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Overview

Isagro USA, Inc. (Isagro), is requesting the USDA’s National Organic Program (NOP) to
include Allyl Isothiocyanate (AITC) as a Synthetic Substance for use as a soil applied
nematicide, as a soil applied fungicide and as an organic option supporting the
certification of organic nursery seed and nursery stock plants in organic crop production.
The following petition to the National Organic Standards Board (NOSB) supports the
proposed addition of AITC as an allowed synthetic substance for use in organic crop
production (listing under 7 Code of Federal Regulations Part 205.601).

Isagro’s AITC and the corresponding federally registered use patterns offer organic
growers the only effective management tool for soil-borne diseases and pathogenic
nematodes at levels that are commercially relevant and supports the phytosanitary
certification process for organic fruit and vegetable nursery stock production. Future
organic growth depends on tools that are: commercially available for certified organic
farm land, support crop rotation practice standards (Part 205.205) with minimal
interruptions to cropping cycles due to unmanageable pest populations, commercially
obtainable organic nursery stock for a holistic organic crop and a proven, effective
management tool which reduces the risk of financial loss incurred from soil-borne
disease and nematodes. The addition of Isagro’s innovative and economically viable
source of oil of mustard (AITC) to the list of allowed substances under the NOP will
enable AITC to be available to organic production agriculture, benefiting the long-term
interest of organic farming operations with a long term benefit as a biologically based
disease and nematode control option.

AITC is a naturally occurring compound found in plants such as broccoli, brussel sprouts,
mustard, wasabi, and horseradish (Family Brassicaceae). AITC, commonly referred to as
Oil of Mustard, is the active ingredient in two Isagro biopesticide products registered by
the US Environmental Protection Agency (EPA), Biopesticides and Pollution Prevention
Division (BPPD).

Listed as “Generally Regarded as Safe” (GRAS), AITC is commonly used as a food
ingredient and additive under US Food and Drug Administration (FDA) jurisdiction.
Additionally, AITC is exempt from the requirement of a tolerance under the Title 40
Code Federal of Regulations (40CFR) Part 180.1167.
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I. Item A.

1. Petition for Inclusion of Allyl Isothiocyanate (AITC) on
the National List as a Synthetic Substance Allowed for Use as
a Nematicide and as a Fungicide in Organic Crop Product,
Part 205.601.

Isagro USA, Inc. (Isagro), is requesting the USDA’s National Organic Program (NOP) to
include Allyl Isothiocyanate (AITC) for use as a Synthetic Substance for use as a soil
applied nematicide and as a soil applied fungicide in organic crop production. This
petition will provide the guidance to the National Organic Standards Board (NOSB) to
support the proposed addition of AITC as an allowed synthetic substance for use in
organic crop production (listing under Title 7 Code of Federal Regulations Part 205.601).

Fungicide Justification Statement

The importance of crop rotation practices in organic production systems is
essential for disease management in grower fields, imperative within the leafy
vegetable and berry commodity industries. Future organic growth is limited by a
shortage of certified organic farm land to support proper crop rotations and the
risk of financial loss incurred from soil-borne disease. Subsequent, crop
rotations of strawberry/lettuce have led to epidemics of Verticillium and
Fusarium wilt diseases. Verticillium and Fusarium wilt, are caused by the plant
pathogenic fungi Verticillium spp., and Fusarium spp. affects both strawberries
and leafy greens as well as a number of other crops (e.g. potato, eggplant,
pepper, tomato, etc...). Once established, these diseases are difficult to manage
without pre-plant applications of soil fungicides. The organisms remain viable in
the soil for up to 14 years making crop rotation ineffective and problematic given
the wide host range for both these soil pathogens. A single infected lettuce
plant produces over 2 million resting spores (microsclerotia) with survivability
capable of infecting organic crops and at high enough populations to reduce
and/or render the soil incapable of commercial production. Disease resistant
lettuce or strawberry varieties are currently not commercially available. The
process of developing disease resistance traits in plants is lengthy and time
consuming as evidenced with only one variety of potato to date having
demonstrated resistance to Verticillium wilt according to the Cornell Organic
Production Guide. Green manuring cannot overcome the presence of high
populations of these plant wilt diseases in soil. AITC provides the only organic
control measure to facilitate such rotation for the critical management of soil-
borne pathogens such as Verticillium and Fusarium wilt diseases. AITC is
essential to the success of a systems-based approach and the ability to reduce
pest pathogen populations to levels that are biologically manageable and for a
well-balanced soil environment. Cropping site selection and soil health are
indispensable to organic farming. “Sites should not have recently been cropped
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to plants susceptible to Verticillium Wilt” (Cornell University 2015; Organic
Production and IPM Guide for Strawberries). Additionally, the Cornell University
Organic Production and IPM Guide for Strawberries guide recommends planting
cover crops for disease suppression then recommends, “Rotating a field out of
strawberries for at least 2 - 3 years is strongly recommended” when diseases
such as Black root rot (Pythium spp. & Rhizoctonia spp. disease complex)
pressures are not suppressed. The Cornell University 2015; Organic Production
and IPM Guide for Potatoes states, “The pathogen [Verticillium wilt] survives for
several years without a host crop and will infect and reproduce on many weeds.”
The guide then recommends the grower, “Plan a minimum of 3-4 years without
tomato, eggplant or pepper and maintain good weed control in rotational
crops.”

AITC is highly efficacious against a number of soil-borne pathogens, AITC is the
only organic alternative for organic growers to manage high infestations of soil-
borne pathogens like Verticillium wilt. As a Level C Part 205.206(e), the
fungicidal properties of AITC supports the mandated NOP Crop Rotation Practice
Standards as defined under 7CFR Part 205.205 while avoiding the 3 year
prohibition as defined under 7CFR Part 205.202- Land Requirements.

Nematicide Justification Statement- Crop Termination

AITC provides a beneficial methodology for organic nematicidal control as a post-
harvest (crop-termination) application. Parasitic nematodes are prevalent in
many soil types and geographies that attack the roots of susceptible host plants
causing mechanical damage associated with feeding and host invasion followed
by dysfunctional plant physiological effects, as well as, creating wound sites for
potential disease infection. Population dynamics increase as nematodes multiply
within their endoparasitic habitat. High populations of nematodes can cause
significant yield losses and even low nematode infestations can interact with
diseases (e.g. lesion nematode and Verticillium wilt in potatoes) exacerbating
crop and yield losses. Crops have significantly different tolerances for levels of
nematodes and pathogen colony forming units (CFU’s). The characterization of
nematode-host interactions has a myriad of dependencies, however post-
harvest applications of AITC has demonstrated a significant reduction in plant
parasitic nematodes.

While the practice of rotating crops is instrumental in many integrated pest
management programs, crop rotation can be detrimental as high levels of
nematode populations from the previous crops can remain in the infested soils
infecting a more susceptible host crop at a future date. Standard control
measures for nematodes consist of pre-plant treatments and the use of resistant
varieties. However, a number of nematode species (e.g. lesion nematode) have
hundreds of potential host plants making crop rotation and crop selection in
infested soils unmanageable under current organic programs. Additionally, the
list of available resistant organic seed nursery stock as well as the list of effective
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organically approved nematicides are extremely limited. These surviving high
levels of plant parasitic nematodes significantly diminish the efficacy of pre-plant
practices limiting their effect in protecting the next crop. By controlling parasitic
nematode populations in soil and in the host plant, the novel post-harvest
application methodology used to terminate the nematode infested (& pathogen
infected) host crop (post-harvest) is unique to AITC as registered and labeled by
the US EPA. AITC provides organic producers an enhanced benefit of crop
rotation and no-till cultural practices optimal growing conditions for organically
produced commodities. This novel AITC use pattern gives growers a tool for
nematode management. The crop termination application of AITC supports the
mandated NOP Crop Rotation Practice Standards as defined under 7CFR Part
205.205 and avoids the 3- year prohibition as defined under 7CFR Part 205.202-
Land Requirements.

Fungicide and Nematicide Justification Statement- Nursery Plants

The phytosanitary certification process facilitates the intra- and interstate
movement of plant materials (e.g. seeds and nursery stock) through an
inspection and certification program. The USDA Guide for Organic Crop
Producers states, “Although the seeds, annual seedlings, and planting stock used
in organic production must not be treated with prohibited substances, there is
one exception. Treatment with prohibited substances is allowed when the
application of those substances is a requirement of Federal or State
phytosanitary regulations.” The “California Department of Food and Agriculture
(CDFA) established a plant registration and certification (R & C) program. These
programs are implemented by the California Code of Regulations and enforced
by the Secretary of CDFA. These phytosanitary restrictions require the plant
materials to meet standards based on specific state and local requirements.
These programs are the result of close-working relationships between the
University of California, USDA and CDFA, with the added support of the
agricultural industry. Specific soil-borne pathogens and nematodes are the
targeted pests of the nursery stock registration and certification programs. The
criteria for establishing these programs are: 1) an established need; 2) sufficient
by available technical information; 3) an established source of “clean”
propagating stock; and 4) developed to assure the continued pest cleanliness of
the stock. Specific to this petition are the “Strawberry Nursery Stock
Certification” and the “Nematode Certification”. The primary tools developed
for maintaining pest cleanliness of the stock in these programs are: 1) biological
indexing (use of indicator plants which exhibit symptoms of virus or virus-like
diseases) and enzyme-linked immunosorbent assay (ELISA); 2) laboratory
techniques for the detection of nematodes; 3) eradication treatments
(thermotherapy, fumigation (methyl bromide or Telone 1I™) and hot water
treatments); and 4) visual field inspections targeted to specific life cycles of the
pests and plants.”
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The use of organic seed is a NOP requirement when organic seeds are
commercially available. Organic seed and nursery stock is difficult to obtain
under the strict qualifications of the certification programs. For example,
organic strawberry production has been included under a NOP exception, as
organic control options are not commercially available in strawberry nursery
stock or seed operations. “Growers must also consider where they obtain their
planting stock. According to language in the USDA-NOP regulation §205.202,
‘the producer must use organically grown seeds, annual seedlings, and planting
stock. The producer may use untreated nonorganic seeds and planting stock
when equivalent organic varieties are not commercially available. Seed and
planting stock treated with substances that appear on the National List may be
used when an organically produced or untreated variety is not commercially
available. Planting stock used to produce a perennial crop may be sold as
organically produced planting stock after it has been maintained under a system
of organic management for at least 1 year. Seeds, annual seedlings, and planting
stock treated with prohibited substances may be used to produce an organic
crop when the application of the substance is a requirement of Federal or State
phytosanitary regulations.” With the limited availability of organically certified
strawberry stock, growers will likely be able to justify the use of nonorganic stock
to their certifying agency” (Cornell University 2015; Organic Production and IPM
Guide for Strawberries).

The NOP regulations allow for the use of nonorganic materials when there are
no comparable organic pesticide options, in accordance with The California Code
of Regulations Sections 3055 -3056.6 and Section 3640 these pesticide options
are methyl bromide and Telone Il (1,3-dichloropropene). AITC provides the only
organic option to allow for the certification of organic nursery seed and nursery
stock plants (e.g. strawberries) in commercial organic operations. AITC can be
used to treat substrates for nematodes and pathogens supporting the
production of organic nursery stock and seed stock while complying with Federal
and state certification initiatives including the California Code of Regulations,
Article 9, “Regulations for California Certified Strawberry Plants” and the
“Nursery Stock Nematode Certification” program.

AITC organic crop production benefits:

Exemption from a required tolerance under 40 CFR; no crop residue profile.

Registered as a biopesticide by the US EPA Biopesticides and Pollution
Prevention Division.

Improves soil profile; food source for soil microbes.

An integrated management tool eliminating the 3 year re-cropping prohibition;
supporting crop rotation with no re-crop restrictions.

Provides an organic management tool for soil-borne pathogens and pests where
no alternatives exist.
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Provides a proactive management practice as an approved management tool for
production of organic seed and nursery stock where no commercial alternatives
exist (i.e. organic strawberry nursery stock).

Supports and enhances the objectives of an Integrated Pest Management
program.

Environmentally sound production under the manufacturing facility’s Standard
Operating Procedure considered all environmental, health, and safety aspects of
the process and took these into account in the plant design.

The formulation of AITC is a simple batch mixing process, and no excessive heat
or materials are generated. There are no impurities formed during the
processing and therefore no impurities of toxicological significance associated
with the manufacturing of AITC.

2. Organic Foods Production Act (OFPA) Category- Crop
and Livestock Materials

The chemical name and molecular formula (C4HsNS), allyl isothiocyanate (AITC)
contains a single sulfur atom; therefore, AITC may be considered a sulfur
compound. Sulfur compounds are identified under 7 CFR Part 6517 (c)(1)(B)(i) as
eligible substances to be included on the USDA’s NOP Synthetic Substance for
use in organic crop production.

Item B: Product Overview
1. Chemical Common Name
Substance name: Allyl Isothiocyanate, AITC

Allyl Isothiocyanate (AITC) has a long history of use having been first registered
by the U.S. EPA in 1962 for use in pesticides and rodent control products. Qil of
Mustard is a common food ingredient and has been listed on the U.S. Food and
Drug Administration’s Generally Regarded As Safe (GRAS) list since 1975.

AITC is an isothiocyanate containing a single sulfur atom. AITC is part of a linear
triad of double-bonded nitrogen, carbon, and sulfur atoms, with nitrogen
tethered to the isopropyl group and the sulfur atom at the terminus of this triad.
The triad, isothiocyanate, is the dominant chemical identity and is considered as
a singular group for classification.

2. Petitioner and Manufacturer Information

Isagro S.p.A. (d/b/a Isagro USA, Inc.)

Centro Uffici San Siro-Edificio D-ala3, Via Caldera, 21-20153
Milan, Italy

c/o
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Isagro USA, Inc.

430 Davis, Suite 240

Morrisville, North Carolina 27560 USA
(919) 321-5300

3. The Intended or Current Use

The current use of the substance, AITC, is pre-plant and post-harvest soil
treatments with broad-spectrum efficacy to control soil-borne pests such as
fungi, nematodes, insects, and weeds. The product is applied into the soil via
drip injection or using tractor-mounted shank injection (both shallow and deep)
to bare ground with or without plastic tarp. The proposed products may be used
to treat soils to be planted with any crop. Additionally, the product is labeled for
end of season crop termination treatment (post-harvest). The post-harvest use
pattern is applied after crop harvest for crop destruction. The targeted soil-
borne pathogens and nematodes are controlled as the infected / infested crop is
terminated by the post-harvest application. The product and uses of AITC have
been classified by the US Environmental Protection Agency (EPA) as non-food
use biopesticides. AITC is under review for participation in the certified seed
program under California Law. For further details of the approved uses, please

refer to the EPA stamped labels.
4, Intended Activities and Application Rate

Application rates and crops currently registered for use. Please refer to the US
EPA stamped labels for further details on the approved uses.

Table 1. Pre-plant soil application rates

Treatment site Broadcast Broadcast
equivalent equivalent
rates (Gal/A) | rates (Lb/A)
Field soils to be planted to: Crop Groups 1 (root and tuber 10-40 85-340
vegetables), 3 (bulb vegetables), 4 (leafy vegetables), 5
(brassica leafy vegetables), 6 (legume vegetables), 15 (cereal
grains) and (herbs and spices)
Field soils to be planted to: Crop groups 8 (fruiting vegetables), 10-40 85-340
9 (cucurbit vegetables) and13 (Berry and small fruit)
Field soils to be planted to: Crop groups 11 (pome fruit), 12 10-40 85-340
(stone fruit), 13-F (berry and small fruit — vine including grapes)
and 14 (tree nuts)
Nursery, Turf, and Ornamental Soils to be planted to: turf, 10-40 85 —-340
lawns, parks, golf greens, athletic fields, recreational turf area,
ornamentals, floral crops, forest tree seedlings
Seed or Transplant beds to be planted to: Food crops and non- 10-40 85 -340
food crops
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Table 2. End of season crop termination treatment rates

Treatment site Broadcast Broadcast
equivalent equivalent
rates (Gal/A) | rates (Lb/A)
Soils that were planted with the following crops: 3-20 26-170

Asparagus, brassica vegetables (broccoli, cauliflower), cereal
grains, cucurbit crops (cucumber, squash, melons), fruiting
vegetables (e.g. eggplant, peppers, tomatoes), herbs and
spices, leek, leafy vegetables (e.g. lettuce), legume vegetables,
root and tuber vegetables (carrot, garlic, onion, potato, sweet
potato), strawberries, berries (cane fruit).

Please refer to the US EPA stamped labels for further details on the approved uses.
5. Manufacturing Process

The petition requests that this source of AITC be an allowed synthetic
substance in organic crop production. Various techniques can be used by
organic growers for suppression of soil-borne pests. However, not all
organic farmers can utilize the same approaches and not all organic farms
have the same level of soil-borne pest pressure to achieve acceptable
management levels. Additionally, disease thresholds vary significantly by
crop which further impacts rotation decisions if a more sensitive crop is
planted directly following a less sensitive crop. For example lettuce
tolerance against Verticillium is 150 microsclerotia per gram of soil where
strawberry is only 3 microsclerotia / gram of soil.

AITC, when extracted from natural sources such as mustard, is over an
order of magnitude more costly than the petitioned substance.
Furthermore, extraction of AITC from natural source material uses
significant amounts of these natural sources (such as wasabi or mustard)
in the production process, straining these resources.

AITC, as delivered via cover crops, mustard meal, or other green
manuering techniques is impractical and costly (in 2015 a 9 ton per acre
rate of mustard meal cost the grower $1,800 per acre). The quantity of
material needed to be partially efficacious would result in a significant
commitment beyond that of the world’s current supply of these plant
materials and the applications into fields of large quantities of plant
material that would be required for efficacy would have significant
impacts on the ecosystems of these fields. Thus, concluding the plant
based approach is not sustainable for either technical or economic
viability under the current raw material sourcing. “Certain cover crops,
when tilled into the soil as green manures and degraded by microbes,
release volatile chemicals that have been shown to inhibit weeds,
pathogens, and nematodes. These biofumigant cover crops include
Sudangrass, sorghum-sudangrass, and many in the brassica family. .....
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Wait at least two weeks before planting a subsequent crop to reduce the
potential for the breakdown product to harm the crop (phytotoxicity).
This biofumigant effect is not predictable or consistent. The levels of the
active compounds and ability to suppress disease can vary by season,
cover crop variety, maturity at incorporation, soil microbial diversity, and
microbe population density” (Cornell Organic Potato Guide 2015).

The petitioned substance, AITC as an allowed synthetic substance,
enables the growers to have a consistent supply and truly effective tool
to control soil-born pests at a cost that is 50% less compared to applied
mustard meal per acre. Adding this economically viable source of oil of
mustard (AITC) to the list of allowed substances under the NOP will
enable AITC to be available to all production agriculture - both organic
and conventional. This will benefit the public’s long-term interest in
moving production agriculture further away from the use of traditional,
non-plant based soil treatments, whose impacts are problematic to the
environment and public health compared to the beneficial characteristics
of AITC.

The manufacturing facility had been studying the AITC process in the
laboratory, in pilot batches and at commercialization. A team comprising
of process and analytical chemists studied the individual process steps in
detail. The manufacturing facility considered all environmental, health,
and safety aspects of the process and took these into account in the plant
design and in developing a Standard Operating Procedure.

The manufacturing process does not involve any step that is not
associated with the formation of AITC, therefore, the presence of
impurities of toxicological concern is not considered possible. There are
no impurities of toxicological significance associated with the
manufacturing of the active ingredient.

All equipment is cleaned, sanitized and inspected for cleanliness
immediately before use. The equipment used to transfer product is
cleaned and flushed before use. Weights and lot numbers of ingredients
are recorded during formulation. All mixtures are visually inspected for
uniformity and homogeneity. Representative samples are tested for
active ingredient content in each production batch and provided with
export (Certificate of Analysis).

AITC is manufactured in the facility with rigorous clean out procedures
will be implemented between campaigns to minimize the potential for
cross-contamination.

No impurities are expected in the product as a result of carry-over of
impurities present in the intentionally added inert ingredients.
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Manufacturing processes are carried out in vessels that are easily cleaned
between batches and between different products.

Table 3. Composition

CAS Chemical Name CAS No. | Nominal (% w/w) | Purpose in Product
Allyl isothiocyanate 57-06-7 99.8 Active Ingredient
Impurities formed in situ NA 0.2 Impurity

100.00

Manufacturing Process Steps- Route of Synthesis
cfﬁs
=

WCI . N%Sﬁua —_— w\\\\\\/’/\

M

AITC is produced in a batch process through a reaction and isomerization
process.

Allyl chloride (CAS No. 107-05-1) is added to sodium thiocyanate (CAS No.
540-72-7) in water with tetrabutylammonium bromide (CAS No. 1643-19-
2). The mixture is then heated and agitated for 3 hours. After allyl
chloride has disappeared and a cooling and reheating process ensues, the
resulting liquid is allyl isothiocyanate (CAS No. 57-06-7).

The finished product is packaged in Department of Transportation
approved containers, i.e. poly ethylene jugs, bulk containers or mild steel
cylinders. A representative sample is retained from each batch in
accordance with Quality Controlled requirements for this product and
analyzed for active ingredient concentration. Scales used for weighing
finished product in the packaging step are calibrated every 6 months for
accuracy.

Chemical synthesis of oil of mustard (AITC) is the only economically feasible
method of production, particularly for commercial scale use. The production of
AITC and production facility are registered by the US EPA.

6. Ancillary Substances

Not applicable to this application.

7. Previous Reviews

The use of AITC as a biopesticide for soil treatment is a novel application of this
naturally occurring chemical resulting in the need for evaluation by the National
Organic Standard Board (NOSB).
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The Isagro end use product, Dominus®, containing AITC was registered
unconditionally by the EPA, Biopesticides Pollution Prevention Division (BPPD) as
a biopesticide on September 26, 2013. BPPD is responsible for regulating
biologically-based pesticides derived from materials such as animals, plants,
bacteria, and certain minerals. These biologically based substances are: naturally
occurring or are synthetically derived equivalent; historically demonstrate
minimal toxicity to humans and the environment; and have a nontoxic mode of
action to the target pest(s). The product use was intended as broad spectrum
soil-treatment, biopesticide. On December 20, 2013 Isagro USA, Inc. submitted a
petition to the USDA NOP. The NOP petition was based on the chemical
equivalence of synthetic AITC to naturally occurring AITC (oil of mustard) but did
not accurately define the specific use patterns AITC would provide the organic
grower community. During the first seasonal use of Dominus (AITC), Isagro
continued to learn about the product and the potential adoption of novel use
patterns supporting organic grower and government certification programs.
While Isagro believes the initial petition was founded on supporting evidence, on
March 12, 2015 the petition was withdrawn to included specific use patterns
providing control solutions for organic growers for situation where no organic
control measures exist.

AITC has been used in crop production and as a pesticide active ingredient since
the early 1960’s, and is allowed for use in organic production when derived from
natural plant sources (e.g. Mustgrow 5-1-1 Fertilizer; Pescadero Gold Mustard
Meal Fertilizer). Natural sources of AITC are derived from essential oil of
mustard (black mustard seed) and are in agricultural production at low
concentrations (Dazitol and Bugitol). However, the concentration of AITC in
those products (<£3.7% AITC) is not high enough to effectively terminate the crop
and reduce pathogen and pest populations before the crop residue is
redistributed in the field. Additionally, these products are not approved under
the phytosanitary certification program supporting organic seed and nursery
stock production.

With adoption into the USDA’s NOP, AITC would provide the agricultural
community an organic control solution for current organic growers and be a
useful incentive to those interested in converting conventional acres to organic.

8. Regulatory Authority

AITC (IR9804; EPA Reg. No. 89285-1) is the active ingredient in the end use
product marketed under the EPA alternate band name, Dominus (Primary Brand
name: IRF135; EPA Reg. No. 89285-2).

The NOP is the first jurisdiction globally where synthetically produced AITC has
ever been proposed for organic inclusion by a certifying entity. International
regulatory authorities have not considered or rejected synthetically-produced
AITC for inclusion as an approved substance for use in organic production, since
these international organizations have never been petitioned for such
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consideration. The first biopesticide registration of AITC was conducted by the
US EPA. Isagro is in the process of apply and obtaining global registrations for
AITC (Dominus).

Previous uses of AITC for organic production have all been limited in their scope
and quantity, and, therefore, production of AITC by synthetic means has never
before been an issue for consideration. Recently, however, the new use of AITC
as a soil-incorporated biofumigant has triggered the need for synthetic
production methods as a means of making the delivery of oil of mustard a
commercially feasible option for growers. As a consequence, the NOSB is the
first regulatory authority to consider these new beneficial use patterns of a long-
used naturally-occurring biochemical.

AITC is exempt from the requirement of a tolerance under 40CFR Part 180.1167
and GRAS listed by the US FDA.
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The end use product containing AITC is registered in number of states.

State registrations are identified in the chart below (see State Regulatory
Agencies for the most current registration status).

() submit [ Registered [:] No Registration (] Pending

9. The Chemical Abstract Service (CAS) number or other product
numbers of the substance and labels of products that contains the petitioned
substance. If the substance does not have an assigned product number, the
petitioner should state so in the petition.

Chemical Abstracts Service (CAS): CAS No. 57-06-7; EINECS No. 200-309-2

10.  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; (c) environmental impacts from its use and/or manufacture; (d)
effects on human health; and, (e) effects on soil organisms, crops, or
livestock.

a. Chemical interactions with other substances

The physical attributes and chemical characteristics of Isagro’s AITC and naturally
occurring AITC (oil of mustard) are indistinguishable (Table 4).
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Table 4. Oil of Mustard Properties.

Isagro AITC Oil of Mustard
Gas chromatograph purity analysis 100% w/w 98.93% w/w
Boiling Point 420 K 422 K
Density 1.017 g/mol 1.016 g/mol

b. Toxicity and environmental persistence

The behavior of AITC following applications as a biopesticide has been recently
summarized by the US EPA as part of their evaluation of this proposed new use
for oil of mustard (AITC) in their Biopesticide Registration Action Document,
BRAD (US EPA 2013). US EPA found that the scientific data on AITC indicate the
compound will have limited mobility within the soil, resulting in little or no
concern regarding propensity to enter into groundwater or surface water. The
characteristics indicate that the limited solubility, rapid breakdown in soils, and
organic carbon/water and octanol/water partition coefficients all lead to the
conclusion that there is limited concern as to the fate of AITC into environmental
waters.

a. Environmental impacts from its use and/or manufacture;

In nature, AITC is produced naturally as a plant defense found in the plant
Family, Brassicaceae. “Residues from Brassica crops have been shown to have
biotoxic activity against many soil-borne pathogens and pests. Isothiocyanates
(ITCs), mainly allyl isothiocyanate, contribute to the majority of toxic effects
observed in decomposing Brassica tissues (Chew, 1988)(Price, 2005)".

The limited volatility of AITC, coupled with its relatively rapid rate of breakdown
within soils indicates that emissions into the air will be limited, particularly when
compared to any of the ingredients used for fumigation in conventional
agriculture. The limited emission of AITC following use as a soil treatment has
been specifically verified in field-based volatility studies.

None of the metabolites anticipated to result from AITC use in soils are
persistent and none are expected to accumulate or result in emissions from
application sites at any appreciable level. For example, Carbon disulfide (CDS) is
a transient metabolite of AITC. However, it does not accumulate, breaks down
further into less reactive metabolites, and is not of significant concern. CDS, to
the extent that it is generated, is produced in the sub-surface soils following
application and, due to its own instability, degrades further within the sub-
surface environment. Ingestion of AITC in foods results in a similar transient
profile.

The environmental fate characteristics:

e Vapor Pressure (mm Hg) of 3.5 is lower than all other commercial
fumigants and lower still when compared with many classified “non-
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fumigant” conventional pesticides. Accordingly, AITC does not “fume”
within the soils and readily moves to the proximity of pests that are
relatively far away from the point of product introduction into the soils.
The relatively low vapor pressure also indicates that AITC has a low
potential to move to the soil surfaces and result in air emissions. This
low potential has been verified through the production of field based
studies of AITC flux rates into the air following applications as a
biopesticide.

e Octanol/Water Partition Coefficient (Log P) of 2.11 indicates that AITC has
a limited attraction to the aqueous environment and, consequently, has
a limited potential for leaching into ground-waters or otherwise moving
into the aqueous phase of soils.

e Hydrolysis (half-life in hours) of 744 at pH 7 and 642 at pH 9. While some
metabolites can be observed within 80 minutes, these rates indicate that
AITC breakdown via hydrolysis over time is slow and a minor pathway.

The physical characteristics of AITC and the structurally-related Methyl
isothiocyanate (MITC) are NOT similar, and their comparative behavior in field
and laboratory studies bares these differences (e.g. AITC vapor pressure 3.7 mm
Hg at 25 °C vs. MITC vapor pressure 16mm Hg at 25 °C). AITC, compared to
MITC, has numerous characteristics that set it apart in a manner that would
predict lower levels of volatility, exposure, and even propensity to result in
adverse effects in studies with animals (e.g. AITC Acute Oral Toxicity 425 mg/kg
vs. MITC Acute Oral Toxicity 55 mg/kg). These parameters include vapor
pressure, flash point, boiling point, octanol/water and organic/water partitions,
water solubility, soil adsorption, and soil degradation. All of these differences
support why AITC behaves differently as a biopesticide than the structurally
similar, but characteristically different MITC (Table 5).

Table 5. Environmental Fate of AITC & MITC

Environmental Factors AITC MITC
Molecular Weight 99.15 73.3
Boiling Point 151 °C 119 °C

Odor Pungent Pungent
Stability (metals, etc) Stable Unstable/Reactive
Flash Point 47 °C 23-30°C
Octanol/H20 Partition Coeff.(Log P) 2.11 1.1

Vapor Pressure 3.5 mm Hg 16 mm Hg
Soil Degradation Rates (tx) 20-60 hrs 192-336 hrs
Hydrolysis (pH 7 / pH 9) 744/624 hrs 490 /110 hrs
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Environmental Factors AITC MITC

Water Solubility 2.0g/L 8.94 g/L
Photolysis in Air (tx) ~ 30 hours 30 hours
Application rate Up To 326 Lbs/A 320 Lbs/A (metam sodium)

Green cells indicate AITC’s more favorable environmental footprint.

(d) Effects on human health;

As a long-approved and commonly used food additive and food ingredient, AITC
has been characterized with a broad range of toxicological studies, from acute
toxicity studies to full sub-chronic toxicity, chronic toxicity studies, and
oncogenicity studies in multiple species. These studies have largely been
produced and coordinated directly by the FDA’s authority (i.e., National
Toxicology Program (NTP) studies). The exposures to AITC (oil of mustard)
occurring broadly on a daily basis due to the presence of the substance in foods,
both naturally and as a food additive, all approved by the FDA, are significantly
higher than those that could occur to workers and bystanders from the use of
AITC as a biopesticide.

AITC is a strong eye and skin irritant as illustrated in acute toxicity studies (eye
irritation and skin irritation), and indicated within the broad array of studies
performed on AITC. For example, sub-chronic and chronic feeding with AITC, at
high enough levels in rats, causes increased thickness in the mucosal surface of
the stomach, an effect which is anticipated for a strong irritant. Essentially all
observations from the toxicological database can be associated with the
irritation potential of AITC. Observations of subcutaneous fibrosarcomas and
bladder transitional cell papillomas in rats are consistent with the findings
expected of a strong irritant upon long-term feeding at high rates. Foods in
which AITC is present at relatively high levels, such as wasabi and Dijon mustard
result in analogous traits of irritation to mucosal tissues.

When AITC is used as a biopesticide, using the EPA-required protective
equipment, application techniques, and post-application procedures, poses no
significant risks of adverse effects on workers, bystanders, and the general
public. The potential for exposure to workers has been evaluated extensively by
the US EPA, which has concluded that adequate mammalian toxicology data are
available to support safe use of AITC. The irritation potential of the product is
known and can be satisfactorily addressed through worker protection mitigation
measures (Personal Protective Equipment, established Re-Entry Interval periods,
etc.). When used according to EPA-approved labeling, concerns of adverse
impacts are mitigated.

The scientific database for AITC is extensive. As a long-term food additive and
very common component of foods, AITC has been evaluated extensively in
health effects studies. These studies were used by the regulatory authorities to
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assess and approve the new use of oil of mustard as a biopesticide. The field-
based studies on AITC substantiate the results of laboratory studies on AITC and
MITC — that AITC should, and does, behave differently than its structurally-
related counter-part, MITC.

The effects observed in oncogenecity studies are equivocal and represent
anticipated endpoints for a strong irritant (responses to chronic irritation of
direct contact tissues such as the skin and stomach, and the bladder, where
chronic irritation occurs upon long term accumulation in the rat). These chronic
exposures are not at all relevant to the proposed uses of AITC as a biopesticide,
where chronic exposures will not occur for the reasons described above. None
of the authoritative bodies that assess carcinogens, such as the International
Agency for Research on Cancer (IARC) and National Toxicological Program (NTP),
have concluded that AITC is a carcinogen. IARC list AITC as a Group 3, “Not
classifiable as to its carcinogenicity to humans.” NTP performed two
comprehensive carcinogenicity studies on AITC, one in rats and the other in
mice, and the authoritative agency has concluded that AITC should NOT be
classified as a carcinogen. The National Institute of Health is evaluating AITC as
a chemopreventive compound, “findings suggest that AITC may be most
effective in the bladder as a cancer chemopreventive compound” (Zhang, Mol.
Nutr. Food Res. 2010 January).

