, NECROTIZING 1 2%
INFLAMMATION, ACUTE/CHRONIC t(2%)
INFLAMMATION, CHRONIC FOCAL 2 (&%)
HBLOOD VESSEL €500 (50) (50
DEGENERATION PIGMENTARY 1 (27
%AORTA (502 (500 50
CALCIFICATION, FOCAL 1 c2xy
4LIVER T 149) ¢50)
THROMBOSIS, NGS 1 ¢y
#*MESENTERY (50 (50) 50)
PERIARTERITIS 1 2%
#KIDHEY $49) (50)
PERIARTERITIS 12 17 (2%
DIGESTIVE SYSTEM !
#SALIVARY GLAND (50 (49) (507
HEMORRHAGE (2%)
INFLAMMATION, GRANULOMATOUS 1 (2%)
FIBROS1S, FOCAL t (2%
CHOLESTEROL DEPOSIT 1 (2%
BLIVER (49 £49) (50)
INFLAMMATION, ACUTE FIBRINOUS 1 2
INFLAMMATION, ACUTE/CHRONIC 1 ¢2%)
INFLAMMATICH, CHRONIC SUPPURATIV 1 (2%
NECROSIS, HOS 1 (2%
HECROSIS, COAGULATIVE 1 €234 t (2% 1 (2%
CYTOPLASMIC CHANGE, NOS
CYTOPLASMIC VACUGLIZATION 4 (8%) 10 (20%)
FOCAL CELLULAR CHANGE 2 (4%) 1 (2% 2 (4%
HYPERPLASIA, FOCAL 1 (2%)
BLIVER/GENTRILOBULAR 49 €49) (50)
CYTOPLASMIC VACUGLIZATION 2 €% 4 (8% 3 Ce%)

% HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% HUMBER OF AHIMALS HECRDFSIED
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TABLE D1, MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE

#GALLBLADDER {50) {307
HYPERPLASIA, NOS 1 (2%)

§BILE DUCT (49) {49) (50
CYST, HOS 1 (2X)

GE30PHAGUS (503 (307 (693}
INFLAMMATION, CHRONWIGC 1.(2%)
INFLAMMATION, GRAHULOMATOUS 3 (6% 1 (2%) t (2%)

§GASTRIC MUCOSA . (a9 (48) (48)
EPIDERMAL IKCLUSION CYS (2%

8XLEUM (45} (42) (453
PIVERTICULUM 1 (2%}

URINARY SYSTEM

BKIDNEY {49) (49) {502
PYELONEPHRITIS, FOCAL t (2%)
INFLAMMATION, INTERSTITIAL 1 2% 2 {4%)
PYELONEPHRITIS, ACUTE/CHROMIC
NEPHROPATHY 3 (6%)
DEGENERATION PIGMENTARY 1 (2%
NEPHROSIS, NO3 1 t2x)
METAPLASIA, OSSEOUS 1.(2%)

@KIDHEY/PELYIS (%9) (502
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)

ENDOCRINE SYSTEM

RPITUITARY (46 (46) (463
CYST, HD$S 1 12x)

BADRENAL (87) 49 (507
CYTOLOGIC ALTERATION, NOS

BADRENAL MEDULLA (47) (49 (5
HYPERPLASIA, NO% 1 (2%)

8THYROID (503 {6 3
CYSTIC FOLLICLES : 1_(2%) 1. (2582

& WNUMBER OF AMIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% MUMBER OF ANIMALS HECROPSIED
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
GDNTHIJL Low DDSE HIGH DOSE
FOLLICULAR CYST, HOS 2 (&%)
INFLAMMATION, SUPPURATIVE 1 {24)
REACT10N, FOREIGN BODY t {2%)
DEGEMERATION, CYSTIC 1 (2%)
HYPERPLASIA, FOLLICULAR~CELL 1 (22%)
§THYROID FOLLICLE (45) (59)
HYPERPLASIA, CYSTIC 1 (2%
REPRODUCTIVE SYSTEM
HPREPUTIAL GLAND (507 (502 (50)
EPIDERMAL IMCLUSION CYST 1 (2%)
CYSTIC DUCTS 2 (4%) 2 (4% & (12%)
INFLAMMATION, SUPPURATIVE 1 (24
ABSCESS, HOS 2%
INFLAMMATION, CHRONIC 1 (2%
INFLAMMATION, CHRONIC SUPPURATIV 1 (2% 1 €2X) 1 2%
$PROSTATE (50) £50) (500
INFLAMMATION, SUPPURATIVE 1 (2%}
HYPERPLASIA, EPITHELIAL 1 (2%
¥TESTIS {50) {500 (502
NECROS51S, FDCAL t (2%)
ATROPHY, NOS 1 (2%)
HYPERPLASTA, INTERSTITIAL CELL i@0
HEPIDIDYMIS (50) (501} {50)
ULCER, HO% 1 2%)
HERVOUS SYSTEM
§BRAIN (50) (50) (50)
GORPORA AHYLACEA 1 (2%
SPECIAL SEHSE QROANS
YE 502 (503 {50)
ATROPHY, HWOS 1 (2%
NEYE/RETINA (50 (50 (50)
2. NOS 1 (2%

§ HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ HUMBER OF ANIMALS NECROPSIED
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TABLE D1. MALE MICE: NOMNEOPLASTIC LESIDNS (CONTINUED)

MUSECULOSKELETAL SYSTEM

HINTERCOSTAL MUSCL
INFLAMMATION, NECRUTIZING

BODY CAVITIES

HMEDIASTINUM
INFLAMMATION, GRANULOMATOUS
INFLAMMATION, FOCAL GRANULOMATOU

RPERICARDIUM
EDEMA, HOS
REACTION, FOREIGH BODY
NECRDSIS, FAT

¥HMESENTERY
HEMORRHAGIC CYST
STEATITIS
LYMPHOCYTIC INFLAMMATORY INFILTR
NECROSIS, FAT

ALL OTHER SYSTEMS

HMULTIPLE ORGAHS
ULCER, FOCAL
INFLAMMATIDN, SUPPURATIVE
INFLAMMATION, GRANULOMATOUS

OMENTUM
STEATITIS

SPECIAL MORPHOLOGY SUMMARY

HO LESION REPORTED
AUTO/NECROPSY/NO HISTO

VEHICLE
CONTROL LOV DOSE MIGH DOSE
30 {50 (502
1 (2%)
(50) (50} (50)
1 (2%)
1 (2%) 1 (2%)
{50) (507 {502
1 (2%)
1 (2%)
1 (2%}
) (50) {502
1 (2%)
2 (4%) 2 (8%)
1 (2%)
2 (4% 1 (2%) 3 (6X%)
(3503 (50) (50)
(2%)
1 (2%} 1020
1 (2%)
1
19 5

§ NUMBER OF AMIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS HECROPSIED

121

Ally Isothiocyanate




TABLE D2,

SUMMARY OF THE INCIDENCE OF NONNEOFLASTIC LESIONS IN FEMALE MICE
ADMINISTERED ALLYL ISOTHIOCYANATE IN CORN QIL BY GAVAGE

VEHICLE
COMTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY TN STUDY 50 50 50
AHIMALS NECROPSIED 50 50 49
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 49

INTEGUMENTARY SYSTENM

KSKIN (50) (50) 49
EPIDERMAL INCLUSION CYST 1 (2x)
INFLAMMATION, GRANULOMATOUS T2

KSUBCUT TISSUE (50} (50) {49)
ABSCESS, NOS 1 (2

INFLAMMATION, FOCAL GRANULOMATOU 1 .(2X)

REACTION, FOREIGH BODY 1 (2

INFLAMMATION, PYOGRANULOMATOUS : EE

2

CHOLESTEROL DEPOSIT 1.¢2%)

RESPIRATORY SYSTEM

BTRACNEA (47) (872 (48)
PENETRATING WOUND 1 a2y

#LUNG/BRONCHIOLE (%47) (49 (49)
HYPERPLASIA, NOS 1 (2%

BLUNG (%7) (49) (£ 3D
HEMORRHAGE 1 (2%)
IHFLAMMATION, INTERSTITIAL
PNEUMONIA. ASPIRATION 1 (2%)
INFLAMMATION, SUPPURATIVE (2%
BRONCHOPNEUMONIA SUPPURATIVE
PHEUMDNIA, CHRONIC MURINE 4 (9%)

INFLAMMATION, GRANULCMATOUS 1 (2%?

