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National Organic Standards Board

c/o Mark Bradley, Associate Deputy Administrator
USDA/AMS/TMP/NOP, Room 4008-So.

1400 Independence Avenue, SW

Washington, DC 20250-0020

Dow AgroSciences

PETITION FOR THE LISTING OF PELARGONIC ACID AND RELATED C6-C12 FATTY ACIDS
ON THE USDA NATIONAL LIST OF ALLOWED AND PROHIBITED SUBSTANCES

The Organic Foods Production Act of 1990, as amended, established a National List of Allowed and
Prohibited Substances (National List) which identifies the synthetic substances that may be used, and the
nonsynthetic substances that cannot be used, in organic production and handling operations. The act also
provides a mechanism to petition the National /Organic Standards Board to evaluate a substance for
inclusion on or removal from the National List. With this petition, Dow AgroSciences requests review of
a naturally occurring fatty acid ~ Pelargonic Acid and Related C6-C12 Fatty Acids for consideration as, if
appropriate, listing on the Proposed National List of Organic Substances for inclusion on:

1. The list of allowed substances for use in organic crop production.

Pelargonic Acid and Related C6-C12 Fatty Acids is a naturally occurring fatty acid which can be found at
appreciable concentrations in a variety of plant and animal food and non-food products. Listing of
pelargonic acid on the national list will facilitate new weed management options for organic agriculture
and support subsequent assessments of end-use formulations by appropriate state organizations. Only
end-use formulations that contain previously certified organic components or EPA list-4 inert components
would be submitted to state certification organizations,

Pelargonic Acid and Related C6-C12 Fatty Acids is an EPA registered active ingredient. As such
extensive risk assessments and safety standards have been met, such as toxicological and metabolism
studies, ecological toxicological studies, and environmental fate assessments. Thus Pelargonic acid has
been fully evaluated for use as an herbicide on multiple crops. This natural product has been found by
EPA to have large margins of safety to workers, non-target organisms and the environment, atiributes that
are important for the organic grower.

We appreciate the time and effort that the Department of Agriculture, Agricultural Marketing Services,
invests in the review of petitions for organic status. Please feel free to contact me at my phone number or
e-mail address below if vou have any questions on any aspect of this petition.

Shert Sibley
Regulatory Specialist
Diow AgroSciences LLC
Phone: 317-337-5463

Fax: 317-337-4649

E-mail: rbsibleyiidow.com
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Petition for the Inclusion of Pelargonic Acid and Related C6-C12 Fatty Acids on the
National Oreanic Standards Board List of Approved Orpganic Substances.

With this petition, Dow AgroSciences LLC is requesting the evaluation of Pelargonic Acid and
Related C6-C12 Fatty Acids for inclusion on:

1. The list of allowed substances for use in organic crop production.
The following information addresses the Department of Agriculture, Agricultural Marketing

Services Notice of Guidelines and Call for National List Petitions as discussed in the July 13,
2000 Federal Register Notification (Volume 65, 43259 —43261).

Pelargonic Acid and Related C6-C12 Fatty Acids for Weed Management

1. The common name for the substance:

Pelargonic Acid and Related C6-C12 Fatty Acids is a common fatty acid naturally present in
many plants. Pelargonic Acid was first found in several essential oils including those of rose,
geranium, hops and French lavender.

Taking its common name from the geranium family, pelargonium the 9 carbon molecule is
also known by its IUPAC name of nonanoic acid. Pelargonic Acid and Related C6-C12
Fatty Acids is the active ingredient in Scythe® herbicide.

ISO common name Pelargonic Acid CAS # 112-05-0

Chemical name
HIPAC name nonanoic acid

Chemical Abstract name:
Chemical Structure: CHs (CHy)y COOH

Synonyms Scythe, Herbicidal acid

2. The manufacturer’s name, address and telephone number.

Dow AgroSciences LLC
9330 Zionsville Road
Indianapolis, IN 46268

Contact: Robert Sibley
Phone: (317) 337-5463
Fax: (317)337-4649

F-mail rbeiblevidow. com
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3.

The intended or corrent use of the substance:

It is the intent of this petition fo register for use in organic food and feed production as

an herbicide,

Pelargonic Acid and Related C6-C12 Fatty Acids is currently registered with the EPA for use
as an herbicide (EPA reg# 62719-529). Itis a carboxylic acid that is naturally derived from
oleic acid that originates from a number of natural fats and oils including animal and plant
oils and fats.

Pelargonic acid has been in public use since the 1930’s mainly in industrial uses like flavors
and perfumes, lubricants, plasticizers, and coatings,. Pelargonic acid is also used in
processing fruits and vegetables and as a flavoring and sterilizing agent. Additionally, the
product is used in solution as a peeling solution for fresh fruits and vegetables (21 CFR part
173.315).

Pelargonic acid has also been registered as a blossom thinner (EPA # 53219-11) however, the
registration is not current for this use.

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

Pelargonic acid, the active ingredient in Scythe herbicide is a contact, non-selective, broad
spectrum, foliar-applied herbicide product that can be used to control weeds before planting
and prior to harvesting, to burn-down weeds, to facilitate harvest, as a harvest aid or
desiccant to root and tuber vegetables, on bulb vegetables or cotton, and it has previously
been used for blossom thinning in fruit trees like apples and pears. Pelargonic acid is
currently approved for use on root, tuber and perennial vegetables that include, bulb
vegetables, leafy vegetables, cole or Brassica crops, legume vegetables, fruiting vegetables,
cucurbits and melons, citrus, pome fruits, stone fruits, small fruits, berries, grapes, nuts,
tropical fruits, field crops and cereal grains, forages and pasture grasses, herbs and spices,
cocoa, coffee, hops, and tea. Other uses include tobacco, jojoba, turf, flowers, bedding and
landscape plants, trees and shrubs, greenhouse and indoor use, non-crop, industrial, and
public areas such as schools, golf courses, and campgrounds, structures, buildings, and
walkways, dry aquatic sites, dry drainage systems and around aquatic sites.

This request is for Pelargonic Acid Technical, the isolated active principal derived from oleic
acid, It is understood that only end-use formulations that contain certified organic
components or EPA list-4 inert components will be considered for organic crop production.




Pelargonic acid based products were first registered in February 1997 as a stand alone
herbicide. In the short time it has been on the market as Scythe Pelargonic acid’s quick burn-
down with no residual effect has created many specialty applications from nursery weed
control, to blossom thinning in apples and pears, to marking lines on grass tennis courts.

As an herbicide the product is applied at rates between 3 to 10% solution and delivered in 75
to 200 gallons per acre through boom, hand-held or high volume cquipment.

For control of annual weeds, mosses and cryptograms use a 3 to 5% solution, Use the lower
rate in the rate for young, succulent and actively growing weeds and the higher rate for
weeds greater than six inches height or in the flowering stage. Use higher rate for control of
mosses, lichens and other cryptograms on structures and surfaces.

For burn-down of perennial herbaceous plants, weeds in a later stage of growth and control
of sucker growth use a 5 to 7% solution. Use the highest rate for perennial weeds at or
beyond the flowering stage or when the plants have “hardened”.

For maximum vegetative burn-down, edging or foliar trimming use a 7-10% solution.

As a blossom thinner the product was applied at a rate of 2-2.5 pints per 100 gallons of spray
solution in an airblast spray system using 200-400 gallons per acre. Rates went as low as 0.5
pint to as high as 4 pints if previous experience indicated that they were safe and effective at
a particular site or on a particular variety.

Pelargonic Acid as an active ingredient in herbicides is exempt from tolerances under 40CFR

Section 180.1159 established in May 1997 by the U.S. EPA on most crop plants and crop

plant groups, including a wide range of minor and specialty crops under 40 CFR 180.1159(b)

provided that:

» Applications are not made directly to the food commodity except when used as a harvest
aid or desiccant to: any root and tuber vegetable, bulb vegetable or cotton.

 When Pelargonic acid is used as a harvest aid or desiccant, applications must be made no
later than 24 hours prior to harvest.

Additionally, tolerances exist for blossom thinning under 40 CFR 180.1159(a).

Pelargonic acid is cleared by the FDA as a flavoring agent in food for human consumption
(21CFR 172.515), as an adjuvant, production aid and sanitizer to be used in contact with food
{21 CFR 178.1010 (b)), and in washing or to assist in lye peeling of fresh fruits and
vegetables (up to 1%) (21 CFR 173.315).

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

Pelargonic Acid (Aegnigue FAC 9) Manufacturing Process:




Figure 1. Pelargonic Acid Technical Manufacturing Process (Appendix A)

Pelargonic acid is produced by ozonolysis of oleic acid into two molecules, azelaic acid {C9
dicarboxylic acid) and Pelargonic acid {C9 carboxylic acid). The Pelargonic acid is
separated from the azelaic acid by distillation and then purified by fractional distillation. The
technical profile of this product is shown in table 2. The oleic acid is produced by high
pressure/high temperature hydrolysis of natural fats and oils that originate from a number of
sources including animal and plant oils and fats. Ozone is produced by an electrical
discharge in air or oxygen. The processes used in this Ozone molecular separation generate
very little waste as the different streams (Pelargonic and Azelaic acids) are recovered and
used in a number of applications.

The key elements for considering Pelargonic acid as organic are:

Produced from natural fats and oils, i.e., not petroleum based.
The natural product, ozone is used as the oxidizing agent, ozone is produced by an
electrical discharge in air,

e Waste streams are incorporated into other products.

Figure 2. Technical Data Sheet for Pelargonic Acid (Agnique FAC 9) from Cognis

Corporation.
Composition
€9 Pelargonic Acid

Technical Data

Item Value Method
Appearance Clear liquid at 15°C
Water Content Max. 0.2% AOCS Tb 2-64
Flash Point 140°C ASTM D 92
Boiling Range: 230-237°C (760 mm Hg) ASTM D 1078
Acid Value 345-355 AOCS Te 2a-64
Ash Content Ca. 25 ppm ASTM D 482
Color {Trans 440/550 nm) 90-100/906-100 AQCS Ce 13a-30
Titer 8-11°C Cognis 622.01

Pelargonic acid

90-160%

Q-C 3407.0

Additional Technical Data

Item Value Method
C6 (acid) <1% Cognis 622.01
C7 (acid) 1% Cognis 622.01
C8 {acid) 4% Cognis 622.01
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7.

(9 (acid) 93% Cognis 622.01

L ]

(ther acids 2% Cognis 622.01

Recause the active substance is derived from natural sources, Pelargonic acid contains
several related C6-C12 fatty acids, which cannot easily be separated totally from the main
substance Pelargonic acid. The purity of the active substance can be expressed as shown in
the table above (figure 2).

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

History of Organic Pelargonic Acid Actions

| Agency/Date | Review Action
NOSB Introduction and initial Despite support for Pelargonic acid, the
September review of Pelargonic acid | NOSB felt it was premature to vote on
18-20, 1996 technical its acceptance since it was their first

introduction to the material and decided
to table the decision until each board
member received the appropriate
background information. No further
request or follow up was made by the
registrant, Mycogen Corp.. In 1998
Mycogen Corp. was wholly purchased
by Dow AgroSciences LLC. Asa
result of the purchase follow up on the
development of a number of products
like Scythe has been delayed.

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

This petition requests the listing of Pelargonic Acid and Related Fatty acids (C6-C12) on the
USDA National List of Allowed or Prohibited Substances.