Additionally, safety measures are inherent as the EPA-approved label requires a
25-foot buffer zone following applications. The safety of this use of AITC has
been bared out over the last few years, as numerous applications of the EPA-
registered product, DOMINUS and DOMINUS 100, have been made without a
single reportable adverse incident. Field-based studies evaluating the potential
for AITC to emit out of the soils illustrate that AITC emissions are significantly
lower than any other fumigant used in agriculture today.

Table 6. Acute Toxicity of AITC & MITC

Acute Toxicity Testing AITC MITC
Oral Toxicity 425 mg/kg 55 mg/kg
Dermal Toxicity >200 <2,000 mg/kg 181 mg/kg
Inhalation Toxicity >0.21 < 0.508 mg/L 0.54 mg/L
Dermal Irritation Corrosive Corrosive
Eye Irritation Corrosive Corrosive
Skin Sensitization Yes Yes
Green cells indicate AITC’'s more favorable toxicity footprint.
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(e) Effects on soil organisms, crops, or livestock.

Brassicas are suggested cover crops in organic production guides (Cornell
Organic Strawberry Production). AITC naturally occurs in the cover crops
broccoli and brussel sprouts used as biofumigant suppressants to various crop
pathogens. “Endemic soil microbial communities have been exposed to AITC for
decades from the decomposing crops and [these microbes] have had ample time
to adapt it [AITC] as a carbon source” (Chellemi, et.al. 2015). AITC's major
ecological function is as a feeding deterrent against insects and animals
(Harborne and Baxter, 1993). The differences between delivering AITC into the
soil via “green manuring” methods versus direct application is that, in order to
get sufficient concentration of AITC into the soil to achieve efficacy against target
pests and diseases, the quantities of plant material required per acre is
impractical for any commercial-scale efficacy control compared to more passive
uses such as “green manuring: which delivers more suppression than control.
Additionally, green manuring can impede the cropping cycle while Isagro’s AITC
allows for recropping 10-14 days after application.”

11. Safety information about the substance including a Safety Data Sheet
(SDS) and a substance report from the National Institute of Environmental
Health Studies. If this information does not exist, the petitioner should state
so in the petition.

People are commonly exposed to dietary AITC since many vegetables contain
either AITC or produce the precursor to AITC, sinigrin. Sinigrin is converted to
AITC by the enzyme myrosinase when these plant cells are disrupted
(Bhattacharya et al., 2010; Zhang, 2010). Vegetables that are notably high in
sinigrin and/or AITC are cauliflower, kale, horseradish, wasabi, and mustard.
Wasabi may contain up to 34 umol sinigrin and/or AITC per gram wasabi (Zhang
2010). Brown mustard contains approximately 453 ug of AITC per gram, such
that a 10 gram serving has 4,530 pg of AITC (Jiao et. al. 1994).

12. Research information about the substance which includes
comprehensive substance research reviews and research bibliographies,
including reviews and bibliographies which present contrasting positions to
those presented by the petitioner in supporting the substance's inclusion on
or removal from the National List.

AITC generated from Brassicas has been used in crop production and in organic
production as a cover crop and green manure for its biofumigation properties.
Research of Brassica for these purposes has resulted in mixed reviews for
efficacy, lacking predictability and consistency for suppressing soil-borne pests.
“Brassica crop rotations are recommended where Verticillium wilt is present or
has been observed in the past. Brassica should be grown for a 2 year period and
crop residues incorporated into the soil.” “The Verticillium wilt fungus may
persist many years in soil and is devastating to strawberries under conditions
favorable for disease development. If possible, avoid sites where potatoes,
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tomatoes, eggplants, or brambles have recently been grown and, to a lesser
extent, squash, cucumber, pepper, or melons (Cornell Strawberry Product
Guide). Certain cover crops [Brassicacaea], when tilled into the soil as green
manures and degraded by microbes, release volatile chemicals that have been
shown to inhibit weeds, pathogens, and nematodes. Wait at least two weeks
before planting a subsequent crop to reduce the potential for the breakdown
product to harm the crop (phytotoxicity). This biofumigant effect is not
predictable or consistent. The levels of the active compounds and ability to
suppress disease can vary by season, cover crop variety, maturity at
incorporation, soil microbial diversity, and microbe population density (Organic
Production and IPM Guide for Potatoes; Cornell University). “Suppress soil-
borne diseases and nematodes: when used as a green manure, researchers have
found that mustards can suppress some diseases such as Verticillium dahliae and
Aphanomyces euteiches (common root rot). Mustard green manures have also
been found to suppress Columbia root-knot nematodes and may be effective
against other types of nematodes, but until more research is done, mustard
cover crops should be used to enhance, not eliminate, chemical control of
nematodes. The effects of mustard green manures may vary due to differences
in soil texture, organic matter levels, and quality; crop rotation; mustard variety
and growth; initial pest levels; and other biological factors. (Washington State
University Extension- Cover Crops for the Columbia Basin). Research has
demonstrated the inconsistencies of low level ITCs from green manures have on
the suppression of pest populations even confounding the notion of any benefit
from low ITC concentrations. The University of California, Davis concluded that
“Mustard cover crops are ineffective in suppressing soil-borne disease or
improving processing tomato yield” stating “The effects of mustard green
manures may vary due to differences in soil texture, organic matter levels, and
quality; crop rotation; mustard variety and growth; initial pest levels; and other
biological factors.” Morra and Kirkegaard (2002) “reported that no more than
1% of ITC [isothiocyanates] predicted from tissue glucosinolate concentration
was measured in soil amended with mustard leaf tissue.”

Furthermore while AITC’s major ecological function is as a feeding deterrent
against insects and animals (Harborne and Baxter, 1993) Brassica cover crops can
harbor and attract pest such as aphids, diamond back moth and nematodes.

As pesticide active ingredient since the early 1960’s, AITC is allowed for use in
organic production when derived from natural plant sources (e.g. Mustgrow 5-1-
1 Fertilizer (OMRI 2015); Pescadero Gold Mustard Meal Fertilizer (OMRI listed
2015)). Natural sources of AITC are derived from essential oil of mustard (black
mustard seed) and are in agricultural production at low concentrations (Dazitol
and Bugitol). However, the concentration of AITC in those products (3.7% AITC)
is not high enough to effectively terminate the crop and reduce pathogen and
pest populations before the crop residue is redistributed in the field. Isagro’s
AITC provides a proven and consistent tool for organic farming.
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The use of Isagro’s AITC as part of the USDA phytosanitary program to treat
substrates for nematodes and pathogens supporting the production of organic
nursery stock and seed stock is a novel application for this compound. Low level
AITC products are not being considered for this certification program.

13. Petition Justification Statement- Inclusion on the National List

Isagro’s AITC is chemically indistinguishable from the natural sources of AITC.
However, Isagro’s AITC and the corresponding federally registered use patterns
offer organic growers the only effective management tool for soil-borne diseases
and pathogenic nematodes at levels that are commercially relevant. Future
growth of organic food production depends on tools that are: commercially
available for certified organic farm land, support proper crop rotations with
minimal intrusion to cropping cycles, commercially obtainable organic nursery
stock for a holistic organic crop and a proven, effective management tool which
reduces the risk of financial loss incurred from soil-borne disease and
nematodes. The addition of Isagro’s innovative and economically viable source
of oil of mustard (AITC) to the list of allowed substances under the NOP will
enable AITC to be available to organic production agriculture, benefiting the
long-term interest of organic farming operations with a long term biologically
based disease and nematode control option.

The importance of crop rotation practices in organic production systems is
essential for disease management in grower fields and is better served with the
integration of AITC as a tool in a true IPM program. Future organic growth is
limited by a shortage of certified organic farm land to support proper crop
rotations and the risk of financial loss incurred from soil-borne disease. AITC is
highly efficacious against a number of soil-borne pathogens. AITC is the only
organic alternative for organic growers to manage infestations of significant soil-
borne pathogens like Verticillium and Fusarium wilt, facilitating crop rotations for
the critical management of soil-borne pathogens. AITC is essential to the success
of a systems-based approach and the ability to reduce pest pathogen populations
to levels that are biologically manageable and for a well-balanced soil
environment.

AITC provides a novel methodology for organic nematicidal control as a post-
harvest (crop-termination) application. The characterization of nematode-host
interactions has a myriad of dependencies, however post-harvest applications of
AITC has demonstrated a significant reduction in plant parasitic nematodes.
Standard control measures for nematodes consist of pre-plant treatments and
the use of resistant varieties. The high levels of infesting nematodes significantly
diminish the efficacy of a pre-plant treatments protecting the next crop. By
controlling parasitic nematode populations in and around the host plant, the
novel post-harvest application methodology used to terminate the nematode
infested (& pathogen infected) host crop (post-harvest) is unique to AITC. The
post-harvest application of AITC provides organic producers an enhanced benefit
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of crop rotation and no-till cultural practices leaning to optimal growing
conditions for organically produced commaodities.

The NOP regulations allow for the use of nonorganic materials when there are
no comparable organic pesticide options. AITC provides the only organic option
to allow for the certification of organic nursery seed and nursery stock plants
(e.g. strawberries) in commercial organic operations. AITC can be used to treat
substrates for nematodes and pathogens supporting the production of organic
nursery stock and seed stock. This would also support several state certification
initiatives including the California Code of Regulations, Article 9, “Regulations for
California Certified Strawberry Plants” and the “Nursery Stock Nematode
Certification” program.

Additional AITC organic crop production benefits:
e  Exemption from a required tolerance under 40 CFR; no crop residue profile.
e Improves soil profile; food source for soil microbes.

e Anintegrated management tool eliminating the 3 year re-cropping
prohibition; supporting crop rotation with no re-crop restrictions.

e Provides an organic management tool for soil-borne pathogens and pests
where no alternatives exist.

e Provides a proactive management practice as an approved management
tool for production of organic seed and nursery stock.

e Supports and enhances the objectives of an Integrated Pest Management
program.

e Environmentally sound production under the manufacturing facility’s
Standard Operating Procedure considered all environmental, health, and
safety aspects of the process and took these into account in the plant
design.

e The formulation of AITC is a simple batch mixing process, and no excessive
heat or materials are generated. There are no impurities formed during the
processing and therefore no impurities of toxicological significance
associated with the manufacturing of AITC.
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6/14/2016 eCFR — Code of Federal Regulations

ELECTRONIC CODE OF FEDERAL REGULATIONS

e-CFR data is current as of June 10, 2016

Title 40 — Chapter | — Subchapter E — Part 180 — Subpart D — §180.1167

Title 40: Protection of Environment
PART 180—TOLERANCES AND EXEMPTIONS FOR PESTICIDE CHEMICAL RESIDUES IN FOOD
Subpart D—Exemptions From Tolerances

§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.

[61 FR 24894, May 17, 1996]

Need assistance?
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I 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 Vegetable 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 LDsy 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 meaningful 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
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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 will 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 for 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 soil 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 http.//www.epa.gov/pesticides/glossary/.

11. ACTIVE INGREDIENT OVERVIEW
Common Name: Oil of Mustard

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

Trade & Other Names: Oil of Mustard
Allyl 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

Oil 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.

III. 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 “Isagro” 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. IRF135 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-E), 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 § 158.2030)

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 ldentification (MRID) Nos. 488241-03 thru -07):

The acute oral toxicity in rats for [F9804 (EPA File Symbol 89285-R), containing 99.8% AITC,
is LDsg = 425.4 mg/kg. Acute dermal toxicity (rat) is LDso > 200 mg/kg, and acute inhalation
toxicity (rat) is LCso > 0.21 mg/L. Therefore, IR9804 (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 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 (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: coveralls
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 aerosol, 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 lieu 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 vitro 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 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. 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 III Toxicity Studies

The biochemical pesticide Human Health Assessment data requirements for Tier II and Tier III
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 Disruptor
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 1 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. Chemicals that go through Tier 1 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 ingredients
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 1 screening battery, please visit our website:
http://www.epa.gov/endo/.

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
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Mustard or AITC are used according to the product label directions. AITC is a naturally
occurring component of the human diet and degrades rapidly in the soil with a short half-life
(T'2) 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 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 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
equipment (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 Exposure and Risk Characterization

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. 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.

c. 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 commodities, 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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C. 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 support 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 II
data requirements.

3. Ecological Exposure and Risk Characterization

Exposure and risk from the registered and proposed (pre-plant soil treatment) uses of AITC are
expected to be minimal for nontarget organisms, 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 result 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
(http://www.epa.gov/PR Notices/pr1996-7.pdf) (http://www.ea.gov/PR Notices/pr2002-1.pdf)
and (http://www.epa.gov/pesticides/health/risk-benefit.htm).
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Oil 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 submitted 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-E) 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.

C. 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 http.//www.epa.gov/compliance/environmentaljustice/index.html.

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 (including
both suspected and confirmed incidents) must be reported to the Agency.
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VII. Appendix A. Data Requirements (40 CFR Part 158-Subpart U)

TABLE 1. Product Chemistry Data Requirements for IR9804 (99.8% AITC) (40 CFR § 158.2030)

OPPTS 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
830.1700 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 ACCEPTABLE 48824102
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TABLE 2. Physical and Chemical Properties of TR9804 (99.8% AITC) (40 CFR § 158.2030)

OPPTS Guideline Property Description of Result MRID
No.
830.6302 Color Colorless 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 stable. 48824101
Temperatures, Metals and Metal lons
830.6315 Flammability Flashpoint = 46°C 48824101
830.6317 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
http://www.fao.org/ag/agn/jef
ca-flav/img/img/1560.gif for
the absorbance spectrum
830.7100 Viscosity Not Applicable for TGAI/MP -
830.7200 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; TGAI/MP is -
Diameter Distribution not fibrous
830.7550 Partition Coefficient 48824101
830.7560 (n-Octanol/Water) LogP=2.11
830.7570
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)

T MRID
OPPTS Guideline No. Study 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 impurities.

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 IRF135 (96.3% AITC) (40 CFR § 158.2030)

OPPTS Guideline Property Description of Result MRID
No.
830.6302 Color Not applicable per 40 CFR -
158.2030(e) — Product is an EP.
830.6303 Physical State Liquid 489194-01
830.6304 Odor Not applicable per 40 CFR -
158.2030(e) — Product is an EP.
830.6313 Stability to Normal and Elevated Not applicable per 40 CFR -
Temperatures, Metals and Metal Tons | 158.2030(¢) — 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
830.7200 Melting Point/Range Not applicable per 40 CFR -
158.2030(e) — 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 113% 8.2030(e) — 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 IR9804 (EPA File Symbol 89285-R) (40 CFR § 158.2050)
Study/OPPTS Guideline No. Results Toxicity MRID
Category/Description
Acute oral toxicity (rat) LDsy =425.4 mg/kg II 488241-03
(870.1100) ACCEPTABLE
Acute dermal toxicity (rat) LDs, > 200 mg/kg II 488241-04
(870.1200) ACCEPTABLE
Acute inhalation toxicity (rat) LCs0>0.21 mg/L II 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 - 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
90-Day inhalation toxicity Rationale submitted 488241-08
(870.3465) ACCEPTABLE
Mutagenicity Rationale submitted 488241-08
(870.5100, 5300 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/Description MRID
. Rationale submitted No acute oral exposure based 48824108, p. 18
?5" (;22111(?0(:11“3 Oral/OPPTS ACCEPTABLE on application method and

rapid environmental
degradation

Avian Dietary/OPPTS 850.2200

Rationale 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 LCso = 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 ECsy = 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. active ingredient

BPPD Biopesticides and Pollution Prevention Division

BRAD Biopesticide Registration Action Document

bw body weight

CBI Confidential Business Information

CFR Code of Federal Regulations

cm’ cubic centimeter

CSF Confidential Statement of Formula

°C degrees Celsius

ECsg median effective concentration. A statistically derived single concentration in
environmental medium that can be expected to cause an effect 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).

EDSP Endocrine Disruptor Screening Program

EDSTAC  Endocrine Disruptor Screening and Testing Advisory Committee

EP end-use product

EPA Environmental Protection Agency (the “Agency”)

FDA Food and Drug Administration

FFDCA Federal Food, Drug, and Cosmetic Act

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

FQPA Food Quality Protection Act

FR Federal Register

g gram

ha hectare

kg kilogram

Kow octanol-water partition coefficient

L liter

LCsg 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).

LDsg 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).

MRID No. Master Record Identification Number

mg milligram

mPa millipascal

mL milliliter

MP manufacturing-use product

N/A not applicable

NE “No Effect”

NIOSH 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

Office 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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Allyl isothiocyanate-rich mustard seed powder inhibits bladder cancer growth and
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Allyl isothiocyanate (AITC), which occurs in many common cru-
ciferous vegetables, was recently shown to be selectively delivered
to bladder cancer tissues through urinary excretion and to inhibit
bladder cancer development in rats. The present investigation was
designed to test the hypothesis that AITC-containing cruciferous
vegetables also inhibit bladder cancer development. We focused
on an AITC-rich mustard seed powder (MSP-1). AITC was stably
stored as its glucosinolate precursor (sinigrin) in MSP-1. Upon
addition of water, however, sinigrin was readily hydrolyzed by the
accompanying endogenous myrosinase. This myrosinase was also
required for full conversion of sinigrin to AITC in vivo, but the
matrix of MSP-1 had no effect on AITC bioavailability. Sinigrin
itself was not bioactive, whereas hydrated MSP-1 caused apopto-
sis and G,/M phase arrest in bladder cancer cell lines in vitro.
Comparison between hydrated MSP-1 and pure sinigrin with
added myrosinase suggested that the anticancer effect of MSP-1
was derived principally, if not entirely, from the AITC generated
from sinigrin. In an orthotopic rat bladder cancer model, oral
MSP-1 at 71.5 mg/kg (sinigrin dose of 9 pmol/kg) inhibited blad-
der cancer growth by 34.5% (P < 0.05) and blocked muscle in-
vasion by 100%. Moreover, the anticancer activity was associated
with significant modulation of key cancer therapeutic targets, in-
cluding vascular endothelial growth factor, cyclin B1 and caspase
3. On an equimolar basis, the anticancer activity of AITC deliv-
ered as MSP-1 appears to be more robust than that of pure AITC.
MSP-1 is thus an attractive delivery vehicle for AITC and it
strongly inhibits bladder cancer development and progression.

Introduction

Allyl isothiocyanate (AITC; 3-isothiocyanato-1-propene or 2-propenyl
isothiocyanate) belongs to a family of naturally occurring isothio-
cyanates (ITCs) and is a promising cancer preventive agent (1). AITC
occurs in many common cruciferous vegetables and is particularly
abundant in mustard, horseradish and wasabi. Indeed, it is mainly
responsible for the pungent flavor of these vegetables. AITC is syn-
thesized and stored as sinigrin (a glucosinolate) and is subsequently
generated from the latter through myrosinase-catalyzed hydrolysis of
sinigrin. Myrosinase coexists with sinigrin in vegetables, but gluco-
sinolate hydrolysis does not normally occur until the vegetable is
damaged, such as by insect chewing, fungal invasion, chopping and
human mastication. Myrosinase activity also exists in the intestinal
microflora in both animals and humans, and glucosinolates that es-
cape the action of vegetable myrosinase may be hydrolyzed in vivo.

Abbreviations: AITC, allyl isothiocyanate; DADW, an equal volume mixture
of dimethyl sulfoxide, acetonitrile, dimethylformamide and water; ICs,
half maximal inhibitory concentration; ITC, isothiocyanate; MMP, matrix
metalloproteinase; MSP, mustard seed powder; PARP, poly adenosine diphos-
phate ribose polymerase; PBS, phosphate-buffered saline; VEGF, vascular
endothelial growth factor.

However, it is not known to what extent sinigrin is converted to AITC
in vivo.

We have recently shown that AITC selectively targets human blad-
der cancer cells, while sparing normal human bladder epithelial cells,
is selectively delivered to bladder cancer tissues through urinary ex-
cretion and potently inhibits bladder cancer development and muscle
invasion in an orthotopic rat bladder cancer model (2). Thus, AITC is
a highly promising agent for bladder cancer prevention and treatment.
AITC may be especially valuable for prevention of recurrence and
progression of superficial bladder cancers. Most human bladder can-
cers present as superficial cancer (no muscle invasion) at initial di-
agnosis and are exposed to urine. Existing therapeutic agents against
recurrence of superficial bladder cancer, including immunotherapy
with Bacillus Calmette—Guerin bacteria and chemotherapeutic agents
not only have limited utility and efficacy (3,4) but also require urethral
catheterization for intravesical delivery, to take advantage of the su-
perficial nature of the cancer and to reduce systemic toxicity. In con-
trast, intravesical delivery of AITC is achieved through oral
administration.

In light of the promising anticancer activity of AITC against blad-
der cancer and its ability to reach bladder cancer tissue selectively via
urinary excretion, as described above, questions arose as to whether
plants that are rich sources of AITC/sinigrin can also inhibit bladder
cancer development, whether sinigrin can be sufficiently converted to
AITC in vivo and whether the plant matrix interferes with absorption,
urinary excretion and/or the anticancer activity of AITC. Mustard
seed powder (MSP) is a well-known rich source of AITC with thou-
sands of years’ history of use in Chinese traditional medicine, Ayur-
vedic medicine and various other traditional folk medicines and
cuisines. A previous study showed the chemopreventive effects of
MSP on chemically induced turmorigenesis in forestomach and uter-
ine cervix in mice (5). In the present report, we show that total ITC
content varies greatly among commercial MSP preparations. Focus-
ing on the MSP, which has the highest ITC content (MSP-1), we show
that AITC is the predominant, if not the only ITC, and that all AITC is
stored stably as sinigrin in the powder. Enough myrosinase is also
present in MSP-1 to allow full conversion of sinigrin to AITC upon
addition of water in vitro and after oral ingestion in vivo, but the
myrosinase apparently has no catalytic effect on sinigrin in the orig-
inal powder even though it may not be completely dry. We further
show that MSP-1 possesses potent anticancer activity in both cultured
bladder cancer cells and an orthotopic rat bladder cancer model
in vivo and that the MSP matrix has no effect on absorption and
urinary excretion of AITC. However, in animals given purified sini-
grin, AITC yield in vivo is extremely low, indicating poor conversion
from sinigrin to AITC by the myrosinase-like enzyme in the intestinal
microflora, and if not hydrolyzed by myrosinase, sinigrin has no
anticancer activity.

Materials and methods

Materials

Sinigrin and myrosinase were purchased from Sigma—Aldrich (St Louis, MO).
The MSPs include hot oriental MSP (MSP-1) purchased from Spice House
(Chicago, IL), MSP-2 from Frontier Natural Products (Norway, IA), MSP-3
from Raw Deal (Flanders, NJ) and MSP-4 from Viable Herbal Solutions (Lan-
ghome, PA). The powders have a particle size of ~60 mesh and were prepared
from the seeds of Sinapis alba or Brassica juncea, but the exact genotype and
cultivar for each powder are not clear. Antibodies specific for cleaved caspase
3 (Cat. # 9661) and cleaved poly adenosine diphosphate ribose polymer-
ase (PARP; Cat. # 9542) were purchased from Cell Signaling Technology
(Beverly, MA). Antibodies specific for vascular endothelial growth factor
(VEGF; Cat. # SC-152) and cyclin B1 (Cat. # SC-245) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). An antibody specific for
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glyceraldehyde 3-phosphate dehydrogenase (Cat. # MAB374) was purchased
from Millipore (Billerica, MA).

Animals

Female F344 rats (8 weeks of age) were purchased from Harlan (Indianapolis,
IN) and were acclimatized for ~1 week before use. The rats were maintained at
21-23°C and a 12 h light/dark cycle with free access of food (Harlan Teklad
LM-485 mouse/rat sterilizable diet) and water. All animal protocols and pro-
cedures were approved by the Roswell Park Cancer Institute Animal Care and
Use Committee.

Measurement of total ITC, glucosinolates and myrosinase in MSP

Total ITC level in each MSP was measured by the 1,2-benzenedithiol-based
cyclocondensation assay (6). Each MSP was incubated with myrosinase in
phosphate-buffered saline (PBS) (1 mg/ml) in the presence of exogenous myr-
osinase (0.1 IU/mg MSP) for 30 min at room temperature prior to ITC mea-
surement. Pure sinigrin was used as a control to confirm full hydrolysis of
glucosinolates in MSP. In a parallel experiment, an MSP-1 was incubated in
PBS (1 mg/ml) without exogenous myrosinase at room temperature for specific
times before ITC measurement to assess the effect of endogenous myrosinase.
To measure the stability of MSP-1 as an ITC source, the total ITC level was
rechecked after storage of this substance at room temperature for 10 months.

To measure sinigrin content, each MSP was thoroughly mixed at ~61 mg/ml
in a mixture of four solvents, containing an equal volume of dimethyl sulfox-
ide, acetonitrile, dimethylformamide and water (DADW). This solvent mixture
irreversibly inactivates myrosinase and efficiently extracts glucosinolates (7).
The mixture was then cleared of insoluble materials by low-speed centrifuga-
tion and analyzed for sinigrin content by high-performance liquid chromatog-
raphy, using a ZIC-HILIC hydrophilic interaction chromatography column
from Sequant (Umea, Sweden; 150 mm x 4.6 mm, 5 pm, 200 A) (8). Pure
sinigrin was used as a chromatographic standard. In a parallel experiment,
MSP or sinigrin was treated with myrosinase for 0.5 h at 30°C in an aqueous
1 ml solution, containing 1 pmol sinigrin or ~6 mg MSP, 0.2 ml of 100 mM
sodium phosphate (pH 6.0), 0.01 ml of 50 mM ascorbic acid (an activator of
myrosinase) (9), 0.02 IU myrosinase and 0.79 ml water. The digests were
analyzed for disappearance of glucosinolates by ZIC-HILIC, as described
above.

To measure the endogenous myrosinase activity, MSP was thoroughly sus-
pended in water (~10 mg/ml) and cleared of insoluble materials by filtration
through a Millipore Millex-HV filter. Myrosinase activity was measured in
a 1 ml reaction solution by monitoring the initial rate of hydrolysis of sinigrin
spectrophotometrically at 227 nm at room temperature (molar extinction co-
efficient of 6784 M~! cm™!). Each 1 ml reaction contained 50 pl sample,
which contained 6.3 nmol of sinigrin in the case of MSP-1, 10 pl of 50 mM
ascorbic acid in water, 200 pl of 100 mM sodium phosphate (pH 6.0) and
735 pl water, and 5 pl of 10 mM sinigrin in water was finally added to initiate
the reaction. One unit of myrosinase activity equates to the hydrolysis of 1 pmol
sinigrin/min.

Cell culture, proliferation assay, cell death enzyme-linked immunosorbent
assay and flow cytometry

Human bladder cancer UM-UC-3 cells and rat bladder cancer AY-27 cells were
used in the study. The sources of the cell lines as well as their culture con-
ditions have been recently reported (2).

To determine the antiproliferative activity of MSP or sinigrin, cells were
grown in 96-well plates (5 x 103 cells per well with 0.15 ml medium) for 24 h
and then grown for 72 h in fresh medium (200 pl/well) containing MSP,
sinigrin or vehicle. In the case of sinigrin, the culture medium was added with
or without myrosinase (0.1 IU/ml). Cell growth was measured at the end of
treatment using the 3-(4,6-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide assay (10), from which the half maximal inhibitory concentration (ICs()
of each substance was calculated.

Induction of apoptosis by MSP was measured using a Cell Death Detection
ELISAP"“ kit purchased from Roche Diagnostics (Indianapolis, IN), following
the manufacturer’s instruction. Briefly, cells were grown in 96-well plates and
treated with MSP, as described above. At the end of treatment, the cells were
lysed with lysis buffer, and after a low-speed centrifugation, a portion of
the supernatant fraction was used for measurement of cytoplasmic levels of
histone-associated mononucleosomes or oligonucleosomes.

Cell cycle arrest by MSP was analyzed by flow cytometry. Briefly, 1.5 x 10°
cells were grown in a 10 cm plate with 10 ml medium for 24 h and then treated
with MSP for 24 h before analysis by flow cytometry as described previously
(11). Both MSP and sinigrin were freshly dissolved in a small volume of PBS.

Measurement of AITC bioavailability

Groups of five female F344 rats (10-12 weeks of age) were administered
a single oral dose of MSP or sinigrin in ~0.5 ml water. The solutions were
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prepared fresh and given to the animals within 30 min of preparation. A control
group of rats were given only water. The rats were immediately transferred to
metabolism cages (Tecniplast, Exton, PA; 1 rat per cage) and were given free
access to food and water for 24 h during which all urine was collected. Total
urinary AITC equivalents were determined using the high-performance liquid
chromatography-based cyclocondensation assay, as described previously (12).

An orthotopic rat bladder cancer model

The anticancer activity of MSP was evaluated in an orthotopic rat bladder
cancer model. The details of this model have been recently reported (2).
Briefly, female F344 rats (8—10 weeks of age) were inoculated orthotopically
via a urethra catheter with AY-27 cells (1 x 10° cells in 0.5 ml serum-free
medium per rat). One day after the inoculation, the rats were randomly as-
signed to receive by gavage vehicle control (3.3 ml water per kg or ~0.5 ml per
rat) or MSP that was freshly prepared in an equal volume of water, once daily
for 3 weeks. The MSP solution was given to the animals within 30 min of
preparation. The animals were monitored and weighed daily and were eutha-
nized 24 h after the last dose, and the bladders were quickly removed and
weighed. Approximately half of each bladder was fixed in formalin for histo-
logical analysis and the other half was frozen in liquid nitrogen for western blot
analysis.

Western blot analysis

Cells were grown in 10 cm plates for 24 h (1.5 x 10° cells per plate in 10 ml
medium), treated with MSP (dissolved in culture medium) for 24 h and then
harvested for analysis. Cells after harvest were washed with ice-cold PBS and
lysed in radioimmunoprecipitation assay buffer supplemented with a protease
inhibitor cocktail (Sigma—Aldrich). Bladder tumor samples were thoroughly
washed in ice-cold PBS, frozen with liquid nitrogen, reduced to powder with
a biopulverizer and finally homogenized in radioimmunoprecipitation assay
buffer supplemented with a protease inhibitor cocktail mentioned above in
glass homogenizers. Cell lysates and tissue homogenates were cleared of de-
bris by low-speed centrifugation and measured for protein contents using the
bicinchoninic acid kit (Pierce, Rockford, IL). The samples were then resolved
by sodium dodecyl sulfate—polyacrylamide gel electrophoresis and transferred
to polyvinylidene difluoride membranes, which were probed by specific anti-
bodies and visualized using SuperSignal West Pico Chemiluminescence De-
tection System (Thermo Scientific, Rockford, IL) or ECL plus (GE Healthcare,
Piscataway, NIJ).

Histological analysis

Rat bladders fixed in formalin were paraffin embedded, cut to ~4 pum thickness
and stained with standard hematoxylin and eosin. The slides were examined for
bladder and tumor histology using a Nikon 50i light microscope. Tumor
muscle invasion was assessed at high magnification (greater than or equal
to x200).

Statistical analysis

All results are expressed as mean =+ standard error of the mean. Difference
between the means of two groups was analyzed for statistical significance
using unpaired two-tailed Student’s #-test with P < 0.05 being considered
significant (GraphPad Version 5.00; GraphPad Software, San Diego, CA).

Results and discussion

MSP as a vehicle for AITC delivery

In a preliminary experiment, MSP purchased from four different com-
mercial sources were compared for total ITC content. Each MSP was
suspended in PBS and treated with exogenous myrosinase for 30 min
to fully hydrolyze glucosinolates to ITCs, which was followed by
measurement of total ITC content by the high-performance liquid
chromatography-based cyclocondensation assay. Longer incubation
time with myrosinase did not increase ITC yield. Pure sinigrin was
used to confirm full hydrolysis of glucosinolate by myrosinase. MSP-
1 showed the highest ITC level (125.1 umol/g powder), followed by
MSP-2 (91.8 pmol/g), MSP-3 (5.1 pmol/g) and MSP-4 (3.9 pmol/g)
(Figure 1A). Thus, total ITC levels in these powders vary by as much
as 32-fold. Our subsequent experiments were restricted to MSP-1.
Upon re-assay of this substance after storage at room temperature
for 10 months, there was no decrease in total ITC level, indicating
remarkable stability. Further analysis showed that a significant
amount of myrosinase activity was also present in MSP-1 (29.2 +
3.6 1U/g powder). Thus, incubation of the powder in PBS without
exogenous myrosinase at room temperature yielded 91% (114 pmol/g)
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Fig. 1. Characterization of MSP. (A) Four different preparations (from four
commercial sources) of MSP, including MSP-4, MSP-3, MSP-2 and MSP-1,
were each incubated with exogenous myrosinase in PBS (I mg powder per
ml with 0.1 U myrosinase) for 30 min at room temperature (longer incubation
time did not lead to further increase in ITC yield). MSP-1 was also incubated
in PBS at room temperature for 0.5—4 h without exogenous myrosinase. At
the end of incubation, total ITC levels in each solution were measured by the
cyclocondensation assay. Each value is a mean = SEM (n = 3). The result at
the O time point was obtained by mixing MSP-1 with DADW, so that the
endogenous myrosinase was inactivated and potential conversion from
sinigrin to AITC was blocked. (B) MSP-1 was either mixed with DADW
or incubated with exogenous myrosinase in phosphate buffer for 30 min
before high-performance liquid chromatography. The arrows point to sinigrin
and two potential minor glucosinolates of unknown identity. The compound
or compounds representing the peak around 4 min has not been
characterized, but it is not a glucosinolate, because myrosinase treatment
had no effect on the peak. (C) Sinigrin was mixed in water with or without
myrosinase in phosphate buffer for 30 min before high-performance

liquid chromatography. The results are representative of at least three
experiments.