INFLAMMATION, FOCAL GRANULOMATOU

CHOLESTEROL DEPOSIT i 1 .(2%)

HYPERPLASIA, ADENOMATOUS 3 (6%) 2 (44
AR EPITHEL IUM 1 (2%) 2 Llax)

& HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
#» NUMBER OF AMIMALS NECROPSIED
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TABLE D2, FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
HEMATOPOLETIC SYSTEM

BBRAIN/MENINGES (50) (502 49
HYPERPLASIA. LYWPHOID 1.4(2%)

¥MULTIPLE ORGANS (56} (50) (4%9)
HYPERPLASIA, HEMATOPOIETIC 36X
HYPERPLASIA, LYMPHOIO 2 (4¥X) 1 (2%)
HEMATOPODIESIS t (2%)

SBONE MARROMW (49} (492 (49)
HYPERPLASIA, NOS 2 (&%) 2 (4X) 1 (2%)
MYELOFIBROSIS 4 (8%)

HYPERPLASIA, HEMATOFOIETIC 2 (4x) 1 (2%)
HYPERPLASIA, GRANULOCYTIC 125 & (8%
HYPERPLASIA, RETICULUM CELL 1 (2%

#5P1LEEN (4712 } (49
HYPERPLASIA, KOS 1 (2%)

HYPERPLASIA, HEMATOPOIETIC 1 (2%)

HYPERFLASIA, LYMFHOID 2 {4%) 4 (8X) 2 (&X)

HEMATOPDIESIS 3 {6%) 10 (21X) 5 (10%)
MYELOPOIESIS

BSPLENIC CAPSULE (473 (48} (49)
IMFLAMMATION, CHRONIC FOCAL 1.(2%)

SLYMPH NGOE (50} (&7) (49)
HYPERPLASIA, HOS 1 2x)

#MANDIBULAR L. NDDE (50) ) (49)
HYPERPLASIA, LYMPHOID 125

GCERVICAL LYMPH HODE (50) a1 (493
HYPERPLASIA, LYMPHQID 1 (2%)

#PANCREATIC L.NODE (50} 47) (49)
HYPERPLASIA, NOS 125

BMESENTERIC L. HODE (503 47) (49)
HEMORRHAGIC CYST 1€2%)

INFLAMMATION, GRANULOMATOUS 1 (2%)
§RENAL LYMPH NODE (50) (473 {49
S 1 £2%)

% NUMBER OF ANIMALS MITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS MECROPSIED
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TABLE D2. FEMALE MICE: NGNNEODPLASTIC LESIONS (CONTINUED)

VEHIGLE
CORTROL LOW DOSE HIGH DOSE
HYPERPLASIA, LYMPHOID 3 (&%)

RILIAC LYMPH NODE (503 (47} (49)
AHGIECTASIS

RLUNG/BRONCHUS (473 (49) (49)
HYPERPLASIA, LYMPHOID

LUNG (47) 49 (a9)
HYPERPLASIA, LYMPHOID 1 (2x2 1 2%

ALIVER {502 (49) (49)
LEUKOCYTOSIS, HOS 1 (2%)

HEMATOPOILESIS 1 .(2%) 4 (8%) t (2%
MYELOPOIESIS

BPEYER'S PATCH (44) (47)
HYFERPLASIA, LYMFHOID 1 (3%

AKIDNEY (50) (483 (49
PLASMACYTOSIS t (2%)

HYPERPLASIA, LYMPHOID 2%

§THYMUS (44) 45) (46}
IHFLAMMATION, CHRONIC 1 .{2%)

ATROPHY, MOS 12X
HYPERPLASIA, LYMPHOID 1 (2%
CIRCULATORY SYSTEM

EMULTIPLE ORGANS {502 4 (497
PERIARTERITIS 1.(22)

BENDOCARDIUH (49} (50) (649}
FIBROSIS, FDCAL 1 2%)

HAQORTA (5¢) {50) €49}
INFLAMMATION, ACUTE/CHRONIC 1 (2%

*COROMARY ARTERY (50) (50) (4%9)
INFLAMMATION, NECRDTIZING 1 (2%
HYPERTROPHY, FOCAL 1 (2%)

FPANCREAS (47) {45} (69)
PERTARTERITES 1 (2%)

% NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ HUMBER DF ANIMALS MECROPSIED
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VERICLE
CONTRO LOW DOSE HIGH DOSE
VA (493 (44) (48)
THROMBOSIS, NOS t (2x)
DIGESTIVE SYSTEM
PLIVER (50) (49) (49}
HEMORRHAGIC CYST (2%
IKFLAMMATION, HO3 t(2X)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 @2%)
INFLAMMATION, ACUTE SUPPURATIVE 1 {2%)
INFLAMMATION, ACUTE/CHRONIC 1 {2X%) 3 (eXx) 2 (ax)
INFLAMMATION, GRANULOMATOUS (2%
NECROSIS, FOCAL V(2%
NUCLEAR ENLARGEMENT t (2%)
INCLUSION, NUCLEAR 1 (2%
CYTOPLASMIC CHANGE, RO3
CYTOPLASMIC VACUGLIZATION 1 (2%) t (2%
FOCAL CELLULAR CHANGE i (2% 1 (252
HYPERPLASIA, FOCAL . 1 €2%)
HGALLBLADDER {50) 0 (49
INFLAMMATION, SUPPURATIVE 128
SPANCREAS (47) (45) {49)
CYSTIC DUCTS 2 (aX)
EDEMA, NOS 1 2x)
IHFLAMMATION, INTERSTITIAL 1 (2%}
INFLAMMATION, SUPPURATIVE 1 (&%) 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)
NECRDSIS, FAT 1 (2%)
ATROPHY, HNOS 1 2%}
KOROPHARYNX (50) (502 (49
INFLAMMATION, ACUTE/CHRONIC 1 (2%)
BRES0PHAGUS (49} (50) (49)
PEHETRATIHG WOUND 1 (2%
INFLAMMATION ACUTE AHD CHRONIC 1 (2%
INFLAMMATION, CHRONIC 1 .(2%)
INFLAMMATION, CHRONIC SUPPURATIV 12Xy
INFLAMMATION, GRANULOMATOUS 5 (10%)
RCARDIAC STOMACH (473 (472 693
ULCER, HOS 1 (2%}

% NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER DF AMIMALS NECROPSIED
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TABLE D2, FEMALE MICE: NONNEQPLASTIC LESIONS (CONTINUED)

VEHICLE
CORTROL LOW DOSE HiGH DOSE
HYPERPLASYIA, BASAL CELL (20
RINTESTINAL VILLUS (407 (44) 47
CYTOPLASMIC VACUOLIZATION 1 (2%}
URINARY SYSTEM
RKIDNEY {507 (48)
HYDROMEPHROS1S ) 1 (2%)
LYMPHOCYTIC IKFLAMMATORY INFILTR 1 (2%)
INFLAMMATION, INTERSTITIAL 1 (2%)
INFLAMMATION, CHRONIC §(2%)
NEPHROPATHY 1 (2X%) 1 (222
NECROSIS, MEDULLARY 1 (2%
HYPDPLASIA, NOS 1 (2%}
SKIDNEY/PELVIS (50) (48) (4%)
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, NECROTIZING 1 2%) 1 (2%)
BURINARY BLADDER (47) (67}
LYMPHOCYTIC INFLAMMATORY INFILTR t 2%
ENDOCRINE SYSTEM
BPITUITARY 47) {457 (&4}
HYPERPLASIA, NOS 3 (6%}
HYPERPLASIA, FOCAL 3 7%
ANGIECTASIS t (ZX) 2 (4%}
8THYROI (48) (47} (47)
CYSTIC FOLLICLES 1 (2%) 1 (2%}
FOLLICULAR CYST, HOS 2 €8x
DEGENERATION, CYSTI ’ 2 (4%)
HYPERPLASIA, FDLLICULAR CELL : 1 (2%)
#THYROID FOLLICLE {63} (47)
MULTIPLE CYSTS 1 ¢2%)
HYPERPLASIA, PAPILLARY 1 (2%)
HYPERPLASIA. CYSTIC 1 2%} 525
REPRODUCTIVE SYSTEM
MMAMMARY GLAND (503 (50} (a9
CYSTIC DHCTS ' 5 (BX) 3. (6%} 2 (4%)