Pelargonic Acid is registered as an active ingredientin a number of end-use products; those
products and EPA Registration Numbers are listed in the table below. Organic certification
for those formulations containing only organic components and EPA list 4 inerts will be
requested through certifying agencies such as OM RI. Development of specific organic
formulations will be facilitated by the listing of Pelargonic Acid Technical.
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West Agro Ackd Sanitizer

Name EPA Registration Number
Scythe Herbicide 62719-529
Sharpshooter ( cancelled) 53219.5
Thinex {cancelied) 33219-11
Scythe L Herbicide 62719-342
AT Weed & Grass Killer Concentrate (transferred) 70108-1
AT Weed & Grass Killer Concenirate 40849-70
AT Weed & Orass Killer RTU {transferred) 70108-2
AT Weed & Grass Killer RTU 40849-T1
Fconosan Acid Sanitizer 4959-41
Mandate Plus 1677-194
4956.472

8. The Chemical Abstract Service (CAS) number,

Pelargonic Acid CAS No.112-05-0

The substance's physical properties and chemical mode-of-action including

Pelargonic acid’s herbicidal activity is by direct contact. It is absorbed only into green tissue
through the cuticle and does not move systemically in the plant or penetrate woody tissue.

Pelargonic acid causes the dissolution of plant cell membranes and results in rapid cell death
of green plant tissue. Bleaching of chloroplast and general ion leakage are apparent within
minutes of application. It appears that the primary effect of Pelargonic acid is to cause a
sudden drop in intra-cellular pH. This leads to declining cellular function, degradation of

membranes, desiccation, and ultimately cell death (1).

e Pelargonic acid exerts its action as the parent herbicide without metabolic activation or

degradation.

» Pelargonic acid is degraded in the environment by microbial means causing it to quickly

loose its herbicidal activity.

# Pelargonic acid has no soil activity and is rapidly degraded in soil (tos = 2 day)

production;

Pelargonic acid-based products may be tank-mixed with other herbicidal and adjuvant

(a) Chemical interactions with other substances, especially substances used in organic

products and fertilizers. See Svythe label in (Appendix B)

{b) Toxicity and environmental persistence:

Pelargonic Acid and Related C6-C12 Faity Acids have been shown to be practically non-

toxic have very low toxicity to birds, fish, aquati

¢ invertebrates and bees. Pelargonic acid is

rapidly degraded by microbes in all environmental matrices (g5 = 2 day); this characteristic
makes it an excellent fit as an active ingredient in and around sensitive sites.

Wildlife Toxicity Testing Summary for Pelargonic Acid
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Avian Dietary L.Cs0 (Mallard Duck): > 5620 ppm (Highest Dose Tested)

Avian Dietary LC5¢ (Bobwhite Quail): > 5620 ppm {Highest Dose Tested)
Aquatic Toxicity LC5¢ (Bluegill): >105 mg ai/L. (Highest Dose Tested)
Agquatic Toxicity LC30 (Trout): >91 mg ai/l,

Agquatic Toxicity EC5¢ (Daphnia): >96 mg ai/lL

Acute Contact Toxicity LDsg (Honey Bees): >25 pg ai/bee (Highest Dose Tested)

Organic agriculture embraces methods that minimize impact on the ecological balance of
natural systems. Environmental burden from weed control products are reduced when
biologically active compounds break down rapidly after application and, thus, do not have an
opportunity to accumulate in unintended environmental compartments such as groundwater
or living organisms such as fish. Pelargonic acid fully meets this standard. It is sorbed by
soil particles, degrades quickly(tes = 2 day), is minimally soluble in water and is therefore
essentially immobile in the environment.

One of the most important attributes of Pelargonic acid is its rapid de gradation through beta
oxidation to acetyl-coA. Acetyl-coA is utilized in the citric acid cycle producing energy,
carbon dioxide and water.

Studies also conclude that Pelargonic acid is found to occur naturally in low concentrations
in peat soils (2). These studies also show that the degradation of Pelargonic acid applied to
soil occurs very rapidly (within a period of 2 days) by microbial means, not through
hydrolysis or photolysis (3,4). Degradation of Pelargonic acid occurs under aerobic
conditions with beta-oxidation being the principal pathway of metabolism. In addition, it has
been demonstrated that the fatty acids can bind to the soil preventing leaching into water (4.
“Effects of leaching, adsorption and desorption by Pelargonic acid in a soil environment
would be very minimal due to strong acid-soil particle interaction and acid binding to the
upper portion of the soil. (5).”

(¢) Environmental impacts from its use or manufacture;
Pelargonic acid production is not synthetic nor are its byproducts. Pelargonic acid originates
from a number of animal and plant cils and fats namely, beef tallow, sunflower, safflower
and canola oils. These oils when heated and placed under pressure render oleic and other
fatty acids. Oleic acid is isolated and split into Pelargonic acid and azelaic acid through the
use of ozone generated by discharging electricity in the presence of oxygen. Production
through ozonation is a natural process. The Pelargonic acid technical manufacturing process
is described in detail in section 3.

The by-product of the manufacture of Pelargonic acid is Azelaic acid. The by-product from
the breakdown of Pelargonic acid following a spray application is carbon dioxide and water.

Azelaic acid, a by-product from the manufacture of Pelargonic acid, is a simple molecule
(HOOC(CH2)7COOH, (CAS Number 123-99-9), also known as 1,.9-Nonanedioic acid.)
Azelaic acid is found in some whole grains and in trace amounts in human bodies. Although
it is an acid, it is a weak acid - similar to vinegar. The primary use of Azelaic acid is in

Page 7



medicine as Azelex ® distributed by Allergan, which is a cream base containing azelaic acid
as 20% of its weight. It works in part by stopping the growth of skin bacteria that can help
cause acne. It is also being used to combat hair loss as a hair growth stimulant.

Pelargonic acid’s low potential for environmental impact is discussed further in Section 9(b}
under Toxicity and Environmental Persistence.

(d) Effects on human health;

Seythe herbicide has many attributes that are desirable in terms of human/mammalian safety.
The following discussion covers the three routes of potential human exposure to Scythe:
ingestion, inhalation, and dermal contact/absorption.

Ingestion

The metabolism of naturally occurring fatty acids, such as Pelargonic Acid and Related C6-
C12 Fatty Acids, in human digestion systems is very well characterized in the scientific
literature. Fatty acid molecules are subject to very well known metabolic pathways in both
eukaryotes and prokaryotes, such as the B-oxidation of fats which reduces fatty acids of
many chain lengths by the sequential removal of two-carbon units as acetyl-CoA (6). Fatty
acids, including Pelargonic Acid and Related C6-C12 Fatty Acids, are digested in
mammalian systems through these normal metabolic pathways. Free fatty acids are kept in
relatively low concentration in the body fluids and are bound to serum albumin while being
transported in the blood. Considerable amounts of free fatty acids are transported from
adipose tissue for metabolism in brain, muscle, and kidney.

Pelargonic Acid and Related C6-C12 Fatty Acids, when they are absorbed from the
gastrointestinal tract into the blood, would not be treated differently from the free fatty acids
released from adipose tissue. A study by Odle et al. (7) concluded that the metabolism of
medium and long chain fatty acids by isolated hepatocytes of piglets has shown that the cells
oxidized pelargonate (C9:0) to carbon dioxide and acid soluble products faster than the even-
chained fatty acids of octanoate (C8) and oleate (C18).

To support the product registration of Scythe Herbicide, Mycogen conducted acute oral
toxicity studies on both the formulation and the technical active ingredient Pelargonic Acid
and Related C6-C12 Fatty Acids. The Acute Oral toxicity study conducted on Scythe
Herbicide resulted in a LD50 of > 5,000 mg/kg, placing the product into EPA Toxicity
Category IV (lowest level of toxicity). The acute data conducted on Pelargonic acid also
resulted in a LD50 of > 5,000 mg/kg (the highest concentration tested for active and end use
product).

Pelargonic acid naturally occurs in grapes, cheese and milk at levels from 10 PPM to 400
PPM. Some literature references (8, 9, 10, 11) cite its natural occurrence in soybean (trace
levels), oranges (130 PPM), beans (trace levels), tobacco (0.27 PPM) and potatoes (1.18
PPM).
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Due to the natural occurrence of Pelargonic Acid and Related C6-C12 Fatty Acids in certain
foods, and the low toxicity demonstrated in the acute studies, EPA reviewed this fatty acid as
a natural product.

Inhalation

The Acute Inhalation toxicity values for Scythe Herbicide and Pelargonic Acid and Related
(6-C12 Fatty Acids confirm that the product is minimally toxic to humans through
inhalation exposure. The result for Pelargonic acid is >1.244 mg/L, placing the 1.C50 for
active ingredient into Toxicity Category III. The result for Scythe (MYX 6121) 15> 5.29

mg/L, placing the LCS0 for the product into EPA Toxicity Category v. .

Dermal Contact/Absorpiion

The Acute Dermal LD50 is > 2,000 mg/kg, (the highest concentration tested) placing Scythe
in EPA Toxicity Category III (low toxicity). The dermal irritation study concluded that
Scythe is moderately irritating to the skin, but any adverse effects are reversible. Scythe is
categorized by EPA as Toxicity Category Il for dermal irritation. Finally, Scythe isnota
dermal sensitizer as demonstrated in the dermal sensitization study.

Dermal exposure from handling and applying Scythe Herbicide should be mitigated by
wearing the required Personal Protective Equipment (PP F) listed on the product label. The
PPE includes: long-sleeved shirt and long pants, chemical resistant-gloves such as barrier
laminate, nitrile rubber, or neoprene rubber, shoes plus socks and protective eyewear.
Contact of Scythe Herbicide to the skin through penetration of clothing will produce
moderate irritation effects noticeable to the worker. Washing with soap and water should
remedy the irritation effects.

The studies below show that Pelargonic acid is severely irritating in dermal and eye tests (as
expected for an organic acid) it must be noted that Scythe is a product which is mild and safe
for applicators and for consumers of treated crops. The results of toxicological testing with
Pelargonic Acid and Related C6-C12 Fatty Acids and formulated Scythe are listed below:

Studies Conducted on Technical Chemical = Pelargonic Acid
Acute Toxicity

Acute Oral LDsg (Rat): >5000 mg/kg (Highest Dose Tested)
Acute Dermal LDsg (Rat): >2000 mg/kg (Highest Dose Tested)
Acute Inhalation LCsg (Rat): >1.244 mg/L

Dermal Irritation (Rabbit): Severely Irritating

Eye Irritation (Rabbit): Severely Irritating

Skin Sensitization (Guinea Pig) Not sensitizing

Subchronic Toxicity - Range Finding for a 90-Day Rat Oral Toxieity (Diet):
NOAEL = 1,834 mg/kg/day (20,000 ppm) tested for period of two weeks (highest dose
tested).
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Chronie Toxicity - Chronic Mouse Dermal Toxicity Study (Mice):
NOAEL = 50 mg dosed twice-weekly for 80 weeks. No signs of toxicity were observed in
treated mice. No evidence of severe dermal or systemic toxicity was observed.

Teratogenicity - Teratology Screen in Rats:
NOEL = 1,500 mg/kg/day (highest dose tested).