MSP-1 inhibits bladder cancer development

of total ITCs, although a longer incubation time (1.5 h) was needed
(Figure 1A). Further incubation of MSP-1 in PBS, however, led to
a decrease in total ITC levels (Figure 1A), suggesting that some of the
ITCs formed during the incubation might subsequently be further
metabolized or degraded in the aqueous environment or lost due to
evaporation (AITC is quite volatile).

We next measured sinigrin level in MSP-1. The powder was mixed
with the DADW solvent mixture, which was shown previously to
engender full extraction of glucosinolates and ITCs from vegetable
powders while simultaneously inhibiting myrosinase-mediated hydro-
lysis of glucosinolates. Sinigrin was measured by an analytical ZIC-
HILIC, and pure sinigrin was used as a positive control. For compar-
ison, the powder was also incubated with exogenous myrosinase in an
aqueous solution prior to sinigrin analysis. The sinigrin level was
measured at 125.9 pmol/g powder but hydrolyzed completely after
myrosinase treatment (Figure 1B). No ITC was detected in the
DADW extracts (Figure 1A), indicating that sinigrin was maintained
intact in MSP-1 despite the presence of myrosinase. Moreover, sini-
grin content in MSP-1 was almost identical to the total ITC level
measured after myrosinase treatment, as described above. Compari-
son of the HILIC chromatograms of MSP-1 with and without myr-
osinase treatment showed potential presence of two very minor
glucosinolates (Figure 1, peaks indicated by the arrows), as would
be expected based on previous work (13). Although the identities of
these glucosinolates are not known, their small peak area (~3% the
area of the sinigrin peak; peak areas of glucosinolates roughly corre-
sponds to molar concentrations), and the fact that sinigrin content in
MSP-1 matches closely with total ITC generated after myrosinase
treatment suggest that these glucosinolates may generate little if
any ITC.

Sinigrin hydrolysis in vivo

Previous studies have shown that up to 40% of certain ingested glu-
cosinolates may be hydrolyzed to ITCs by a myrosinase-like enzyme
present in the intestinal microflora (14-16). ITCs are primarily me-
tabolized in vivo through the mercapturic acid pathway, giving rise to
dithiocarbamates (mainly N-acetylcysteine conjugates) that are ex-
creted and concentrated in urine (1). To determine the extent to which
sinigrin is hydrolyzed to AITC in vivo, groups of five rats were ad-
ministered a single oral dose of either sinigrin at 5 and 50 pmol/kg or
MSP-1 at the sinigrin dose of 9 and 90 pumol/kg. Higher doses of
sinigrin from MSP-1 were used unintentionally due to initial under-
detection of its level in the powder. The rats were immediately moved
to metabolism cages (one rat per cage) for 24 h urine collection.
For comparison, another group of rats were administered AITC at
10 pumol/kg before 24 h urine collection. Our previous rat study
showed that >90% of urinary excretion of AITC equivalents (AITC
plus its dithiocarbamate metabolites) occurred within 24 h of AITC
dosing (17). AITC equivalents in urine were measured by the cyclo-
condensation assay. This assay does not detect sinigrin but detects both
ITC and its dithiocarbamate metabolites. All measurements were ad-
justed by the basal urinary level of total ITC and dithiocarbamate
(average concentration of 8.6 = 2.3 uM or 0.05 = 0.01 pmol in 24 h
urine), which was measured in a group of rats that were administered
only the vehicle. Urinary recovery as AITC equivalent in 24 h urine
represented only 3-5% of the administered dose when sinigrin was
used, whereas it increased to 53-56% of the administered sinigrin
when MSP-1 was used, which was virtually identical to the 55% re-
covery detected in rats administered AITC (Figure 2A). MSP-1 was
freshly suspended in water and given to the rats within 30 min. These
results show that the conversion of sinigrin to AITC in vivo by the
myrosinase-like enzyme in the gastrointestinal microflora is almost
negligible, but the myrosinase carried by MSP-1 could fully hydrolyze
sinigrin in vivo. These results also suggest that the MSP-1 matrix does
not affect the absorption and urinary excretion of AITC generated from
sinigrin. It is noteworthy that our previous study in female Sprague—
Dawley rats showed that 70% of the AITC dose (25 pmol/kg) was
recovered in 24 h urine (17), which is significantly higher than that in
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female F344 rats described above, suggesting potential species differ-
ence in absorption and/or urinary excretion of AITC.

Consistent with the marked difference in urinary AITC recovery
rates described above between pure sinigrin and sinigrin carried in
MSP-1, average 24 h urinary concentrations of AITC equivalents
were 6.3 and 41.5 pM in rats given pure sinigrin at 5 and 50 pmol/
kg, respectively, whereas the corresponding urinary concentrations
were 140.5 and 1084.5 pM in rats given MSP-1 at the sinigrin doses
of 9 and 90 umol/kg (Figure 2B). The average 24 h urinary concen-
tration of AITC equivalents was 100.7 uM in rats given AITC at
10 pumol/kg, which is not statistically different from that in rats given
MSP at the sinigrin dose of 9 pmol/kg.

The anticancer effect of MSP-1 on bladder cancer cells in vitro

The anticancer activity of MSP-1 was first assessed in vitro using
human bladder cancer UM-UC-3 cells and rat bladder cancer AY-27
cells, the latter of which were also used in the animal studies de-
scribed later. The proliferation of both UM-UC-3 cells and AY-27
cells was inhibited by MSP-1 in a dose-dependent manner, with
ICs( values of 10.8 and 8.6 pM of sinigrin (85.8 and 68.3 pg MSP-
1 per ml culture medium), respectively (Figure 3A). Pure sinigrin was
ineffective, but in the presence of myrosinase, its ICs, values of 13.3
UM (UM-UC-3) and 8.5 pM (AY-27) were comparable with that of
MSP-1 calculated in sinigrin concentration (Figure 3A). As shown in
Figures 1A and 2, adequate myrosinase is present in MSP-1 for full
hydrolysis of its sinigrin. Collectively, these results suggest that AITC
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Fig. 2. Sinigrin hydrolysis and urinary excretion of AITC. Groups of five
female F344 rats were administered a single oral dose of sinigrin, MSP-1 or
AITC. Both sinigrin and MSP-1 were mixed in water, whereas AITC was
mixed in soy oil, which were given to rats within 30 min of preparation. The
rats were kept in metabolism cage for 24 h urine collection (1 rat per cage).
Urinary levels of ITC equivalents were measured by the cyclocondensation
assay. All values were adjusted by background urinary levels of ITC
equivalents, which were 8.6 = 2.3 uM (average 24 h urinary concentration)
and 0.05 £ 0.01 umol (24 h urine), determined in another group of rats. Each
value is mean + SEM (n = 5).
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formed from sinigrin may account principally if not entirely for the
anticancer activity of MSP-1.

Inhibition of cell proliferation by MSP-1 was associated with
marked induction of apoptosis and cell cycle arrest. Thus, treatment
of UM-UC-3 cells and AY-27 cells with MSP-1 at the sinigrin con-
centrations of 13 and 26 UM for 24 h resulted in up to 8.2- and 4.2-fold
increases in apoptosis activity, respectively, for the two cell lines
(Figure 3B). Up to 49.1% UM-UC-3 cells and 30.4% AY-27 cells
were in G,/M phase after MSP-1 treatment compared with 10.9—
14.0% of control cells present in Go/M phase (Figure 3C). Similar
results were shown previously with AITC (2). These results show that
the antiproliferative effect of MSP-1 on the bladder cancer cells re-
sulted at least in part from activation of apoptosis and cell cycle arrest.

The effect of MSP-1 on bladder cancer growth and muscle invasion in
vivo

MSP-1 was assessed for inhibition of bladder cancer in vivo in an
orthotopic rat bladder cancer model, which closely resembles human
bladder cancer development. Orthotopic bladder cancer growth was
initiated by intravesical inoculation of bladder cancer AY27 cells (1 x
10 cells per rat) in female F344 rats. MSP-1 was administered by
gavage once daily for 3 weeks, which was started 1 day after cancer
cell inoculation. The animals were monitored closely, weighed daily
and euthanized at the end of the treatment. The bladders were
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Fig. 3. The effect of sinigrin and MSP-1 on survival and proliferation of
bladder cancer cells. (A) UM-UC-3 cells and AY-27 cells were grown in 96-
well plates and treated with MSP-1 (filled sqaures), sinigrin (inverted filled
triangles) and sinigrin plus myrosinase (open squares) for 72 h, followed by
measurement of cell density by 3(4,5-dimethylthiazol-2-yl1)-2,5-
diphenyltetrazolium bromide assay. (B) Cells were grown in 96-well plates
and treated with MSP for 24 h. Apoptosis was measured by an enzyme-
linked immunosorbent assay. (C) Cells were grown in 10 cm dishes and
treated with MSP-1 for 24 h. Cell cycle distribution was measured by flow
cytometry (open bars, Gy; striped bars, S; filled bars, Go/M). Each value is
mean + SEM (n = 3-8). *P < 0.05 compared with the control.
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removed promptly for assessment of potential impact of the test sub-
stance on tumor growth. The animals in all groups behaved normally
and there was no significant difference in body weight gain over the
experimental period among the groups (Figure 4A). Bladder tumors
formed in nearly all rats. The tumors in the control group weighed
337.1 + 48.6 mg (Figure 4A), which is five times the normal bladder
weight (67.7 = 1.8 mg), showing the explosive cancer growth rate.
Moreover, tumors invaded the musculature in 71% of the tumor-
bearing bladders (Figure 4B). Similar tumor growth and muscle in-
vasion rates were previously seen (2). Treatment with MSP-1 at the
sinigrin doses of 9 or 90 pumol/kg body wt (71.5 or 715 mg MSP-1 per
kg body wt) reduced tumor weight by 35% (P < 0.05) and 23%,
respectively. More interestingly, none of the tumor-bearing bladders
of rats treated with the low-dose MSP-1 showed muscle invasion,
whereas the muscle invasion rate in the high-dose MSP-1 group
was 62%, which is only slightly lower than that in the control group
(Figure 4C). Thus, MSP-1 at the low dose is more effective than the
high dose. Although the reason is not known, we recently showed that
AITC at 10 pmol/kg was also more effective than at higher doses in
inhibiting bladder tumor development in the same model (2). How-
ever, compared with AITC, which at 10 pmol/kg inhibited bladder
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Fig. 4. Inhibition of bladder cancer development by MSP-1. Female F344
rats were inoculated with AY-27 cells intravesically via a urethra catheter to
initiate development of orthotopic bladder cancer. Oral administration of
MSP-1 or vehicle (water) once daily was started 1 day after cancer cell
inoculation and ended 3 weeks later. The number of rats per group varied
from 11-29. (A) Initial (open bars) and final (filled bars) body weights.
(B) Tumor weight was calculated by subtracting the average normal bladder
weight from tumor-bearing bladder weight. *P < 0.05. Each value in A and
B is mean + SEM. (C) Percentage of bladder where the tumor invaded the
muscle tissue.
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cancer growth rate by 30% and muscle invasion rate by 73% (2), the
anticancer efficacy of MSP-1 appears to be more robust, particularly
in blocking muscle invasion.

The ability of MSP-1 to completely block muscle invasion of blad-
der cancer is especially exciting because muscle invasion is the event
that separates relatively benign superficial bladder cancer that is gen-
erally not life-threatening from more advanced cancer that requires
aggressive therapy and has poor prognosis. Approximately a third of
bladder cancers at diagnosis show muscle invasion, and 15-30% of
high-grade superficial bladder cancers progress to muscle invasion
within 5 years. Muscle invasive bladder cancer remains a therapeutic
challenge. Patients with muscle invasive bladder cancer not only re-
quire debilitating radical cystectomy but also face a poor survival
outlook (18)

Potential anticancer mechanism of MSP-1

In view of the complete inhibition of muscle invasion of bladder
cancers in rats treated with MSP-1, several proteins that are known
to promote cancer invasion and metastasis were examined in the
bladder cancer tissues and cultured bladder cancer cells. Both matrix
metalloproteinase (MMP)-2 and MMP-9 were readily detected in the
tumor tissues, but treatment with MSP-1 had no effect on their ex-
pression (results not shown). Likewise, MMP-2 and MMP-9 were
readily detected in both UM-UC-3 cells and AY-27 cells in culture
but not affected by MSP-1 (result not shown). The potential effect of
MSP-1 on other MMPs has not been examined. However, MSP-1
treatment caused a significant decrease in VEGF (VEGF-A) in both
cultured bladder cancers and bladder cancer tissues (Figure 5). In-
terestingly, the inhibitory effect of MSP-1 on VEGF in vivo was
detected only at the low dose (9 pmol/kg sinigrin) but not the high
dose (90 umol/kg sinigrin), which correlates with the markedly more
effective inhibition of tumor invasion into the muscle by MSP-1 at the
low dose as described above. However, the reason for the lack of
effect at the high MSP-1 dose is not known. Other members of VEGF
have not been examined. VEGF is well known to promote cancer
angiogenesis, invasion and metastasis and is a widely recognized
anticancer target, although VEGF-C was shown previously to pro-
mote invasion and metastasis of certain cancer cells (19). A previous
study showed that VEGF expression level was higher in more ad-
vanced tumors and invasive tumors in human bladder cancer (20).
Moreover, MSP-1 also strongly activated caspase-3 and cleaved
PARP in both UM-UC-3 cells and AY-27 cells (Figure 5), which is

Fig. 5. The effect of MSP-1 on selected anticancer targets. UM-UC-3 cells
and AY-27 cells in culture were treated with MSP-1 at the sinigrin
concentrations of 13 or 26 uM for 24 h. The results are representative of at
least two experiments. The bladder tumors were removed from rats, which
were treated with vehicle or MSP-1 at the sinigrin doses of 9 or 90 umol/kg
once daily for 3 weeks, starting 1 day after cancer cell inoculation. The
results are representative of tumors from other rats. Cell lysates and tumor
homogenates were analyzed by western blotting, using glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as a loading control.

2109

2T0Z ‘€T aunr uo 1s8nb Aq /B1o'sfeulnopiojxo uiosedy/:dny woly papeojumod


http://carcin.oxfordjournals.org/

A.Bhattacharya et al.

consistent with induction of apoptosis by MSP-1 in these cells (Figure
3). Caspase-3 and PARP were also uniformly activated or cleaved in
bladder cancer tissues of rats treated with MSP-1 (Figure 5). Interest-
ingly, unlike VEGF, the low and high doses of MSP-1 showed similar
effects on caspase-3 and PARP in vivo. There was a varying degree of
activation of caspase-3 in ~10% of bladder tumors in the control
group. The reason for this phenomenon is not clear, but there was
no apparent difference in morphology (both gross morphology and
hematoxylin/eosin-stained tissue slides) between these control tumors
and control tumors showing no caspase-3 activation (results not
shown). AITC showed similar effects on caspase-3 in bladder cancer
cells in vitro and bladder cancer tissues in vivo, as previously reported
2).

MSP-1 also caused significant downregulation of cyclin B1, a key
regulator of G,/M phase, in cultured AY-27 bladder cancer cells and
67% bladder cancers (derived from AY-27 cells) in vivo (Figure 5). As
in the case of caspase-3 and PARP, the low and high doses of MSP-1
showed similar effects on cyclin B1. Interestingly, the level of cyclin
B1 in MSP-1-treated UM-UC-3 cells was not significantly different
from that in control UM-UC-3 cells (Figure 5). But the result in UM-
UC-3 cells should still be interpreted as cyclin B1 downregulation
because cyclin B1 is selectively expressed in Go/M phase and the
proportion of cells in Go/M phase after MSP-1 treatment increased
up to 3.5-fold (Figure 3C). It is worth noting that AITC was shown
previously to consistently downregulate cyclin B1 in both UM-UC-3
cells as well as in AY-27 cells in vitro and bladder tumors derived from
AY-27 cells in vivo (2).

In summary, there is a considerable variation in AITC/sinigrin
levels among commercial preparations of MSP. Restricting our ex-
periments to MSP-1, which possesses the highest level of AITC/sini-
grin, we show that all AITC is stored as sinigrin in the powder and that
sinigrin is the predominant if not the only ITC-generating glucosino-
late. Sinigrin is highly stable in MSP-1. However, significant myro-
sinase activity is also present, which catalyzes full conversion of
sinigrin to AITC when the powder is mixed in water in vitro and after
it is ingested in vivo. Moreover, the matrix of MSP-1 did not interfere
with AITC absorption and urinary excretion. Thus, MSP-1 is a highly
attractive delivery vehicle for AITC. While sinigrin itself is not bio-
active, MSP-1 inhibits the growth of bladder cancer cells in vitro,
which was associated with strong induction of apoptosis and G,/M
phase arrest. It also significantly inhibits bladder cancer growth and
completely blocks muscle invasion in vivo. The anticancer effect of
MSP-1 was accompanied by modulation of multiple well-known can-
cer therapeutic targets, including activation of caspase-3, cleavage of
PARP and downregulation of both cyclin B1 and VEGF. Comparison
of dose response in vivo between inhibition of tumor growth and
muscle invasion by MSP-1 and its modulation of the above-mentioned
proteins suggests that downregulation of VEGF may be critical for
MSP-1 to inhibit tumor invasion into the muscle. Taken together,
MSP-1 is a highly promising substance for prevention and treatment
of bladder cancer. Further preclinical and clinical evaluation of this
substance is warranted.
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NIPM ltem #3

REGULATIONS FOR NURSERY INSPECTIONS
AND NURSERY STOCK CERTIFICATES

Any person producing and/or selling nursery stock is required to comply with the standard of
cleanliness and other requirements of this article. California Nursery Stock Certificates may be
issued by the Commissioner or the Department for use on shipments of nursery stock, including
seed, by any shipper complying with the requirements of this article. Shipments bearing valid
certificates may move to counties without being held for inspection at destination. Specific
County requirements and quarantine regulations may restrict movement of some kinds of nursery
stock from certain areas.

3060. Nursery and Seed Inspection.

Definitions. The following definitions, in addition to those stated in Subarticle 10 Sections 25-49
and 5001-5008 of the Food and Agricultural Code, apply to this article.

(a) “Qualified nursery and seed inspector’” means a representative of the County Agricultural
Commissioner who:

(1) Possesses a State certificate of qualification in Nursery and Seed Regulation and
Plant Quarantine and Pest Detection, or

(2) A member of a Commissioner's staff possessing required experience and education,
studying for State certification, and working under the supervision of a qualified nursery
and seed inspector.

(b) “Noxious weed seed” is as defined in Subarticle 10 Section 52256 of the Food and
Agricultural Code.

(c) “Turf” means field cultivated turfgrass sod consisting of grass varieties, or blends of grass
varieties, and Dichondra for use in residential and commercial landscapes.

Note: Authority cited for Sections 3060 through 3060.5: Sections 407, 6901-6904, 6961-6970,
and 52333, Food and Agricultural Code.
Reference: Sections 5821-5827, 6901-6904, 6961, 6965, 6968, and 52333, Food and
Agricultural Code.

3060.1. Inspection of Nurseries.

(a) Each Commissioner shall inspect nursery stock, other than seed, which is being grown or
sold as often as is required to assure compliance with pest cleanliness.

Note: Authority cited: Sections 407, 6502, 6901, and 6902, Food and Agricultural Code.
Reference: Sections 6502, 6901-6904, and 6961, Food and Agricultural Code.

3060.2. Standard of Cleanliness.
Any person selling, handling or growing nursery stock, other than seed, produced, held, or offered

for sale, shall maintain the following standard of cleanliness of nursery stock in his possession.
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(@) All nursery stock shall be kept commercially clean in respect to established pests of general
distribution. Commercially clean shall mean that pests are under effective control, are present
only to a light degree, and that only a few of the plants in any lot or block of nursery stock or on
the premises show any infestation or infection, and of these none show more than a few
individuals of any insect, animal or weed pests or more than a few individual infestations of any
plant disease.

(b) All nursery stock shall be kept free of:

(1) Pests of limited distribution including pests of major economic importance which are
widely, but not generally distributed, except as provided in section 3060.4 (a)(1)(C) below;
and

(2) Pests not known to be established in the State. Included in the meaning of this
paragraph is that turf shall be kept free of noxious weeds.

(c) Where the Commissioner or Secretary determines that a history of weed pest problems
exists, turf shall be grown on soil treated with methyl bromide in accordance with treatment and
handling procedures approved by the Department. Weed pests established in and around the
growing grounds shall be controlled to a point that they are not likely to infest the growing turf. In
addition, the Commissioner or Secretary may require clean fallowing, trap cropping, or other
cultural controls as may be necessary to assure the pest cleanliness of the turf when shipped.

Note: Authority cited: Sections 407 and 6901, Food and Agricultural Code.
Reference: Sections 6901-6904, Food and Agricultural Code.

3060.3. Plants That Are Pests.

A plant that is a pest does not meet the standards of cleanliness contained in Section 3060.2 and
may not be produced, held or offered for sale as nursery stock.

(a) All plants defined as a noxious weed under Title 3, California Code of Regulations, Section
4500, are a pest plant.

Note: Authority cited: Sections 407, 5322 and 6901, Food and Agricultural Code.
Reference: Sections 403, 407, 5322 and 6901, Food and Agricultural Code.

3060.4. Enforcement.

(@) The Commissioner shall keep records of inspections made and of orders issued to enforce
this article.

(1) Inspections of the growing grounds, storage yards, and sales places of nursery stock,
other than seed, shall be performed by a qualified nursery and seed inspector who shall
make a sufficient examination of all varieties and all lots or blocks of nursery stock and all
established plants, appliances, and other things thereon as may be necessary to
determine compliance with this article.

(A) The inspection shall be substantiated by the filing with the Commissioner of a
report of such inspection showing the names of pests and infested or infected host
plants and their location in the nursery, and the disposition of all blocks of stock
found infested or infected to a degree greater than the minimum requirements of
this article.
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(B) The Commissioner or the Director may require by a written order that any
nursery stock found infested or infected with a pest shall be isolated or safely
delimited in a manner approved by the Commissioner or the Director, and may
specify that the pest shall be controlled or eradicated, or that the infested or
infected plants shall be disposed of in a manner satisfactory to the Commissioner
or the Director within a reasonable specified length of time.

(C) The Secretary may permit nursery stock which may be infested with pests,
subject to quarantine regulations or Section 3060.2(b)(1), to be sold for planting or
for resale for planting, within the area under quarantine or area infested with a
specified pest, where the nursery stock is offered for sale, provided that:

1. A quarantine or other pest shall not be eligible for movement as
described in this section unless it has been so designated herein by the
Secretary (the Secretary has designated Homalodisca vitripennis, glassy-
winged sharpshooter, as eligible for movement as described in this
section); and

2. The nursery stock is moved between points within the area under
guarantine or within the area infested with the specified pest and involves
no movement outside thereof; and

3. The pest is not under eradication in the quarantine or infested area; and

4. Movement of the nursery stock is not specifically prohibited by the
guarantine regulation or local ordinance; and

5. The nursery stock is commercially clean.

(D) Nursery stock which does not meet the standards of cleanliness prescribed in
Subarticle 10 Section 3060.2 shall not be sold except as provided in (C) above or
under a written agreement between the buyer and seller which discloses the
following:

1. Failure to comply with the standards of cleanliness;

2. Affirmation of the buyer's agreement to purchase the stock on an “as is”
basis; and

3. Written agreement by the destination department of agriculture the
stock for planting by the buyer or resale at retail for non-farm use in the
destination county or state.

(2) Inspection of seed for the purpose of issuing nursery stock certificates shall be in
accordance with the methods prescribed for official sampling and examination of seed for
noxious weed seed under the California Seed Law. Sampling and examination shall be
performed by a qualified nursery and seed inspector or by a seed botanist of the
Department. The inspection is to be substantiated by the filing with the Commissioner of
a report by the inspector for each six-month period showing that the shipper has complied
with this article.

(b) Notification.
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(1) When an application to sell nursery stock is received from a person not previously
licensed at the location involved, the Director shall notify the Commissioner allowing 15
days for the Commissioner to make whatever recommendations he deems appropriate
regarding the issuance of the license.

(2) Upon receipt of notice from the Commissioner that a licensee or applicant for a
license has failed to comply with the standard of cleanliness set forth herein or has failed
to comply with a written order issued by the Commissioner, the Director will take
appropriate action against the application or license involved.

(3) The Commissioner shall notify the Director of the issuance, suspension, or revocation
of nursery stock certificates to any shipper.

(4) The Commissioner shall notify the Director when a shipment of nursery stock from
within the State is found infested or infected with a pest in violation of the standard of
cleanliness herein established.

(c) Suspension. The use of nursery stock certificates shall be suspended, as to all nursery stock,
other than seed, or as to infested or infected and exposed host plants:

(1) Upon finding in the nursery any new pest, determined by the Director to be of serious
importance to agriculture or pending such determination, until isolation, clean up, or
eradication in a manner approved by the Director is complied with; or

(2) Upon finding in the nursery any pest that is required by this article to be kept under
intensive control until either

(A) All hosts or carriers likely to be infested or infected are prohibited movement
by a written hold order or

(B) Adequate precautions or intensive control measures have been applied which
will assure the pest cleanliness of hosts or carriers when shipped; or

(3) Upon finding in the nursery an infestation or infection or any established pest of
general distribution in a degree greater than commercially clean, until such infestation or
infection is controlled to the satisfaction of the Commissioner or Director.

(d) Revocation. Nursery stock certificates shall be revoked:
(1) As to nursery stock, other than seed, upon repeated findings within the preceding
twelve months that the shipper has failed to maintain the standard of cleanliness herein
prescribed,;

(2) As to nursery stock, including seed, upon finding that the shipper has violated any law
or regulation pertaining to nursery stock, including seed, or the requirements of this article.

(e) Refusal. Issuance of nursery stock certificates may be refused if during the preceding twelve
months:

(1) An authorization of the shipper to use nursery stock certificates has been revoked; or

(2) The shipper has failed or refused to comply with any law or regulation pertaining to
nursery stock or pests; or

Revised 12/24/14 NIPM 3 page 4



(3) Conditions in or around the nursery have exposed nursery stock to infestation by
pests, including weed seeds, and for which adequate precautions or control measures
cannot be or have not been applied.

Note: Authority cited: Sections 407, 6901 and 6961, Food and Agricultural Code.
Reference: Sections 6901-6904 and 6961, Food and Agricultural Code.

3060.5. Certificates.

(@) Form of Certificates.

(1) Nursery stock certificates shall be in essentially the following form:

(2) Certificates shall bear an identification number issued or Authorized by the
Commissioner.

(3) A Commissioner may either issue certificates or authorize a shipper to reproduce a

facsimile of the nursery stock certificate in the form and manner approved by the

Commissioner. Such certificates shall be reproduced in a legible and conspicuous

manner.

(b) Use of Certificates.

(1) No nursery stock certificate shall be used:
(A) On any shipment of nursery stock, other than seed, any portion of which was
grown by a nursery not eligible to use nursery stock certificates, unless such
portion of the shipment is duly inspected and found to meet the minimum
requirements for pests set forth herein;

(B) By any person other than the shipper to whom issued;
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(C) On any shipment of nursery stock for which movement from certain areas is
restricted by specific California quarantine regulations unless accompanied by the
required quarantine certificate or permit;

(D) On any shipment into any county where such movement is restricted by a
requirement of the Commissioner of the county of destination pursuant to
Subarticle 10 Sections 6505 and 6961 of the Food and Agricultural Code;

(E) On any shipment of plants not in compliance with the minimum standards of
cleanliness prescribed in this article.

(2) The Commissioner may affix a nursery stock certificate on a noncommercial shipment
of plants which the Commissioner inspects and finds to meet the requirements of this
article.

Note: Authority cited: Sections 407, 6901-6904, 6961, and 52333, Food and Agricultural Code.
Reference: Sections 6901-6904, 6961, and 52333, Food and Agricultural Code.

3060.6. Requirements of Shippers of Nursery Stock Removed from Established Plantings.

(&) Nursery stock also includes trees, shrubs, or other plants which are removed from
established farm or landscape plantings or from their native habitat for planting, propagation or
ornamentation. A license to sell nursery stock is required for sale of such nursery stock.

(b) Such nursery stock shall not be moved unless accompanied by a shipping permit issued by
the Commissioner, or a nursery stock certificate if all conditions for its issuance have been met.
Nursery stock found not in compliance with the standard of cleanliness, or for which an adequate
inspection cannot be made, or on a property infested with a pest described in paragraph (b) of
Subarticle 10 Section 3060.2, shall be placed under hold order until brought into compliance or
adequately inspected, unless movement of such stock is permitted only under restriction with the
knowledge of the Commissioner at point of destination and the person receiving the stock. The
Commissioner shall notify the Director when finding nursery stock has been moved in violation of
this article.

Note: Authority cited: Sections 407, 6901-6904, 6961, and 52333, Food and Agricultural Code.
Reference: Sections 5701, 6721, 6901-6904, 6961, 6965, and 6968, and 52333, Food
and Agricultural Code.
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Regulations for California Certified Strawberry Plants

The following sections are extracts from the California Code of Regulations. They have been prepared by the Nursery, Seed, and Cotton
Program, Pest Exclusion Branch, California Department of Food and Agriculture. These extracts are provided for information purposes only.
For the official text, the user should consult the California Code of Regulations published by Barclays Law Publishers.

California Code of Regulations
Title 3. Food and Agriculture
Division 4. Plant Industry
Chapter 3. Entomology and Plant Quarantine
Subchapter 2. Nursery Stock
Article 9. Regulations for California Certified Strawberry Plants

3049. Disclaimer of Warranties and Financial Responsibility.

The provisions of Section 3069 shall apply to this article.

Note: Authority cited: Sections 407 and 5823, Food and Agricultural Code.
Reference: Sections 5821 and 5822, Food and Agricultural Code.

3049.1. Definitions.

(a) “Virus infected” means infected by a virus or having symptoms or behavior characteristic of a virus
disease listed in Section 3049.3(a)(1)(B).

(b) “Index” means to test for virus infection by making a graft with tissue from the plant to be tested to an
indicator plant or by other methods approved by the director. Information regarding such other methods
may be obtained from the Department's Pest Exclusion Unit.

(c) “Off-type” means any strawberry plant different from the variety stated on the application for approval
or certification.

(d) “Nuclear stock” means strawberry plants which were originally indexed and their progeny, which have
been regularly reindexed and protected continuously from virus infection by Federal or State agencies.

(e) “Foundation stock” means strawberry plants that are first year propagation from plants that have been
approved on the basis of annual indexing.

() “Registered stock” means strawberry plants that are first year propagation from foundation stock.

(g) “Certified stock” means strawberry plants that are first year propagation from registered stock.

(h) “Foundation block” means a planting of strawberry plants for the production of foundation stock.

(i) “Increase block” means a planting of strawberry plants for the production of registered stock.

(j) “Certified block” means a planting of strawberry plants for the production of certified stock.

(k) “Nuclear meristem stock” means strawberry plants which were propagated with meristematic tissue
from a plant which had heat therapy and were originally index-tested and found free of known viruses by

Federal or State agencies.

() “Clone” means a progeny of an individual strawberry plant which was produced asexually.

Nursery, Seed, and Cotton Program e 1220 N Street, Suite 344 e Sacramento, California 95814 State of California
Telephone: 916.654.0435 e Fax: 916.651.1207 e nurseryservices@cdfa.ca.gov Edmund G. Brown Jr., Governor



Regulations for California Certified Strawberry Plants (3 CCR 83049-2049.5)

Note: Authority cited: Sections 407 and 5823, Food and Agricultural Code.
Reference: Sections 5821 and 5822, Food and Agricultural Code.

3049.2. General Provisions.
Participation in this program is voluntary and may be withdrawn at the option of the applicant.
Registration, certification, approvals and supervision shall be conducted by the Department.

() Except as otherwise provided, certification is based solely on visual inspections of sample plants from
each planting.

(b) Responsibility of Applicant. The applicant shall be responsible for:

(1) The selection of the location and the proper maintenance of a planting being grown under the
provisions of this article.