# WUMBER DF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE D2. FEMALE MICE: NONNEGPLASTIC LESIONS {CONTINUED)

VEHRICLE
CCRTROL LOW DOSE HIGH DOSE
FIBROSIS 1 2%
HYPERPLASIA, NOS 2 (4%
HMAMMARY LOBULE 50) (50) (49
HYPERPLASIA, NOS 2%
BUTERUS (30} (47) (%49)
HYDRONETRA 1 (2%
cYs NO t (2%) 1 (2%)
INFLANHATIUN; SUPPURATIVE 1¢2%)
PYOMETRA 2 (4%) 1.(2%) 1.¢2x)
ENDOMETRIAL POLYP t(2%)
ANGIECTASIS 1.(2%)
$UTERUS/ ENDOMETRIUM (502 (47) 49)
5T, NOS 5 (10%) 3 (6%) 4 (8%)
IKFLAMMATION, SUPPURATIVE 1 (2%} 3 (622 3 (6%)
HYPERPLASIA, WOS 1 (243
HYPERPLASIA, CYSTIC 5 C10%) 2 (4X%) & (16%}
HYPERPLASIA, ADENOMATOUS
ANGIECTASIS 1 {2%)
RENDOMETRIAL GLAND 30) ) (49)
HYPERPLASIA, CYSTIC 18 (36%2 25 (53%0) 14 (29%)
ROVARY (49} 44) 48)
CYST, NO 2 (4%) 1 (2X%) 3 (6X)
CYSTIC FULLICLES 1 (2%
FOLLICULAR CYST, NOS 1 (2%)
HEMATODMA, HOS 1 (2%)
INFLAMMATION, SUPPURATIVE 1 .(2%)
ABSCESS; CHRONIC 4 (&%) 2 (5%2 3 (6%)
HERVOUS SYSTEM
#BRAIN/MENINGES 50) {50 (49
INFLAMMATION, SUPPURATIVE 1 £2%)
#BRAIN 50) (503 (49)
INFLAMMATIOR, ACUTE/CHRONIC t (2%)
CORPORA AMYLACEA
RBRAIN/THALAMUS 50D {50) (49)
PSAMMOMA BODIES 16223 1 (2%}

§ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

W NUMBER OF ANIMALS NECROPSIED
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CDNTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DDSE
SPECIAL SENSE DRGANS

HEYE (50) (693
PHTHISIS BULBI 1 (2%)

HMIDDLE EAR (502 (49}
INFLAMMATION, SUPPURATIVE 2 (4X) 1 (2%)

INFLAMMATION, CHRONIC SUPPURATIV to(2%
MUSCULOSKELETAL SYSTEM

HBONE {50) (4-1 (49)
FIBROUS DYSPLASIA 1 (2%}

KCORTEX OF BONE {50 (540) 49
FIBROUS OSTEODYSTROPHY 3 (&)
HYPERPLASIA, NOS 1 (2%)

BODY CAVITIES

KTHORACIC CAVITY (503 (50 (69
INFLAMMATION, SUPPURATIVE t (24
REACTION, FOREION BODY 1 (2%)

KMEDIASTINUM (50) (503 (49}
INFLAMMATION, GRARULOMATOUS z (4D i 2%

MPERITONEUM (502 (502 (49}
INFLAMMATION, SUPPURATIVE t(2%) 1 (2%)
INFLAMMATION, FIBRINOUS t (2X2
INFLAMMATIODN, ACUTE SUPPURATIVE 2 (4X)

INFLAMMATION, CHRONIC t (2%)
IMFLAMMATION, CHRONIGC SUPPURATIV ¥ (28) 2 (4%
ABSCESS, CHRONIC 102K

NECROSIS, FAT 129

¥PLEURA {50) (50) (49}
INFLAMMATION, SUPPURATIVE 1 (2%
INFLAMMATION, ACUTE SUPPURATIVE i {(2x)

YMEDIASTIMAL PLEURA (302 50) (49
INFLAMMATION, CHRONIC SUPPURATIV 1 (2%)

¢ MUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
% HUMBER CF ANIMALS NECROP3JIED

Ally! Isothiocyenate 128




TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CORTACL LOW DOSE HIGH DGSE
REACTION, FOREIGH BUDY v
HMESENTERY (50) (50) (49
STEATITIS 1 t2%) 1 (2%
INFLAMMATION: NECROTIZING 1 (2%}
INFLAMMATION, CHRONIC i (2%)
IRFLAMMATION, CHRONIC SUPPURATIV 2 (4%)
NECROS5IS, FAT 12 3o
ALL OTHER SYSTEMS
MULTIPLE ORGANS (50> (50) (4%)
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, SUPPURATIVE 9 {1B%) B (40%) 4 {a%)
IHFLAMMATION, ACUTE FIBRINOUS
HYPERPLASIA, HOS i (zx)
SPECIAL MORPHOLOGY SUMMARY
NO LESION REPORTED 3 3 2
AUTO/NECROPSY/HISTO PERF 1
AUTOLYSIS/ND HECROPSY 1

& WUMBER OF AWIMALS WITH TISSUE EXAMIHED MICRDSCUPICALLY
# NUMBER OF ANIMALS NECROPSIED

129 Aliyl 1s0thiocyanate
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APPENDIX E

ANALYSIS OF ALLYL ISOTHIOCYANATE
LOT NO. 532251
(MIDWEST RESEARCH INSTITUTE)
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APPENDIX E