Mutagenicity

Salmonella’/Mammalian-Microsome Plate Incorporation Mutagenicity Assay (Ames Test):
Negative

Chromosomal Aberrations (CHO Cells): Negative

Unscheduled DNA Synthesis (Rat Primary Hepatocytes): Negative

Mouse Lymphoma Forward Mutation Assay: Negative without metabolic activation

In Vivo Mouse Micronucleus Assay: Negative

Salmonella/Mammalian-Microsome Reverse Mutation Assay: Negative

Studies on Scythe end-use Product Formulation

Acute Toxicity

Acute Oral LDsg (Rat): >5000 mg/kg (Highest Dose Tested)
Acute Dermal LDsg (Rat): >2000 mg/kg (Highest Dose Tested)
Acute Inhalation LCsg {Rat): >5.29 mg/L

Dermal Irritation (Rat): Moderately Irritating

Eye Irritation {Rabbit): Severely Irritating

Skin Sensitization (Guinea Pig): Not sensitizing

Toxicity tests are used to set worker safety standards. Rapid degradation in field and low
mammalian toxicity translates to higher safety standards for the end—usm For agricultural
uses that fall under the Worker Protection Standard (WPS), all formulations of Scythe
(Pelargonic Acid —active ingredient) are labeled with the most current WPS worker
protective equipment and re-entry interval recommended by EPA.

{e) Effects on soil organisms, crops, or livestock.

Laboratory studies performed indicate Pelargonic acid is rapidly and quantitatively degraded
in the soil environment to existing background levels by microorganisms within a period of
two days. These microorganisms and other flora and fauna use ?elarﬂomc acid as a fatty acid
source of nutrients and therefore Pelargonic acid and the formulation Scythe would present
minimal toxicity to non-target organisms.
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10.

11.

Pelargonic acid’s low potential for environmental impact is discussed further in Section 9(b)
under Toxicity and Environmental Persistence

Pelargonic acid has been detected to naturally occur in a variety of foods. In mammalian
systems, fatty acids like Pelargonic acid are subject to B-oxidation which reduces the
compound of many chain lengths by the sequential removal of two carbon units as acetyl-
CoA. In addition the product does not pose any additional risk, since the inert ingredients
(from EPA list 4) are of low toxicity to humans and wildlife. This is clearly demonstrated by
the toxicology studies conducted on both the active substance and the formulated product.

Pelargonic acid and Scythe is a contact, non-selective, broad spectrum foliar-applied
herbicide. This product will only control actively growing emerged green vegetation and
requires thorough spray coverage of the treated weed . This product is not translocated. It
will burn only those green plant parts that are coated with the spray solution. As such, if an
applicator follows the label and intended uses then adjacent nontarget plants will be
minimally affected. Typically if Pelargonic acid spray drift occurs symptoms will be no
more severe than leaf spotting.

Safety information about the substance.

A Material Safety Data Sheet (MSDS) is attached in Appendix C. Hazardous Substances
Data Bank Report from the National Institute of Health is attached in Appendix E.

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

After a search of databases, bibliographies, and online, no specific articles were uncovered
that present contrasting positions on the use of Pelargonic acid as a natural herbicide. Since
its introduction in 1997 several reviews were published on Scythe’s quick burn-down affect
(within a couple of hours) and the synergistic effect, observed when Scythe is tank mixed
with glyphosate as a penetration aid. Pelargonic acid is a natural fatty acid present in some
soils, plants, animals and in food and has resulted in numerous individual studies within and
outside of Dow AgroSciences. Appendix D includes a copy of the literature search
conducted on published information available through March 18, 2005. Please feel free o
request a more focused literature search if needed.

A few specific articles are attached to provide a representation of what is available in the
published literature (Appendix EJ.

i, “Degradation of Fatty Acids in Lawn Soil, * Mozel and Nijolt (unpublished study)

2. “Fate of Capric and Pelargonic Fatty Acids in Soil,” Mozel, Nijholt, and McHarg
{unpublished study)
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12.

Savage, S. and P. Zorner, 1996, Use of Pelargonic Acid as a weed management ool
Abstract, California Weed Sci. Soc.
4. EPA Fact Sheet on Pelargonic acid. Additional information is attached to this fact
sheet on the EPA web site
Sustainable Small-scale Nursery Production Horticulture Systems Guide
netp://attra.ncat.org/atira-pub/PDF/ nursery. pdf pg 12
6. “Strategies for the Use of Natural Products for Weed Management;” Duke, 8. O., et al.,
Journal of Pesticide Science 27: 298-306, 2002.
7. “Review Biopesticides: a review of their action, applications and efficacy;” Copping,
I..G., Menn, . J., Pest Management Science 56: pg. 659, 2000.
8. Hazardous Substances Data Bank (HSDB), a database of the National Library of
Medicine's TOXNET system (hitp://toxnet.nlm.nih.gov) on February 2, 2005,

Lol

Lo

A “Petition Justification Statement”’ which provides justification for the inclusion of
Pelargonic Acid and Related C6-C12 Fatty Acids (the active ingredient in Scythe
Herbicide) on the National List.

Despite the fact that organic farmers employ a variety of methods including flaming, hot
water treatments, solarization, cultivation, mowing, mulching, and cover crops to control
weeds, weed management is still consistently ranked as one of the most important
production problems in organic agriculture(12), Weeds are considered a significant
problem because they decrease crop yields and quality by increasing competition for soil
nutrients, sunlight and water while serving as a friendly harbor for plant diseases and/or
pests.

Pelarconic Acid and Related C6-C12 Fatty Acids compliments cultural and biological
weed management practices.

The inclusion of Pelargonic acid to the National List will provide organic farmers with an
effective tool in the management of weeds in organic crop production. Not all methods
of weed management are practical for every growing condition, therefore it is imperative
that the farmer understand weed biology and ecology of the land being farmed and have
at their disposal a number of methods to control the expected and unexpected weeds that
emerge. For example cultivation is effective in controlling some weeds and occasional
passes through the field have been documented to build soil humus and help in the
release of nutrients. Unfortunately cultivation cannot be used in all occasions. Deep
cultivation may endanger the roots of the crop, expose new weedseed for germination,
and frequent passes may compact the soil. With the current rise in fuel prices the cost of
trips through the field may become prohibitive for certain crops. Ultimately the more
tools the farmer has to address their weed management problems, the better they can find
the most cost effective best fit for their current weed management issue.

Pelargonic acid compliments current organic weed management practices because it
quickly knocks down and eliminates weeds without disrupting the existing soil layer. In
certain situations, methods that kill the weed (like hand hoeing and mechanical
cultivation) but disrupt the soil surface expose new weed seeds in the soil seedbank to



sunlight which in many cases triggers germination and a repeat of the reproductive cycle.
This trend is observed in high input crops like lettuce, grapes, and strawberries where
manual weeding is implemented several times throughout the growing season. Methods
like manual weeding that disrupt the soil surface also increase the chance of soil erosion,
soil compaction, dust particulate pollution, and loss of soil moisture.

Specifically, Pelargonic acid is the active ingredient in a broad spectrum non-selective
herbicide known as Scythe and is particularly effective at higher use rates. [ts activity is
strictly contact foliar in that only directly sprayed portions of the plant are effected.
Pelargonic acid is not translocated, therefore desirable species will not be seriously
effected if a directed application is used. If part of a desired plant is mistakenly sprayed
only the area sprayed will be effected not the whole plant. Pelargonic acid efficacy
requires full coverage of the target weed by the spray solution. There is no activity
through volatilization and little if any effect at low spray volumes. Pelargonic acid will
not damage plant tissues which are significantly woody or which are otherwise protected
from spray contact. For this reason it is safe for application around woody perennial
plants and for intentional suckering as in viticulture management. Also because of this
feature Pelargonic acid is the most effective for the control of seedling weeds and has
only short-term activity against larger plants or perennial species which can regrow from
tubers, rhizomes or other such protected structures. Pelargonic application at high total
spray volumes results in visible effects on most species within hours. Because of the
rapid activity - when Pelargonic acid is in solution — an application is virtually unaffected
by subsequent rain or irrigation in as little as 30 minutes after application. Pelargonic
acid has no soil activity. Therefore it can be used any time prior to emergence of the
desirable species. For this reason Pelargonic acid is well suited for seedbed or site
preparation.

An advantage to Pelargonic acid is that larger-scale weeding can be accomplished with
fewer personnel. This ability will free up personnel for the more delicate hand weeding

jobs within the rows and other more labor intensive tasks.

Pelarconic Acid ig safe for workers and field environments,

Excessive manual weeding may cause repetitive stress injuries increasing workman’s
comp claims and grower liability. In California Cal/OHSA recently (9/23/04) adopted a
regulation that restricts hand weeding. While organic growers are exempt from most of
the regulations it does require organic growers to provide safety equipment and additional
rest time for laborers weeding which will add additional cost to the task. Substituting
Pelargonic Acid for some applications with thermal weed control systems (propane
flaming and hot water) may reduce the risk of operator injury.

Pelargonic Acid and Related C6-C12 Fatty Acids are fatty acids naturally found in many
food crops. Research has shown that Pelargonic acid exists in background levels in
certain soil types and is found throughout the human and animal food supply. Pelargonic
acid was given GRAS status by FEMA (1965) and is approved by the FDA for food use
(21CFR 172.515). A safety level of 20 ppm was approved by The Council of Europe,




{1975) for Pelargonic acid on the list of flavoring substances that may be added to
foodstuffs without hazard to public health.

In summary, Pelargonic Acid is a fatty acid that exists naturally in the environment and
food supply. It is non-toxic to mammals and other non-target organisms with no residual
activity in the field. It does not leach, contaminate or accumulate in the soil or water and
breaks down rapidly in the environment, usually within two days by microbial digestion.
Pelargonic Acid’s broad spectrum and rapid burn-down activity on green tissue will
provide a powerful weed management tool to the organic farmer. Pelargonic acid is
effective on green plant tissue only when it is in liquid form. It has no residual action and
is therefore flexible and safe for many uses within/around the field, pasture, greenhouse,
golf course, and home.

Through contact with organic growers in the field, we find a need for an effective tool to
address weed management issues in organic crop production. Florida organic citrus
growers responded overwhelmingly in a sector survey that weeds were the most difficult
challenge in organic crop production management. Additionally, these growers
expressed that the highest priority research needs to focus on weed management
solutions. (13) Organic growers have also communicated to Dow AgroSciences their
desire for an effective tool that would increase their effectiveness in the management of
weeds (see letters from growers in Section F). Some of their comments are excerpted
below:

o Sergio Casillas of Tanimura and Antle of Salinas, CA who currently manages 1,200
acres of organic vegetables states, “the organic grower at this time has very few options
on herbicides that can be used. There are some acids that can be used, but they are not
very effective. As you can imagine, hand labor is very expensive along with the
lability that goes with it.”

e Berny Borges of Monterey Pacific who manages 200 acres of organic wine grapes
states, “Weed control is the most cost prohibitive part of organic farming... W eed
control using mechanical tools eventually leads to soil compaction form hard pans at
low depths below the grape vines. The hard pans once formed can never be broken up
because of the narrow row spacing between the vines. The only other alternative is
hand hoeing.”

» Ramy Colfer of Mission Organics/ Earthbound Farms who farms over 5,500 acres of
lettuce and leafy organic produce states, “Organic growers presently do not have an
herbicide that is as effective and economical as Scythe. It would be a large
improvement to our weed management program fo be able to use the herbicide...”

« Mike Kennedy of Kennedy Farm Services who manages 4,000 acres of organic
vegetables states, “Weed control on this ground is a serious issue for the growers,
Cinnamon oil is available , but its effectiveness is poor. Flaming is often used , butona
limited basis based on both cost and danger to the applicatiors.”

o James “Pebble” Smith, the grower Rep for Fetzer Wineries states, “we just gave a three
day course to our growers on the challenges of Organic farming and there was a
unanimous belief that the biggest challenge was weeds,....All that was available was
acetic acid and clove oil and they were both expensive, stinky, and not very effective.”
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Base Label

{Logo) Dow AgroSciences

®
Scythe
Herbicide
For control or burndown of a broad spectrum of weeds on contact

Active Ingredients:

PelargonicAcid T ... o B7.0%
Related Fatty Acids (Ce-Crz) oooooo.. 3.0%
Other Ingredients T ..., 40.0%
TOMA] oo 100.0%

tContains 4.2 pounds of pelargonic acid per U.S. gallon.
t Contains petroleum distillates.