(2) Maintaining the identity of all nursery stock entered in the program.

(3) Notifying the Department at least one week in advance of planting and harvesting as to when
they will commence and notifying the Department of the location where the plants will be trimmed
and stored.

(4) Maintaining the identity of each lot of plants in the participant's possession and placing the
required information on each certification tag furnished by the Department.

(c) Location of Plantings.

(1) General. Each planting location shall be in an area which is isolated from plantings for
strawberry fruit production to prevent spread of infectious pests or virus diseases. Any land
planted shall have been free of strawberry plants for the previous year, except when treated for
soil-borne pests in an approved manner under the supervision of the Department. Any planting
may be enclosed by an approved insect-proof screenhouse, and when this is done the distance
from other plantings or plants as specified in this article to minimize spread of virus diseases shall
not be required providing varieties, plant blocks and plants to be indexed are kept separate in an
approved manner to maintain plant identity. Native strawberry plants presenting no evidence of
virus infection are excluded from required isolation distances for planting.

(2) Foundation blocks shall be located at least one mile from any other strawberry plants except
those in foundation blocks determined to be of equal pest status. Foundation blocks shall be
clone planted. Each plant in a foundation block selected for testing by indexing together with its
runners shall be kept separate from all other plants in the block by an open space of 12 inches or
by an artificial barrier to maintain plant identity.

(3) Increase blocks shall be located at least one mile from any other strawberry plants to prevent
spread of virus disease. When danger of possible spread of virus diseases from one block to
another does not appear to exist the one mile distance may be waived and increase blocks and
certified blocks may be planted adjacent to each other.

(4) Certified blocks shall be located at least one mile from any strawberry plants maintained for
the purpose of commercial fruit production and not less than 500 feet from any other strawberry
plants not entered in the program to maintain plant identity and prevent spread of virus diseases.

(d) Maintenance of Plantings.

(1) Any planting entered in this program shall be kept in a thrifty growing condition and pests
shall be kept under intensive control. To maintain plant identity, each variety shall be planted at
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least 12 feet from any other variety and runners shall not be permitted to cross over an open
space of 12 inches maintained between such varieties. If a screenhouse is used for any planting,
it shall be maintained in such condition that insect vectors cannot enter. Plants of each variety
shall be harvested separately from all other varieties and continuously kept separate. In a
foundation block each plant that has been tested by indexing, together with its runner plants, shall
be harvested separately. Plants must be harvested after one growing season in order to be
eligible for approval or certification.

(2) Any plant found to be off-type shall together with its runner plants be removed immediately
from any planting.

(e) Eligibility for Planting.

(1) In a foundation block: To be acceptable for planting in a foundation block, a plant shall be
(A) nuclear meristem stock; (B) nuclear stock; (C) foundation stock; or (D) registered
stock, certified stock, or plants determined to have an equivalent known history providing
each plant in the foundation block is to be tested by indexing or by other approved
methods for the detection of virus infection. More than one variety may be planted in a
foundation block providing they are of equal pest status.

(2) In an increase block: To be acceptable for planting in an increase block a plant shall be first
year propagation from foundation stock produced in a foundation block.

(3) In a certified block: To be acceptable for planting in a certified block a plant shall be first year
propagation from registered stock produced in an increase block or first year propagation from
foundation stock produced in a foundation block.

Note: Authority cited: Sections 407 and 5823, Food and Agricultural Code.
Reference: Sections 5821 and 5822, Food and Agricultural Code.

3049.3. Inspection and Testing Procedures; Refusal or Cancellation of Approval or
Certification.

(a) To Determine Eligibility for Approval or Certification:

(1) Inspection and testing procedures prescribed in this article shall be conducted by the
Department in a manner and at times determined as suitable. The applicant will be notified of the
findings of pests. Any plant in any planting may be tested by indexing or by other approved
methods for the detection of virus infection. Testing procedures shall be conducted in a
greenhouse.

(A) Each clone in a foundation block and a minimum of 3 percent of the plants planted
therein shall be tested one or more times annually by indexing or by other approved
methods for the detection of virus infection. All plants in a foundation block shall be
tested in such a manner if the source of any of the propagating stock is registered stock
or certified stock or has an equivalent known history.

(B) Foundation stock shall be tested for the specific virus diseases using the specific
indicator plants listed below:

Indicator Plant Disease

Fragaria virginiana selection Mottle, Veinbanding, Leafroll, Witchesbroom

and/or

Fragaria (alpine) vesca selection Crinkle, Pallidosis, Necrotic shock, Tomato
ringspot, Latent C”, Feather leaf, Mild yellow
edge, Pseudo mild yellow edge
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(C) At least two visual inspections shall be made of each planting prior to harvest and in
addition plants shall be inspected at digging time. Inspection for the detection of harmful
nematode pests may be made using laboratory methods and is required for approval as
foundation stock or as registered stock.

(b) Refusal or Cancellation of Approval or Certification:

(1) Failure to comply with the requirements of this article shall be cause for refusal or
cancellation of approval of plants as “foundation stock,” “registered stock,” or certification as
“California certified strawberry plants.”

(2) The certification or approval as foundation stock or as registered stock of a plant or plants in
part or all of a planting shall be refused or cancelled when it is determined that:

(A) The plant is off-type;
(B) The plant, clone or planting is virus infected;

(C) The pest cleanliness requirements for nursery stock in Section 3060.2 of the nursery
inspection regulations have not been met.

Reactions to indicator plants caused by unknown factors may also be cause to disqualify
the specific foundation selection tested.

(3) Any plant or clone found virus infected or suspected of virus infection may be required to be
rogued or may be refused for further propagation. Any planting in which a plant is found to be
virus infected may be refused, if it is determined that spread of the virus may have occurred,
except: (A) when the total of virus infected plants in a certified block does not exceed 0.5 percent;
(B) aster yellows disease is found in a planting and it is determined that the infected plants are
readily identifiable and can be removed under the supervision of the Department.

(4) Any planting in which off-type plants are found to exceed 0.2 percent shall be refused, except
that in a planting which has been clone planted, the off-type plants may be removed under the
supervision of the Department if it is determined that all of the off-type plants are readily
identifiable and can be removed.

(5) Each plant together with all its runner plants shall constitute one unit, and the results of either
field inspections or index tests or both may be used, as a basis for calculating percentages.

Note: Authority cited: Sections 407 and 5823, Food and Agricultural Code.
Reference: Sections 5821 and 5822, Food and Agricultural Code.

3049.4. Approval and Certification.

(&) Approval: The Department will approve as “foundation stock” or “registered stock” plants that have
met the requirements of this article, and will, for their identification, authorize the use of official tags for
“foundation stock” or “registered stock.”

(b) Certification: The Department will certify plants that have met the requirements of this article for
certification and will authorize for the identification of such stock, the use of official certification tags.

(c) Identity: Any person selling “foundation stock,” “registered stock” or “California certified strawberry
plants” is responsible for maintaining identity of the nursery stock bearing an official tag while the stock is
in possession of the seller and for such nursery stock meeting the requirements of this article.

(d) Accountability: Persons issued tags authorized by this article shall account for sock produced and

sold and tags used and shall record such production, sale, and use on an inventory sheet provided by the
Department. The inventory sheet shall be submitted to the Department annually.
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(e) Certification by a Second Party: Strawberry plants produced by a participant in the certification
program in accordance with the provisions of this article may be eligible for certification by a second party
provided:

(1) The second party submits an application, pays the required fees, and signs the agreement
required by Section 3069;

(2) The certification tags are stamped by the second party with his name and address and the
block number of the producer of the plants.

Note: Authority cited: Sections 407 and 5823, Food and Agricultural Code.
Reference: Sections 5821 and 5822, Food and Agricultural Code.

3049.5. Application and Fees.

(&) Application. The applicant shall furnish information requested and shall give consent to the
Department to take plants from any planting for inspection or testing purposes. An application shall be
submitted for the acceptance of any planting and for subsequent inspections, approvals or certification
and may be refused unless made sufficiently in advance of the time of planting to permit the Department
to establish the origin of the stock, determine the history of the location and supervise any treatment that
may be required.

(b) Fees. The Department shall establish a schedule of fees for services provided in this article. Fees
are payable in advance of the work to be done and are for the sole purpose of defraying expenses
incurred in the inspection, approval and certification services provided and are not to obtain any right or
privilege. Fees shall be submitted at the time of application, except that fees may be paid after planting
upon prior approval by the Department.

(1) No fees shall be charged the University of California or the United States Department of
Agriculture for registration or for the inspection and testing of plants provided there shall be no
expense to the Department other than for observation of the inspection and testing required in the
article, and for the keeping of records. When the procedures prescribed in the article are
conducted by the University of California, or by the United States Department of Agriculture, they
shall not be less than provided in this article, and the Department shall be notified each year of
the plants to be entered or continued in the program.

(2) With respect to all of the fees, the Department may require a larger fee on any or all plantings
entered when, because of conditions and total acreages entered, the fees will not cover the cost
of the service. This may apply to districts or the entire State.

(c) Refunds. Fees paid for services that are not rendered shall be refunded to the applicant.

Note: Authority cited: Sections 407 and 5823, Food and Agricultural Code.
Reference: Section 5822, Food and Agricultural Code.
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PEST EXCLUSION BRANCH (PE) - Nursery, Seed and Cotton Program
NURSERY PROGRAM

The mission of the Nursery Program is to prevent the introduction and spread of agricultural pests through nursery stock and to
protect agriculture and the consumer against economic losses resulting from the sale of inferior, defective or pest-infested nursery
stock. In 2008, the total value of nursery and floral products produced was $4 billion, an increase of 2.5% over the previous year.
The cost to run the nursery program for the 2007-08 fiscal year was $2.3 million. Nursery program activities are funded entirely from
revenue received in the form of license and acreage fees and registration and certification fees. Revenue received in FY 2007-08
totaling $2.2 million was used to offset the costs of all program activities.

NURSERY REGULATORY AND INSPECTION ACTIVITIES

Financed primarily through license and acreage fees, nursery regulatory activities are
conducted by the county agricultural commissioners and their staff and are an integral part
of the State’s agricultural pest prevention system. Nursery inspection and regulatory
activities have prevented numerous pests from being disseminated throughout agricultural
and suburban communities by preventing and/or eradicating pests at the nursery level.
The quality of nursery stock has improved as a direct result of the regulation of nursery

stock.

In 2008, there were 11,867 licensed sales locations, with 891 production (growing grounds)
locations. Since 2007, the budget for nursery inspection contracts has been set at
$600,000. In addition, any disencumbered funds from the previous year’s nursery
contracts are added to the next annual allocation. The amount added to the allocation for
this year was $51,962, resulting in a total of $651,962 to be divided among the counties for
the 2008-09 fiscal year contracts.

REGISTRATION AND CERTIFICATION SERVICES FOR PLANT MATERIALS

CDFA Code authorizes the Department to establish plant registration and certification (R & C) programs (see Table 1). These
programs are implemented by the California Code of Regulations and enforced by the Secretary. In 2008, CDFA staff performed over
830 inspections for R & C, including site approvals, growing season inspections, sampling for various purposes and harvest
inspections. In addition to making inspections to meet R & C requirements, all nursery stock must also meet the general nursery

regulatory standards for pest cleanliness.

R & C programs are voluntary programs developed at the request of various segments of the agricultural industry for the exclusion of
specific plant pests that are not readily detected by ordinary inspections. These programs are the result of close-working relationships
between the University of California, USDA and the Department, with the added support of the agricultural industry. Specific viruses,
viroids, fungi, soil-borne pathogens and nematodes are the targeted pests of the nursery stock registration and certification

programs.

The criteria for establishing these programs are: 1) an established need; 2) sufficient by available technical information; 3) an

established source of “clean” propagating stock; and 4) developed to assure the continued pest cleanliness of the stock.

California presently has nine “clean stock” (registration and certification) programs available for use by various segments of the

agricultural industry.

Table 1. Registration and Certification Programs
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PLANTING TYPE

TESTING OR

PROGRAMS TARGET PEST
(BLOCKS) TREATMENT REQUIRED

Avocado . ) . Hot water treatment of seed
Certification Certified Phytophthora cinnamomi and soil fumigation
Avocado Foundation tree index-

- . Registered (tree) Increase || Sun Blotch Viroid testing for sun blotch viroid
Registration

(UQ)

Citrus Foundation, Scion, & Seed || Citrange stunt, concave gum, exocortis, psorosis, Index-testing (UC) +
Registration and (tree) Increase Certified tatterleaf, seedling yellow tristeza, tristeza vein enation individual tree identification
Certification (nursery row) and yellow vein viruses. index-testing (CDFA)

Deciduous Fruit
and Nut Tree
Registration and

Foundation, Mother, Scion,
& Seed (tree) Increase
Seed (bed) Certified

Index-testing (UC) + index-
testing for PRSV and PDV
(CDFA) (Participant)

Various virus diseases, including prunus ringspot virus
(PRSV) and prune dwarf virus (PDV)

Certification (nursery row)
Grapevm_e Fqundatlon & Ir_lcrease Fanleaf, fleck, asteriod mosaic, leafroll, yellow vein Nematode sampling
Registration and (vineyard) Certified . )

. . (Tomato ring-spot) and corky bark virus (CDFA)
Certification (nursery row)
Seed Garlic . Stem and bulb nematode (Ditylenchus dipsaci) and white || Nematode sampling
Certification Increase Certified rot (CDFA)

Pome Fruit Tree
Registration and

Foundation & Mother (tree)

Increase & Stool Certified Index-testing (USDA & UC)

Various virus diseases

Certification (nursery row) fumigation
Strawber Mottle, vein-banding, crinkle, mild yellow-edge, necrotic
Y Foundation Increase shock, pallidosis, tomato ring-spot, witches-broom, Index-testing (UC & CDFA)
Nursery Stock . ) o ;
. ; Certified pseudo mild yellow-edge, latent "c," leafroll and feather- Nematode sampling
Certification :
leaf viruses.
. Nematode sampling,
Nursery plantings L Pt
Nematode roduced for on-farm Various plant-parasitic nematodes fumigation supervision and
Certification p P P commodity treatment (CAC

planting & CDFA)

The primary tools developed for maintaining pest cleanliness of the stock in these programs are: 1) biological indexing (use of
indicator plants which exhibit symptoms of virus or virus-like diseases) and enzyme-linked immunosorbent assay (ELISA); 2)
laboratory techniques for the detection of nematodes; 3) eradication treatments (thermotherapy, fumigation and hot water

treatments); and 4) visual field inspections targeted to specific life cycles of the pests and plants.

The costs of services to carry out these programs are borne by the participants. Fees are charged for the inspections, testing and
treatments. In addition, the Fruit Tree, Nut Tree and Grapevine Improvement Advisory Board (IAB) provides partial to full funding for

annual testing and inspections required by the Deciduous Fruit and Nut Tree R & C, Pome R & C and Grapevine R & C programs.

Avocado Registration and Certification Program

This program provides the registration of avocado rootstock and Scion wood sources when inspected and tested for sun blotch virus.
The Avocado Certification Program provides the certification of avocado nursery stock when grown under specific guidelines and
inspected for freedom from Phytophthora cinnamomi, avocado root rot. Currently, one nursery is participating in the registration

program and three nurseries are participating in the certification program.
Deciduous Fruit Tree and Nut Tree Registration and Certification Program

In the R & C program for deciduous fruit and nut trees, all trees in
a Registered Mother Block, Registered Scion Block and Registered
Seed Block are tested annually for viruses. Testing may be done
by biological indexing using Shirofugen cherry as an indicator plant
or by ELISA, an approved laboratory technique. Trees are tested
for Prunus Necrotic Ring-Spot virus and Prune Dwarf Virus by

biological indexing at least once every five years and by ELISA for

https://lwww.cdfa.ca.gov/plant/ar/pe_nursery.html
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these viruses and others in the other four years. Tested trees may EELISA BSHIRO ETOTAL
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following testing.

70000

In 2008, 19 nurseries participated in the program. The total
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Grapevine Registration and Certification Program

Thirty four nurseries participated in the program in
2008. Grapevine Increase Block plantings totaled over
1,519 acres, an increase of 9 acres (1.26%) over the
previous year. Grapevine certified blocks (nursery

plantings) totaled 356 acres and four greenhouse

https://lwww.cdfa.ca.gov/plant/ar/pe_nursery.html
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blocks, a 37 acres (9.41%) decrease from the previous

Grapevine Increase & Certified Blocks

year’s 393 acres. 2500 — 5366 25355

CDFA collected and tested 1,088 composite samples 2000

(each is a composite sample from 5 vines) for grapevine
fan leaf virus (GFLV). Plants were selected randomly for @15:":'
testing. However, if plants exhibiting typical GFLV E 1000

symptoms were seen, those plants were also included in

the survey. Of the total samples tested, none were 500

positive for GFLV. ]
2004 2005 2006 2047 2008
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In 2008, 1,573 vines were sampled and tested for

grapevine-leafroll-associated viruses (GLRaV). In total,

56 samples tested positive (3.56%) for leafroll virus - 3 in comparison to 48 out of 793 samples (6.0%) that tested positive in 2007.
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f1200 4 e 188 1055 trapping for vine mealybug (VMB). The shipment of

000 851 grapevine nursery stock within California became a
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plantings and, in some cases, plantings in CDFA’s Grapevine
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reenhouses of non-certified plantings. This represented 85
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Citrus Registration and Certification Program

The Citrus R & C program provides for the testing of propagative source trees for tristeza to meet the requirements of the Citrus
Tristeza Quarantine. Other diseases of importance being tested as part of the registration and certification program include exocortis
and psorosis. In 2008, 30 citrus nurseries participated in the program. A total of 2,370 citrus seed and Scion source trees were

sampled and tested for tristeza and other viroids, a decrease of of 1,327 trees from 2007.
Strawberry Nursery Stock Registration and Certification Program

Nine nurseries participated in the Strawberry Nursery Stock R & C
Program in 2008. The strawberry program differs from other
registration programs in that foundation stock is maintained by
nurserymen in their isolated plantings rather than by the Foundation
Plant Services of the University. Strawberry plants in foundation
plantings are index-tested annually using Fragaria vesca and Fragaria
virginiana strawberry indicator hosts for the following viruses: mottle,
vein-banding, crinkle, mild yellow-edge, necrotic shock, pallidosis,
tomato ringspot, witches broom, pseudo mild yellow-edge, latent C,
leafroll and featherleaf. CDFA nursery staff index-tested 6,088

https://lwww.cdfa.ca.gov/plant/ar/pe_nursery.html a7
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foundation plants at the Department’s greenhouse facility in
Sacramento; an 8% increase was seen over the previous year. Thirty
nine plants that were indexed tested positive for viruses and were
rejected from the program. CDFA staff visually inspected over 898
acres of registered and certified strawberry nursery stock for the
presence of virus diseases and other pests and collected and

processed nematode samples.

Pome Fruit Registration and Certification Program

The Pome Fruit Tree R & C Program provides for the registration of

rootstock and Scion sources for the propagation of certified nursery

stock when inspected and tested for virus diseases and other

important pests. Three nurseries are currently participating in the
program. In 2008, CDFA staff inspected and registered over 3,246 trees as propagative source trees. Over five acres of nursery

plantings were inspected and approved for sale as certified nursery stock.
Seed Garlic Registration and Certification Program

The Seed Garlic Certification Program provides for the registration of seed
garlic for the propagation of certified nursery stock when found free from
stem and bulb nematode, Ditylenchus dipsaci, and when inspected and found
free of white rot fungus, Sclerotium cepivorum. One nursery participated in
2008. A total of 68 acres were inspected and registered, a decrease of 229
acres (22.9%) from 2007.

FRUIT TREE, NUT TREE AND GRAPEVINE IMPROVEMENT ADVISORY
BOARD

The Fruit Tree, Nut Tree and Grapevine Improvement Advisory Board (IAB)

element of the Nursery Program administers an industry-requested assessment (Food and Agricultural Code, Section 6981) on the
production of nursery plants such as deciduous pome and stone fruit trees, nut trees and grapevines. The mission of the IAB is to
improve the quality and pest-free fruit tree, nut tree and grapevine nursery stock offered for sale. The assessment is used to fund
research on plant pests, breeding varieties that are resistant to plant pests, plant pest diagnostics, varietal identification and disease
elimination. The University of California Foundation Plant Services (FPS) provides support and serves as a source of clean planting
stock. The FPS carries out activities related to the development of planting materials for pome and stone fruit trees, nut trees and
grapevines, and subvents the costs to carry out Department programs concerning the registration and certification of pome and stone
fruit trees, nut trees and grapevines. The assessment is collected with the nursery license renewal. In 2008, the total assessment
collected on gross sales of fruit trees, nut trees and grapevines was $1,315,202, a 14.3% increase over the collection of $1,150,000
in 2007.

In 2008, the IAB approved funding for 12 research proposals totaling $ 271,537, funding of FPS in the amount of $524,827 and
payment to the Nursery Program to subvent R & C activities in the amount of $297,750. The total budget approved was $1,139,114.
As revenues still remain low relative to the past five years, the IAB recommended a lower level of funding for research, the FPS and
the CDFA R & C program.

SEED SERVICES

The Seed Services Program administers seed law enforcement throughout
California and is funded entirely through an annual assessment on the
value of agricultural, vegetable, and grass seed sold in California. Staff of
the Seed Services Program assist county agricultural commissioners in all
seed-related enforcement activities and evaluate compliance at the local
and statewide level. CDFA associate agricultural biologists conduct seed
sampling and coordinate enforcement activities of assigned counties, as
well as investigate seed complaints. The Seed Services Program interacts
with agricultural departments in other states, the United States Department
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of Agriculture (USDA), industry representatives, and the California Crop

Improvement Association, which is the authorized seed certifying agency
for California. An advisory board of nine seed industry members and two
public members provides oversight of the Seed Services Program for the

Department.

The value of seed

sold for planting in

California exceeded

$482 million in FY

2007-08, an all-time

high. The total

number of firms

registered to sell seed in California increased from 416 in FY 2006-07 to 504
firms in FY 2007-08.

The expenditures by the Seed Services Program for FY 2007-08 were $1,336,141. Significant program expenditures were the funding
of the Department’s Seed Laboratory ($410,208), the Seed Biotechnology Center at the University of California, Davis ($200,000) and
the Seed Subvention contracts paid to agricultural commissioners ($120,000). In order to cover these expenses, the Seed Advisory
Board recommended an assessment rate of $0.32 per hundred dollars of gross sales in California during the reporting period. The
funds generated by the current assessment rate are adequate to cover expenditures in 2008. Recent enforcement efforts by county
agricultural commissioners and Seed Services Program staff have resulted in increased collections from firms previously not
reporting seed sales in California.

The subvention to county agricultural commissioners for the enforcement of the California Seed Law remains at $120,000, provided
annually by Food and Agricultural Code, Section 52323. This voluntary program uses annual performance measures to establish the
funding for each county. The commissioners are required to maintain an 85% compliance level of all seed offered for sale or labeled
in their respective counties. In FY 2007-08, county personnel evaluated 5,000 labels of seed offered for sale. In addition, 3,374
unique labels of seed lots from out-of-state seed suppliers were inspected by county staff for compliance to the California Seed Law.

The Seed Services Program also administers an alternative dispute
resolution process for farmers and labelers in dispute over seed
performance. Participation in conciliation and mediation is a mandatory
prerequisite before pursuing legal remedy in court for seed complaints. In
FY 2007-08, the Seed Services Program received eight inquiries about
possible seed complaints. One formal seed complaint was filed and is
currently being investigated with the assistance of the Federal Seed

Regulatory Testing Branch at USDA.

CDFA agricultural biologists stationed throughout the State continue to

perform compliance monitoring through the annual collection of over 600

seed samples. The samples are analyzed by the CDFA Seed Laboratory in

Sacramento. A recent analysis of the laboratory results revealed that greater than 94% of the samples were in compliance with the
California Seed Law, while only 6% were found to be out of compliance. Of the non-compliant samples, about 78% were

misrepresenting germination by a slight amount, while the remaining 23% had slight misrepresentations of the percent purity.

The Seed Services Program is continuing its efforts to prevent violations of the Plant Variety Protection Act (PVPA) and Certified Seed
standards. New inspection forms have assisted inspectors in the identification of PVPA violations and Certified Seed lots. The Seed
Services Program will work with the Federal Seed Regulatory and Testing Branch, and the California Crop Improvement Association

to implement additional measures that ensure seed sold in California is of the best quality and the maximum benefit to growers.
QUALITY COTTON PROGRAM

The Quality Cotton Program has the primary responsibility of enforcing the San
Joaquin Valley Cotton District (District) laws and regulations. The District consists of
all counties in the San Joaquin Valley. The 28-member San Joaquin Valley Cotton
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Board (Board), composed of cotton growers, cotton industry representatives and
public members administers the program. Cotton growers and industry members
are elected to the Board by their peers. One of the Board’s major duties is to
establish quality standards for San Joaquin Valley Acala and Pima varieties. To
accomplish this, the Board has an extensive multi-location cotton variety-testing
program. The Board meets at least four times a year to review the progress of its
variety-testing program and determines which new varieties meet or exceed
existing quality standards and are superior in some meaningful respect, such as
improved yield or resistance to disease. The exceptional quality and yield of the
cottons in the District are a reflection of the Board’s sound decisions. Throughout
the year, board committees examine major cotton issues in order to make well-

researched recommendations to the full Board.

In 2008, CDFA’s Pink Bollworm Program reported another huge drop in total cotton acreage in the San Joaquin Valley. Pima acreage
was 152,190, down almost 42% and Upland acreage (including Acala) was 105,380, down 38% from 2007. The total cotton acreage
was 257,570, a drop of 171,155 acres. Most experts predict that the acreage will drop at least 75,000 acres in 2009.

Due to this continued pattern of declining acreage in the San Joaquin Valley and the resulting funding issues, the Board is considering

ways to further reduce operations of the program.

In 2008, the assessment rates for the San Joaquin Valley Cotton District were set
by the Department’s Secretary, upon recommendation from the Board, at $6.00
per hundredweight of undelinted cotton seed sold or planted within the District.
The assessments are the primary source of income for the Board’s testing
program and the enforcement of the San Joaquin Valley Quality Cotton District

Laws and Regulations.

Qwedge image Qwedge image
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NIPM Item #7

APPROVED TREATMENT AND HANDLING PROCEDURES TO ENSURE AGAINST
NEMATODE PEST INFESTATION OF NURSERY STOCK

In accordance with the Regulations for the Nursery Stock Nematode Control Program, California
Code of Regulations (CCR) Sections 3055 to 3055.6 and Section 3640, the California
Department of Food and Agriculture (CDFA) hereby specifies soil treatment and handling
procedures which, when verified and documented, are approved to ensure nematode cleanliness
of both field and container grown nursery stock. These procedures are not aimed at control of
soil pathogens, weeds, or other soil-borne pests. The "Report of Supervision of Nursery
Fumigation and Other Approvals" (form 64-054) is to be used to document compliance with these
approved procedures. This report must be submitted monthly along with the "Nursery Stock
Nematode Certification Report Form" (form 64-086).

Section 3640, CCR, makes it mandatory that nursery stock for farm planting be commercially
clean with respect to economically important nematodes. Exempted from this requirement are
garlic, mint, onion, and seed potato nursery stock and any nursery stock grown only in non-soil
media.

FIELD GROWN STOCK

Soil preparation is the most important factor affecting the success of fumigation. The County
Agricultural Commissioner or the CDFA shall verify to ensure that all of the following
requirements for pre-treatment preparation, treatment, and post-treatment handling of soils have
been met.

1. Trash Removal. Trash (crowns, stems, roots) from the previous crop must be removed as
completely as possible, to eliminate or minimize plant residues that may harbor nematodes
during the waiting period. After trash removal, the land should be disked thoroughly to
reduce the size of the remaining plant tissues and to hasten its decomposition. The waiting
period may not begin until trash removal has been completed. Soil treatment cannot be
approved if trash removal has not been completed.

2. Waiting Period. After trash removal and before soil treatment, a crop-free, clean-fallow
waiting period shall be observed as follows:

a. Not less than 24 months following removal of an orchard or vineyard that has been in
place for more than one year;

b.  Not less than 9 months following removal of a woody nursery crop which has been in
place for more than one year;

C. Not less than 6 months following removal of a nematode host crop (including seedling
or June-budded fruit trees, grapevine or strawberry nursery stock, cotton, or alfalfa)
which has been in place for less than one year.

d.  No waiting period is required after the removal of an annual vegetable crop, provided
that the vegetable crop residue is removed prior to soil treatment.
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3. Pre-Treatment Soil Preparation. The following pre-treatment soil preparations may be verified
up to three days (72 hours) prior to soil treatment:

a. Deep tillage - The soil should be plowed or subsoiled 2 to 3 feet by plow or chisels to
break up hardpan or plowsole.

b.  Soil moisture - Soil moisture should be adequate to prepare soil to seed bed tilth. Large
fluctuations in temperature or rainfall may require re-verification.

c.  Cultivation - The top 6 to 8 inches of soil should be cultivated to break up clods and
render the soil in seed bed condition.

4. Treatment. The treatment shall be verified and documented by the County Agricultural
Commissioner or the CDFA to ensure compliance with the required treatment and handling
procedures.

a. Application - All applications of pesticides must be made in strict compliance with all
applicable laws and regulations.

b.  Material and Schedule of Dosages - The rate per acre for the fumigant used shall not be
less than the minimum prescribed by the CDFA.

c.  Soil temperature - May be verified up to three days (72 hours) prior to start of soil
treatment. Soil temperature measured at the depth of injection shall be between 40°F and
80°F. If the soil temperature is between 81°F and 85°F, the dosage of methyl bromide
should be increased by 5 percent over the minimum specified by the CDFA (provided
this will not exceed maximum allowable application rates).

d. Clay soils - There are no recommended treatments for soils which contain more than 30%
clay. Clay soil treatments cannot be approved.

e.  Approval duration - Treatments made and approved in accordance with these procedures
shall be good for 18 months from the date of treatment to the date of planting provided
that the treated area is clean-fallowed and otherwise not exposed to nematode
reinfestation.

5.  Application Methods.

a.  Dual Application (applies to methyl bromide and Telone II™). Apply the first treatment by
injecting the chemical at a minimum depth of 20 inches (51 cm) at a chisel spacing of 30
inches (76 cm) or less; wait at least 7 days (methyl bromide) or at least 14 days (Telone
™), then turn under the top 12 inches (31 cm) of soil with a plow. (Alternatively, soil may
be flipped just prior to the second treatment provided the appropriate waiting period has
passed.) Apply the second treatment in the same manner as the first application. Seal
the surface with a ring roller immediately after each application. Wait at least 14 days
following the second treatment before disturbing the soil. (Methyl bromide fumigations
must abide by and made in accordance with CCR, Section 6450.3)

b.  Tarping (applies to methyl bromide and Telone II™). Tarping refers to the post-

application covering of soil with plastic tarpaulins. For methyl bromide applications,
tarpaulins must be approved by the California Department of Pesticide Regulations (see
CCR, Section 6450 (e) for details). Two methods may be used to accomplish a complete
coverage of the production area. "Solid tarping" accomplishes coverage in one step using
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equipment which glues together the overlapping edges of the plastic strips. The outside
edges are buried at least 6 inches (15 cm) deep. "Strip tarping" is used in a two-step soil
treatment. Soil strips approximately 12 feet (3.7 meters) wide are fumigated and
mechanically covered with a plastic tarpaulin, all edges of which should be buried at least
6 inches (15 cm). These strips are alternated with untreated, untarped strips about 10
feet (2.8 meters) wide. After 48 hours the tarps are removed from the treated soil strips
and treatment and tarping are applied to the alternate and previously untreated strips.

Methyl bromide and methyl bromide/chloropicrin formulations (mixtures) should be
injected at a depth of 10 to 15 inches (25 to 38 cm) on a 12 inch (31 cm) spacing, with the
total dosage applied at one time. Tarps should be applied simultaneously with treatment
or immediately following. The outside edges of the tarp should be buried at least 6 inches
deep. The tarp shall not be cut until a minimum of 5 days (120 hours) following
application and tarp removal shall not begin sooner than 24 hours after tarp cutting (see
CCR, Section 6450.3 (3) for details). !

CONTAINER, FLAT, AND FRAME GROWN NURSERY STOCK

1. Used containers (flats, frames, pots) not cleaned to the satisfaction of the CDFA or the County
Agricultural Commissioner, recycled potting mixes or planting materials, and soil, shall be
treated prior to planting.