A. ELEMERTAL ANALYSIS

Element C

Theory 48.45

Determined 48,52
48.56

B. BOILING POINT
Determined

151°C at 746.3 mm
(visual, micro boiling
point tube) [48° to 152°C
{Dupont 900DTA)

C. DEKSITY

Determined
d:1.016

D. REFRACTIVE INDEX
Determined
ney 1.5315 £ 0.0002 (6)

5.08
5.08
5.13

E. THIN-LAYER CHROMATOGRAPHY

Plates; Silica Gel 60 F254

Amount spotted: 100 and
300 ug

System |: 959 Ethanol

Re 0.86

Rep 1.13

System 2: Chloroform:1,4-Dioxane (53:5)

Ry 0.55
Rﬂ: 0.61

Ally! Isothiocyanate

N S
4.13 3234
14.10 32,13
14.18 3227

Literature Values

152.05°C at 760 mm
(Timmermans and
Hennault-Roland, 1922)

Literature Value

d2%:1.00811 (variation 0.000103/°C)
(Timmermans and Hennaul-
Roland, 1922)

Literature Vaiue
a7 1.5336 (Timmermans and
l-ﬁennault-Roland, 1922}

Ref, Standard; 1,1,3,3-Tetramethylthiourea

Visualization: Ultraviolet
(254 nm), and I; vapor
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APPENDIX E

F. VAPOR-PHASE CHROMATOGRAPHY
1. System 1

Instrument: Bendix 2500

Detector: Flame ionization

Column: Chromosorb 102, 1.8 m x 4 mm LD,

Inlet temperature: 225°C

Detector temperature: 270°C

Oven temperature program: 2 min, at 150°C, then 150° to 200°C
at 10°/ min,

Results: Major peak and four impurities

Retention Time Area (Relative to
Retention (Relative to Allyl Allyl Isothio-
Peak Time (min.) Isothiocyanate) cyanate}
1 3.5 0.21 0.007
2 8.6 0.52 0.04
3 9.3 0.56 0.07
4 16.6 1.00 ' 100
5 20.3 1.22 0.2
2, System 2

Instrument: Bendix 2500

Detector: Flame ionization

Column; 10% Carbowax 20 M, on B0/ 100 Chromoserb W (AW), 1.8 m
x4 mm [.D.

Inlet temperature: 225°C

Detector temperature: 270°C

Oven temperature program: 5 min. at 50°C, then 50° to 125°C
at 10°C/ min,

Results: Major peak and six impurities

Retention Time Area (Relative to
Retention (Relative to Allyl Allyt Isothio-

Peak Time (min.) Isothiocyanate) cyanate)

1 1.0 0.07 0.006

2 49 0.36 0.3

3 10.6 0.78 0.08

4 12.8 0.95 Shoulder 0.1%

5 13.5 1.00 100

6 (5.2 [.13 0.5

7 16.0 .19 0.04

133 Alflyi 1sothiocyanate



APPENDIX E

G. SPECTRAL DATA
1. Infrared

Instrument: Beckman IR-12

Cell: Neat, sodium chloride
plates

Results: See Figure 5

2. Ultraviolet/ Visible
Instrument; Cary |18

A max (nm) £ x 107
249 10.40 £ 0.01 ()

No absorbance between 350
and 800 nm (visible range)
at a concentration of
1 mg/ml

Solvent: Hexane

3. Nuclear Magnetic Resonance

Instrument: Varian HA-100
Solvent: Chloroform-d

with interpal tetramethylsilane
Assignments (See Figure 6)

(a) } d? 6 4.17 ppm
() fa

{c) m, & 5.31 ppm
{d) m, & 542 ppmn
{e) t4, § 5.92 ppm

Consistent with literature
spectrum (Sadtler Research
Laboratories)

Determined literature

values (Sadtler Research Laboratories)

A max (nm) £x 107
247 8.30

(Calculated from graph of
spectrum)

Solvent: Dioxane

[dentical to literature
spectrum (Sadtler Research
Laboratories)

() d, & 3.59 ppm (impurity, possibly thiocyanate)
Joe = 4.7 Hz, Je = 4.7 Hz, 3,y = 32 Hz, Jy® 1.5 Hy,

Jee 8 10 Hz, Jge ='17.5 Hz

Integration Ratios:

£V
((b; 1.82
c

(d) 2.00
(e) 1.17
{f) 0.06

Allyl Isothiceyanate
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APPENDIX F

ANALYSIS OF ALLYL ISOTHIOCYANATE
IN CORN OIL FOR STABILITY OF
ALLYL ISOTHIOCYANATE
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APPENDIX F

A. PREPARATION OF SAMPLE AND STORAGE

A 26-u! aliquot of allyl isothiocyanate (26,90 mg) was placed ina 50-ml volumetric flask containing
50 ml corn oil, shaken, and placed in an ultrasonic vibrator bath for 30 seconds. The flask was stored at
room temperature for 7 days with no effort made to protect the solution from light.

B. DILUTION AND ANALYSIS

{. Procedure

A 1,84-ml aliquot of the above stock solution (allyl isothiocyanate in corn oil} was pipetted into a
small septum vial and 2 ml of anhydrous ethyl ether containing decane (15.63 mg decane in 50 ml ether)
was added. The scptum vial was sealed and mixed on a vortex mixer for | minute and placed in an
ultrasonic vibrator bath for 2 minutes. The ether-corn oil mixture was analyzed by vapor-phase
chromatography.

Note: Solvents which were immiscible with corn oil, such as alcohols, were not used due to their
reactivity with allyl isothiocyanate. Therefore, dilution rather than extraction was used.

2. Instrumental Parameters

Instrument: Bendix 2500 with Hewlett-Packard 3380A automatic recorder/ integrator
Detector: Flame ionization
Column: 209 SP2100/0.19% Carbowax 1500 on 100/ 120 Supelcoport,
1.8 m x4 mm 1.D,, plass
Oven temperature: 90°C, isothermal
inlet temperature: 130°C
Detector temperature: 285°C
Carrier gas: Nitrogen
Carrier flow rate; 50 cc/min
Sample injected: 5 w4

C. QUALITY ASSURANCE PROCEDURES

Analysis was performed in duplicate using decane as an internal standard. Linearity studies were
done at two concentration levels (0.26 mg/m! and 0.13 mg/ m} or 0.026% and 0.0139%) to determine the
relative weight response of compound versus internal standard (decane}.

D. RESULTS
Theoretical Percent Determined Percent Percent
Day {Chemical/ Y chicte} (Chemical/Vehicle) D/T = 180

0 0.02578 0.02578 1 0.00081 1003
1 0.02578 0.02656 + 0.00039 0312
2 0.02578 0.02480 + 000031 96 1 |
3 0.02578 0.02533 + 0.00025 o8 x|
4 002578 0.02455 + 0.00084 95+3
1 0.02578 0.02566 99,54

Retention time: Compaound {4.7 min.}, internal standard (11,7 min.)
Response of allyl isothiocyanate in corn oil versus that of aliyl
isothiocyanate in ether: 93.1 £ 0.3%

Lineatity: RWR compound
—_—————— = 0.70 £0.03 at two

ineernal standard concentration levels
(0.026% and 0.013%).
E. CONCLUSION

‘The variation in the analysis is within the error of the method. Therefore. ally! isothiocynate is
stable in corn oil at 0,059 concentration when stored at room temperature for 7 days without protection

from light.
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APPENDIX G

ANALYSIS OF ALLYL ISOTHIOCYANATE
IN CORN OIL FOR CONCENTRATIONS OF
ALLYL ISOTHIOCYANATE
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APPENDIX G

Allyl isothiocyanate in corn oil mixtures was analyzed directly by vapor-phase chromatography.

Fxtractions were not performed on the samp

chromatography conditions were as [ollows:

Column:

Detection:

Temperatures:

Retention Time:

Injection Size:

les since corn oii does not interfere with the analysis. Gas

3% OV-17 on 80/ 100 Supelcoport,

18 mx2mml.D, glass

Flame lonization

Inlet, 250°C
Oven. 75°C, isothermal
Detector, 275°C

1.1 min.

| ut

There was no correction for work-up loss since samples were injected without any work-up. Refer-
ence samples of allyl isothiocyanate were prepared in corn oil and anajyzed under the same conditions.

Resuits: See Table GI.