The use of this product and select fatty acids alone and/or in combination with
certain herbicides is covered in one or more of the following U.S. Patents:
5008467, 5106410, 4975110, 5096468, 5196044.

Keep Out of Reach of Children

WARNING AVISO

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.)

Precautionary Statements

Hazards to Humans and Domestic Animals

WARNING

Causes Substantial But Temporary Eye Injury » Causes Skin Irritation Harmful If Tnhaled o
Farmful If Absorbed Through The Skin

Do not get in eves, on skin or on clothing. Avoid breathing spray mist. Wash thoroughly with seap
and water after handling. Remove contaminated clothing and wash clothing before reuse.

Personal Protection Equipment:
Worker Protection Standard (WPS) Uses: Some materials that are chemical-
resistant to this product are listed below. If you want more options, follow the
instructions for category E on an EPA chemical resistance category selection
chart. Applicators and other handlers who handle this pesticide for any use



covered by the Worker Protection Standard (40 CFR Part 170) - in general,

agricultural uses are covered - must wear:

e Coveralls worn over short-sleeved shirt and short pants

e Chemical resistant-gloves such as barrier laminate, nitrile rubber, or neoprene
rubber

e Chemical-resistant footwear plus socks

e Protective eyewear (goggles, face shield or safety glasses)

Discard clothing and other absorbent materials that have been drenched or
heavily contaminated with this product's concentrate. Do not reuse them. Follow
manufacturer's instructions for cleaning/maintaining personal protective
equipment (PPE). If no such instructions for washables, use detergent and hot
water. Keep and wash PPE separately from other laundry.

Non-WPS Uses: Applicators and other handlers who handle this pesticide for

any use NOT covered by the Worker Protection Standard (40 CFR Part 170) - in

general, only agricultural uses are covered - must wear.

e Long-sleeved shirt and long pants

e Chemical resistant-gloves such as barrier laminate, nitrile rubber, or neoprene
rubber

¢ Protective eyewear (goggles, face shield or safety glasses)

User Safety Recommendations:

Users should:

® Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet.

e Remove clothing immediately if pesticide gets inside. Then wash thoroughly and put
on clean clothing.

® 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.

First Aid
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, then
continue rinsing eye. Call a poison control center or doctor for treatment advice.
If on skin or clothing: Take off contaminated clothing. Rinse skin immediately
with plenty of water for 15-20 minutes. Call a poison control center or doctor for
freatment 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.
If swallowed: Call a poison control center or doctor immediately for treatment
advice. Do not induce vomiting unless told to do so by a poison control center or
doctor. Do not give anything by mouth to an uncongcious person.




Have the product container or label with you when calling a poison control center
or doctor, or going for freatment. You may also contact 1-800-992-5994 for
emergency medical treatment information.

Note to Physician: Contains petroleum distillates, Vomiting may cause
aspiration pneumonia.

Environmental Hazards
Do not apply directly to water, areas where surface water is present, or to
intertidal areas below the mean high water mark. Do not contaminate water
when disposing of equipment washwaters or rinsate.

Agricultural Use Requirements
Use this product only in accordance with its labeling and with the Worker
Protection Standard, 40 CFR part 170. Refer to label booklet under
"Agricultural Use Requirements” in the Directions for Use section for
information about this standard.

Refer to label booklet for additional Directions for Use including Storage
and Disposal.

Notice: Read the entire label. Use only according to label directions. Before
using this product, read Warranty Disclaimer, Inherent Risks of Use, and
Limitation of Remedies at end of label booklet. If terms are unacceptable,
return at once unopened,

In case of emergency endangering health or the environment involving this

product, call 1-800-992-5884. If you wish to obtain additional product

information, visit our web site at www.dowagro.com.

Agricultural Chemical: Do not ship or store with food, feeds, drugs or clothing.

EPA Reg. No. 62718-529 EPA Est. 00000-XX-00
®Trademark of Dow AgroSciences LLC

Dow AgroSciences LLC ¢ 9330 Zionsville Rd e Indianapolis, IN 46268 U.S.A.

Net Contents ___




|.abel Booklet:

{L.ogo)} Dow AgroSciences

®
Scythe
Herbicide
For control or burndown of a broad spectrum of weeds on contact

Active Ingredients:

Pelargonic Acid T ..o 57.0%
Related Fatty Acids (Cg-Caz) oo 3.0%
Other Ingredients T ..., 40.0%
TOMAL oo 100.0%

T Contains 4.2 pounds of pelargonic acid per U.S. gallon.
1 Contains petroleum distillates.

The use of this product and select fatty acids alone and/or in combination with
certain herbicides is covered in one or more of the following U.S. Patents:
5008467, 5106410, 4975110, 5096468, 5196044.

Keep Out of Reach of Children

WARNING AVISO

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 )

Agricultural Use Requirements
Use this product only in accordance with its labeling and with the Worker
Protection Standard, 40 CFR part 170. Refer to label booklet under
"Agricultural Use Requirements" in the Directions for Use section for
information about this standard.

Refer to inside of this label booklet for additional Directions for Use
inciuding Storage and Disposal.

Notice: Read the entire label. Use only according to label directions. Before
using this product, read Warranty Disclaimer, Inherent Risks of Use, and
Limitation of Remedies at end of label booklet. If terms are unacceptable,
return at once unopened.

in case of emergency endangering health or the environment involving this
product, call 1-800-992-5994. If you wish to obtain additional product
information, visit our web site at www.dowagro.com.



Agricultural Chemical: Do not ship or store with food, feeds, drugs or clothing.

EPA Reg. No. 62719-529 EPA Est. 00000-XX-00

®Trademark of Dow AgroSciences LLC
Dow AgroSciences LLC » 9330 Zionsville Rd Indianapolis, IN 46268 U.S.A.

Net Contents ___



Precautionary Statements

Hazards to Humans and Domestic Animais

WARNING

Causes Substantial But Temperary Eye Injury » Causes Skin Irritation  Harmful if inhaled »
$larmful If Absorbed Through The Skin

Do not get in eyes, on skin or on clothing. Avoid breathing spray mist. Wash thoroughly with soap
and water after handling, Remove contaminated clothing and wash clothing before reuse.

Personal Protection Equipment:

Worker Protection Standard (WPS) Uses: Some materials that are chemical-
resistant to this product are listed below. If you want more options, follow the
instructions for category E on an EPA chemical resistance category selection
chart. Applicators and other handlers who handle this pesticide for any use
covered by the Worker Protection Standard (40 CFR Part 170) - in general,
agricultural uses are covered - must wear:

e Coveralls worn over short-sleeved shirt and short pants

e Chemical resistant-gloves such as barrier laminate, nitrile rubber, or neoprene

rubber
Chemical-resistant footwear plus socks
Protective eyewear (goggles, face shield or safety glasses)

Discard clothing and other absorbent materials that have been drenched or
heavily contaminated with this product's concentrate. Do not reuse them. Follow
manufacturer's instructions for cleaning/maintaining personal protective
equipment (PPE). If no such instructions for washables, use detergent and hot
water. Keep and wash PPE separately from other laundry.

Non-WPS Uses: Applicators and other handlers who handle this pesticide for
any use NOT covered by the Worker Protection Standard (40 CFR Part 170) - in
general, only agricultural uses are covered - must wear.

]
&

Long-sleeved shirt and long pants

Chemical resistant-gloves such as barrier laminate, nitrile rubber, or neoprene
rubber

Protective eyewear (goggles, face shield or safety glasses)

User Safety Recommendations;

Users should:

Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet.
Remove clothing immediately if pesticide gets inside. Then wash thoroughly and put
on clean clothing.

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.




First Aid
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 § minutes, then
continue rinsing eye. Call a poison control center or doctor for treatment advice.
if on skin or clothing: Take off contaminated clothing. Rinse skin immediately
with plenty of water for 15-20 minutes. Call a poison control center or doctor 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,
If swallowed: Call a poison control center or doctor immediately for treatment
advice. Do not induce vomiting unless told to do so by a poison control center or
doctor. Do not give anything by mouth to an unconscious person.

Have the product container or label with you when calling a poison control center
or doctor, or going for treatment. You may also contact 1-800-992-5994 for
emergency medical treatment information.

Note to Physician: Contains petroleum distillates. Vomiting may cause
aspiration pneumonia.

Environmental Hazards
Do not apply directly to water, areas where surface water is present, or to
intertidal areas below the mean high water mark. Do not contaminate water
when disposing of equipment washwaters or rinsate.

Directions for Use

It is a violation of Federal law to use this product in @ manner inconsistent with its

labeling.
Read all Directions for Use carefully before applying.

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 requirements specific to your State or Tribe, consult the
state or tribal agency responsible for pesticide regulations.

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. It also
contains specific instructions and exceptions pertaining to the statements on this




label about personal protection equipment (PPE) and restricted-entry interval.
The requirements in this box only apply to uses of this product that are covered
by the Worker Protection Standard.

Do not enter or allow worker entry into treated areas during the restricted entry
interval (RE! of 12 hours.

PPE required for early enfry to treated areas that is permitted under the Worker
Protection Standard and that involves contact with anything that has been
treated, such as plants, soil, or water, include:

e Coveralls worn over short-sleeved shirt and short panis

e Chemical resistant-gloves such as barrier laminate, nitrile rubber, or neoprene
rubber

Chemical-resistant footwear plus socks

Protective eyewear (goggles, face shield or safety glasses)

Non-Agricultural Use Requirements:
The requirements in this box apply to uses of this product that are NOT within the
scope of the Worker Protection Standard for agricultural pesticides (40 CFR Part
170). The WPS applies when this product is used to produce agricultural plants
on farms, forests, nurseries, or greenhouses. Keep unprotected persons out of
the treated areas until the sprayed area is dry.

Storage and Disposal

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

Pesticide Storage: Keep container tightly sealed when not in use. Store only in
original container in a dry place inaccessible to children and pets.

Pesticide Disposal: Wastes resulting from the use of this product must be
disposed of on site or at an approved waste disposal facility.

Container Disposal: Do not reuse empty container. Triple rinse, then offer for
recycling or reconditioning, or puncture and dispose of in a sanitary landfill or by
incineration, or if allowed by state and local authorities, by burning. If burned,
stay out of smoke.

General Information

Scythe® herbicide is a contact non-selective, broad spectrum, foliar-applied
herbicide. This product will only control actively growing emerged green
vegetation. It provides burndown of both annual and perennial broadleaf and
grass weeds, as well as most mosses and other cryptogams. The degree of
burndown and the longevity of control is less when the plants are inactive,
mature, or biennial/perennial types. This product is not translocated. It will burn
only those plant parts that are coated with spray solution.




This product is a non-volatile, emulsifiable concentrate. 1t can be applied through
most standard or field type sprayers after dilution and mixing with water in
accordance with label instructions. For best results, uniform and complete
coverage of target plants is required.

Visible effects on most weeds occur within hours. This product does not damage
mature, non-green, woody parts of plants, Cool weather following treatment
slows the activity of this product and delays or reduces visual effects.

This product provides no residual weed control. Repeat treatments will be
necessary for new plants emerging from seed or regrowth of treated vegetation.
Should residual control be desired, use a product labeled for the use situation.