2.  Approved Treatments.

a. Aerated steam in a closed chamber until temperature of all soil reaches at least 140° F
that is maintained for a minimum of 30 minutes.

b. Steam in a closed chamber or under a tarpaulin until temperature of all soil reaches
180° F.

c.  Fumigation with methyl bromide at the rate of 2 pounds per 100 cubic feet under a plastic
tarpaulin or in a gas-tight chamber for 24 hours. Soil temperature should not be below
50° F when treated. CHECK WITH COUNTY PESTICIDE USE ENFORCEMENT
OFFICIALS PRIOR TO TREATMENT TO ENSURE COMPLIANCE WITH CURRENT
STATE / COUNTY PESTICIDE USE RESTRICTIONS.

d.  Solarization of soil using a “double-tent” setup until temperature of all soil reaches a
minimum of 158°F (70°C) that is maintained for at least 30 continuous minutes, or a
minimum of 140°F (60°C) that is maintained for at least 60 continuous minutes. Soil must
be either in polyethylene planting bags or in piles not more than 12 inches high. Soil in
piles must be placed on a layer of polyethylene film, concrete pad, or other material,
which will not allow reinfestation of soil, and covered by a sheet of clear polyethylene film.
An additional layer of clear polyethylene film must be suspended over the first layer to
create a still air chamber over the soil to be treated. Soil moisture content must be near
field capacity. Soil temperature at the bottom center of the pile or bag must be monitored
and recorded to ensure that the minimum temperature of 158°F (70°C) for 30 minutes, or
140°F (60°C) for 60 minutes is achieved.

! Pesticide regulations may require a longer period. If so, pesticide regulations or permit conditions will
govern the time the tarp must remain in place. Coordination with county pesticide use enforcement
officials is necessary.
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3.  Following treatment, the soil and containers shall be protected from reinfestation by nematodes.

Soil Solarization Treatment Setup

5 Second layer of clear polyethylene film

First layer of clear polyethylene film

__, Soil in polyethylene planting bags or
in piles not more than 12 inches high

Wooden pallet
or wire mesh

Layer of polyethylene film, disinfested
concrete pad, or other material, which will
not allow reinfestation of soil

PLANTING STOCK AND POST-HARVEST HANDLING

1.  Planting Stock. Any rooted nursery stock for planting in approved treated soil must meet the
Nursery Stock Nematode Certification regulations. If not, it must be sampled and found free of
economically important plant-parasitic nematodes or the approved soil treatment will be nullified.
(CCR 3055.1)

2. Post-Harvest. Nursery stock produced in accordance with approved procedures shall be stored,
healed-in, or calloused in media, beds or storage areas approved by the Department or County
Agricultural Commissioner. Treatment as necessary to protect against nematode infestation may
be required.

NON-SOIL MEDIA

Non-Soil Media. These growing media include bark, cinders, gravel, peat moss, perlite, rock wool and
vermiculite. Other media may be considered non-soil but will be identified on a case-by-case basis..

Revised 8/31/01 NIPM 7 page 4



G abed J NdIN

'z obed uo "q'g well 998
"sjuswialinbal jlwlad pue [age| Ym 8oUeplodoe Ul spew aq jsnw suoneoljddy "z ebed uo "e'g wa) 99s ‘palinbal ale sjuswieal) Om |

L0/1€/8 PesSIneY

"8|NPaYds SIY] Ul UMOYS Sjunowe ay) uey)

$S9| JOU S| apIwolq JAyjdaw Jo Junowe |enjoe ay) jey) papiaold pasn aq Aew uloidolojyo pue apiwoig jJAyiaw Jo
"aJejoay Jad 6 g1’} sjenba aioe Jad punod suQ

(sainyxiw) suonenwio

(6% 891) sa1 051
Z# uoneoidady

(6% 8+¥) sal 00v
| # uoneodiday

(6% 8+¥) sal 00v

S[I0S WeoT Ae)

(6% 891) sq| 051
Z# uoneoiddy

(B3 9¢€) sdl 00€
|# uoneodiddy

(B3 9¢€) sdl 00€
S[I0S Apues

{FHVLOdH) 34OV ddd 949vSs0d

padiejun
cuoneolddy [eng

,padie]

poUIeN Uoneonddy

(49eHD |enjoe)
apiwoug [Ayleiy

(49eHO lenjoe)
-opiwolq Ay |\

EIREN

‘SNOLLOINLSTY
3SN 3AI0ILS3d ALNNOD / ALVLS LNJHHUND HLIM FONVITdINOD FHUNSNE Ol LNJNLVIYL Ol ¥OlRd STVIOId40 LNIIWIDHO4ANS

3SN 3AI21LS3d ALNNOD HLIM MO3HD (S)I0SIApY We [B00] WoJ) paulejqo aq PInoys Ja)je| 8y} Joj SUOHEPUSWIWOOa] Jusw)eal |
"dds esoyjydojfy4 se yons susboyjed aulog-|I0S JO [0J}UOD 10O} PEPUBWILLIODB. JOU S| “AJUO [0JjUOD BpOIBWSU 0} S| 8|Npayos abesop siy |

"1soy spojewau e sem doio umouB Aisnoiaaid ayr yoiym uodn
PUEB ‘umouun si snjejs jsad apojewau sy} Yolym Joj pue sainpaosoid Bulpuey

pue juawjeal} panoidde yum asueplodoe ul pajead) Ajsnolraid jou 10 ‘sapojewau onisesed-jueld yim paisajul 8q O} UMOUY
:seladoud |e Joy palinbai aq |jeys v 9|Npayods ul sjuswieal| Y 9|Npayds



9 obed / NdIN 1L0/1€/8 PesSIAeY

'z obed uo "q'g weyl 995

"sjuawalinbal Jwiad pue |age| Yyim aoueplodoe Ul apew aq jsnw suoneoiddy "z abed uo e'g wayl 98s ‘palinbal ale sjuswieal) om |
"9|NPaYds SIY} Ul UMOYS Sjunowe ay} ueyy

$S9| JOU S| apIwolq JAyjaw Jo Junowe |enjoe ay) Jeyl papiarold pasn aq Aew uuoidolojyod pue apiwolq JAyiew Jo (sainixiw) suoie|nwio
"aJejoay Jad si8)l| Ge'6 Slenba aioe Jad uojjeb suo ‘aiejoay Jad 6y 1’| sjenbs aioe Jad punod sauQ

1re (6% 6G1) sql gyl

Z# uoneonddy
e (bY 16€) salgLe padielun
SUON | # uonedlddy cuoneoiddy [eng wull euoeL

(6% 891) sq1 0G1
Z# uoneoidady

(6% 8+¥) sal 00v

(6% 891) sq| 051
Z# uoneoiddy

(B3 9¢€) sql 00€

padiejun

(4gEHD |enjoe)

| # uoneo|ddy | # Uoneod|ddy cuoneolddy [eng aplwoig Ayl

(49°HO 1enjoe)

(6% 8¥¥) sal 00 (6% 9¢¢) sql 00€ ,padie] -opiwolq Ayl |\

s|loS weoT AeQ s[loS Apues POUISIN UonedIddy R
"SNOILOIYLSTY

3SN 3dIJILS3d ALNNOD / ALVLS LNIFHIND HLIM FONVITdINOD FINSNI OL LNJNLVIYL Ol HOIHd STVIOId40 LNIJINIDHO4NT
3SN 3AI21LS3d ALNNOD HLIM MO3HD (S)I0SIApY Wie [B00] WoJ) paulejqo aq pInoys Ja)je| Sy} Joj SUOHEPUSWIWO0a Jusweal |
-dds esoyjydojfy4 se yons susboyjed aulog-|I0s JO [0J]U0D 10} PaPUBLILLIODa. JOU SI )| “AJUO [0JjUOD BpOolBWSaU 0} S| 8|npayos abesop siy |

'sdolio usamjaq [eAsslul 8y} Bulinp uole}ssjul spojewsu 0} pasodxa uaaq jou sey Auadoud ay| (q)
puUE ‘spoyiaw Aiojeloqe] Buisn pajosiep
u@aq Sey Uolje}sajul apojewau ou 1o ‘paljdde usaq sey uonejsajul apojewsu jsuiebe ainsua 0} Juswieal) 10S paroidde uy (e)
:UdIyM JO ydea 10} ‘paonpoud usaqg aney sdoto umolb-pialy om) 1ses|
1e yoiym uo saijuadoud 1oj Ajuo panoidde aie g ainpayos ul sjuswieal| "s8al) pappng-aunr pue doid Yyuows-gg e 1o} uoljosiold g ojnpaydss




, 8bed J NdIN

1L0/1€/8 PesSIneY

¢ ebed uo "q-g weyl 995

"sjuawalinbal Jwiad pue |age| yim adueplodoe Ul apew aq jsnw suonedliddy "z abed uo “e'g we) 98s ‘palinbal aie sjuswiesl) om |
"8]NPAYIS SIY} Ul UMOYS Sjunowe a8y} uey}

SS9| JOu S| dpIwo.q Ayjaw Jo Junowe |enjoe ay) Jeyl papiaroid pasn aq Aew uuoidolojyod pue apiwoiq JAyjew Jo (sainixiw) suone|nwio
"a1e)oay Jad si19)l| Ge'6 s|enba aioe uad uojjeb suo ‘alejoay Jad 6y z|'| sjenba aloe Jad punod suQ

SUON

(6% 891) sq1 0G1
Z# uoneoidady

(6% 8+¥) sal 00v
| # uonedlddy

e (6% 6G1) sql gyl

Z# Uoneolddy

e () 61¢) sq1 682

| # Uoned|ddy

(6% 891) sq| 051
Z# uoneoiddy

(6% 9¢€) sdl 00€
|# uonediddy

padielun
cuoneolddy [eng

padiejun

cuoneolddy [eng

!l 8UoidlL

(49eHO lenjoe)
aplwoig Ayl N

(¥9¢HD 1enmoe)

(6% 8¥¥) sal 00€ (6% 22) sal 002 ,padiel -op1wolq Ayl |\
S[I0S WeoT Aerg S[I0S ApUES POUIS\ UonREdIddyY [ZEREN
(FIVIDTH) 390V d3d I9VS0d
"SNOILOINLSTY

SN 3AIDILS3d ALNNOD / ALVLS LNIFHHNID HLIM FONVITdINOD FHNSNI OL LINJNLVIYL Ol HORMd STTVIOI440 LNJINIFDHO4AN3
3SN 3AI21LS3d ALNNOD HLIM MOIHD (S)I0sIApy wied [e00| WoJlj pauleiqo g pinoys Jaje| 8y} Joj SuolepuswLIodsl jJuswiesl |
‘dds eJjoyjydoify4 se yons susBoyied aulog-|los JO |0J3UOD 10} PapUBWILLIODa. JoU SI]| "AJUO |0JJUOD BpOojeWBU 1o} SI 8|npayds abesop siy |

‘ymoub s,uoseas auo Ajuo oy aoeid ui ale Ajlieulplo yoiym ‘syueld ajqeiabon 1o ‘sealy unly peppng-aunp

‘Auagmelnys se yons syueld Aiasinu pajool-mojieys Buimolb ul asn uoj panoidde aq Aew 9 sinpayos ul sjuswieal] THeYd ‘9 o|npayss



g obed / INdIN 10/1€/8 PesSIneY

‘sjuswalinbal Jwiad pue |age| yum adsueploodoe
ul spew aq jshw suoneolddy -aiejoay Jad sia)l| G 6 s|enba aloe Jad uojieb auo ‘asejoay Jad By | *| sjenba aioe Jad punod auQ

pad.ie |
BUON ‘e (b z/¢) sql zeg uoneol|ddy s|bulg wull @UoL
S|loS WweoT Aero S[loS Apues POUISIN UonEDIddY [eusiey
'SNOILOINLSTY

SN 3AI0ILS3d ALNNOD / ALVLS LINIJHHND HLIM FONVITdINOD FINSNI OL LNJINLVIYL Ol HOIldd STTVIOI4d40 LNJINTFOHO4N3
3SN 3AI21LS3d ALNNOD HLIM MO3HD (S)J0SIApY Wwle- [EO0] WO} pauleIqo 8q pinoys Jsje| 8y} Joj SUOBPUSIWODd] Juswiesl |
-dds esoyjydojfy4 se yons susboyjed aulog-|I0s JO [04JUO0D 10} PEPUSLULLIODS. JOU S| “AJUO [0JjUOD BpOIBWAU 0} S| 8|Npayos abesop siy |

"pad.e) ‘uoneoiidde s|buls ‘, || dUoje] "doJd YUOW-9g e Joj uoodjold I Heyd 'O a[npayds



6 obed / NdIN 1L0/1€/8 PesSIASY

J0joadsul 8y} Jo uonaJasip ay; je si Buidwes
[euonippy “(saJoe gz uey) aiow) abie| aynb si pjaly ay; Ji Jo seale ainysiow ybiy 0} anp pjely ayy ssotoe Ajedsip si aiayy i nydjay aq Aew sajdwes [10S [euolippy

"$)00)
P|O UIeluoo Aew yoiym sjulod ainjoel) aAey siahe| uedpley Auew ‘JaremoH Alessaosu sijey) ||e si joke| uedpley sy O} [04U0D ‘8SeD B Yons U] "S}00J PO UIBJuoD
10U S0P YoIym Jake| uedpiey e sey yoiym [10s e si uoideoxe ajgissod auo ay] “yidsp I G 8y} 0) paisAIjep 8 1SN jJuswuiesl) 8y} ‘auo Jdsoxs ased Alens U
‘yidap "1 € 8y} Mojaq SapOjeLIaU [|Iy 0} J08dXa Jou Op ‘SUEyd uonebiwny ay) uo abues uoneBiwn ay) Spasaxa YoIym ‘yidap ") € 8y} 1e Jake| )|is e sey ajjoid |10S e
J1 ‘adwiexa Jo4 “ainisiow [10s 1s8ybIy ayy Aq payiwil] st uonebiwny y “8jio.d [10S 100J-G 8Y1 UIYNIM ainisiow pue ‘ainjeladwa) ‘ainxa) [0S JO pI0dsl B 8ABY MOU NOA

(4= 001 X (3/Q) 8nisiow [10s Jo % 8y} 8INAw0D 0} Jybiam [10s paup du Aq JyBiam ul 8auBIBYIP BY) BPINT
(3 = v snuiw ) Jubiam [0 papp duy Woly JyBiem aiej ay} oengng
(@ =D snuiw g) J10S paup pue ysaly ay) usamiaq Jybiam Ui 8duslayip ay) 8jejnaes)

‘so|dwes ay; Jo syybiam
Kap ayy pJooas pue Apoinb ysip yoes yblem ‘sioyelay) uado sy Ui Jis 0} pamoje aie Aay} Ji a1eydsowe sy} Wod aInjsiow qIoSge ||Im sajdwes paup-UsaQ

"sejnuIw G|, 1o} (spem 0g9) abuel ybiy Je uni 8q pinOYS USAO 8Y] "USAO SABMOIOIW Uiapow e Buisn
usym Uano sy Ui pade|d aq Jou pinoys Jajem Jo [8sseA uado uy “Ajsnosue)nwis paup 8q ued sajdwes [10S O} IOy “LO SPI| Yim usAo ojul sded pue sjybiam
pJooal ‘Ajsjelpawwi ybiapn “ysip Buiybiam yoes ojul 10s jo swelb G| 0} 00 89e|d pue ajdwes [I0S Yoea XiW ‘USAO SABMOIOIW pUe S5[eds auj} JO UOIedO| 8y} Iy

"BJep pl0dal pue aA0qe ¢ pue g sda)s jeaday "ainisiow pjaly 0} dAle|al a)is A1asinu 8y} Jo aAiejuasaldal SI ajewijsa NoA YaIym pial) 8y} Jo Bale Ue 109|9S MON
"Jo8ys ejep a8y uo Buipiodal 810jaq uonelqijinba Joj sejnuiw G mojly “Ajuo yidep youi z|, sy} Je ainjesedws) |10S 8y} pI0day

"yydap pue ayis 0} BuipI029e [9ge| pue [eag “Jaulejuod Jybi-ainjsiow e ojul (yoes juid) ajdwes [10S yoes ade|d }198ys jep 8y} Uo piodal

pue yidep yoea Je ainjxa) |I0S 8y} ‘Poyiew |98} ay) Aq ‘eulisleg "Alessedsu jou aie sejdwes-qng 188} G 0) UMOP JUsWaIoUl Youl-Z| yoes 1e sejdwes |10S aye |
‘a|ljoud |10s 8y} ulyIm Jafe)

ued pJey e sey Jo ainjxa} Jaulj o Ajlensn si 8)is Jsayjom ay| ‘pajoadxe si ainjsiow |10s 1saybiy ay) alaym ayis ay) 8)ed0] 0} dew S|I0s e 1o dousliadxe [e20| s

12

SPOYIS|A pue Ssajey juswiesal] JO uoljdoa|ss J0) 8inpad0ld

aIN}SIO [10S %
Jublap ae snuily yBlopn [10S palq

syBiap [10S palIg pue ysai4 usamiag aousiayiq
(JuBrep a1e ] Buipnjour) Jybiapn [10S pauq
(JubBtapn a1 Buipnoul) Jybiep [0S yseld

Jublap oe

< mOOLWLw

:@ 8|NPaY9g 1o} 8Inpadoid

"pasn aq Jsnw 7 Jo g ‘Y 8|npayds ajeudoidde sy ‘pasn aq Jouued g 8|NPaYoS Jey) Yons aJe SUOIPUO [0S §| “Mojje sainjesaduwa) [l0s
pue ‘sainjxa} [10s ‘sainjsiow |10s ajeudoidde ajsym sebesop Jamo| 1. 9 10 ‘g ‘Y S8|npayos Jo pesjsul pasn aq Aeuw (|| - | SHeYD) siuswieal)  8Npayds ‘@ onpayas



0l @bed / NdIN L0/LE/8 PBSIASY

"paJapisuod
aq [|_yYs |10S J0 108} oAl do} 8y} ul Jusdlad ainjsiow |10s }saybiH -apiwolq |Ayjaw jo aioe Jad spunod ayj 8jedlpul SiaquinN <«

%GE 0} ¢¢

I'e "sq| 00 %ccC 0} Gl

I'e "sq| 00 %cCcC 0} 81

I'e "sq| 0G€ %8l 0} ¢l

I"'e 'sq| 00€ %cCl 0} 8

I"'e "sq| 00 %8l 0} vl

I'e "sq| 00€ %v1L 03} 9

I'e "sq| 00€ %cl 03 0L

Q % \% I'e 'sq| 00Z %01 O} ¥

\ I"'e "sq| 00¢ %8 0} €

I'e "sq| 00Z %9 01 ¢

Ae|n weo Ae|n weo weo Apueg pueg Aweoq pues aINnIsIo [10S

0.0¢ 01 01 0.G¢ 0} G alnjesadwa |

"SNOILOI¥1S3Y 3SN 3AID1LSId ALNNOD
/ A1VLS INIH¥NO HLIM FONVITdINOD JUNSNI OL INJWLVIHL OL HOIMd STVIOIH40 LNIWIDOHO4NT 3SN IAIDILSId
ALNNOD HLIM M23HD 'L-4gH se yons die Jatieq ybiy e yyum spiwoiq [Ayley "doud yluow-gz e Joj uonoslold THEYD 'a 9Npayds




L1 ebed / NdIN

1L0/1€/8 PesSIASY

‘palapisuod
aq ||Bys [10S J0 198} aAl} doy 8y} ul jJuadlad ainjsiow |10s 1saybiH -ad1nap uonoedwod Jo Jajjol Bul Aq pamojjo) Juswiyeal |
‘abesop Jamo| ay) e Jaje| sAep Q¢ 0} 7] uonedljdde puodsag 'sss| Jo (W 9/) sayoul O Jo Buioeds [asiyo e pue sayoul 9| jo yydap
wnwiuiw e je asoe Jad Ajdde 0} (suadosdoiolyoIp-¢‘|L %SG 26 10 %16) Il PUOIBL JO JusIpalbul [enjoe Jo spunod 8jedlpul SIBquINN <

%ccC 0} Gl

%cC¢ 01 81

%8l 0} ¢l

%cCl 03 8

%81l 0} vl

%v1 0} 9

%cl 03 0L

4

%01 0} L

77

Qg

I'e "sq| 061/98¢

%L. O} ¥

%8 019

7
a /e

I'e "sq| 061/98¢

%9 0} €

I"'é "Sq| 061/98¢

%9 01 ¢

Ae|n

weo Ae|n

weo

weo Apueg

pueg Aweon

pues

aInjsIo |10S

0.0¢ 01 G|

0.GC 01 0l

0.G¢ 01 G

alnjeladwa |

'SNOILDIYLSTY ISN 3AID0ILSTId ALNNOD / FLVLS INIJHAUNID HLIM

JONVITdNOD TUNSNI OL INFWLVIYL OL HOIRd STVIDI440 LNIWIDHOANT 3SN 3AIDILSTd ALNNOD HLIM MOTHD 1l duojaL
YIm pajealjai pue skep g 0} | Jaye yidap ,Z| 0) O} Je paddiy jios ¢, || duoja L "dod YJUOW-gg & Io} UoNOSI0ld “TTHEYD 'Q 9INPayds




Z1 9bed 7 NMIN

L0/1€/8 PesSIneY

"pPaJapISU0D 8( |[eys [I0S JO 198} 8Al doy 8y} ul Jusdiad ainisiow |10s }saybiH “821A8p
uonoedwod 1o Jajjol Bull Ag pamojjo} Juswieal] ss9| Jo (wd 9/) sayoul og Jo Buloeds [asIyo e pue sayoul 9| Jo yidep wnwiuiw
e je auoe Jad Ajdde o} (suadoidolo|yoip-¢‘| %G'26 10 %P6) , 1l dUOe Jo Jusipaibul [enjoe jo spunod ay) 8}edipul SISqUINN <

I'e 'sq| 092 %¢cc 01 Gl
I'e 'sq| 092 %¢cc 0} 81
I'e 'sq| G99 %81 01 L
I'e 'sq| 049 %¢cCl 0} 8
I'e "sql 0.G %81 01 1
I'e 'sq| G %1 019
/ 7 ‘\ e 'sql G/ %z 018
% e 'sql €€ %8 O}
% A e 'sq) Zg€ %8 01 €
I re-sqizee | %901z
Ae|n weo Ae|n weo weo Apues pueg Aweoq pues aInisIo [10S
0.0 01 GL 0.62 0101 0.6201G ainjesadws |

"'SNOILOIMLS3Y ISN 3AIdILS3d ALNNOD
[ 3ALVLS LINJFHINID HLIM FONVITdINOD FHNSNI OL LNIJNLVIHL OL HOI™d STVIOIA40 LNIJINFDOHO4ANT 3SN 3AIDILS3d ALNNOD
HLIM MO3IHD 'Jolem Jo saydul € Ypm ul papjulids Jo sayoul  doj sy} ojul paj|1jojol WNIPos-Wejaw suojieb oz yym (Aep isi.z ay) uey)

Jaje| Jou Inq Aep )2 Js)e 1o uo) sAep Lz 0} 2 ulypm pamojio ‘paddi jou ‘| suojel "dosd yluow-9z e oy uonosioid TITHeYD 'd aInpayds




€1 obed / NIN

60/€L/1 posiney

"'S8YoUI Z| Jo yydap e je D.yL spesdxa ainjesadws) |10s 8y} pue pajueld si doto ayj |iun
a)epAA pue unoewsN jo suonesldde Ajyyuow Ajdde 0} AiesS898U J0U SI}| "PaJopISUOD g ||eys |I0S JO 198} aAl} doy sy} ul Jusdiad
alnjsiow |I0s }saybiH "deap sayoul aJow 1o g| syueys yum aloe Jad paidde spiwolq |[Aylew jo spunod ayj 81edIpul SiaquinN <«

%S¢ 01 22
I'e 'sq| 001 %¢cc 01 GL
I'e 'sq| 00t %ccC 0} L1
I'e 'Sq| 00€ %L1l 0} 8
I'e "sq| 00€ %Vl 0} 9
I'e 'sq| 00€ %¢cCl 01 0L
g % % I'e "sql 00C %0l O} ¢
~ % \ e 'sal 002 %8 O} €
I'e 'sq] 00C %9 0} ¢
Ae|n weo Ae|n weo weo Apues pueg Aweoq pues aIN}SION |I0S
0.0 01 0L 0.62 016 ainjesadwa |

"SNOILLOIYLSTY ISN 3AIVILSId ALNNOD / FLVLS INIFHAUND HLIM FONVITdINOD FUNSNT OL LINJNLVIYL Ol dORid

STVIOI440 LNIWIDHOANT 3SN 3AIDILSId ALNNOD HLIM MOIHD °110S o sayoul z| do} ayy Ul Jussald aie sjool d|qelA Jabiej Jo pazis
-nouad JI Al HeyD asnjou oq “(uonebudi dup) sbuioeds Japiwe sS9| 10 Youl Z| yim Buigny sepiwa ybnoayy Ajyiuow jusipalbul aAnoe punod | je

(IAwexQ) a1epAA Jo (soydiweus) inoewaN Agq pamoj|o} ‘padie) jJou ‘epiwoiq jAysl\ "doid yjuow-| e 1o} uoioajold Al Heyd ‘g o|npayss




1 ebed / NdIN

60/€L/1 PosIneyY

"sayoul

Z1 Jo yidap e je 9.y spesdxa ainjeladws]) [10S 8y} pue pajue|d s| doid ay} |i3un ajepAA pue Jndewsap Jo suoniedljdde Ajyuow

Aldde 0} Auessaoau Jou SI}| "palapISuod aq [|eys |I0S JO 198} oAl do} ay} ul Jusalad ainjsiow |10s }3saybiH -821Aap uoioedwod
10 Jg|jo4 Buu Aq pamoj|o} Juswieal| *ss$a| 4o (Wwo g9/) sayoul ¢ Jo Buoeds [asiyo e pue sayoul 9 jo yidap wnuwiuiw
e je aJoe Jad A|dde o} (suadoidolo|yoip-¢‘| %G'26 10 %P6) 1l BUOIS L J0 Jusipaibul [enjoe Jo spunod sy} 8}edipul SISquINN <«

%G€ 03 Gl

%c¢C 0} 81

I'e 'sq| G8¢

%8l 01 ¢l

I'e 'Sq| G8¢

%cCl ©1 8

%8l 0} 1

%Vl 0} 6

I'e 'sq| 061

%6 01 9

&0

I'e 'sq| G8¢

%<l O} 6

I'e "sq| 061

%6 0} v

/
2z

I'e 'sq| 061

%8 0} €

I'e 'sq| 061

%9 0} ¢

Ae|n

weo Ae|n

weon

weo Apueg

pues Aweo

pueg

aInjsIo [10S

3.0¢ 91 G|

0.6¢ 010l

0.G6¢ 01 G

alnjesadwa |

"SNOILLOIYLSTY ISN 3AIDILSId ALNNOD / FLVLS INIJHAUND HLIM FONVITdINOD FHUNSNT OL INJWLVIYL OL

YOIYd STVIOI440 LNIJWIDYOLANT SN 3AIDILSTd ALNNOD HLIM MOIHD '110S Jo sayoul | doy ay) ul Jussald aie sjool s|qeln Jable
10 pazis-1ouad JI A Weyd asn jou oq -(uonebuui dup) sbuloeds Japiwe ss9| 10 youl Z| yum Buigny seniwa ybnoayy Ajyiuow (JAwexQ) ayepAp 1o
(soydiweusd) JnoewsaN jusipaibul 8Aioe punod | Ag pamoj|o} ‘paddil jou *, || dUojel "doJd Yuow-| e Joj uoldsjoid A Heyd ‘g a[npayds




Gl 8bed 7 NdIN

60/€L/1 posiney

"paJoapISU0d aq |[eys [10S JO 198} aAl} do} 8y} ul Jusdiad ainjsiow |10S }saybiH
‘deap sayoul alow Jo g| Syueys yum aioe Jad paldde apiwoliq jJAyidw Jo spunod ay} a)edipul slequinN <«

I'e "sq| 00€ %01 0} ¢
I'e "sql 00€ g %8 01 €
\AQQ Q@ I'e 'sq| 00€ %9 01 ¢
weo Apues puesg Aweon pueg aln}sIo |10S
0.6 016G alnjesadwa |

'SNOILOIY1S3Y 3SN 3AI0ILS3d ALNNOD / A1LVLS LINJHHND HLIM FONVITdINOD

FUNSN3 Ol INJNLVIYL Ol HOIHd STVIOId40 LNJINIDHOANT 3SN 3AIDILSId ALNNOD HLIM
WO3IHD Alobayed Aip 00}, 8y} Ul SI [I0S JO SBYoUl g 8deLIns ay} JI Ajuo pue ‘padie) jou ‘Lede 108} /¢
uey} aJow OuU Syueys yum apiwolq |Ayiel\ "dolo yuow-{| e 1o} uoijoslold “IA ¥eyd 'd o2Inpayds




e e aJoe Jad Ajdde o) (suadoidoio|yoip-€‘L %SG /6 10 %6)

9| abed 7 NIN

60/€L/1 pesiney

"PaJapISU0D aq |[eysS [I0S JO 198} aAl doy 8y} ul Juadiad ainisiow |10s }saybiy "a21Aep
uonoedwod 1o Jojjol Bull Ag pamojjo) Juswieal] ss9| Jo (wd 9/) sayodul o Jo Buloeds [9sIyo e pue sayoul 9| Jo yidep wnwiuiw

_>_._._

| 8uUoja Jo jusipalbul [enjoe jo spunod sy} 8jeolpul slequinN <«

I'e 'sq| 091 %< 01 Gl
I'e 'sq| 092 %¢¢ 01 8|
I'e "sq| G99 %81l 01 CL
I'e 'sq| 049 %Zl 018
I'e "sq| 049 %81l 01 ¥71
I'e 'sq| Gy %7Vl 019
f ‘ ‘\ e sl G/ %zl 0} 8
% % e 'sq| Zee %8 O} ¢
M I'e 'sq| Z¢€ %8 01 €
i re-sqrzee | %90z
Ae|n weo Ae|n weo weo Apues pues Aweon pues aInIsIo [10S
2.0C 01 G| 0.G2 01 0} 2.G¢ 01 G alnjesadwa |

"SNOILLOIYLS3™ 3SN 3AI0ILSId ALNNOD / ALVLS LNJHANI HLIM FONVITdNOD FANSNT OL LNJNLVIHL

OL ¥OI¥d STVIOI440 LNJWIDHO4NT 3SN 3AIDILSId ALNNOD HLIM MOIHD “Jajem Jo saydul € Yyym ul papjuids Jo sayoul » doy ay}
OJUl P3|0}0J WNIpos-wejsuw Jo suojieb oz yim Aisnosuejnwis paidde ‘, || suojal "dosd yjuow-gz e Joj uoidslold TIA Heyd ' oinpayos




/1 8bed ; NdIN

60/€L/1 pesiney

"BIUIOJI[e) Ul oSN 10J Poio}Sibol AJUOIIND JON s
‘s|los Apues ul A)I01X0] 8pIpol IgIyxe ued suolos Alleyo pue aunid wnjd ‘1on|d#

%0¢ 0} 81

0LL/0G1/5€C

0L1/0G1/9€C

%81l 0} ¢l

0L1/0S1/9€C

%01 0} 8

)
9] %r@

0L1/0G1/9€C

%¢cl 01 L

%cCl 0} 9

%01 01 G

0LL/0SL/S€C

%8 0} ¢

oLL/0GL/see

%9 0} €

Ae|n

weo Ae|n

weo
Apueg aui4

weo
Apueg asieo)

pues Aweo

pueg

aInsio| [10S

0 GC 0} 6L

0J G2 01 0L

30 BTA ]

ainjesadwa )

"SNOILLOIYLS3™ 3SN 3AIOILSId ALNNOD / ALVLS LNJHANI HLIM FONVITdNOD FUNSNT OL LNJNWLVI™L

Ol ¥OI¥d STVIOI440 LNIJWIDHOANT 3SN 3AIJILSId ALNNOD HLIM MOIHD "wnipos-wejaw Jo 9e/q| 0} ) snid yidap ,0¢

-9 1e ‘uudidololy a0e/q 0G1 snid uidep your zz-g1 1e ‘eapipol [Aujew Jo o/q| GeZ "d0IO YIUOW-QZ € 10} UOIO8J0Id THEUD 'J SINPaydS,...




gl abed ; NIN

60/€L/1 pesiney

"BIUJO}I[e) Ul 9Sh 10} pai1d)Sibal A[JUdIind JON,.
"S19JUd9 ) Z UO I} ¢ 0} paddu-aid 10s ul yueys pabuim Buisseng asn jsnip,

%61 0} Gl

0kL1/6e/se

%SGl 0} ¢l

0lL1/G2/Se

%G1 0} 0L

%cCl 03} 9

%0l 0} G

Ae|n

weo Aeg|n

weo

weo
Apueg aui4

weon
Apueg asieo)

pues Aweo

pueg

aInsio| [10S

0 GC 0} 6L

0J G201 01

30 BTA ]

ainjesadwa )

"SNOILOI¥LSIY 3SN 3AIDILSId ALNNOD / LVLS LNIHUND HLIM IONVITdINOD JUNSNI
OL INJNLVIYL OL HOINd STVIOIA40 LNIWIDHO0LNT 3SN 3AI0ILSId ALNNOD HLIM MOIHD "wnipos-wejaw jo oe/q| 01 | snid
yydep 0€-92 1€ ‘w1l duoja edb Gz snid yidep youl ,2z-8| 1 ‘w1l duole] edb Gz, "doid yuow-9g e Joj uonosjoid Il Heyd '3 aInpayods,,.