TABLE G1. ANALYSIS OF ALLYL ISOTHIOCYANATE IN CORN OIL FOR CONCENTRATIONS OF

ALLYL ISOTHIOCYANATE
Conceniration (B of Aliyl Isothiocyanate
Used for Target Concentratian of
During

Date Mixed (a} Week of: 0.12% (v/¥) 0.24% (v/v) 0.25% (v/v) 0.50% {v/v)

G4/10/78 04/13/78 0.10 0.23 0.25 0,48

05/05/78 05/06/78 0.25 0.48

06/07/78 06/08/78 . 0.25 0.48

07/05/78 07{06/78 0.2 0.24

08/16/78 08/17/78 0.25 0.50

09/13/78 09/14/78 0.11 0.25

10/11/78 (012778 0.50

11/09/78 $1/50/78 0.24

12/06/78 12/08/78 0.48

01704/ 79 01/05/79 0.25

02/01/79 02/02/79 .47

03,0179 03/02{79 0.25

03729779 03/30/79 0,51

04/26/79 04/27479 0.24

05/24/79 05/25{79 0.53

06/28/79 06/22{79 0.24

119479 07/20/79 0.49

08/16/79 08/17/719 0.24

9/13179 09/14/79 0.46

10/LL/79 10/12/79 0.24

11/08/79 1L/09/79 0.5}

12/06/79 12/08/79 0.23

01/03/80 01/04/80 0.51

02/01/80 02/02/80 a1l 0.26

02/28/80 02/29/80 0.27 0.52
Mean (%) G.tl 0.25 0.25 0.49
Standard Deviation 0.01 0.01 0.0 0.02
Coefficient of variation {%) 9.1 4.0 4.0 2.0
Range (%.) 0.10-0.12 0.230.26 0.23-0.27 0.46-0.53
Number of samples 4 4 13 14

(a} Start dates were March 1978 for rats and mice.
fb) The data presented arc the sverage of dupicate analyses.

Ally! lsothiocyanate
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APPENDIX H

CUMULATIVE MEAN BODY WEIGHT CHANGE
OF RATS AND MICE ADMINISTERED
ALLYL ISOTHIOCYANATE BY GAVAGE
IN THE CHRONIC STUDY
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TABLE Hi. CUMULATIVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS) OF RATS

ADMINISTERED ALLYL ISOTHIGCYANATE BY GAVAGE

Cumulative Mean Body Weight Change

Weight Change Relative to

(grams) Controls (a) (Percent)
Week No, Control Low Dose High Dose Low Dose High Daose
Males 0 133 (b) 134 (b) 133 (b)
5 tLs 115 08 0 )
26 M 213 237 0 -13
47 3132 336 296 + 1 -1
79 337 345 324 + 2 -4
(04 17 326 298 + 3 -6
430 (c) 460 (c) 431 (¢) +20d) -4 (d)
Females 0 99 (b) 102 () 100 ()
5 48 51 50 + 6 + 4
26 107 109 107 + 2 0
47 §25 t34 132 + 7 + 6
79 166 184 180 +1 + 8B
104 180 [9t 195 + 6 + 8
279 (c) 293 () 295 (¢) + 5(d) + 6 ()
{a) Weight change of the dosed group relative to that of the controls =
Weight Change {Dosed Group) - Weight Change (Controf Group) 100

Weight Chanpe ¢Control Group)

(6) Enitial weight.

fv) Mean body weight at week 104,
(cf) Mean body weight at week 104 relative to controls.

TABLE H2. CUMULATIVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS} OF MICE

ADMINISTERED ALLYL ISOTHIOCYANATE BY GAVAGE

Cumulative Mean Body Weight Change

Weight Change Relative to

{grams) Controls o) (Percent)
Week No. Control Low Dose High Dose Low Dase High Dose
Males 0 22 (hj 23 (b) 22 (h)
5 7 & 6 -14 -14
26 20 19 21 -5 +5
47 26 23 28 -12 + R
79 28 27 i2 - 4 +14
104 26 23 27 -12 + 4
48 (o) 46 (¢} 49 (¢} — 4 () + 2 (d)
Females 0 17 (b) 18 (b) £8 (h) .
5 7 5 5 -29 -29
26 11 10 [ -9 0
47 14 13 16 -7 +14
i 11 9 19 +6 + 6
104 20 18 I8 -10 -10
17 (¢} 36 (c) 36 (e) - Afed) - 3(d)
(a) Weight ehange of the dosed group relative to that of the contrals =
Weight Change (Dosed Group) - Weight Change (Control Group} 100

Weight Change (Control Group)

fh} Tnitial weight,

() Mean body weight at week 104,
fef) Mean body weight at week 104 relative to controls,

Allyl Isothiocyanate
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