Mixing and Application Instructions

Apply spray solutions in properly maintained and calibrated equipment capable of
delivering desired volumes. Avoid spraying or allowing drift to desirable plants. Always

clean tank, pump, and line thoroughly with water after use.

Do not apply this product through any type of irrigation system.

Do not apply this product aerially.

Adjust spray droplet size to minimize drift and allow application to the intended
exposure area only.

Mixing
This product mixes readily with water. To prepare the spray mixture, fill the mix
or spray tank with three-fourths the required amount of water then add the proper
amount of this product. Complete filling the mix or spray tank with the balance of
water needed. Remove hose from tank immediately after filling to avoid

siphoning back into the carrier source. Mix well.

During mixing and application, foaming of the spray solution can occur. A
defoaming agent can be added to prevent excessive foaming. If application is
intended in or around crops, the defoaming agent must be approved for such

use.

Always determine compatibility of companion herbicides and tank additives prior
to addition to the spray tank. Determine compatibility by performing a jar test
using appropriate quantities of each material and water (see Tank Mixes).



For best results with backpack or other small tank applicators ensure thorough
mixing of herbicidal solution at filling and during the spray operation. For
sprayers without agitation, mix or shake regularly fo maintain suspension.
Without agitation, this product separates quickly out of the spray solution.

Boom Equipment

For best control or burndown of annual, biennial or perennial weeds using
conventional boom equipment, use the indicated rate of this product in 75 to 200
gallons of spray solution per acre as a broadcast spray. Use lower delivery rates
of 10 to 75 gallons per acre of spray solution when this product is used as a tank
mix synergist with other foliar products (see Tank Mixes). As the density of
weeds increase, increase spray gallonage within the indicated range.

Hand-Held and High-Volume Equipment

Use spray-to-wet applications of this product with knapsack and backpack
sprayers, pump-up pressure sprayers, handguns, handwands, and other hand-
held spray equipment and vehicle mounted high volume spray equipment. Apply
spray solutions of this product to foliage of vegetation to be controlled. For most
efficient use of spray mixture, spray all leaf surfaces uniformly and completely to
wetness, but not o the point of runoff.

Selective Placement Equipment

Direct the herbicide solution onto weeds using a shielded applicator which
employs a physical barrier to shield desirable vegetation from herbicide sprays.
When applying this product through a shielded or directed applicator, follow
spray volume instructions of the equipment or nozzle manufacturer.

Application Rates

Mix this product in the indicated proportions as listed below and deliver the spray
solution through boom, high volume, or hand-held equipment.

Stand Alone Use
Use the following percentage solutions (volume/volume) to deliver 75 to 200

gallons of the spray solution per acre through boom, hand-held or high volume
equipment.

e Use a 3-5% solution for control of annual weeds, mosses and cryptogams.
Use the lower rate in the rate range for young, succulent and actively growing
weeds and the higher rate for weeds greater than six inches in height or in the
flowering stage. Use higher rate for control of mosses, lichens, and other
cryptogams on structures and surfaces.

e Use a 5-7% solution for burndown of perennial herbaceous plant, weeds in a
later stage of growth and control of sucker growth. Use the highest rate for
perennial weeds at or beyond the flower stage or when the plants have
“hardened".



s Use a 7-10% solution when maximum vegetative burndown, edging, or foliar
trimming is desired.

Repeat application as required to maintain desirable level of weed control and to
control plants emerging from seed and underground parts,

Tank Mixes
Tank mixing this product with other pesticides must be governed by the most restrictive

label limitations and precautions. Do not exceed any label dosage rates, This product

must not be mixed with any product containing a label prohibition against such mixing.

Always predetermine the compatibility of labeled tank mixtures of this product
with other products in advance of application by mixing proportional quantities of
all products and water in a container and watching for adverse reactions. When
tank mixing, add formulations in the following sequence: (1) wettable powders,
(2) flowable liquids; (3) emulsifiable liquids; (4) Scythe herbicide; (5) water
soluble liguids; and (6) adjuvants.

This product is synergistic with certain postemergence herbicides. A mixture of
this product and glyphosate have shown enhanced speed of top kill and
improved control of numerous weed species and is protected under U.S. Patent

5,196,044.

See "Mixing and Application Instructions” section of this label for spray volume,
equipment and procedures for tank mixtures.

Scythe plus Glyphosate Herbicides: To enhance the activity of glyphosate-
containing herbicides such as Roundup, Redeo, Touchdown, Glyphomax® or
Glypro® herbicides, and accelerate burndown of target weeds, use the necessary
amount of this product to reach a final concentration of 1-3% spray solution plus
the labeled rate of the registered glyphosate product (see Rate Table). Lower
rates in the rate range will provide less visible burndown effect. When this
product is used as an additive and foliar burndown is not expected, mix the
necessary amount to reach a final concentration of 0.25-1% spray solution plus
the labeled rate of the glyphosate formulation. Adjust rates of both products
according to label rates for desired level of control, weeds to be controlled, and

conditions at application.

Scythe plus Other Foliar Herbicides: This product can enhance the activity of
postemergence herbicides such as Touchdown herbicide and all formulations
consisting of cyclohexanedione, sulfonylurea and imidazolinone herbicides when
used as a tank mix additive. Use the necessary amount of this product to reach
a final concentration of 1-3% spray solution plus the label rate of the companion




product (see Rate Table). Lower rates in the rate range will provide less visible
burndown effect. When this product is used as an enhancement additive and
foliar burndown is not expected, mix the necessary amount to reach a final
concentration of 0.25-1% spray solution plus the companion product. Adjust
rates of products according to label rates for desired level of control, weeds to be
controlled and conditions at application.

Scythe Plus Residual Herbicides: For burndown of vegetation followed by
residual control of weeds emerging from seed or underground parts, mix this
product with a labeled soil-active herbicide such as all formulations consisting of
sulfonylurea, imidazolinone, triazine, dinitroaniline and acylurea herbicides.
Follow the use instructions and application rates of the residual companion
product plus: (See "Stand Alone” rates)

e 3-5% for annual weeds and vegetation
e 5-7% for perennial herbaceous and late stage annuals
e 7-10% for maximum vegetation burndown

Rate Table
Desired Amount of Scythe for Following Percent
Volume Of Solution
Spray Solution (Volume/Volume)
{gallons) 1% 3% 5% 7% 10%
1 1-1/31 | 4floz | 6-2/3fl | 9-1/3fl | 13floz
0z 0z 0z
2.5 31/411 | 92131 1 pt 1.3/8 pt 2pt
0z 0z
5 6-2/31 | 1-1/4 pt 2 pt 1-1/2 pt 2qt
oz
7.5 92/3f | 13/41 | 11/2qt | 214 gt 3qt
oz 0z
10 13floz | 2-1/2 pt 2 qt 2-3/4 qt 1 gal
Use Methods

See the “Use Sites” section of this label to match the method of use with the crop
or use situation.

1. Vegetative Burndown: General control of weeds for seedbed or site
preparation, non-crop and around aquatic sites, Spot treatments may be
used in crop and pasture situations.

2. Directed and Shielded Sprays: Applications may be made in and around
desirable plants when contact of foliage and green bark is avoided.



3. Prior to Emergence of Plants from Seed, Perennial Rootstocks, Corms
and Bulbs: Ensure applications are made before new growth or crop
emerges from soil or damage will occur.

4. Dormant or Post Harvest Spray: For control of weeds growing in dormant
turf or fields after this commodity has been harvested. Partially green growth
will be killed or stunted.

5. Sucker Control, Pruning and Trimming: To burn back unwanted basal
sucker growth on woody trees and foliage growth on vines, and excessive
cane growth in brambles. Apply only to unwanted vegetative parts. Apply
before suckers become woody.

6. Harvest Aid and Desiccation: To remove leaves of plants prior to harvest
and/or burndown of weeds to facilitate harvest. Harvest aid and desiccation
uses include applications to root and tuber vegetables, bulb vegetables and
cotton only. Applications must be made no later than twenty-four hours prior
to harvest (pre-harvest interval = 24 hours).

7. Structural and Building Applications: Apply to unwanted vegetation in and
around buildings and structures. Application to walks, benches, walls, floors,
roofs, or cooling pads for the control of moss and certain algae. A temporary
residue or precipitate can result when used on some types of concrete,
masonry, brick or stone.

Use Sites

Care must be exercised to avoid contact of spray with foliage of desirable turfgrasses,

trees, shrubs, or other desirable vegetation since damage can result.

Rest results are obtained when applications are made to young succulent weeds
and when spray solutions cover all leaf surfaces. Mature, woody weeds are less
susceptible. Repeat applications as needed to give desirable levels of weed

control.

Select nozzles/pressure combinations that deliver large coarse droplets such as
solid cones or flat fans at low pressures, and avoid nozzle/pressure combinations
that generate fine particles or mist. If spraying areas adjacent to desirable
plants, use a shield to help prevent spray from contacting foliage of desirable
planis.

Reseeding or transplanting can occur in treated areas as soon as desirable levels of weed

control are obtained.

Crop Uses and Use Methods




Use Methods: See the corresponding numbers in the "Use Methods" section
under “General Information” for use descriptions and precautions.

Crop Group Crops Use
Methods
Root Tuber and Asparagus, artichoke, beet, carrot, ginger, 1234867
Perennial Vegetables | ginseng, horseradish, parsnip, potato,
radish, rutabaga, sweet potato, turnip and
yarn
T iarvest Aid and Desicocation uses are approved only
for roct and ubar vegatables in this crop group.
Bulb Vegetables Garlic, leek, onion, and shallot 1,23,6
Leafy Vegetables Celery, cilantro, cress, endive, fennel, 1,2
lettuce, parsley, rhubarb, spinach, Swiss
chard
Cole or Brassica Broceoli, brussels sprouts, cabbage, 1,23
Crops cauliflower, collards, kale, kohlrabi, greens
(mustard and turnip)
Legume Vegetable Beans (Phaseolus spp. such as: field 1,2,3
green, kidney, lima, mung, navy, pinto,
snap, and wax beans) (Vigna spp. such
as: black-eyed, Chinese longbean,
cowpea, and southern pea) peas (Pisum
spp. such as: garden, green, sugar, and
snow peas), lentil, and soybean
Fruiting Vegetables Eggplant, okra, pepper (bell, chili, sweet), 12,3
pimento, and tomato
Cucurbits and Melons | Cucumber, gourd, muskmelon, 1,2,3
cantaloupe, pumpkin, squash, and
watermelon
Citrus Grapefruit, kumquat, lemon, lime, orange, 1,2
tangerine, and tangelo
Pome Fruit Apple, crabapple, pear, and quince 1,2,5
Stone Fruit Apricot, cherry, nectarine, peach, plum 1,25
and prune
Small Fruit, Berries, Blackberry, blueberry, boysenberry, 1,2,3,5
and Grapes cranberry, currant, dewberry, grape (all
types), loganberry, olallieberry, raspberry,
and sirawberry
Nuts Almond, brazil nut, chesinut, filbert, 1,25
macadamia, pecan, pistachio, and walnut
Tropical and Other Avocado, banana, coconut, date, fig, 1,25
Fruit guava, kiwi, mango, olive, persimmaon,
papaya and pineapple
Field Crops and Barley, buckwheat, canola, corn (field, 12,387




Cereal Grains

popcorn, and sweet corn), cotton, cowpea,
millet, oat, peanut, rice, rye, safflower,
sorghum, sugarcane, sunflower, and
wheat

T Warvest Aid and Desicoation uses are approved only
for cotton within this crep group.