61 abed / NIN

60/€L/1 pesiney

"S191U89 ) Z UO I ¢ 0} paddui-aid |i0s ul yueys pabuim Buisseng asn 1sniy,

oLL/0Ge/Lee %S 01 ZlL
oLL/0Se/L ee %S1 0101
%<Zl 0} 9
%01 0} G
Aelo weo Ae|n weo weo’ WweoT pues AweoT pues aIN)SIoN |I0S
Apueg aui4 Apueg asieo)
0J GC 0} Gl 0 GC 031 01 0D GC 0} G aimesadwa

"SNOILIINLSIY SN IAIDILSIAd ALNNOD / ILVLS LNIHUNI HLIM FONVITdINOD FUNSNI
OL INJINLVIYL OL HOI¥d STVIOI440 LNIWIDHOANT ISN IAIDILSId ALNNOD HLIM MOIHD "die) Jo wnipos-wejsw Jo oe/q|
011 snid yidep ,0€-9z 1e ‘uuoidoioly) oe/ql 0S¢ snid ,.zz-81 1e ‘w1 duoja] edb /- ¢¢, "doio Yjuow-9g e Joj uoiosjoid Tl Meyd '3 o[npayds




0z ebed 7 NdIN

60/€L/1 pesiney

"BIUIOJI[ED Ul 0SN 10] poIo}SIbDal AJUOIIND JONyxx

‘s|l0s Apues ul AJ191X0} 8pIpol JIIYyxd ued suolos Aueyd pue aunid ‘wnid ‘Jon|d#
"S19JU89 ) Z Uo I G 0] paddu-aid jl0s ul yueys pabuim Buissang asn 1SN ..

olLL/00€/5€C

%61 0} Gl

0L 1/00€/5€C

%G1 61 2L

%SGl 0} 0L

%cCl 031 9

%01 03} G

Ae|n

weo Ae|n

weo

weo
Apueg aui4

weo
Apueg asieo)

pues Aweo

pueg

aInsio| [10S

0 GC 01 Gl

0J GC 01 01

P20 B TA ]

ainjeladwa )

"SNOILOI¥1S3Y 3SN IAIDILSId ALNNOD / ILVLS INIFHAND HLIM IONVITdINOD FUNSNI OL
INIWLVIYL OL HOI¥d STVIOI440 LNIWIDHO4NT 3SN 3AI21LSId ALNNOD HLIM YDIHD "die) JO WnIpos-Wejaw Jo 9./q| 0L} usy)
yidep ,0€-92 e uuoidololyd 9e/ql 00€ SNid ,2z-81 1€ ‘OpIPOI [AUJOL JB/q| GEZ,. "dOID YJUOW-QZ © IO} UONIBI0Id “ATHEUD ‘T SINPaydS,..




|z abed , INdIN

60/€L/1 pesiney

"S19JU80 )} Z UO I G 0} paddal-aid |10s ul yueys pabuim Buissang asn 1SN 4«

0LL/0SE/L €L

%61 0} Gl

%G1 61 2L

%G1 0} 0L

%cCl 03} 9

%01 0} G

Aelo

weo Ae|n

weon

weo
Apueg aui4

weo
Apueg asieo)

pues AweoT

pues

aInjsiop [10S

0 GC 01 G|

0 GC 01 01

P30 BTA ]

ainjeladwa |

"SNOILOIMLSTY SN 3AIDILSId ALNNOD / FLVLS LNIHUND HLIM JONVITdNOD FHNSNI
Ol LNJWLVIYL Ol ¥OI¥d SIVIOIJ40 LNIWIDHOANT 3SN 3AIDILSId ALNNOD HLIM MOIHD dJey Jo wnipos-Wejsw Jo 9e/q| O}
uay) yydap ,0¢-9¢ ¥e uuoidoiolyd oe/q| 0G¢ snid .2z-8lL e ‘w. 1l duoje] edb /-¢g,, "doio yuow-9g e Joj uonosjold A Heyd '3 a|npayds,,,




zz ebed 7 NdIN

60/€L/1 pesiney

"BIUJO}I[B) Ul 9Sh 10} pai1d}Sibal A[JUd1ind JON,..
"S19JU89 ) Z Uo I G 0] paddu-aid Jl0s ul yueys pabuim Buissang asn 1SN ..

OLLILEE/ILEE

%61 03} Gl

%Gl 0} ¢l

%G1 03 0L

%cCl 0} 9

%01l 03} G

Aerd

weo Ae|n

weoT

weo|
Apueg aui4

weo
Apueg asieo)

pues Aweo

pueg

aInjsio [10S

0 GC 01 G|

0D GC 01 01

%0 B TA §°]

ainjesadwo |

*diey 10 wnipos-welaw Jo oe/q| 0l |
uay} yydap ,0€-9¢ ¥e uudidoiolyd oe/q| 0S¢ snid ,2z-8l ¥e ‘w.ll duoje] edb /-gg,, "doid yjuow-9g e Joj Uoiosjold TA Heyd '3 aInpayds,,,




¢z obed / NdIN 60/€1/| PosIAeY

S ”_
vy S
. 9
z ._
v d
2.
K¢ “_.
y S
(2]
-m “
z }
(2]
L M
2.
4 | a 2 q v
aINISIO| I ale| M N
10S % SNUIN "W paud 9oualayI( loS pauQ loS ysal- I ale|
JUSlU0D BINISION [I0S alnxe] aJnjesodws)]  ydeQq aus

NHO4 NOILYININNDOAd SNOILIANOD TOS INJN1LVIH1LIHd LIS AHISHNN



SOIL TEXTURAL CLASS CHARACTERISTICS

Notes:

(1) The Natural Resources Conservation Service (NRCS) of the USDA has
characterized the soil textures of almost all nursery sites in California. Their soil
texture analyses provide a definitive guide to prevailing soil textures. However,
the NRCS surveys could not evaluate and characterize the small localized
textural differences that may be present in every field. Therefore, soil textural
descriptions are provided below to serve as an in-field aid for confirming NRCS
determinations or for modifying them as appropriate.

(2) The following soil type characteristics may not all occur with any particular soil
type because of differences in clay and organic matter content, exchangeable
cation ratios, or amount of soluble salts present.

SAND OR LOAMY SAND
Dry: Loose, single grained; gritty; no or very weak clods.
Moist:  Gritty; forms easily crumbled ball; does not ribbon.
Wet: Lacks stickiness, but may show faint clay staining (loamy sand especially).
Individual grains can be both seen and felt under all moisture conditions.

SANDY LOAM
Individual grains can be seen and felt under nearly all conditions.
Dry: Clods break easily.
Moist: Moderately gritty to gritty; forms ball that stands careful handling; ribbons
very poorly.
Wet: Definitely stains fingers; may have faint smoothness or stickiness, but
grittiness dominates.

LOAM
This is the most difficult texture to place since characteristics of sand, silt, and clay
are all present but none predominates. Suggests other textures.
Dry: Clods slightly difficult to break; somewhat gritty.
Moist:  Forms firm ball; ribbons poorly; may show poor fingerprint.
Wet: Gritty; smooth, and sticky all at same time. Stains fingers.

SILT OR SILT LOAM

Grittiness of sand is well masked by other separates. (Texture most likely SILT

LOAM, there are a few SILT soils.)

Dry: Clods moderately difficult to break and rupture suddenly to a floury powder
that clings to fingers; shows fingerprint.

Moist:  Has smooth, slick, velvety, or buttery feel; forms firm ball; may ribbon
slightly before breaking; shows good fingerprint.

Wet: Smooth with some stickiness from clay; stains fingers.

SANDY CLAY LOAM
Dry: Clods break with some difficulty.
Moist: Forms firm ball that dries moderately hard; forms %" ribbons that hardly
sustain own weight; may show poor to good fingerprint.
Wet: Grittiness of sand and stickiness of clay about equal, masking smoothness
of silt; stains fingers.

CLAY LOAM
Dry: Clods break with difficulty.
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Moist:  Forms firm ball that dries moderately hard; ribbons fairly well, but ribbons
barely support own weight; shows fair to good fingerprint.

Wet: Moderately sticky with stickiness dominating over grittiness and
smoothness; stains fingers.

SILTY CLAY LOAM

Resembles SILT LOAM but with more stickiness of clay.

Dry: Clods break with difficulty.

Moist:  Shows a good fingerprint; forms a firm ball; drying moderately hard; ribbons
¥2"-1" that can be fairly thin.

Wet: Stains fingers; has sticky-smooth feel with little grittiness of sand.

SANDY CLAY
Dry: Often cloddy, clods broken only with extreme pressure.
Moist: Forms very firm ball, drying quite hard; shows fingerprint; squeezes to thin,
long, somewhat gritty ribbon.
Wet: Stains fingers; clouds water; usually quite sticky and plastic, but has some
grittiness present.
SILTY CLAY
Dry: Same as SANDY CLAY.
Moist: Forms very firm ball; becoming quite hard on drying; shows fingerprint;
squeezes out to a thin, long, smooth ribbon.
Wet: Stains fingers, clouds water, stickiness dominates over smoothness,
grittiness is virtually absent.

CLAY
Dry: Cloddy, clods often cannot be broken even with extreme pressure.
Moist: Forms firm, easily molded ball; drying very hard; squeezes out to a very thin
ribbon 2-3" long.
Wet: Stains fingers, clouds water; usually very sticky with stickiness masking
both smoothness and grittiness; wets slowly.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF CHEMICAL SAFETY
AND POLLUTION PREVENTION

December 28, 2015

Jonathan Janis

Regulatory Manager

Isagro USA, Inc.

430 David Drive, Suite 240
Morrisville, NC 27560

Subject: Non-PRIA (Pesticide Registration Improvement Act) Labeling Amendment — Acceptable
Amendment to Make Editorial Changes and Amend Directions for Use
Product Name: IRF135
EPA Registration Number: 89285-2
Application Date: November 9, 2015
OPP Decision Number: 511072

Dear Mr. Janis:

The amended labeling referred to above, submitted in connection with registration under the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA), as amended, is acceptable.

This approval does not affect any terms or conditions that were previously imposed on this registration.
You continue to be subject to existing terms or conditions on your registration and any deadlines
connected with them.

A stamped copy of your labeling is enclosed for your records. This labeling supersedes all previously
accepted labeling. You must submit one (1) copy of the final printed labeling before you release this
product for shipment with the new labeling. In accordance with 40 CFR § 152.130(c), you may
distribute or sell this product under the previously approved labeling for 18 months from the date of this
letter. After 18 months, you may only distribute or sell this product if it bears this new revised labeling
or subsequently approved labeling. “To distribute or sell” is defined under FIFRA section 2(gg) and its
implementing regulation at 40 CFR § 152.3.

Should you wish to add/retain a reference to your company’s website on your label, then please be
aware that the website becomes labeling under FIFRA and is subject to review by the U.S.
Environmental Protection Agency (EPA). If the website is false or misleading, the product will be
considered to be misbranded and sale or distribution of the product is unlawful under FIFRA section
12(a)(1)(E). 40 CFR § 156.10(a)(5) lists examples of statements the EPA may consider false or
misleading. In addition, regardless of whether a website is referenced on your product’s label, claims
made on the website may not substantially differ from those claims approved through the registration
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EPA Reg. No. 89285-2
OPP Decision No. 511072

process. Therefore, should the EPA find or if it is brought to our attention that a website contains false
or misleading statements or claims substantially differing from the EPA-approved registration, the
website will be referred to the EPA’s Office of Enforcement and Compliance Assurance.

Your release for shipment of this product constitutes acceptance of these terms. If these terms are not
complied with, this registration will be subject to cancellation in accordance with FIFRA section 6.

If you have any questions, please contact Andrew Reighart of my team by phone at (703) 347-0469 or
via email at reighart.andrew@epa.gov.

Sincerely,

Andrew C. Bryceland, Team Leader
Biochemical Pesticides Branch
Biopesticides and Pollution
Prevention Division (7511P)

Office of Pesticide Programs

Enclosure



IRF135 12/28/2015

(Alternate Brand Name: “DOMINUS®")

Biopesticide for Agricultural Soil Treatment Use 89285-2

A BROAD SPECTRUM PRE-PLANT SOIL BIOFUMIGANT FOR THE CONTROL
OF CERTAIN SOIL BORNE FUNGI, NEMATODES, WEEDS and INSECTS

ACTIVE INGREDIENT:

F 1Y S0 1 10T on = L = = SRR 96.3%
OTHER INGREDIENT S .. ettt ettt ettt ettt et e st e et e st e e st e e st e e e abe e e sabe e e sbbeeenbeesbeeesnbeeeaseeeanns 3.7%
B O 1 I PSSR PR PRSPPI 100.0%
Contains 8.19 Ibs. active ingredient (allyl isothiocyanate) per gallon. This product weighs 8.5 Ibs.

per gallon.

KEEP OUT OF REACH OF CHILDREN
DANGER/PELIGRO

Si usted no entiende la etiqueta, busque a alguien para que se la explique a usted en detalle.
If you do not understand the label, find someone to explain it to you in detail.

FIRST AID
. Hold eye open and rinse slowly and gently with water for 15-20 minutes.
. . Remove contact lenses, if present, after the first 5 minutes, and then continue
If in eyes finsing.
o Call a poison control center or physician for treatment advice.
. o Take off contaminated clothing.
If on sk_m o Rinse skin immediately with plenty of water for 15 minutes.
or clothing o Call a poison control center of doctor for treatment advice.
. Have person sip a glass of water if able to swallow.
. Do not induce vomiting unless told to do so by the poison control center or
If swallowed doctor.
o Do not give anything to an unconscious person.
o Call a poison control center or physician for treatment advice.
o Move person to fresh air.
If Inhaled o If person is not breathing, call 911 or an arr_\bulanc_:e, then give artificial
respiration, preferably by mouth-to-mouth, if possible.
o 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 Call CHEMTREC Day or
Night Domestic North America 800-424-9300; International 703-527-3887 (collect calls accepted).

EPA Reg. No. 89285-2 EPA Est. No. XXXXX-XXX-XXX

Net Contents:
(Batch Code/Lot No: will be placed on the container)
Manufactured for:
Isagro USA, Inc.
430 Davis Drive, Suite 240
Morrisville, NC 27560

IRF135; EPA Reg. No. 89285-2 AMEND 12Nov2015
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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 with the potential for liquid contact all handlers (including applicators)
must wear:

« Coveralls worn over long sleeve shirt and long pants
o Chemical-resistant footwear plus socks

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

» Protective eyewear

« Respirator (see below)

Where liquid contact is a potential all 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 (OV) cartridge or canister with any N, R,
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 exist, 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 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 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.

IRF135; EPA Reg. No. 89285-2 AMEND 12Nov2015
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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 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 natification 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 labeling is listed in the Personal Protective Equipment (PPE) section of this
labeling.

Assure that labels and SDS are on-site and readily available for employees to review.

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 until 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/PELIGRO”

“Areas under fumigation. DO NOT ENTER/NO ENTRE"
Allyl Isothiocyanate biofumigant in use

Date and time of fumigation

Date and time entry restricted period is over

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 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 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 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.

IRF135; EPA Reg. No. 89285-2 AMEND 12Nov2015
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Entry into the application block during this period is only allowed for appropriately PPE-equipped
handlers performing handling tasks. See the Entry 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.

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 separated 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 controlling 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 IRF135 if it cannot be
applied according to the use patterns on the label.

APPLICATION WITH OTHER PRODUCTS

IRF135 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
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 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 IRF135 dissipation.
o 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 significantly decrease dissipation of IRF135 and can
require a longer soil exposure period before soil conditions are favorable for planting of
crop(s) following application of IRF135.

« After shank application is complete, wait 10 days under normal moisture conditions and
at least 14 days when soils are wet/saturated prior to planting. After all other applications
wait 10 days prior to planting.

« In addition to the 10-14 day waiting period, use of a Jar Seedling and/or Transplant tests
may be needed to verify crop safety prior to planting the field to the next crop.

SOIL TREATMENT TIMING AND APPLICATION RATES
o Number of applications per year:

IRF135; EPA Reg. No. 89285-2 AMEND 12Nov2015
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o IRF135 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.

0 IRF135 may be applied to soil as an end of season crop termination application
with subsequent applications allowable to the same soil within the same year
provided harvest of the crop is complete prior to crop termination application.

e Open field: Use 10 - 40 gallons of IRF135 /A (85 - 340 Ib/A).

e Greenhouse: Use 10 - 40 gallons of IRF135 /A (85 - 340 Ib/A) or 0.23 gal / 1,000ft? —
0.92 gal/1,000ft?.

e End of season crop termination in open field or greenhouse: Use 3 — 20 gallons of
IRF135 /A (26 — 170 Ib/A) or 0.069 gal/1,000ft? to 0.45 gal/1,000ft?*

TABLE 1. PRE-PLANT SOIL APPLICATION RATES

BROADCAST
BROADCAST RATES (LBS
TREATMENT SITE RATES (GAL/A)* | PRODUCT/A)*

Field soils 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, garlic, onion, potato, sweet potato)

Field soils to be planted to:
Strawberries, berries (cane fruit) , 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 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: 10 - 40 85 - 340

Food crops and non-food crops

*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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TABLE 2. END OF SEASON CROP TERMINATION TREATMENT RATES

BROADCAST
BROADCAST RATES (LBS

TREATMENT SITE RATES (GAL/A) PRODUCT/A)

Soils that were planted with the following crops:
Asparagus, brassica vegetables (broccoli, cauliflower),
cereal grains, cucurbit crops (cucumber, squash,
melons), fruiting vegetables (e.g. eggplant, peppers,
tomatoes), herbs and spices, leek, leafy vegetables
(e.g. lettuce), legume vegetables, root and tuber
vegetables (carrot, garlic, onion, potato, sweet potato),
strawberries, berries (cane fruit)

3-20 25.5-170

APPLICATION SITE CONDITION DIRECTIONS

Soil temperature: Minimum of 60°F and maximum of 90°F at a typical application depth
Soil preparation (Pre-Plant Applications):

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 IRF135.

Soil moisture:

It is critical to achieve adequate soil moisture before 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 (http://www.oneplan.org/Water/soilmoist.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 IRF135 application (enough to saturate
soil 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
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present at the time of application. Weather conditions and or advisories can be
downloaded online at http://www.nws.noaa.gov.

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

PRE-PLANTING AFTER APPLICATION OF IRF135

Recontamination Prevention:

IRF135 will control pests that are present in the soil treatment zone at the time of soll
treatment. It will not control pests that are introduced into the soil after soil 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 into the treated area. 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:

Allow IRF135 to dissipate completely within and out of the treated soil before planting
the crop.

When determining the appropriate time interval before planting, consideration of factors
that impact IRF135 dissipation include rate of application, depth of injection, soail
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 soil treatment and planting as described below.

Lettuce 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 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 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 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 transplants to remain free
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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.

IRF135 DRIP (TRICKLE) CHEMIGATION APPLICATION USE DIRECTIONS

Drip (Trickle) 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 IRF135
in irrigation water used to treat soil.

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 IRF135 to ensure
adequate soil drainage. Note that conditions where soil layers (plow pans) 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 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 shallow subsurface placement to
ensure thorough wetting of the soil area being treated by IRF135 drip injection.

IRF135 must be metered at a target concentration between - 1000 — 3000 ppm
(calculated 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 IRF135 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 IRF135 to meet the target
ppm in irrigation water. Insert a static mixer or similar device immediately after the
IRF135 injection point to insure adequate mixing with the irrigation water.

Chemigation Application Information:

1

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
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5.

application to a public water system unless the pesticide label-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 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 IRF135. For leaks discovered during application of IRF135, 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 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, 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 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
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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 (3X) 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 IRF135 is completely voided from the injection lines and
drip tape.

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

« If common lines are used for both the IRF135 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 IRF135.

o Tarp edges must be buried along the row furrow and at the ends of each row.
Untarped Drip (Trickle) Chemigation Applications:

e Use of shallow buried drip tape, i.e. >1 inch is acceptable when applying via Drip (trickle)
Chemigation.

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 a minimum of 10 days following the
completion 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 planting 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.

Tarped or Non-Tarped Drip (Trickle) End of Season Crop Termination Chemigation
Applications:

e Use instructions listed above for preparation and application conditions for pre-plant drip
(trickle) chemigation, with the exception of those instructions for soil preparation which
are not applicable for this treatment. Use the following additional steps:

e Use existing drip or trickle tape in the bed.
e Ensure that all drip (trickle) tape is completely functional and without leaks or tears.

e Application is for soil already covered with plastic (with or without plant holes) and drip
tape is buried at a depth of >1 inch.

e Apply IRF135 at 3 — 20 gallons/acre.
¢ |IRF135 broadcast application rate is not to exceed 20 gallons/acre.
¢ |IRF135 ppm concentration range in irrigation water (500 — 1,500 ppm).

e Dispose of all crop and / or plant residues following treatment by removal, tillage or other
appropriate means.

e The terminated crop must not be used for any food or feed purposes after the product
has been applied.

Requirements for Greenhouse Soil Treatment
« Applications methods for use in greenhouse soil treatment may be applied as drip
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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.

0 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.

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

Soil moisture:

« For tractor mounted shank applied treatments of IRF135 do not apply to dry soils. Target
a soil moisture reading of 25 to 60% Available Water 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.

* Available Water Content (or Capacity) is the amount of water that a soil can store that is
available for use by plants (USDA Soil Quality Information Sheet).

Soil temperature at application:
« Maximum of 60°F and a maximum of 90°F at application depth.
Application Methods and Equipment:

o Apply IRF135 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 4 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. If chisel traces are not adequately closed by the application
equipment the use of a press board, ring roller or other device to effectively close chisel
traces must be performed.

Application Depth:
« The point of injection must be a minimum of 4 inches from the final soil/air interface.

o 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
Application | Injection | Chisel Outlet Injector after Non-Tarped
Type depth Spacing | Spacing | Spacing application* Type Sealing
Broadcast 4-15 6-12 6-12 4-6 PE, VIF, TIF Overhead
Shallow inches | inches** | inches inches sprinkler, water
Shank cap and/or
Roller/Packer to
compact soil
surface, and close
chisel traces
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Tarped Type
Noble Sealing,
Single Plow Yetter Applied
Sweep | Injector Rig immediately
Application | Injection | Chisel Outlet Injector after Non-Tarped
Type depth | Spacing | Spacing | Spacing | application* Type Sealing
Broadcast >17 18-24 NA NA NA Roller/packer to
Deep Shank | inches inches compact soil
surface
Raised Bed 4-15 6-12 NA 4-6 PE, VIF, TIF Overhead
shallow inches inches** inches Sprinkler, water
shank or cap and/or
Strip Roller/Packer to
Application compact soll
surface, and close
chisel traces

* PE = Polyethylene film; VIF = Virtually Impermeable Film; TIF = Totally Impermeable Film

** Use of no more than 3 nozzles per sweep with 4 — 5 inches / nozzle and bottom nozzle at no
more than 15 inches from soil surface.

Prevention of End Row Spillage:

Do not apply or allow IRF135 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 IRF135 injection line has been depressurized to passively drain remaining
IRF135 or when the system has been actively purged (e.g. via air compressor).

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

IRF135 application equipment must be calibrated and all control systems working
properly. Proper calibration is critical to ensure IRF135 application rate and soll
placement. Refer to the equipment manufacturer’s instructions to properly calibrate the
injection equipment. The equipment dealer, local Cooperative Extension Service, crop
advisor or IRF135 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/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-sleeved shirt, long pants and gloves when
there is no waiting or aeration period between tarp cutting and removing the tarp
following application and prior to planting.

Soil under un-tarped shanked applications must remain undisturbed for a minimum of 5
days following completion of the applications before tillage and or planting of the crop.
Soil can be planted with the target crop at a minimum of 10 days following drip
application.

Soil can be planted with the target crops at a minimum of 10-14 days following shank
applications only if conditions are favorable for soil moisture and dissipation of IRF135 in
the soil.
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exposure and or aeration period.

planting the target crop.

Cold and or wet soils can decrease dissipation of IRF135 and can require a longer soil

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

PESTS CONTROLLED FROM SOIL TREATMENT USES

Nematodes

Common Name (if applicable)

Scientific Name

Pin nematode Paratylenchus

Ring nematode Mesocriconema (=Criconemoides, =Criconemella)
Root knot nematode Meloidogyne

Root-lesion nematode Pratylenchus

Spiral nematode

Helicotylenchus

Sting nematode

Belonolaimus

Stubby-root nematode

Paratrichodorus

Stem and bulb nematode

Tylenchus

Soil Borne Fungi

Common Name (if applicable)

Scientific Name

Charcoal rot

Macrophomina phaseolina

Clubroot organism

Plasmodiophora

Corky root Pyrenochaeta
Fusarium wilt Fusarium spp.
Phytophthora Phytophthora spp.
Pythium Pythium spp.
Rhizoctonia Rhizoctonia spp.

Southern blight

Sclerotium rolfsii

Verticillium wilt

Verticillium dahliae

Insects in the Soil at the Time of Treatm

ent

Common Name (if applicable)

Scientific Name (if applicable)

Cutworms

Japanese beetles

June beetles and larva

Symphylan (centipedes)

White grubs

Wireworms

Weeds

Common Name (if applicable)

Scientific Name

California burclover

Medicago lupulina

Common chickweed

Stellaria media

Common mallow

Malva neglecta

Common purslane

Portulaca oleracea

Field bindweed

Convolvulus arvensis

Annual grass spp.

Morningglory spp.

Ipomoea spp.

Prostrate knotweed

Polygonum aviculare

Purple nutsedge*

Cyperus rotundus

Yellow nutsedge*

Cyperus esculentus

* Suppression under wet conditions and heavy pest populations.

Mollusks
Slugs and Snails.
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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 HANDLING 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
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 small enough to shake (with capacities equal to or less
than 5 gallons):

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 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 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 PSI for at least 30
seconds. Drain for 10 seconds after the flow begins to drip.

CONTAINER HANDLING for rigid, refillable 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 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.
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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 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
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 partially), 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 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 ASSOCIATED 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 handling 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.

DOMINUS is a registered trademark of Isagro USA, Inc.

IRF135; EPA Reg. No. 89285-2 AMEND 12Nov2015
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ISAGRO ™ USH

Safety Data Sheet for use in USA Date: October 28, 2015

1. IDENTIFICATION OF THE PRODUCT AND OF THE COMPANY

Trade name: Dominus® (also IRF135)

Product type and Use: Agricultural and general soil treatment use as biofumigant (biopesticide)

Company: Isagro USA- 430 Davis Dr., Suite 240, Morrisville NC 27560
Subsidiary of: Isagro S.p.A. — Via Caldera, 21 — 20153 Milano, Italy

Emergency Telephone Numbers: Isagro USA (919) 321-5200 / CHEMTREC (800) 424-9300

2. HAZARDS IDENTIFICATION
OSHA Hazard Communication Standard Classification (29 CFR 1910.1200)

Signal Word: Danger

Pictograms:

Hazard Statements and Categories:

Acute Oral Toxicity: Harmful if swallowed — Wash hand thoroughly after handling. Do not eat, drink or smoke
when using this product. If swallowed: call a poison center if you feel unwell. Rinse mouth.

Acute Dermal Toxicity: Toxic in contact with skin — Wear protective gloves and clothing. If on skin: wash with
plenty of water. Call a poison center or doctor if you feel unwell. Take off immediately all contaminated clothing
and wash if before reuse. Store locked up.

Acute Inhalation Toxicity: Irritating to respiratory system — Do not breathe mist, vapor or spray. Use only out-
doors or in a well-ventilated area. In case of inadequate ventilation wear respiratory protection. If inhaled: remove
person to fresh air and keep comfortable for breathing. Immediately call a poison center or doctor. Take off imme-
diately all contaminated clothing and wash it before reuse. Store in a well-ventilated place. Keep container tightly
closed. Stored locked up.

Skin Irritation: Causes severe skin burns and eye damage — Do not breathe mists. Wash hands thoroughly
after handling. Wear protective gloves and clothing, eye and face protection. If swallowed: rinse mouth. Do not
induce vomiting. If on skin: take off immediately all contaminated clothing. Rinse skin with water or shower. If
inhaled: remove person to fresh air and keep comfortable for breathing. If in eyes: Rinse cautiously with water
for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing.

Eye irritation: Causes serious eye damage — Wear eye and face protection. If in eyes: Rinse cautiously with
water for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing. Immediately call
a poison center or doctor.

Flammable liquid — Keep away from open flames. No smoking. Keep container tightly closed. Use only
non-sparking tools. Take precautionary measures against static discharge. Wear protective gloves, eye and face
protection. If on skin: take off immediately all contaminated clothing. Rinse skin with water or shower.
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3. COMPOSITION/INFORMATION ON ACTIVE INGREDIENTS
96.3% allyl isothiocyanate (AITC) CAS: 57-06-7

4. FIRST AID MEASURES

If in Eyes: Hold eye open and rinse slowly and gently with water for 15-20 minutes. Remove contact lenses,
if present, after the first 5 minutes, and then continue rinsing. Call a poison control center or physician for
treatment advice.

If on Skin or Clothing: Take off contaminated clothing. Rinse skin immediately with plenty of water for 15
minutes. Call a poison control center of doctor for treatment advice.

If Swallowed: Have person sip a glass of water if able to swallow. Do not induce vomiting unless told to
do so by the poison control center or doctor. Do not give anything to an unconscious person. Call a poison
control center or physician for treatment advice.

If Inhaled: Move person to fresh air. If 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.

5. FIRE-FIGHTING MEASURES
Flash Point: 47°C

Extinguishing Media: Small fire - CO,, dry chemical, dry sand, alcohol-resistant foam. Large fire — Water
spray, fog or alcohol-resistant foam.

Unusual Fire & Explosion Hazards: Do not inhale explosion and combustion gases which, at high
temperatures, may contain toxic substances such as COx, NOx, SOx. Burning produces heavy smoke.

Fire-Fighting Procedures: Use appropriate extinguishing media for combustibles in the area. Wear full
protective clothing and self-contained breathing apparatus. Evacuate nonessential personnel from the area
to prevent human exposure to fire, smoke, fumes or products of combustion. Prevent use of contaminated
buildings, area, and equipment until decontaminated. Water runoff can cause environmental damage. If
water is used to fight fire, dike and collect runoff.

Hazardous Decomposition Products: May release irritating and toxic gases due to thermal decomposition.

6. ACCIDENTAL RELEASE MEASURES
Personal Precautions: Wear personal protection equipment. Wear breathing apparatus if exposed to
vapors/dusts/aerosols. Provide adequate ventilation. Use appropriate respiratory protection.

Environmental Precautions: Follow good practice (allowed dose/use) in order to prevent environmental
pollution. Retain contaminated washing water and dispose it. Suitable material for taking up: absorbing
material, organic, sand

Methods and materials for containment and cleaning up: Wash with plenty of water.

7. HANDLING AND STORAGE
Do not contaminate water, food, or feed by storage or disposal.

Handling Precautions: Avoid contact with skin and eyes, inhalation of vapors and mists. Use localized ven-
tilation system. Don't use empty container before they have been cleaned. Before making transfer operations,
assure that there aren’t any incompatible material residuals in the containers. Contaminated clothing should
be changed before entering eating areas. Do not eat or drink while working. See also section 8 for recom-
mended protective equipment.

Page 2 of 5



Safety Data Sheet
DOMINUS

Storage Precautions: Keep away from food, drink and feed. Incompatible materials: None in particular.
Instructions as regards storage premises: Adequately ventilated premises.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Engineering Controls: Refer to product label. Provide local exhaust or process enclosure ventilation system.
Eye/Face Protection: To protect against accidental eye contact, goggles/face-shield should be worn.

Skin Protection: Long-sleeved shirt and long pants. Chemical-resistant gloves, such as butyl rubber, natural
rubber, neoprene rubber, or nitrile rubber. Shoes plus socks.

Respiratory Protection: When needed, based on the conditions of use, wear a MSHA/NIOSH approved air
purifying respirator with an organic-vapor removing cartridge with any N, R, P or HE pre-filter.

Additional Protective Measures: Discard clothing and other absorbent materials that have been
drenched or heavily contaminated with this product’s concentrate. Do not reuse them. Follow manufactur-
er’s instructions for cleaning and maintaining PPE. If no such instructions for washables, use detergent and
hot water. Keep and wash PPE separately from other laundry.

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.

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.

Exposure Limit:
Allyl isothiocyanate (AITC) CAS: 57-06-7: 1 ppm (STEL) (WEEL)*
* US, Workplace Environmental Exposure Levels

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance and Color: Colorless or pale yellow liquid
Odor: Very pungent, irritating aroma

pH: 4 - 5 (aqueous suspension 1%)

Flash Point: 47°C

Boiling Point: 150-151°C

Density: 1.103 — 1.020

Partition Coefficient: LogP -2.11

Water Solubility: Slightly soluble in water

Vapor Pressure: 1.33 kPa@38.3°C

10.

STABILITY AND REACTIVITY
Stability: Stable under normal handling and storage conditions.