Forages and Pasture
Grasses (Forage or
Seed)

Alfalfa, clovers, trefoil, vetch, bromegrass,
fescue, bluegrass, lespedeza, ryegrass,
sudangrass, timothy, range grasses, and
crops grown for livestock feed

1,3.4

Herbs & Spices

Anise, basil, caraway, chive, cumin, curry,
dill, fennel, oregano, mints, rosemary,
sage, savory, sweet bay, tarragon, thyme
and wintergreen

1,234

Beverage and
Specialty Crops

Cocoa, coffee, hops, tea, tobacco, and
jojoba

1,25

Non-Crop Use Sites and Use Methods

Use Methods: See the corresponding numbers in the "Use Methods" section
under “General Information” for use descriptions and precautions.

Non-Crop Group

Non-Crop Use Sites

Methods

Turf, Flowers,
Bedding and
Landscape Plants

Turfgrass (maintenance, sod or seed
production), bedding plant, flowers, and
ornamentals

1,2,34,56

Trees and Shrubs

Christmas trees, forest and commercial
trees, landscape trees, nursery trees or
shrubs, and fiber farms

12,5

Greenhouse and
indoor Use

All crops, plants, and structures

1,237

Non-Crop, Industrial,
and Public Areas

Farmstead, homestead, fallow land,
storage areas, schools, paved areas,
rights-of-way (e.g., road, railroad, utilities),
parking lots, recreation areas (e.g., athletic
fields, campgrounds, golf courses,
playgrounds), walks, industrial sites (e.g.,
lumberyard, tank farms, buildings).

12,7

Structures, Buildings,
and Walkways

Bench, deck, equipment, floor, roof, wall,
walks, and evaporative cooling pads.

Dry Aquatic Sites, Dry
Drainage Sysiems

Applications must be made 72 hours prior
to reflooding of dry aquatic sites. Dry

1.7




and Around Aquatic ditches, dry canals, ditch banks, and for
Sites use above the water line or after
drawdown of agricultural irrigation water
and ditch systems, industrial ponds and
disposal systems, and impounded water
areas.

Terms and Conditions of Use
If terms of the following Warranty Disclaimer, Inherent Risks of Use, and
Limitation of Remedies are not acceptable, return unopened package at once to
the seller for a full refund of purchase price paid. Otherwise, use by the buyer or
any other user constitutes acceptance of the terms under Warranty Disclaimer,
Inherent Risks of Use and Limitations of Remedies.

Warranty Disclaimer
Dow AgroSciences warrants that this product conforms to the chemical
description on the label and is reasonably fit for the purposes stated on the label
when used in strict accordance with the directions, subject to the inherent risks
set forth below. Dow AgroSciences MAKES NO OTHER EXPRESS OR
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE OR ANY OTHER EXPRESS OR IMPLIED

WARRANTY.

Inherent Risks of Use
It is impossible to eliminate ali risks associated with use of this product. Crop
injury, lack of performance, or other unintended consequences may result
because of such factors as use of the product contrary to the label instructions
(including adverse conditions noted on the label, such as unfavorable
temperatures, soil conditions, etc.), abnormal conditions (such as excessive
rainfall, drought, tornadoes, hurricanes), presence of other materials, the manner
of application, or other factors, all of which are beyond the control of Dow
AgroSciences or the seller. All such risks shall be assumed by the buyer.

Limitation of Remedies
The exclusive remedy for losses or damages resulting from the use of this
product (including claims based on contract, negligence, strict liability, or other
legal theories), shall be limited to, at Dow AgroSciences’ election, one of the
following:

1. Refund of purchase price paid by buyer or user for product bought, or
2. Replacement of amount of product used.

To the extent allowable by state law, Dow AgroSciences shall not be liable for
losses or damages resulting from handling or use of this product unless Dow
AgroSciences is promptly notified of such loss or damage in writing. In no case
shall Dow AgroSciences be liable for consequential or incidental damages or
losses.




The terms of the Warranty Disclaimer above and this Limitation of Remedies
cannot be varied by any written or verbal statements or agreements. No
employee or sales agent of Dow AgroSciences or the seller is authorized to vary
or exceed the terms of the Warranty Disclaimer or this Limitation of Remedies in

any manner.

Trademark of Dow AgroSciences LLC

® Rodeo is a registered trademark of Monsanto Company under license to Dow
AgroSciences LLC

EPA-accepted 09-21-2004
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Dow AgroSciences

INFORMATION MANAGEMENT CENTER/LIBRARY
SEARCH REPORT

DATE: March 18, 2005

TITLE: Reviews on Pelargonic Acid

REQUESTER: Robert Sibley

BOURCES: Ag and Biological Databases on STN

COMMENTS; A search was run to refrieve reviews on pelargonic acid, also called Scythe,
nonanoic acid, nonoic acid, pelargonate or 112-05-0,

PREPARED BY: Anne Gregg, 306 Bldg/C-2, Indianapolis

PHONE: +1 317-337-3518

TO REQUEST.

Books/Journal Articles/Patents/Translations;
By Phone - IMC at 317-337-3681
By Email - Send to "Dow AgroSciences GRIMC”
By Intranet - http:/crossrnd.el.dow.com/ime98/copyforma htm

DERBI Reports:
By Phone: - Derbi Operations at 317-337-4667
By Email - Send to "DERBI Operations”
By Intranet - hitp://crossrnd.el.dow .com/derbi98/derbi/request form.htm

COPYRIGHT
Copyright law governs the making of phofocopies or other reproductions of copyrighted
materials, including material and references retrieved from computer databases and other
network information sources, The retention of search results in an electronic format beyond the
guidelines permitted by the database owner, or sending electronic or paper copies of search results
to others, irrespective of where they are located, may be a violation of copyright law. Please
contact the Information Specialist who did the search if you require more information.
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-purpose of this study is To exami

rear SEFER _MEWMAREEY . e e 145179R1 %834 B, o

s gEerroiEEs 220 D

SEGRADATLION OF FaTTY ACIDS IN 1 awWX SOTL

vy Mazol and ¥W.W. Nijhelt

Tnrroduction

Fatty scids have thelr origia ia land asd =mariage animal
fats, vegetable seed oils aad organic syothesis {(Pryde, 1979} and
hold an essential part of our daily liviog.
ith the following three fatty acids that

fungicidal and cryptocydal acriviry and
4 form or as thelir potassium salts;

This study deals ¥
hsve shown herbicidal,
may be spplied in emuligifie

-

i qqnaneia {pclaxgcnic} acid - Cgﬁlaﬁz

2. dgcaaoic {:apric}:acid - GEQRZGQZ
3. dodécag§i¢ {(lauric} acid - 61232632
ny references related to the astural
idg auch as; Rothmar {1949}, who

ads of the scalp secrets a sobhom
contaising saturated:fatry acids of chein length Cg to Coo,
1ncl§d;ng}C§;-€1 gnd Cyo; Nicolaides. (1974) reporied ;hﬁz haman
skim icontaits fagty aciés from © 0 snd €12 To 63 ;s Li (19787}
fouad that lsuric acid occurs na%urally i fores% soils and is 3
wajor compouent of the soil lipids in wixed alder—conifer stands.
Coconnt, 8 CORBOD Eoodstuﬁf, contains high concentraticns of
1auric scid: snd significant smounts of capric acid; Weitkamp et
al. (1947) reported that satorated fatty acids, iascluding Cg Cyp
and G occur maturally in hamad hair. Pelargenic acid occafs ds

tir of pelargonium, (Redtenbacher 1B46), and 13 produced

an &%
comsmercially by erganic synthesis from oleic acid, {(Sprecher

1971Y.-

The 14terature shows ma
occurrence pf thess fatry sc
found thst the sebaceous gls

Decomposirion of fstty scids in the epvironment has been

studied extensively from espects such as physiochemical
éagradatidn,'(S:unpf 1965) and sicrobiological degradation cuder

seroblc or anmerobic conmditions, {Houncawi gt al. 1981, Breaids =zad
spller 1975, Hekherjee 1950).

‘Purther references list eicrobes, fungi and plact eszymes -3
devices for Lipid degradactiocn ia soils, (Helson and Tisdale 1973,
Tvler, Wolfe sud Rittenberg 1955, Lrause suod Leng 1965, Stern,
Ordml snd Halvorsen 1354, Wakaman, Tenny and Stevaens 1¢28). The
ne the degradstion of these

facry mcids after applicstion teo iawp soil.

.12
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Recovery
recoNe: L

For degradetion studies, seil. collected from helow lawn
rurf and sifred chrough 2 ar wirse sesh was ugsed with one portion
sterilized at 123°C &t 25 pat for 20 minutes. To moaitor
z=oisture coenditioens during the experiment, éry weilght

=ade at intervals over a 3 week period,
Recovery of fatty acids from soils was accomplished by leaching.
exrraction and G.L.C. anslvsis both from gnrrested and treated
with a knows amount of e farvy scid salt aixtare, bazed on

recommended application rates to & surface ares. For this
experiment, 40 gm of = 2¥ golution to 600 g= gsolil was selected.
4 to achieve wetlling and homogensous mixing

A salt mizture was use
and with the understanding that the galt mixture breaks dowa into
its equivaleat fatty acid complement.

Leaching

For the laaching procedure, 20 gm of soil sample was placed

er paper is a 100 =l Buchner fupnpel. [Usiag
200 ml of distilled water was weshed over the
placed 1o a 500 ml separatery funnel

} for extrection. Twe consecnbive amounts
azounts of 10 =l CﬁSOH and
then leached throughTand
y fumnel {centaining 100 =l

& s
on m course filt
vacuu®w suction,
scil and the leachate
(containing 10 al CHCL
of 10m}, CHCL. were fo%lowed by two

sizxed with thg s0il for 2 wminutes,
pisced into amother 280 pl geparator

distilled watexr) for extraction.

Exrraction

The contents of the separatory funpels wvere acidified wich
and after shsking left to separate. Any
cloudiness or smUlsion Ya¥ resoved by direct addition of 2-& ml
CH.0H to the CHCL, layer. The CACL. layer was drawn off snd Two
adgitiosal extracgieaa with 10 =1 CL. esch were performed. To
the copbined exTracts wis added 5 ml og 0.5% Cll-l {10=uudecanvic

acid) im CECLE, as sn interpsl stapdard.

¥echylation

Methylation of the sample sliquot was hvased on the method by

Hetcalfe (1966).

The CECL. wa# evaporated asd rhe ra#&éua crapaferred with
rhe ether

petrolecs cthgr o a 10 ml screw cap rial and
evaporated to drymess. ifrer addition of C.3 nL,BEEfCHBOE {1&4%)}

L. 3
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vial was tightly zealed and placed 1n boiling water for twe
minsutes. Upcn cocling 1 =1 of hexzue and 0.5 wl of distilled
warer were gdded. The vial contents were shakesn for 20 seconds
and cepirifuged. The top (hexane} laver was removed gnd used for

o s

LU aselrsis.

whe

G.L.C, Aneglysis

instrument: HP 588Q 4., Gas Chromatograph,
Parameters:
Oven Tempesrature Initial tise: { mia.

Inizial vsloe: 140°C
Final time: 2 min,
Fingl valoge: 180G*C
Progream rate: 20*C/min,
Column: 23 » OV1O01 EP capillery
Amount injected: 2 ul
1/50

Split ratio:

All szmples v¥ere rum in duplicate-with 3 runs per replicate
znd the results caliculated agaicst the iaterncasl stapdsrd ia
compariscn with a calibrstion standard.

¥egults and Discussion

Moisture tests indicated that the humidity of the soil
environments was kept ressonably comsteant (Table 1).

Table 1: Moisture asnslysis of soil environments.

Time Sawple ﬁunbc:l}

i 2 3 4
Start 13.7, 11.9 i9.1 18.0
Day 7 13.2*% 10.0 18,1 16.2
Dar 14 13.0 1¢.3 ~1B.6 16.3
Day 21 13.4 10.1 i8.1 1.0

1) 1. unsterilired soil, 2. sterilized socil, 3. unsterilized soil
+ 2% fatty acid salte, 4. upscerilizad soil + 2% farcy ecid

salts.
2} I moisture bassed on differentiel dry welight measureasent.

A

2 S
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The linearity of the procedure was deterzined for the
calibration standard and the fmrry acld salt sciuticn and found
to be very good. (Table 2 and Figs. 1 and 2). The precision faor
both the calibration stendard and the farry acid moisture was

™ A :

within + 3%, the accurscy was withis & Z&.

The datas given in Table 3 and Fig. 3 for rotal recovery of
£9, Cl0 and C12 -showed that the narural fatty acid comtent of

sterilized snd umsterilized scils was very low compared to the

for bhoth soils the

fatty mcid content of the treated solls.
maior portion of the applied fatty acids {(+ 60X) complexed with

the seil. Within 2 days the fatty acid content In the rreated,
vasterilized soil dresticslly decressed, and by day 10 the farvy
acid content had dropped to almost its original level. The fatty

acid content of the sterile soil remained High during this time,
degradatieon im the uassterilized scil

implying that the fatty acid
was of a biologicel nature. This coaclusion is supported by the
After 20 days the fatty acid

literature referraed to previcusly.
contest in the treated steril soil decreased es well and

indicated re-establishment of microbiological activity im thisg
The dara revealed that the non-complexed fatty acids, from
The

soil.

the water lesch, degraded faster than the couplexed ascids.
order of degradation appears To be G, Cyor followed by Ci5.
though the difference in rates vere very glight. =

Concliusion

 Prectically all of the fatcy acids spplied to natural soil
degraded within a periocd of 2 days aand this degradation appears

to be of & microbiclogical nature.
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OF CapPRIC AND PELARGONIC
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INTRODUCTION

This study deals wvith the following two fatty scids which possess

herhicidal properties:

[

Nonanoic (pelargenic) scid - CQ
£, H

Decanoic (capric) acid - C,

18

0

H
2 0

0
2z

These fatry acids occur naturally in the environment and vithin
food chains for aquatic and terrestrial organises (Berrie, 1979:
House, 1967: Nicolaides, 1974; Rothman, 1949; Weikamp, 1947}, .
Capric and pelargonic aclids are synthesized bioclogically and
obrained commercially by recovery from Lythaceae seed oil to
yield capric acid {Merck Index, 1976), and by ozonolysis of oleic
acid to yield pelargonic acid (Merck Index, 1976; Sprecher 1971}.
Degradation of fatty acids by physiochemical and microbiclogical
pathways are well documented (Berrie, 1979; Braids, 1975;
Guthrie, 1975; Stuwpf, 1965). Fungi, wmicrobes and plant enzymes
merabolize fatty acids in soil enviromments (Breids, 1975; Ivler,
1955; Krauvse, 1965; Lewis, 1967; Moucawi, 198l; Hukherjee, 1952;
Nelson, 1975: Stern, 1954; Walkinshaw, 1968; Waksman, 1928).

Materiasls and Methods

Recovery
For degradation studies, soil, collecred from below lawn turf (0O~
10 cm) and sifred through 2 mm wire mesh was used vith one

pH of the

portion sterilized at 125°C at 25 psi for 20 =minutes.
To menitor

lawn soil was 6.10 and is classified as sandy loam.
moisture conditions during the experiment, dry veight
determinations were made at intervals over a 3 veek period.
Recovery of farty acids from scils vas accomplished by leaching,
extracrion and G.L.C. analysis both from untreated and treated
with a known amount of fatty acid salt mixture, based on
recoomended application rates to a surface area. For this
experiment, 40 gm of a IZI1 solutiocn to 600 gm so0il wvas selected.

A salt mixture was used to achieve wetting and homogeneous mixing
and with the understanding that the salr mixture breaks down into

its equivalent fatfy acid complement.

Leaching

For the leaching procedure, 20 gm of soil sample vas placed on a
coarse filter paper in a 100 =l Buchoer funnel. Using vacuua
suction, 200 ml of distilled water was washed over the s0il and
the leachate placed in a 500 ml separatory funnel {containing 10
ml €HC13} for extractien. Two consective amounts of 10 ml {IH!:IL:i




were followed by 2 amounts of 10 =] CH,CH
for 7 minutes, then leachecd through and pi
funnel {containing 100 =] di

mi separatory
extracrion.

Extraction
he contents of che separ
drop conc. §7SG& and after
cloudiness of emulsion was removed by dire
CH.OH to the CHCl., layer. The CHCIl, layer
adgitionsi extracgions with 10 ml CECI
the combined extracts wvas esdded 5 =ml cg 0.
acid) in CHCl,, as an internal standard.

-

i

4

rory funnels ver
shaking left to

Herhylation

Methylstion of the sample aliquet was base
Metcalfe (1G666).

The CHCl., was evaporated and the residue ¢
petroleuf ether to a 10 ml screw cap vial
evaporated to dryness. After addition of
the vial was tightly sealed and placed in
Upon cooling 1 ml of hexane and

minutes.
The vial contents were

water were asdded.
and centrifuged.
GLC anmalysis.

G.L.C. Anmalvysis

Instrument: HP 5880 A. Gas Chromatograph.
Oven Temperature Inmitisl tize:
Initial Value:

Final Time:

Final Value:

Program Rate:

Column:

Amount Injected:

Splic Rario:

P
-

Parameters:

and mixed with the =p
a¢ed inlo anocther 25C
stilied warer) fur

e gcidified with one
separate. Any
cr sddition of 2-4 al

was dravwn off aad cwo

csach wvere performed. To

53 511.1 (10~undecanocic

d on the method by

ransferred with

and rhe ether

0.5 ml BF ICHSDH (14%)
boiling water for two
0.5 ]l of dispilled
shaken for 20 seconds

The top (hexane) layer was recoved and used for

d min.
160°C
2 min.
180°C
20°C/min.
25 m OV101 HP capillary
Z ul

1/50

All samples were run in duplicate with 3 runs per replicate and
the results calculsted against the internal standard in

comparison with a calibracion standard.

Resulreg and Discussion

Moisture tests indicated that the humidity of the soil

environments vas kept reasonably constant

{Table 13}.

»
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Sample Huumber 1)

Time
1 2z 3 4
Scart i3.7 11.6 16.1 18.¢C
Day 7 lB‘EqE 10.0 18.1 16.2
Day 14 13.0°7 10.3 18.6 16.3
Day 21 134 10.1 16.1 16.0
1) 1. unsterilized soil, 2. sterilized soil, 3. unsterilized soil
+ 2% fatty acid sslts, 4. unsrerilized soil + 21 fatty acid
salts.
2) I moisture based on differenrial dry wveight measurement.

The linearity of the procedure was determined for the calibratien
standard and farty acid salt solution and found to be very good
(Table 2, Figures 1 and 2). The precision for beth calibracion
standard and fatty acid moisture was withia = 3%, accuracy within

- -
= 2%,

4
=,

Data presented in Table 3 and figure 3 and showing the
recovery of C, and C fatty acids, illustrates the fatty acid
content of the treated soils to be much greater initially than
untreated soils.

Tn soils not treated with fatcy acids (both sterilized and non-
sterilized) quantitative low values of capric and pelargonic
acids were observed {(Table 3, Figure 4). Comparing the gquantity
of fatty acid recovered from the water leach te that of the
chloroform (CHC1,) leach, we can measure the capacity of the
fatty acid teo hiRd with soil particles {Table 3¥. In
unsterilized soil, an average of 100X C, and 76.82 €0
complexed with soil particles and was extracted by the ¢
leach. Similar conditions vere observed in sterilized so
100% C, and 92.3I C,, acid complexing vith soil particles.
illustfates the affinity between natural farty acids and seil

particles previcusly reported by others {Loos, 1958).

acid had
hloroform
il with
This

Soils treated with C. and C.. fatty scids also displayed binding
soil, initially 3.7% C, and

te soil particles. n unsterilized
10.12 ¢ had bound to the soil but increased to 50.0% for both
hours the bound fraction of

fatty acids within 24 hours. At 48
fatty acid was 33.1%1 for C, and 37.61 for C}q but the fatcy

acids had degraded in this time periocd to 3047 (Cg) and 6.4%

... /6




i found in sofil 0CCur wirhie

QK}OJ ol the:r arig;nal levels, The sterilized soil 1giti£;3y
bound Z.2a L. andéd I5.455 O A scids., ihese values remgined

r o f b Y 1 a 2w e
constant for 10 days averaging 12.11 C, and ZI2.3X “yp Fecovery in
the chioroform leach. After davy 10 thé bound fractidn increzssed
re 68.%a Cq and 82.25 C,,., although by day 20 only a2 small z2mount
of the fatfy acids were detected (Table 3.

Degradation of the fatry acids can be observed in figure 3 and 4.

Untreszed scils had veryv small gquantities of the farry acids
naturally present but no degradation trend was observed, possibly
due £o the low magnitude and variation betwveen samples

{Figure 4).

Treated soils showed a strong trend towards degradation
(Figure 2). Initial levels of capric and pelargonic acid
decreased 93.6% and 96.81 respectively in unsterilized soil
within 2 days. By day 20 oanly a trace of capric acid was
detected (0.3Z2) and none of the pelargonic acid vas found.
proncunced lag rime in degradation was observed in sterilized

ten days after tfreatment, the zcids had
17.5% for pelargonic acid. Froa day
of farcty acids in sterilized soils,

toral degradation of capric acid and

98.4%7 total degradation of pelargonic acid. This lag time in
degradation for sterilized soil suggests re-colonization by
micro-organisms that metabolize fatty acids (Bartha, 1963).

i
[

soil., In these soils,
degraded 4.1% for capric and
10 o day 20 the degradation
proceeded rapidly with 96.43%

roceed more
re

The degradation of pelargonic acid is shown to p
if£ ace in rates

rapidly than capric acid (Fig. 3}, although diffe
is slighzo.

Canclusion

Capric and pelargonic fatty acids were found to occur naturally
in low concentrations in 2 typical sandy leam lawn soil. In th
environment, 3 large percentage of applied capric and pelargonic
acids complex with soil particles (1001 for C9, 76.81 for C10),
as also described by Tarjan (1956) and Loos (1958). Degradation
of capric and pelargonic acid proceeds very rapidly (within
days) in serobic conditions with B-oxidatien being the principal
pathway of merabolism (Braids, 1975; Walkinshav, 1968). The
slighely faster degradation rate of pelargonic acid suggests Che
less complexed acid molecule to be metabolized easier than capric

2

acid by micro-organisas.