Incompatibilities: Strong acids, strong bases and oxidation agents
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Hazardous Decomposition: It may generate flammable gases on contact with elementary metals

(alkalis and alkaline earth, alloys in powder or vapours) and powerful reducing agents. It may generate tox-
ic gases on contact with oxidizing mineral acids, and powerful oxidizing agents. It may catch fire on contact
with oxidizing mineral acids, and powerful oxidizing agents.

Hazardous Polymerization: Will not occur.

11.

TOXICOLOGICAL INFORMATION

Acute Toxicity/Irritation Studies: (Based on the active ingredient of IRF 135)
Acute Oral Toxicity LD50: 425.4 mg/kg
Acute Dermal Toxicity LD50 : > 200 mg/kg and < 2000 mg/kg
Acute Inhalation Toxicity LC50 (4h) : >0.21 mg/L and <0.508 mg/L
Eye Irritation: Corrosive
Skin Irritation: Corrosive
Dermal Sensitization: A positive skin sensitizer

Other Toxicological Information: (Based on the active ingredient of IRF 135)
Chronic Toxicity: No data available
Carcinogenic Effects: No carcinogenic effect
Reproductive Toxicity: No data available
Teratogenic Effect: No teratogenic effect
Mutagenic Effects: Negative in vivo

12.

ECOLOGICAL INFORMATION

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.

Ecotoxicological Information: (Based on the active ingredient allyl isothiocyanate)
Fathead Minnow LC50 (96h): 85.6ug/L

13.

DISPOSAL CONSIDERATIONS

Recover if possible. Send non-recoverable product, absorbent material, and rinsate solids to authorized
disposal plants or for incineration under controlled conditions. In so doing, comply with the local and national
regulations currently in force.

14.

TRANSPORT INFORMATION
US DOT Classification
UN No.: 1545
Proper Shipping Name: Allyl isothiocyanate, stabilized
Class: 6.1 (3)
Packaging Group: Il
Marine Pollutant: No
IMO Classification
UN No.: 1545
Proper Shipping Name: Allyl isothiocyanate, stabilized
Class: 6.1 (3)
Packaging Group: Il
Marine Pollutant: Yes
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IATA Classification

UN No.: 1545
Proper Shipping Name: Allyl isothiocyanate, stabilized
Class: 6.1(3)

Packaging Group: Il

15.

REGULATORY INFORMATION

FIFRA Information:

This chemical is a pesticide product registered by the Environmental Protection Agency and is subject to
certain labeling requirements under federal pesticide law. These requirements different from the classification
criteria and hazard information for safety data sheet, and for workplace labels of non-pesticide chemicals.
Following is the hazard information as required on the pesticide label.

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.

US Federal Regulations:
SARA Title Ill Classification:

Section 302: Not applicable.

Section 311/312: Acute health hazard (immediate)
Fire Hazard

Section 313: Not applicable.

CA PROPOSITION 65: Not applicable
CERCLA RQ: Not applicable

RCRA CLASSIFICATION: Under RCRA, it is the responsibility of the product user to determine at the time
of disposal, whether a material containing the product or derived from the product should be classified as a
hazardous waste.

TSCA STATUS: The ingredients of this product are listed on the TSCA inventory or are exempt.
US EPA Registration Number: 89285-2

16.

OTHER INFORMATION

The information contained herein is based on our state of knowledge at the above-specified date. It refers
solely to the product indicated and constitutes no guarantee of particular quality. It is the duty of the user
to ensure that this information is appropriate and complete with respect to the specific use intended. This
SDS cancels and replaces any preceding released for use in the US.

DOMINUS is a registered trademark of Isagro USA, Inc.
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Safety Data Sheet

IR9804

Safety Data Sheet dated 6April2015

SECTION 1: Identification of the substance/mixture and of the company/undertaking

1.1. Product identifier
Identification of the substance
Trade name: IR9804, ALLYL ISOTHIOCYANTATE
Trade code: -

1.2. Relevant identified uses of the substance or mixture and uses advised against
Mixture used in agricultural trials
Other uses are not allowed

1.3. Details of the supplier of the safety data sheet
Company:
ISAGRO S.p.A. — Via Caldera, 21 . 20153 MILANO - Italy
Tel. 02 40901276

Competent person responsible for the safety data sheet:
msds@isagro.it

1.4. Emergency telephone number
Quality, Health, Safety and Environment Dept (office hours: 9.00-18.00): n.. 02 40901276

SECTION 2: Hazards identification

IR9804

2.1. Classification of the substance or mixture
Directive criteria, 67/548/CE, 99/45/EC and following amendments thereof:
Properties / Symbols:

T+ Very toxic

T Toxic

Xn Harmful

C Corrosive

N Dangerous for the environment

R Phrases:
R10 Flammable.
R22 Harmful if swallowed.
R24 Toxic in contact with skin.
R26 Very toxic by inhalation.
R34 Causes burns.
R42/43 May cause sensitization by inhalation and skin contact.
R50/53 Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment.

Warning, Flam. Lig. 3, Flammable liquid and vapour.

Danger, Acute Tox. 1, Fatal if inhaled.

Warning, Acute Tox. 4, Harmful if swallowed.

Danger, Acute Tox. 3, Toxic in contact with skin.

Danger, Skin Corr. 1C, Causes severe skin burns and eye damage.

Warning, Skin Sens. 1, May cause an allergic skin reaction.

©OOPOP® @

Danger, Resp. Sens. 1, May cause allergy or asthma symptoms or breathing difficulties
if inhaled.
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@ Warning, Aquatic Chronic 1, Very toxic to aquatic life with long lasting effects.

Adverse physicochemical, human health and environmental effects:
No other hazards

2.2. Label elements

Symbols:

Danger

Hazard statements:
H226 Flammable liquid and vapour.
H330 Fatal if inhaled.
H302 Harmful if swallowed.
H311 Toxic in contact with skin.
H314 Causes severe skin burns and eye damage.
H317 May cause an allergic skin reaction.
H334 May cause allergy or asthma symptoms or breathing difficulties if inhaled.
H410 Very toxic to aquatic life with long lasting effects.

Precautionary statements:
P210 Keep away from heat/sparks/open flames/hot surfaces. — No smoking.
P280 Wear protective gloves/protective clothing/eye protection/face protection.
P303+P361+P353 IF ON SKIN (or hair): Remove/Take off inmediately all contaminated
clothing. Rinse skin with water/shower.
P304+P340 IF INHALED: Remove victim to fresh air and keep at rest in a position
comfortable for breathing.
P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove
contact lenses, if present and easy to do. Continue rinsing.
P310 Immediately call a POISON CENTER or doctor/physician.
P370+P378 In case of fire: Use chemical foam/powder or carbon dioxide for extinction.
P403+P233 Store in a well-ventilated place. Keep container tightly closed.

Special Provisions:
None

2.3. Other hazards
It does not contain vPvB/PBT substances.
Other Hazards:
Vesicant, lachrymator
If heated to decomposition or on contact with acid or acid fumes, it emits highly toxic fumes;
can react with oxidizing materials.
Risk of causing a spontaneous violent reaction (see Kemler number in section 14).

SECTION 3: Composition/information on ingredients
3.1. Substances
Not applicable

3.2. Mixtures
Hazardous components within the meaning of EEC directive 67/548 and CLP regulation and
related classification:

IR9804
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99.8% Allyl Isothiocyanate (AITC)

CAS: 57-06-7, EC: 200-309-2
T+,T.Xn,C,N; R42/43-10-26-24-22-34-50/53
@ 2.6/3 Flam. Lig. 3 H226

& 3.1/1/Inhal Acute Tox. 1 H330

> 3.1/4/0ral Acute Tox. 4 H302

@ 3.1/3/Dermal Acute Tox. 3 H311

@ 3.2/1C Skin Corr. 1C H314

> 3.4.2/1 Skin Sens. 1 H317

@ 3.4.1/1 Resp. Sens. 1 H334

@ 4.1/C1 Aquatic Chronic 1 H410

SECTION 4: First aid measures
4.1. Description of first aid measures
In case of skin contact:

Immediately take off all contaminated clothing.

Areas of the body that have - or are only even suspected of having - come into contact with
the product must be rinsed immediately with plenty of running water and possibly with soap.
WARNING! This product is toxic through skin contact. OBTAIN IMMEDIATE MEDICAL
ATTENTION.

Wash thoroughly the body (shower or bath).

Remove contaminated clothing immediatley and dispose off safely.

In case of eyes contact:

After contact with the eyes, rinse with water with the eyelids open for a sufficient length of
time, then consult an opthalmologist immediately.
Protect uninjured eye.

In case of Ingestion:

Do NOT induce vomiting.
Give nothing to eat or drink.

In case of Inhalation:

If breathing is irregular or stopped, administer artificial respiration.
In case of inhalation, consult a doctor immediately and show him packing or label.
After contact with skin, wash immediately with soap and plenty of water.

4.2. Most important symptoms and effects, both acute and delayed

May cause allergy or asthma symptoms or breathing difficulties if inhaled.

May cause an allergic skin reaction.

At high doses the substance is toxic to kidney, stomach and urinary bladder.

Very dangerous if swallowed, in contact with skin/eyes and if inhalated (see also R phrases/H
statements in section 2).

Dangerous if in contact with skin and eye (corrosive, it facilitates permeation).

4.3. Indication of any immediate medical attention and special treatment needed

In case of accident or unwellness, seek medical advice immediately (show directions for use
or safety data sheet if possible).

Treatment:

Treat symptomatically and supportively.

SECTION 5: Firefighting measures
5.1. Extinguishing media

IR9804
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Extinguishing media which must not be used for safety reasons:
None in particular.
5.2. Special hazards arising from the substance or mixture
Do not inhale explosion and combustion gases which, at high temperatures, may produce
toxic substances such as COx, NOx, CS, HCN, COS.
Burning produces heavy smoke.
5.3. Advice for firefighters
Use suitable breathing apparatus .
Collect contaminated fire extinguishing water separately. This must not be discharged into
drains.
Move undamaged containers from immediate hazard area if it can be done safely.

SECTION 6: Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Wear personal protection equipment.
Remove all sources of ignition.
Wear breathing apparatus if exposed to vapours/dusts/aerosols.
Provide adequate ventilation.
Use appropriate respiratory protection.
See protective measures under point 7 and 8.

6.2. Environmental precautions
Do not allow to enter into soil/subsoil. Do not allow to enter into surface water or drains.
Retain contaminated washing water and dispose it.
In case of gas escape or of entry into waterways, soil or drains, inform the responsible
authorities.
Suitable material for taking up: absorbing material, organic, sand

6.3. Methods and material for containment and cleaning up
Wash with plenty of water.

6.4. Reference to other sections
See also section 8 and 13

SECTION 7: Handling and storage

7.1. Precautions for safe handling
Avoid contact with skin and eyes, inhaltion of vapours and mists.
Use localized ventilation system.
Don't use empty container before they have been cleaned.
Before making transfer operations, assure that there aren't any incompatible material
residuals in the containers.
Contamined clothing should be changed before entering eating areas.
Do not eat or drink while working.
See also section 8 for recomened protective equipment.

7.2. Conditions for safe storage, including any incompatibilities
Keep away from unguarded flame, sparks, and heat sources. Avoid direct exposure to
sunlight. Store in a darkened place, cool (T <20 °C) and dry.
Keep away from food, drink and feed.
Incompatible materials:
Strong oxidants and reducing agents, strong acids and bases, water, alcohol and amines.
See also section 10.
Instructions as regards storage premises:
If possible store in the dark and in any case protected by direct sun light. Store in a cool and
adequately ventilated place.

7.3. Specific end use(s)
None in particular.

SECTION 8: Exposure controls/personal protection
8.1. Control parameters
No occupational exposure limit available
8.2. Exposure controls

IR9804
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Eye protection:
Not needed for normal use. Anyway, operate according good working practices.
Protection for skin:
Use clothing that provides comprehensive protection to the skin, e.g. PVC, PTFE (poly
tetrafluoro ethylene) or fluorinated rubber.
Protection for hands:
Use protective gloves that provides comprehensive protection, e.g. PVC, PTFE (poly
tetrafluoro ethylene), fluorinated rubber or butilic rubber.
Respiratory protection:
Based on the conditions of use and where ventilation is not sufficient and/or for a long
exposure, provide respiratory protection.
If needed use air purifying respirator with an organic-vapor removing cartridge (ABEK filter).

Thermal Hazards:
None

Environmental exposure controls:
None

SECTION 9: Physical and chemical properties
9.1. Information on basic physical and chemical properties

Appearance and colour:
Odour:

Odour threshold:

pH:

Melting point / freezing point:
Initial boiling point and
boiling range:

Solid/gas flammability:
Upper/lower flammability
or explosive limits:
Vapour density:

Flash point:

Evaporation rate:

Vapour pressure:
Relative density:
Solubility in water:
Solubility in oil:

Partition coefficient
n-octanol/water):
Auto-ignition temperature:
Decomposition temperature:
Viscosity:

Explosive properties:
Oxidizing properties:

9.2. Other information
Miscibility:
Fat Solubility:
Conductivity:
Substance Groups relevant
Properties

Liquid

Pungent

Non available

4-5 (1% suspension in water)
- 80 °C (referred to AITC)

151 °C (referred to AITC)

Not available

Not available

3,4 (air = 1) (referred to AITC)

46 °C (closed cup) (referred to AITC)

1.33 kPa at 38.3 °C (referred to AITC)
1.013 kg/l (referred to AITC)

2 g/L at 20 °C (referred to AITC)

Soluble in most common organic solvents

Log P = 2.11 (referred to AITC)
Not available

Not determined

Not determined

Not classified as explosive

Not oxidizing

Not available
Not available
Not available

It can cause a spontaneous violent reaction

SECTION 10: Stability and reactivity
10.1. Reactivity

Stable under normal conditions

10.2. Chemical stability

Stable under normal conditions and if stored in original packaging (stabilized with inert gas).

10.3. Possibility of hazardous reactions

IR9804
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It may generate toxic gases on contact with strong oxidising agents, and strong reducing

agents.

It may catch fire on contact with strong oxidising agents.

It may react vigorously with water at temperatures > 100 °C

It may react spontaneosly with violence

It may emit toxic fumes when on contact with strong oxidizing agents, strong reducing agents.
10.4. Conditions to avoid

Stable under normal conditions. Avoid T > 40 °C and keep away from ignition sources.
10.5. Incompatible materials

Avoid strong oxidizing/reducing substances, strong acids and bases, water, alcohols and

amines.

Avoid contact with oxidizing materials, with acids and acid fumes. The product could catch

fire.
10.6. Hazardous decomposition products

It doesn't give decomposition in normal storage conditions and in original containers

(stabilized product with inert gas).

At high temperatures it decomposes giving dimers, trimers and cyclization products.

SECTION 11: Toxicological information
11.1. Information on toxicological effects

Data referred to AITC:

Acute toxicity:

LD50 (oral):

425 mgl/kg (rat, female) (internal study) (ref. method OPPTS 870.1100)

LC50 (4h) (dermal):
Between 200 mg/kg and 2000 mg/kg (rat, male and female) (method OPPTS
870.1200)

LC50 (4h) (inhalation):
Between 0.206 mg/L and 0.508 mg/L (rat, 4h) (internal study) (method OPPTS
870.1300)

Irritating power/Corrosivity:
It may cause severe skin burns and severe eye damage (rabbit, female) (H314)
(internal study) (method OPPTS 870.2500)

Sensitization:
It may cause an allergic skin raction (H317) (mice, female) (internal study) (method
OPPTS 870.2600)

It may cause allergy or asthma symptoms or breathing difficulties if inhaled (H334)
(internal study) (method OPPTS 870.2600)

Subchronic toxicity:
The substance is toxic on kidney, stomach and urinary bladder.

Carcinogenic/teratogenic/mutagenic effects:
No carcinogenic/teratogenic/mutagenic effect

SECTION 12: Ecological information
12.1. Toxicity
Adopt good working practices, so that the product is not released into the environment.

Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment.

IR9804
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Data referred to AITC:
Fish-
LC50 (96h): < 0.1 mg/L (bibliographic source)

12.2. Persistence and degradability
Data referred to AITC:
Degradability (soil): t1/2=20-60 hours

12.3. Bioaccumulative potential
Not available

12.4. Mobility in soil
Not available

12.5. Results of PBT and vPvB assessment
Not requested

12.6. Other adverse effects
None

SECTION 13: Disposal considerations
13.1. Waste treatment methods
Recover, if possible. Send to authorised disposal plants or for incineration under controlled
conditions. In so doing, comply with the local and national regulations currently in force.

SECTION 14: Transport information
14.1. UN number

ADR-UN number: 1545

IATA-Un number: 1545

IMDG-Un number: 1545
14.2. UN proper shipping name

ADR-Shipping Name: ALLYL ISOTHIOCYANATE, STABILIZED solution

IMDG-Technical name: ALLYL ISOTHIOCYANATE, STABILIZED solution
14.3. Transport hazard class(es)

ADR-Class: 6.1

ADR-Label: 6.1 + 3 + Marine Pollutant

ADR —

Hazard identification number: 639

IATA-Class: 6.1

IMDG-Class: 6.1

IMDG-Label: 6.1 + 3 + Marine Pollutant

14.4. Packing group
ADR-Packing Group: 1]
IMDG-Packing group: 1]

14.5. Environmental hazards
Marine pollutant: Marine pollutant

14.6. Special precautions for user
Kemler Code: 639
Toxic and flammable material (flash point < 60 °C), which
may cause a spontaneous violent reaction

Limited Quantity: 100 mL
IMDG-EMS: F-E, S-D
Tunnel restriction code: (D/E)

IR9804
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14.7. Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code
Environmental Pollutant:
Not applicable

SECTION 15: Regulatory information

15.1. Safety, health and environmental regulations/legislation specific for the substance or mixture
Dir. 67/548/EEC (Classification, packaging and labelling of dangerous substances). Dir. 99/45/EEC
(Classification, packaging and labelling of dangerous preparations). Dir. 98/24/EC (Risks related to
chemical agents at work). Dir. 2000/39/EC (Occupational exposure limit values); Dir. 2006/8/CE.
Regulation (CE) n. 1907/2006 (REACH), Regulation (CE) n. 1272/2008 (CLP), Regulation (CE) n.
790/2009 (1° ATP CLP), Regulation (EU) n. 453/2010 (Annex I).
Where applicable, refer to the following regulatory provisions :

Directive 82/501/EEC (‘Activities linked to risks of serious accidents') and subsequent

amendments.

Regulation (EC) nr 648/2004 (detergents).

1999/13/EC (VOC directive)

15.2. Chemical safety assessment
Not requested

SECTION 16: Other information
EPA Reg. Number: 89285-1

R-phrases in section 3:
R10 Flammable.
R22 Harmful if swallowed.
R24 Toxic in contact with skin.
R26 Very toxic by inhalation.
R34 Causes burns.
R42/43 May cause sensitization by inhalation and skin contact.
R50/53 Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment.

H-statements in section 3:
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Conjugate of Allyl Isothiocyanate in Human
Urine after Ingestion of Mustard'

Ding Jiao, Chi-Tang Ho, Peter Foiles, and
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Division of Chemical Carcinogenesis, Naylor Dana Institute for Disease
Prevention, American Health Foundation, Valhalla, New York 10595 [D.

J.. P. F., F-L. C.], and Department of Food Science, Cook College, Rutgers
University, New Brunswick, New Jersey 08903 [C-T. H.]

Abstract

Allyl isothiocyanate (AITC) is a constituent of
cruciferous vegetables. It occurs widely in the human
diet as a natural ingredient or food additive. AITC
possesses numerous biochemical and physiological
activities. 1t is cytotoxic and tumorigenic at high doses
and also is a modulator of enzymes involved in
metabolism of xenobiotics, including carcinogens. It is
plausible that the wide consumption of dietary AITC
may have profound effects on human health. To
facilitate investigations of the effects of dietary AITC in
humans, a method of measuring its uptake is needed. In
this study, a urinary marker was developed for
quantifying AITC uptake in humans. Four adult
volunteers were asked to eat a meal containing brown
mustard as the source of AITC. The 48-h urine samples
were collected from these individuals and analyzed by
reverse phase high performance liquid chromatography.
A major urinary metabolite was found, which was
identified as N-acetyl-S-(N-allylthiocarbamoyl)-1-
cysteine, the N-acetylcysteine conjugate of AITC, by
comparing its retention time and UV, nuclear magnetic
resonance, and mass spectra with those of the synthetic
standard. After ingestion of mustard, the AITC conjugate
was detected in urine collected from 0 to 12 h. No
conjugate was found in urine samples collected after 12
h. The major portion of this metabolite was excreted
within 8 h. The average total excretion of AITC
conjugate was 5.4 x 1.7 (SD) mg after consumption of
10 g of mustard and 12.8 + 2.0 mg when 20 g of
mustard was consumed. Thus, a dose-dependent
excretion of this metabolite was demonstrated. The
average conversion rate of AITC to its urinary N-
acetylcysteine conjugate in humans was estimated to be
53.5 £ 8.1%. These results suggest that the urinary N-
acetylcysteine conjugate of AITC may be a convenient
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and useful biomarker for quantifying human exposure
to AITC.

Introduction

AITC? is widely present in cruciferous vegetables such as
cabbage, broccoli, kale, cauliflower, and horseradish (1-3).
Itis also commonly used in the human diet as a flavor agent
(4). Like other isothiocyanates, AITC inhibits microsomal
enzyme activities {5). Previous studies have shown that liver
microsomes, obtained from rats that were fed a diet con-
taining AITC, metabolize nitrosamines to a lesser extent
than those of the untreated rats (6). AITC and its glucosino-
late precursor, sinigrin, given in the diet, also inhibit hepatic
DNA methylation induced by the tobacco-specific nitro-
samine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone in
rats (6—8). These results suggest the potential of AITC in
modulating the carcinogenic activities of nitrosamines,
since many arylalkyl isothiocyanates structurally related to
AITC are known to be inhibitors of lung tumorigenesis
induced by 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(9). It was shown recently that AITC inhibits the growth of
human cancer cells in vitro (10). Furthermore, several authors
have reported that AITC induces the Phase Il detoxification
enzyme glutathione S-transferases (11, 12). On the other hand,
chronic treatment with high doses of AITC induces urinary
bladder tumors in rats {13). The diverse biochemical and
biological activities of AITC and its wide consumption suggest
its potential effects on human health.

Human exposure to AITC is mainly through the con-
sumption of mustard, in particular brown mustard, and
cruciferous vegetables. Because information on the exact
content of AITC in these foods usually is not available and
sometimes is impossible to obtain due to different storage
and cultivation conditions, it is difficult to estimate the
uptake of AITC in humans (4). Therefore, a marker would be
useful to quantitatively monitor human exposure to AITC
through diet. This information will be used to evaluate in
epidemiological investigations the possible effects of di-
etary AITC on human health. Previously, it has been shown
that the N-acetylcysteine conjugate of AITC (Fig. 1) is a
urinary metabolite in rodents treated with AITC (14, 15).
The urinary metabolites of the structural analogues of AITC,
BITC and PEITC, have been studied in humans (16, 17). In
this study, we describe the identification and use of the
N-acetylcysteine conjugate of AITC as a simple and con-

3 The abbreviations used are: AITC, allyl isothiocyanate; BITC, benzy! iso-
thiocyanate; PEITC, phenethyl isothiocyanate; HPLC, high performance lig-
uid chromatography; NMR, nuclear magnetic resonance; s, singlet; d, dou-
blet; t, triplet; dd, doublet of doublets; ddd, doublet of doublets of doublets;
ddt, doublet of doublets of triplets.

Downloaded from cebp.aacrjournals.org on June 13, 2012
Copyright © 1994 American Association for Cancer Research

487


http://cebp.aacrjournals.org/
http://www.aacr.org/

488

Biomarker for Uptake of Dietary Allyl Isothiocyanate

CHy CHs

CH SN—C—s
AITC
s
I I
c N CHy
N L I G R g
H N S
) Lo 8
2

AITC Conjugate

Fig. 1. Structures of AITC and its N-acetylcysteine conjugate.

venient urinary marker for the uptake of AITC after a
mustard meal.

Materials and Methods

Instrumentation. NMR spectra were recorded on a Bruker
AM 360 WB spectrometer using methanol-d, as solvent.
Negative ion desorption chemical ionization mass spectra
were obtained on a Hewlett-Packard 5988A mass spec-
trometer. A HPLC system (Waters Associates, MA) equipped
with an automatic gradient controller, two Model 501
pumps, and a Waters 990 photodiode array detector in
conjunction with reverse-phase C,, columns were used in
the analyses and purification of the N-acetylcysteine con-
jugate of AITC. A Varian 3400 gas chromatograph equipped
with a fused silica capillary column (60 m x 0.32 mm inside
diameter, 1 pm thickness, DB-1; ] & W, Inc.) and a flame
ionization detector were used to analyze the concentration
of AITC in the mustard paste.

Chemicals. AITC was purchased from Aldrich Chemical
Co. (Milwaukee, WI) and N-acetylcysteine was purchased
from Sigma Chemical Co. (St. Louis, MO). The N-acetyl-
cysteine conjugate of AITC was prepared as described in
the literature (18) and was characterized by 'H, ">*C-NMR
spectroscopy, and mass spectrometry. The measured chem-
ical shifts (8) and coupling constants () are given as: 'H-
NMR (360 MHz, in CD,0D, 8§ in ppm referenced to tetra-
methylsilane, 2.00 (3H, s, CH,), 3.55 (1H, dd, J: 14.1, 8.6
Hz, Cys-CH,), 4.02 (1H, dd, |: 14.1, 4.7 Hz, Cys-CH,),
4.28-4.40 (2H, ddd, J: 12.2, 5.6, 1.5 Hz, allyl-CH,), 4.72
(1H, dd, J: 8.6, 4.7 Hz, Cys-CH), 5.18 (1H, ddd, J: 10.2, 1.5,
1.5 Hz, cis-vinyl-CH,), 5.26 (1H, ddd, J: 17.2, 1.5, 1.5 Hz,
trans-vinyl-CH,), 5.94 (1H, ddt, 17.2, 10.3, 5.7 Hz, vinyl-
CH); "*C-NMR (92.52 MHz, in CD,0OD, & in ppm refer-
enced to tetramethylsilane), 199.2 (C=S), 173.5, 173.2
(two C=0), 133.7 (CH=), 117.6 (CH,=), 53.8 (Cys-CH),
50.4 (allyl-CH,), 38.3 (Cys-CH,), 22.8 (N-CH,); MS (m/e),
261 (M-H), 244, 221, 162, 131 (base peak), 58. Grey Pou-
pon Dijon mustard was purchased from a local grocery
store and kept refrigerated after opening. Mustard was cho-
sen as a source of AITC because it is frequently used in
cooking and thus it is relatively convenient to use in human
studies.

Quantitative Analysis of AITC in Grey Poupon Country
Dijon Mustard. Grey Poupon Dijon Mustard paste (100 g),
combined with tert-buty! isothiocyanate (14.36 mg) as an
internal standard, was thoroughly mixed with 1000 m} of
distilled water and 200 g of NaCl. The mixture was stirred

with 200 ml of CH,Cl, for 3 h and then filtered through
Celite 545. After filtration, the CH,Cl, phase was separated
from the aqueous phase and subsequently dried over 20 g
of anhydrous Na,SO,. After removing Na,SO, by filtration,
the CH,Cl, extract was concentrated by a stream of N, gas.
The concentrated extract was used in the gas chromatog-
raphy analysis using the following conditions: injector tem-
perature, 270°C, detector temperature, 300°C; helium car-
rier flow rate, 1 ml/min; temperature program, 40°C (5 min),
2°C/min, 260°C (20 min); split ratio, 50:1.

Human Studies. Two experiments using different amounts
of mustard were performed. Each experiment involved four
adult volunteers (two males and two females, age 20-45).
In the first experiment, 10 g of mustard was ingested with
bagel or bread at breakfast by each participant. All partic-
ipants were advised to avoid cruciferous vegetables, mus-
tard, and mustard flavored foods in the diet 2 days prior to
and during the experiment. In the control experiment, all
participants were asked to eat the same food as in the
experimental diet with the only exception of mustard. In the
second experiment, participant 1 in the first experiment was
replaced by another volunteer of the same sex. The same
protocol was used except that 20 g of mustard was con-
sumed with turkey or chicken sandwiches in a lunch. In
both experiments, urine samples were collected at intervals
of 0-2, 2-4, 4-8, 8-12, 12-24, 24-36, and 36-48 h
following breakfast or lunch. Urine samples were analyzed
immediately or stored at —20°C overnight. After thawing,
an aliquot (50 pl) of clear urine sample (the sample was
centrifuged if not clear) was analyzed by a reverse phase
HPLC system consisting of a Waters C, g;-uBondapak col-
umn eluted isocratically with acetonitrile (10%) in 20 mm
phosphate buffer (pH 3.0) at a flow rate of 1 ml/min.

Quantification. The HPLC peak of AITC conjugate de-
tected at wavelength of 254 nm was used for integration.
Standard solutions were prepared in 20 mm phosphate
buffer (pH 3.0) with various concentrations of a synthetic
N-acetylcysteine conjugate of AITC. The urinary metabolite
was quantified with a calibration curve obtained using
these standard solutions, which is linear over the concen-
tration range examined (107° to 10™* m). The urine samples
were analyzed in the same fashion as the standards. Single
and triple HPLC measurements were performed for samples
obtained from experiments 1 and 2, respectively.

Isolation and Identification of the N-Acetylcysteine Con-
jugate of AITC in Human Urine. All crude urine samples
collected in experiment 1 from 2-4 h following ingestion of
mustard were combined (800 ml). Ammonium sulfate (160
g) was added and dissolved in the urine. The pH of the
solution was adjusted to 3 with 12 N HCI. The acidic
medium prevents possible decomposition of the conjugate
during the work-up process. The solution was extracted
with ethyl acetate (2 X 200 ml). The organic phase was
washed twice with water (100 and 40 ml) and once with
saturated NaCl solution (40 ml). After removing the solvent
by a rotary evaporator under vacuum, the solid residue was
dissolved in 5 ml of deionized water. Using a semiprepara-
tive reverse-phase C, 5 HPLC column (Whatman Partisil 10
ODS-3 column Magnum 9), a mobile phase of 20% aceto-
nitrile in 20 mm aqueous phosphate buffer (pH 3.0), and an
isocratic efution at a flow rate of 2.5 ml/min, the AITC
conjugate eluted at 30 min was purified and obtained in
sufficient quantity after repetitive runs. The collected frac-
tions were combined and evaporated to dryness under vac-
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Fig. 2. Reverse phase HPLC chromatograms obtained from analysis of human
urine after the mustard ingestion (a) and before the mustard ingestion (b).

uum. The residue was extracted with methanol. The ex-
tracts were combined and the solvent was removed in a
vacuum to afford a solid. The compound was identified as
the N-acetylcysteine conjugate of AITC by comparing its
retention time, UV, '"H-NMR, and mass spectra with those
of the synthetic conjugate.

Results

Two separate experiments were performed to establish the
uptake-dependent excretion of the AITC conjugate in hu-
mans. In each experiment, a major metabolite of AITC was
identified in the urine collected after ingestion of mustard
and the metabolite was not present in the urine after con-
suming the control diet (Fig. 2). The peak at 25.2 min
coelutes with the synthetic standard of the N-acetylcysteine
conjugate. This compound was isolated and purified from
crude urine samples as described in “Materials and Meth-
ods.” It has the same characteristic UV absorptions as the
synthetic standard (Fig. 3). Its identity was further confirmed
to be N-acetyl-S-(N-allylthiocarbamoyl)-L-cysteine by com-
paring its '"H-NMR and mass spectra with those of the
synthetic standard (Fig. 4).

In both experiments, the N-acetylcysteine conjugate of
AITC was detected in all urine samples collected within 12
h after ingestion of mustard. The detection limit using this
method is in the 1-10 ng range. No metabolite was detected
in the urine after 12 h by using the direct measurement
described here or by using organic solvent extraction pro-
cedures reported previously (16). The cumulative amounts
of the AITC conjugate in the urine collected at different time
intervals are shown in Table 1. Normally, the amount of
excreted AITC conjugate reaches the maximum between 2
and 8 h. The amount of excretion depends on both the
concentration of AITC conjugate in urine and the volume of
urine collected in a given time interval. The maximum
concentration of AITC conjugate excreted in urine was
observed at 2-4 h following ingestion of mustard, as shown
in Fig. 5. The majority of the conjugate was excreted within
8 h. The total average excretion is proportional to the

UV Absorbance

200 220 240 260 280 300

Wavelength (nm)

Fig. 3. Comparison of UV spectra of the synthetic AITC conjugate (—-—)
and the urinary metabolite (- - - -}.

amount of mustard consumed, ie., 5.4 * 1.7 (SD) mg
(3.6-7.6 mg) and 12.8 = 2.0 mg (10.5-15.2 mg) are ex-
creted corresponding to 10 and 20 g of mustard consumed.
These results showed an uptake-dependent excretion of the
AITC metabolite after mustard meals.

Consistent with the literature report (18), we have
found that the N-acetylcysteine conjugate of AITC is in
equilibrium with its free form. In our study, the equilibrium
was evident by the presence of a small peak eluting after the
conjugate which coeluted with AITC under the HPLC con-
ditions used. A significant percentage of the N-acetylcys-
teine conjugate of AITC decomposed during an extended
period of storage in a neutral medium, even at —20°C.
Because of its instability, caution should be taken in quan-
tifying the levels of this conjugate in ihe urine. Previously,
we have found that PEITC is stabilized in acidic medium
(16); it is likely that the AITC conjugate would be consid-
erably more stable at acidic pH.

Although brown mustard is known to be rich in AITC
(4), the exact content of AITC in the commercial products
was not available. We have used gas chromatography to
quantitatively analyze AITC in the mustard paste used in the
human experiments. The result showed that the AITC con-
tent of the mustard is 453 ppm, or 0.453 mg of AITC/g of
mustard. Using this information, we were able to calculate
the conversion rate of AITC to its N-acetylcysteine conju-
gate in humans, as shown in Table 2. The average of the
individual conversion rates is 53.5 * 8.1%, which is con-
sistent with the previous studies on the metabolism of BITC
and PEITC in humans (16, 17). Those studies have shown
that the conversion rates of these two isothiocyanates to
their corresponding urinary N-acetylcysteine conjugates are
53.7 * 5.9% and 47 = 16%, respectively. Assuming that
the average conversion rate of AITC obtained here is appli-
cable to a larger population and is independent of the
source of AITC, one may estimate the amount of AITC to
which humans were recently exposed through the con-
sumption of various foods and vegetables by simply mea-
suring their urinary excretions of the N-acetylcysteine con-
jugate of AITC.

Discussion

The in vivo metabolism of several natural isothiocyanates
has been studied in rodents and humans. For instance, the
N-acetylcysteine conjugates of AITC and PEITC are ex-
creted in the urine of mice (14, 19), although the major
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Fig. 4. (a) Comparison of the 360 MHz "H-NMR of the synthetic standard of the N-acetylcysteine conjugate of AITC and the metabolite isolated from human
urine samples after ingestion of mustard. Note that differences for solvent peak intensities at 3.35 and 4.97 ppm are due to the different concentrations of the
two samples. The resonances for the AITC conjugate are identical in two spectra. (b) Comparison of their mass spectra. The major fragments C,HsNS, (131 nve}

and C,H,NO (58 m/e) for the AITC conjugate negative ion (261 m/e) were observed in both spectra.

Table 1 Cumulative amounts of the N-acetylcysteine conjugate of AITC in human urine 12 h after ingestion of mustard

Experiment 1 Experiment 2
Subject Time interval - - - - . -
h) AITC conjugate Total excretion AITC conjugate Total excretion
(mg) (mg) (mg) (mg)
1 0-2 0.7 2.8 *0.1
2-4 2.6 4.0+02
4-8 2.4 3201
8-12 1.6 7.6 0.5*0.1 10.5
2 0-2 2.6 4.7 £ 0.1
2-4 1.1 a
4-8 ND® 50 *0.
8-12 ND*® 36 3.6 0.1 13.3
3 0-2 3.6 28 * 0.1
2-4 i 6.1 05
4-8 1.2 29*02
8-12 0.4 53 0.5 *0.0 12.3
4 0-2 1.1 19 0.2
2-4 1.2 5.4 *0.1
4-8 2.2 6.2 0.6
8-12 0.4 4.9 1.7 0.2 15.2

? Based on one measurement for each sample.
5 Mean * SD of three separate determinations.

< Subject 1 participated in experiment 1 but was replaced by another individual of the same sex in experiment 2.

7 No urine was excreted during this period.
“ND, not determined due to peak overlap.

metabolite of PEITC in mice is a cyclic mercaptopyruvic
conjugate {19). However, the N-acetylcysteine conjugates
are the major urinary metabolites in rats treated with AITC
and BITC (15, 20). In humans, the N-acetylcysteine conju-
gates of BITC and PEITC appear to be the only urinary
metabolites following ingestion of BITC, gardencress, and wa-
tercress (16, 17). However, to the best of our knowledge, the
metabolism of AITC in humans has not been reported before.

Conjugations of isothiocyanates with glutathione ap-
pear to be the major metabolic pathway in humans, since
most of their urinary metabolites are mercapturic acids or
other derivatives from glutathione conjugates (14-19). Al-
though the Phase Il enzyme glutathione S-transferase-cata-
lyzed conjugation of isothiocyanates is considered to be a
natural detoxification process (16, 17), it has been postu-
lated that this pathway may also be involved in the cyto-
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Table 2 Estimated percentage of conversion of allyl isothiocyanate to the
N-acetylcysteine conjugate of AITC in human after a mustard meal®

. Total conjugate AITC equivalent Conversion
Subject excreted (mg) {mg) (%)
1 10.5 4.0 44.2
2 133 5.0 55.2
3 123 4.6 50.8
4 15.2 5.7 63.4

7 Based on 0.453 mg/g weight of AITC in Grey Poupon mustard consumed
in experiment 2.

toxicity of isothiocyanates (18). The glutathione conjugates
of isothiocyanates are usually subject to further degradation
to give final metabolites, the N-acetylcysteine conjugates of
isothiocyanates, by enzymes such as y-glutamyltranspepti-
dase, cysteinylglycinase, and N-acetyltransferase (20). Re-
cently, the activities of the detoxification enzyme glutathi-
one Stransferase have been associated with the risk of
certain human cancers (21, 22). A survey of smokers dem-
onstrated that individuals lacking glutathione S-transferase
p had a significantly higher incidence of lung cancer than
those who display glutathione S-transferase p activity (23).
A discrepancy between phenotyping and genotyping the
isozymes of glutathione S-transferase in relation to the risk
of lung cancer in smokers was also reported (24, 25). The
levels of excretion of the AITC conjugate in the urine fol-
lowing mustard consumption may be used to phenotype an
individual for the activity of these enzymes. Therefore, it
would be important to identify the specific glutathione trans-
ferase isozymes responsible for the conjugation of AITC.

It has been well documented that compounds in
cruciferous vegetables induce Phase Il detoxification en-
zymes, such as quinone reductase and glutathione S-trans-
ferase (11, 26). An isothiocyanate isclated from broccoli,
(—)-1-isothiocyanato-(4R)-(methylsulfinyl)butane (CH,-5O-
(CH,),-NCS, sulforaphane), was shown to be a strong Phase

Time (hours)

Il enzyme inducer (27). Knowing that consumption of veg-
etables reduces the risk of cancer (28, 29), it is noteworthy
that these isothiocyanates isolated from natural sources,
including AITC, PEITC, and sulforaphane, may function as
either Phase | enzyme inhibitors (5, 30, 31), which prevent
the activation of carcinogens, and/or as Phase Il enzyme
inducers (11, 27). Much work is needed to further establish
the detailed mechanism regarding how these naturally oc-
curring compounds may work in humans to reduce the risk
of cancer. The results presented here should provide a
useful tool in the epidemiological investigations of the bi-
ological role of AITC in humans.
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Allyl isothiocyanate as a cancer chemopreventive phytochemical
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Abstract

Allyl isothiocyanate (AITC), which occurs in many common cruciferous vegetables, is widely and
often frequently consumed by humans. Besides antimicrobial activity against a wide spectrum of
pathogens, it showed anticancer activity in both cultured cancer cells and animal models, although
the underlining mechanisms remain largely undefined. Bioavailability of AITC is extremely high,
as nearly 90% of orally administered AITC is absorbed. AITC absorbed in vivo is metabolized mainly
through the mercapturic acid pathway and excreted in urine. Available data suggest that urinary
concentrations of AITC equivalent are at least 10 times higher than in the plasma, and tissue levels
of AITC equivalent in the urinary bladder were 14-79 times higher than in other organs after oral
AITC administration to rats. These findings suggest that AITC may be most effective in the bladder
as a cancer chemopreventive compound. AITC at high dose levels also exhibit a low degree of
cytotoxicity and genotoxicity in animal studies, but such adverse effects are unlikely in humans
exposed to dietary levels of AITC. Overall, AITC exhibits many desirable attributes of a cancer
chemopreventive agent, and further studies are warranted in order to elucidate its mechanism of
action and to assess its protective activity in humans.

Keywords
allyl isothiocyanate; chemoprevention; cruciferous vegetable; sinigrin

1 Introduction

Allyl isothiocyanate (AITC), also known as mustard oil, is one of the most common naturally
occurring isothiocyanates (ITCs) [1,2]. ITCs occur primarily in cruciferous vegetables, many
of which show significant cancer chemopreventive activities, and therefore are widely
suspected to account in part for the cancer preventive activities of these vegetables in humans
[3]. Sulforaphane is perhaps the most widely known crucifer-derived cancer chemopreventive
ITC [4]. ITCs are synthesized and stored in cruciferous vegetables as glucosinolates (-
thioglucoside N-hydroxysulfate), which are believed to be chemically and biologically inert,
and formed from the latter when plant tissues are damaged. The conversion is catalyzed by
myrosinase (a thioglucoside glucohydrolase), first forming thiohydroximate-O-sulfonates,
which rapidly and spontaneously rearrange to give rise to ITCs. Myrosinase coexists with but
is physically separated from glucosinolates under normal conditions. Conversion (up to 40%)
to ITCs of ingested glucosinolates that escape plant myrosinase may take place in vivo, as the
intestinal microflora of both humans and animals also possess myrosinase activity [5-7].

AITC is derived from sinigrin, as shown in Fig. 1, which is the predominant glucosinolate in
many commonly consumed cruciferous vegetables, such as Brussels sprouts, cabbage,
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cauliflower and kale [1,8], and are particularly abundant in mustard, horseradish and wasabi
[9,10]. For example, each gram of fresh wasabi yields as much as 34 umol sinigrin/AITC
[10]. Conversion of sinigrin to AITC by human microflora myrosinase has been well
documented [11,12]. However, the yield of AITC in certain vegetables such as cabbage may
vary significantly, due to the presence of an epithiospecifier protein, which promotes formation
of 1-cyano-2,3-epithiopropane, at the cost of AITC [8]. Interestingly, a recent study has found
that 1-cyano-2,3-epithiopropane induces Phase 2 genes and affords cytoprotection [13]. AITC
is a liquid at ambient temperature (melting point of -80°C) and has a very pungent taste,
apparently due to its activation of the transient receptor potential Al channel (TRPA1) in
sensory neurons [14,15]. Indeed, AITC is responsible for the pungent taste of the above-
mentioned vegetables, and synthetic AITC is sometimes deliberately added to some vegetable
products such as a prepared horseradish meal to enhance the flavor. AITC appears to serve the
plant as a defense against herbivores, as chewing the plant by the herbivores generates AITC
that presumably repels them.

Human exposure to AITC is undoubtedly widespread and frequent, as many common
cruciferous vegetables are a rich source of AITC, but the exposure levels have not been well
documented. A large number of studies on the biological response to AITC have been
published, many of which suggest that AITC is a highly attractive cancer chemopreventive
agent. But a few other studies also raised the concern of potential toxicity. In this review, the
evidence that argues for and against AITC as a cancer chemopreventive agent is presented and
discussed: it is divided into five sections, including bioavailability and metabolic disposition
of AITC, cellular uptake and tissue distribution of AITC, antimicrobial activity of AITC,
anticancer activity of AITC, and dichotomy of cytoprotective activity and toxicity of AITC.
To the best of my knowledge, a similar review on AITC has not been published. Hence, this
article may be a useful reference on the biological response to AITC, as most if not all of the
relevant data are cited and discussed herein.

2 Bioavailability and metabolic disposition of AITC

More than 90% of a single oral dose of [1CJAITC (25 or 250 pmol/kg body weight) was
absorbed in mice and rats, and in both instances nearly 80% of the administered doses was
recovered in the urine [16,17]. These results indicate extremely high bioavailability of AITC
and that absorbed AITC is primarily eliminated in the urine. Our recent study showed that
urinary elimination of AITC was very rapid, as approximately 75% and 0.6% of a single oral
dose of AITC were detected in the urine collected in the first and second 24-h periods after
dosing [18]. No apparent sex-related differences were observed in the ability of these animals
to absorb and dispose AITC. Human absorption and disposition of AITC appear to closely
resemble that of animals, as studies showed that at least 42-54% of the dose was recovered in
the urine as a metabolite (see the next paragraph for detail) within 10-12 h after each human
volunteer was given 45-90 umol of AITC supplied as either a horseradish paste or a mustard
paste [5,19].

Although covalent modification of lysine residues (through the NH, group) of protein by AITC
can take place in physiological conditions [20], it predominantly undergoes conjugation with
cysteine residues (through the SH group). AITC is primarily metabolized through the
mercapturic acid pathway in vivo (Fig. 2). An initial conjugation through its -N=C=S group
with glutathione (GSH) gives rise to the corresponding conjugate, which then undergoes further
enzymatic modifications to finally form NAC conjugate, which is excreted in the urine. In rats
dosed orally with [MC]AITC, approximately 80% of the 14C in the urine was present as the
NAC conjugate, with the majority of the remaining radioactivity detected as thiocyanate [16,
17]. It is not clear if thiocyanate was generated directly from AITC or its NAC conjugate, nor
is it known to possess any cancer chemopreventive activity. In contrast, in mice dosed orally
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with [14C]JAITC, less than 20% of the urinary radioactivity was related to the NAC conjugate,
and the level in female mice appeared to be only half of that in male mice, whereas the majority
of the remaining radioactivity was associated with thiocyanate [16,17]. The NAC conjugate
was also the major metabolite in humans, as 42-54% of the dose was recovered in the urine as
NAC-AITC within 10-12 h in each volunteer who consumed AITC [5,19], although it is not
known if AITC gives rise to thiocyanate in humans. Thus, the rat appears to resemble human
more than mice in AITC metabolism.

3 Cellular uptake and tissue distribution of AITC

Studies in our laboratory have shown that AITC as well as other ITCs rapidly accumulate in
cells. ITCs appear to enter cells by diffusion, but once in the cell, ITCs are rapidly conjugated
with intracellular thiols [21-23]. GSH, which is the most abundant intracellular thiol, was found
to be the major driving force for ITC accumulation [22], and cellular GSTs enhance ITC
accumulation by promoting the conjugation reactions [24]. Not surprisingly, ITCs that are
already conjugated with thiols, such as GSH, cysteine, and NAC, were unable to accumulate
in cells [22]. Indeed, addition of excess GSH to culture medium was shown to completely block
the cytotoxicity of AITC and benzyl ITC [25]. The peak intracellular ITC accumulation was
achieved within 0.5-3 h of exposure, reaching 100-200-fold over the extracellular ITC
concentration, and the total intracellular ITC accumulation can reach millimolar levels [21,
22].

However, intracellularly accumulated GSH conjugates of ITCs, perhaps other thiol conjugates
as well, were exported out of cells rapidly. For example, the half-time stay of the accumulated
sulforaphane equivalent in human prostate cancer LNCaP cells was only about 1 h [26]. The
export of ITC conjugates appears to be mediated, at least partly, by membrane drug
transporters, e.g., multidrug resistance associated protein-1 (MRP-1) [26,27]. Thus, continuous
intracellular accumulation may only be possible when ITCs persist in the extracellular space
at a level that allows cellular uptake of ITC to offset the rapid export of the accumulated
conjugates. Total intracellular accumulation levels of ITC (area under time-concentration
curve) may be critical for their biological activity, as we previously showed that the total
intracellular accumulation levels of ITCs determined their activity to induce Phase 2
cytoprotective enzymes [21,28].

Bollard et al reported that the peak levels of AITC equivalents in the blood of mice and rats,
following a single oral dose of [14CJAITC at 25 and 250 pmol/kg, were approximately 0.04
mM and 0.5 mM, respectively [17]. Our recent study showed that the average 24-h urinary
concentrations of AITC equivalent were 0.36 and 4.2 mM, respectively, following a single oral
dose of AITC at 25 and 250 umol/kg [18]. These results show that the average urinary
concentrations of AITC equivalent are nearly 10 times higher than the peak levels of AITC
equivalent in the blood, following AITC consumption. In fact, the difference may be much
greater, because the blood levels of AITC equivalent were determined based on an all-inclusive
radioactivity measurement, whereas the urinary levels of AITC equivalent were measured
using the cyclocondensation assay which detects only free AITC and AITC metabolites formed
in the mercapturic acid pathway [18], excluding other metabolites such as thiocyanate.
Consistent with this analysis, urinary concentrations of ITC equivalent were 2-3 orders of
magnitude higher than that in the plasma of rats fed orally with ITCs contained in broccoli
sprout extracts (mainly sulforaphane), where all samples were measured by the
cyclocondensation assay [29]. Not surprisingly, Bollard et al found that tissue levels of
radioactivity in the bladder were 14-79 times higher than in other organs after a single oral
dose of [14C]AITC at 250 umol/kg (Table 1) [17]. Thus, urinary bladder is by far the most
exposed organ in vivo to orally ingested ITCs, including AITC, apparently resulting from
selective urinary disposition of its metabolites, mainly the NAC conjugate. The NAC
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conjugates of ITCs as well as other ITC metabolites formed in the mercapturic acid pathway
serve as carriers of ITCs, as they are unstable and dissociate to the parent ITCs [25,30].

4 The antimicrobial activity of AITC

Whereas sinigrin itself is not known to possess anti-microbial properties, AITC displays
bactericidal activity against a variety of pathogenic bacteria, including Helicobacter pylori,
Escherichia coli, Salmonella typhimurium, Staphylococcus aureus, Streptococcus mutans,
Penicillium notatum, Bacillus cereus, and Vibrio parahaemolyticus, with the minimum
bactericidal concentrations of AITC (the lowest concentration needed for complete inhibition
of growth) ranging from 3.8 uM to 16.7 mM [31-33]. It has not been clearly understood why
the minimum bactericidal concentrations of AITC varied so widely, but it was reported that
change in pH in the culture medium from 4.5 to 8.5 elevated the minimum bactericidal
concentration against Escherichia coli by 20 fold [32]. The anti-microbial activity is a property
shared by many ITCs, and the activity of AITC appears to be relatively weak compared with
several other ITCs. For example, the bactericidal activities of phenethyl ITC against 3 strains
of Helicobacter pylori were 7.8-20.5 times more potent than AITC [31]. The implication of
the bactericidal activity of AITC in cancer and infection in humans is unclear, although
Helicobacter pylori is known to cause gastritis, gastric ulcer and gastric cancer in humans.

AITC also showed fungicidal activity against a variety of fungi and yeasts, including
Aspergillus flavus, Endomyces fibuliger, Penicillium commune, Penicillium corylophilum,
Penicillium discolor, Penicillium palitans, Penicillium polonicum, Penicillium roqueforti,
Penicillium solitum, and Pichia anomala [34], and the mustard oil, of which 99% was AITC,
was one of the strongest antifungal substances among the various natural oils examined [35].

The mechanism by which AITC kills bacteria or fungi is largely unknown, but its action appears
to resemble polymyxin B [36], which is known to bind to cell membrane and to increase its
permeability. AITC was also shown to significantly inhibit both thioredoxin reductase and
acetate kinase isolated from Escherichia coli at approximately 100 uM [32]. These enzymes
play an important role in cell growth and proliferation. In addition, AITC was also shown to
cause oxidative stress and DNA damage in Escherichia coli [37]. Furthermore, as described
below, studies in mammalian cells have revealed other mechanisms by which AITC causes
cell death, some of which may be relevant to its bactericidal activity. However, both glutathione
and cysteine were shown to almost completely abolish the bactericidal effect of AITC [38],
which likely resulted from inhibition of its cellular uptake, as these agents were shown to block
ITC uptake by mammalian cells (see Section 3 for detail).

5 The anticancer activity of AITC

5.1 Inhibition of cell proliferation

Whereas sinigrin itself is not known to possess any antiproliferative activity, AITC inhibits
proliferation of various types of human cancer cells, with the IC50 values at the low micromolar
range, regardless of their tissue origins and p53 status, and even in drug resistant cells that over
express drug transporter MRP-1 or Pgp-1 [39-43]. In fact, exposure of cells to AITC for only
3 h seems sufficient to achieve growth inhibition [39,42]. More interestingly, AITC appears
to be significantly less toxic to normal cells. For example, 83% of normal human prostate
epithelial cells were viable following a 24-h exposure to 40 uM AITC, whereas only 36-38%
of human prostate cancer cells (LNCaP cells and PC-3 cells) survived under similar conditions
of AITC treatment [40]. Detransformation of human colorectal cancer HT29 cells also rendered
them more resistant to the cytotoxic effect of AITC, elevating the maximal concentration at
which no cell is killed from 3.2 uM in HT29 cells to 7.4 uM in detransformed counterparts (24
h treatment) [41]. The IC50 value of AITC in normal human bladder epithelial cells is
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approximately 10 times higher than that in human bladder cancer cells (our unpublished
observation).

5.2 Cell cycle arrest and induction of apoptosis

Inhibition of cell proliferation by AITC was associated with cell cycle arrest and/or induction
of apoptosis. AITC at concentrations near its IC50 value caused significant arrest of cells (up
to 80%) in either G1 phase or G2/M phase. For example, it arrested human leukemia HL60
cells in G1 phase [39], but caused G2/M arrest in bladder cancer UM-UC-3 cells [42], human
cervical cancer HeLa cells [44], human colorectal cancer HT29 cells [45], and human prostate
cancer cells (PC-3 and LNCaP) [40]. Smith et al subsequently showed that approximately 25%
of AITC-treated HT29 cells were arrest in M phase. The reason as to why AITC causes G1
arrest in some cells but G2/M arrest or M arrest in other cells is not known. In LNCaP cells,
however, where AITC causes G2/M arrest, AITC was shown to modulate a number of
important G2/M regulators, including down regulation of cyclin B1, cdk1, cdc25B and cdc25C,
and to cause the disruption of tubulin [40,45].

Treatment of HL60 cells with AITC at 10 uM for 24 h rendered nearly 30% cells apoptotic,
which was associated with disruption of mitochondrial transmembrane potential, activation of
several caspases (caspse-3, -8, -9 and -12), and activation of c-Jun N-terminal kinase (JNK)
[39,46]. AITC also significantly induced apoptosis in PC-3 cells and LNCaP cells, which was
associated with down regulation of anti-apoptotic Bcl-2 and Bcl-xI and activation of
extracellular signal-regulated kinase and JNK [40,47]. However, AITC was a poor apoptosis
inducer in other cell lines, such as HT29 cells and UM-UC-3 cells (no more than 5% cells
became apoptotic after AITC treatment) [42,45]. Interestingly, it is of note that AITC induces
c-Jun, a key component of activator protein 1 (AP-1), increased the transactivation activity
and/or DNA binding activity of AP-1 in both HT29 cells and UM-UC-3 cells [48,49]. The pro-
survival or apoptosis inhibitory function of AP-1 is well known.

5.3 Other anticancer activities

Matrix metalloproteinases (MMPSs) play important roles in cancer metastasis. Both AITC and
its NAC conjugate were reported to significantly inhibit the transcription of MMP-2/-9 in
human hepatoma SK-Hep1 cells at 0.1-5 pM, which was associated with inhibition of cell
adhesion, migration and invasion [50]. MMP-2 and MMP-9 degrade components of basement
membrane and are strongly implicated in the invasion and metastasis of cancer cells [51,52].
The extent of histone acetylation also influences the growth of cancer cells and increasing
histone acetylation is a recognized strategy for cancer prevention and therapy [53,54]. AITC
at 20 uM was shown to stimulate histone acetylation in mouse erythroleukemia DS19 cells,
but this does not appear to result from inhibition of histone deacetylase [55]. However,
sulforaphane was shown to inhibit histone deacetylase in cancer cells [56]. AITC was also
found to significantly inhibit the production of nitric oxide (NO) and the expression of inducible
nitric oxide synthase (iNOS) in lipopolysaccharide-treated J774.1 macrophages at <10 puM
[57], and to inhibit NF-kxB activation in lipopolysaccharide-treated HT-29 cells at 25-100 uM
[58]. NO, iNOS and NF-«B are important signaling molecules in inflammation and cancer.

5.4 Inhibition of tumor growth

Intraperitoneal injection of 10 umole AITC (approximately 333 umol/kg body weight) three
times per week for three weeks, beginning the day of tumor cell inoculation, inhibited PC-3
human prostate cancer xenografts in athymic mice by approximately 45%, with no apparent
toxicity [59]. In another study, male Wistar rats were given dimethylhydrazine (DMH)
subcutaneously twice (separated by 5 days) to induce aberrant crypt foci in the colonic mucosa,
and AITC or sinigrin was given to the rats in the diet for 5 weeks, starting the next day after
the second dose of DMH. Both sinigrin and AITC reduced the number of DMH-induced
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aberrance crypt foci in the colonic mucosa by approximately 40% [60]. Interestingly, in this
study, sinigrin was more potent than AITC, as sinigrin at 1 umol/kg diet was as effective as
AITC at 4 umol/kg diet. Since sinigrin itself is not known to possess cancer preventive activity,
its inhibition of DMH-induced colonic aberrant crypt foci formation most likely resulted from
its myrosinase-catalyzed conversion to AITC in vivo. In another study where
hepatocarcinogenesis in ACI/N rats was induced by adding diethylnitrosamine in drinking
water for 5 week, dietary supplementation with sinigrin at 1200 ppm (3 umol sinigrin/g diet)
during the carcinogen treatment period also reduced tumor incidence by 50% and reduced
tumor multiplicity by more than 90% [61]. However, in 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK)-induced lung tumorigenesis in A/J mice, where a single oral dose
of AITC at 1 or 5 umol/mouse was given to the animal 2 h prior to a single intraperitoneal
injection of NNK and lung tumorigenesis assessed 16 weeks later, AITC was ineffective, while
a number of synthetic ITCs, especially 1-dodecy! ITC and 1,2-diphenylelthyl ITC were highly
effective under the same experimental conditions [62]. The last animal model differs from
other three models in that it is designed to evaluate acute inhibition of carcinogen activation
(inhibition of carcinogen-activating enzymes) by a test agent.

6 The dichotomy of cytoprotective activity and toxicity of AITC

6.1 Stimulation of cytoprotective mechanisms

AITC has been shown to induce several Phase 2 enzymes, including NAD[P]H:quinone
oxidoreductase-1, glutathione S-transferase, glutamate cysteine ligase and/or heme oxygenase
1 in both cultured cells in vitro and animal tissues in vivo [18,21,28,42,63-65]. Induction of
the Phase 2 proteins by AITC must have resulted at least in part from the activation of nuclear
factor erythroid 2-related factor 2 (Nrf2), a key transcription activator of the above-mentioned
Phase 2 genes and many other genes, as AITC at 25 uM rapidly and markedly elevated Nrf2
level and Nrf2 transactivation activity in human hepatoma HepG2 cells [28,63]. Nrf2 activates
Phase 2 gene transcription by binding to the upstream regulatory element, namely the
antioxidant response element (ARE). Indeed, McWalter et al showed that AITC was unable to
stimulate the transcription of the downstream gene linked to a mutated ARE [65]. Given that
Nrf2 is known to regulate a variety of Phase 2 genes and other genes [66], AITC probably
stimulates many such genes. Because many Phase 2 proteins are major cellular antioxidant and
carcinogen detoxification enzymes, it seems reasonable to assume that AITC would prevent
oxidant- and carcinogen-induced damage. Indeed, AITC was found to significantly inhibit in
a dose-dependent manner the formation of gastric lesions induced by ethanol, hydrochloric
acid, ammonia, aspirin, and indomethacin in Sprague-Dawley rats at the oral dose levels of
1.25-10 mg/kg body weight (12.5-100 umol/kg) [67].

However, to what extent stimulation of cytoprotective proteins by AITC contributes to its
cancer chemopreventive activity is not clear. Nor is it clear whether activation of Nrf2 signaling
attenuates its anticancer activities such as induction of cell cycle arrest and apoptosis of cancer
cells.

6.2 Cytotoxicity and genotoxicity of AITC

Pretreatment of HepG2 cells with AITC at up to 6 uM for 24 h enhanced benzo(a)pyrene (BP)-
induced DNA damage by almost 2 fold, as measured by the single cell gel electrophoresis assay
[68]. The reason why AITC increased BP genotoxicity is not known, as its effect on Nrf2 and
carcinogen-detoxifying enzymes was not measured in these cells. Treatment of HL60 cells
with AITC at 2-5 uM for only 3 h was shown to cause DNA damage and the formation of 8-
oxo-7,8-dihydro-2’-deoxyguanosine, which was thought to result from increased formation of
reactive oxygen species [69]. Intracellular generation of reactive oxygen species and DNA
damage were also detected in bacterial cells treated with AITC [70].
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However, DNA damage by AITC in HepG2 cells (formation of micronucleus) was negligible
in HeLa cells (unscheduled DNA synthesis), and its mutagenicity in bacterial cells (Ames test)
occurred only at relatively high concentrations (>50 uM) [37,71]. Nor did AITC cause
significant chromosome aberrations or sister chromatic exchanges in a SV40-transformed
Indian muntjac cell line and a Chinese hamster ovary cell line even at highly cytotoxic doses
[72,73]. Likewise, unscheduled DNA synthesis was not detected in the livers of Sprague-
Dawley rats receiving a single oral dose of AITC up to 125 mg/kg body weight (1.25 mmol/

kg) [74].

Rats receiving a single oral dose of AITC at approximately 13 mg/kg showed reduced uptake
of iodine by the thyroid gland [75], suggesting a weak goitrogenic activity of AITC. However,
another study showed that rats (Shoe: WIST) given AITC at oral doses up to 40 mg/kg 5 days/
week for 4 weeks did not show any changes in thyroid weight, even though the highest AITC
dose caused a significant decrease in body weight [76]. F344 rats and B6C3F1 mice given oral
AITC at 50 mg/kg body weight (500 umol/kg) 5 days per week for 2 weeks showed a thickened
mucosal surface of the stomach in both rats and mice and a thickened urinary bladder wall in
male mice, but no gross or microscopic lesions were detected in the animals given oral AITC
at 25 mg/kg (250 pmol/kg) 5 days per week for 13 week [77]. In a further experiment where
F344 rats and B6C3F1 mice of either sex were administered orally with 12 or 25 mg/kg (120
or 250 umol/kg) AITC 5 times per week for 103 weeks [77], urinary bladder cancer was
detected in 4% and 8% male rats treated with the low and high doses of AITC respectively,
whereas no bladder tumor was detected in any other groups. Subcutaneous fibrosarcoma was
detected in 6% of female rats receiving the high dose of AITC, but not in any other groups.
Human relevance of these findings is likely to be very limited, if any, because average human
consumption of AITC has been estimated to be less than 1 mg/day (approximately 10 pg/kg
body weight) [78]. The sex-, species-, and organ-specific susceptibilities of tumorigenesis to
AITC have not been well understood. A single instillation of AITC into the urinary bladder of
female F344 rats at 2.8 mg/ml/kg body weight for 2 h via the urethra using a catheter caused
acute toxic damage to the bladder, including hemorrhage, inflammatory cell infiltration,
vacuolar degeneration and apoptosis/necrosis of the mucosal/submucosal tissues, and delayed
increase in BrdU labeling index [79]. But interpretation of this data needs caution, because
AITC was given at very high concentration (28 mM), and its NAC conjugate (the principal
urinary metabolite) was not examined.

7 Concluding remarks

AITC, a common dietary phytochemical, presents many desirable attributes of a cancer
chemopreventive agent, including extremely high bioavailability after oral administration,
rapid uptake by cells, microbicidal activity against a wide spectrum of pathogens, significantly
higher toxicity in malignant cell than in normal cells, its ability to rapidly induce cancer cell
death regardless of its tissue origin or p53 status and even in drug resistant cells, activation of
Nrf2 signaling, and inhibition of cancer development in vivo. However, the AITC dose levels
used in the preclinical studies are far greater than what humans are normally exposed to, raising
the question of whether the preclinical data are relevant to humans and whether dietary
consumption of AITC significantly contributes to cancer prevention in humans. The
observation that bladder is the tissue which is by far the most exposed to orally administered
AITC, apparently resulting from its almost exclusive elimination through the urine, suggests
that AITC may most be useful for bladder cancer prevention.

The molecular mechanisms by which AITC attacks bacteria, fungi, and cancer cells remain
poorly defined, but the putative chemopreventive mechanisms are summarized in Fig. 3.
Further studies are needed to verify and extend these findings. Chronic administration of AITC
to rodents at high doses levels caused low incidence of urinary bladder transitional cell
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carcinoma and subcutaneous fibrosarcoma among other toxicities. But it is highly unlikely that
such toxicities would occur in humans, because dietary consumption levels of AITC appear to
be several orders of magnitude lower than the doses used in the animal studies.
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Figure 1.
Myrosinase-catalyzed conversion from sinigrin to AITC
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Figure 2.
AITC metabolism through the mercapturic acid pathway. GST, glutathione S-transferase; y-
GT, y-glutamyltranspeptidase; CG, cysteinylglycinase; AT, N-acetyltransferase.
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Figure 3.

Putativ