Effects of leaching, adsorption and desorption by capric and
pelargonic acid in 3 soil environment wvould be very minimal due
to strong acid-soil particle interaction and acid binding te the
upper portion of the s0il (Loos, 1958). The effects of acid
dissipation in the soil wvould be negligable due 2o acid-soil
affinity and rapid total degradation of carric and pelargonic
acids. Persistence of these two fatty acids ian the environment
-i§: nog. ot corcern since biclogical degrazdation to normal Jevels

rues Anve
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THE USE OF PELARGONIC ACID AS A WEED MANAGEMENT TOOL

Steven Savage and Paul Zomer
Mycogen Corporation, San Diego, California

In 1995, the Mycogen Corporation introduced Scythe®, a burn-down
herbicide containing 80% of the active ingredient, pelargonic acid. Pelargonic
acid is a naturally occurring, saturated, nine-carbon fatty acid (C8:0). Palargonic
acid occurs widely in nature in products such as goat's milk, apples and grapes.
Commercially it is produced by the ozonolysis of oleic acid (C18:1) from beef

tallow.

Pelargonic acid has very low mammalian toxicity (oral, inhalation), is not
mutagenic, teratogenic of sensitizing. It can cause eye and skin irritation and
thus the formulated product carries a WARNING signal word {Category . It

has a benign environmental profile.

As a herbicide, pelargonic acid causes extremely rapid and non-selective
burn-down of green tissues. The rate of kill is related to temperature, but under
all but the coolest conditions the treated plants begin to exhibit damage within
1580 minutes and begin to collapse within 1-3 hours of the application.
Pelargonic acid is not systemic and is not translocated through woody tissues.

It is also active against mosses and other cryptograms. Pelargonic acid has no
soil activity, As with most burn-down herbicides, pelargonic acid does not
prevent re-growth from protected buds or basal meristems. Many annual
herbaceous weeds can be killed completely while larger weeds, grasses and
woody plants may re-grow.

There are many practical applications of the rapid burmn-down activity of
pelargonic acid. It can be used for spot weeding, edging, fining, turf renewal,
chemical pruning and suckering. It is particularly useful as a directed spray for
killing annual weeds in container-grown woody omamentals, under greenhouse
benches and in other places where systemic herbicides can cause unwanted
damage. If the spray of pelargonic acid does come in contact with some desired
plants, the damage is strictly limited to those leaves which are actually sprayed,
Pelargonic acid should be applied in at least 75 gallons/acre of total spray
volume as activity declines at lower gallonages.

Evidence from Pa; NMR studies suggests that the mode of action of
pelargonic acid is not hased on direct damage to cell membranes. Pelargonic
acid moves through the cuticle and cell membranes and lowers the internal pH of
the plant cells. Over the next several minutes the pools of cellular ATP and
Glucose-6-phosphate decline.  Only later is there evidence of membrane
dysfunction which eventually leads to cell leakage, collapse and desiccation of
the tissue. This chain of cellular events appears to allow pelargonic acid to
synergize the activity of certain systemic herbicides such as glyphosate.

46




in general, bum-down herbicides are antagenistic to the activity of systemic
herbicides, but in a tank mix pelargonic acid has been shown to allow greater
and more rapid uptake of glyphosate without interfering with translocation. This
type of synergy is completely distinct from the enhancement seen with various
surfactants used as adjuvants or formulation components for giyphosate. By
using high volume applications of a tank mix it is possible to combine the rapid
kill of pelargonic acid with the systemic action of glyphosate. At low application
volumes {e.g. 20-30 GPA), pelargonic acid still enhances glyphosate uptake and
improves its overall performance, but there is no immediate burn of the treated

foliage.

-Scythe herbicide was registered for non-crop use in 1895 and a crop
registration is expected in 1996. This commercial formulation of pelargonic acid
has a wide range of weed control applications both as a contact, non-selective
agent and as a tank mixing partner with systemic herbicides such as giyphosate.
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SUMMARY

Pelargonic acid is present in many plants. it is used as an herbicide o
prevent growth of weeds both indoors and outdoors, and as a blossom
thinner for apple and pear trees. The U.S. Food and Drug Administration
(FEAY has approved this substance for use in food. No risks to humans
or the environment are expecied when pesticide products containing
pelargonic acld are used according to the label directions.

Issued: 4/00
I DESCRIPTION OF THE ACTIVE INGREDIENT

Pelargonic acid is a chemical substance that is found in almost all species of
animals and pfaﬂis Hecause it confalns nine carbon aloms, tis also called
nonancic acid. itis found at low levels in many m‘ the common foods we eat, it is
readily broken down in the environment.

il UBE SITES, TARGET PESTS, AND APPLICATION METHODS

Pelargonic acid has two distinct uses reiated to plants: weed killer and blossom
thinner. [Note: The substance can also be used as a sanitizer, a use not addressed
ir1 this Fact Sheetl.]

Weed killer Growers spray pelargonic acid on food crops and other
crops to protect them against weeds. For food crops, pelargenic acid
is ailowed to be applied from planting time until 24 hours befors
narvest The pre-harvest restriction assures that litfle or no residue
remaing on the food. The chemical also controls weeds af siles such
as schoois, goif courses, walkways, greenhouses, and various indeor
sHes.

Biossom thinner Growers use pelargonic acid te thin biossoms. a
procedurs that increases the qualily and yield of apples and other fruit
trees. Thinning the biossoms aiiows the frees I produce fruit every
year instead of every other year,

ill, ASSESSING RISKS TO HUMAN HEALTH

Pelargonic acid ocours naturally in many plants, inciuding food plants, so most
peopie are regularly exposed to small amounis of this chemical. The use of
pelargonic acid as an herbicide or biossom thinner on food ¢rops is not expected {0
increase human exposure or risk, Furthermore, tests indicate that ingesting or
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inhaling pelargonic acid in small amounts has no Known 1oxXic effects, Pelargonic
acid i 2 skin and eve irritant, and product labels describe precautions that users
should follow to prevent the products from getting in their eyes or on their skin.

V. ASSESSING RISKS TO THE ENVIRONMENT

Pelargonic acid is not expected io have adverse effects on non-target OIGansms or
the anvironment. Toxicity tests on non-target organisms, such as birds, fish, and
noneybees. revealed little or no toxicity. The chemical decomposes rapidly in both
iand and water environmenis, so it does not accumulate. Because pelargonic acid
is an herbicide, it could harm non-target piants if pesticide spray dnifted beyond the
intended target area. Users are required to minimize drift by using large spray
droplets and taking other precautions.

V. REGULATORY INFORMATION

In 1692, EPA registerad (licensed for sale) the first pesticide products centaining .
pelargonic acid. As of November 1889, four pesticide products registered as weed
killers or blossom thinners contained this active ingredient.

The Food and Drug Administration (FDA) has approved pelargonic acid as a foo
additive, and as an ingredient in solutions used commercially fo peel fruits and
vegetables. These approvals indicate that RDA considers it safe for humans 1o sat
food containing small amounts of pelargonic acid, ;

yi, PRODUCER INFORMATION

Enforcer Products Inc,
PG Box 1080
Cartersville, GA 30120

Mycogen Corporation
5501 Gberdin Drive
San Diego, CA 82121

West Agro, inc
501 Sante Fe
Kansas Cily, MO 64105

Vil. FOR FURTHER INFORMATION, CONTACT:

Brian Steinwand

Biopesticides and Pollution Prevention Division (7511C)
(ffice of Pesticide Programs

Environmental Protection Agency

1200 Pennsylvania Avenue, NW

Washinglon, DL.C. 20460

Phone: 703-308-7973 (or 308-8712)

Fax: 703-308-7026

a-reail steinwand. brisn@ena. ooy

DISCLAIMER: The information in this Biopasticide Fact Sheet is a summary oniy.
Consuit the person listed above or the Biopesticides Web Site for more information.
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Tex-R Ceodiscs® are fabric disks that have
been treated with Spin Out™ and work the
same as the disks mentioned above. They
prevent weed growth by excluding light and
pruning the roots of weed seeds tha‘c are blown
onto the fabric. They provide effective weed
control for up to three vears and can be moved
from pot to pot. For distributors, contact Texel
USA (22).

Professor Bonnie Appleton at Virginia Tech
recently conducted research using Geodises on
container-grown willow oaks {_J} The
Geodiscs suppre'ased all weeds completely.
Trees grown in the pots with Geodiscs had
mw‘wer top dry weights and root dry weights
Ehan both those grown without any form of
weed control and those sprayed with a
conventional herbicide.

Bicherbirides

A recently introduced organic weed control is
corn gluten meal XACG\'{}, a byv-product of cormn
syrup processing. CGM is a pre-emergent
herbicide, applied in early spring. It works
best when applied to the top ¥ inch of soil. It
has no carry-over into the second year of
growth, so it must be wggpiied every vear. CGM
contains 10% nitrogen and acts as a slow-
release fertilizer for the crop. CGM has been
patented and is currently being sold as a
herbicide (see the Suppliers section for
sources), but treating a large area can be quite
expensive. Wheat gluten meal has many of the
same effects as CGM, but it has not been
patented and so may be more affordable.

More recent research has revealed that corn
gluten hydrosylate (CGH), which is made from
corn gluten meal, is more effective than corn
gluten meal for controlling weeds (24) and
could be applied at less than half the rate for
effective weed control. owa State Univer-

sity — patent holder of corn gluten meal as a
natural herbicide — maintains a web list of
licensed suppliers for this product {see
Resources: Suppliers).

There are some new environmentally friendly
contact herbicides that break down quickly

@

and provide options for weed control in
container nurseries around lrrigafion risers
and perimeter areas, as well as for general
use in feld nursery production. One class of
products — Weed Eraser™, Scythe™ - i3
made from pelargonic acid, a fatty acid found
in plants and animals. Thev work by rapidly
lowering the pH of any plant spraved, which
weakma the cell walls and kills the weed,
usually within two hours. A second class of
products — Nature’s Glory™, Burnout™, and
Bzogamc M... contain acetic acid {vinegar),
lemon juice, eugengol, thyme oil, orange oil,
and other natural ingredients. All of these
products work as contact herbicides and
control, with varying degrees of success,
broadleaf and grassy weeds. Application to
nursery plants should be avoided, and
several applications may be necessary to kil
perennial weeds.

FertiHzation

Container nursery production has become a
huge success largely due to advances in media
and fertilizer combinations. This has resulted
from several decades of research coilaborations
between land-grant universities, commercial
nurseries, and the fertilizer industry.
Commercial synthetic fertilizers {mciudiug
slow-release and liquid fertilizers) have plaved
a key role in this picture. Detailed information
on commercial nursery mixes and fertilizer
systems is widely available through the
Cooperative Extension Service.

As organic production becomes standardized

under the new federal Rule, more and more
nursery growers are looking at organic
fertilizers and wondering how they can be
used. Unlike synthetic greenhouse fertilizers,
organic fertilizers have been given little
research to support their use in a nursery mix
recipe. Most of the following material will
focus on organic fertilizers for container
nursery production. Regardless of fertilizer
type —whether the source is synyhetic or
organic - in sustainable nursery production the
emphasis is on zero runoff. Excessive nitrates
and phosphorus are the most common
problems in runoff water (25).

/SUSTAINABLE SMaLL-sCALE NURSERY PRODUCTION
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MNasural products have not been utilized as extensively for weed management as they have been for
insect and plamt pathogen management, but there are several notable successes such as glufosinate and the
nafural progduct-derived triketone herbicides. The two fundamental approaches to the use of natural
products for weed management are: 1) as a herbicide or a lead for a synthetic herbicide and 2) use in

alielopathic crops or cover crops.

expanding the use of natural products in weed management.

approaches are discussed, along with examples.

Key words:

. INTRODUCTION

Unlike synthetic pesticides, natural products can be
either biosynthetically produced in the crop to be protect-
ed or used directly as a pesticide or a pesticide lead.
Thus, there are two fundamental approaches 1o the use of
natural products for weed management. The first is to
use them as allelochemicals in allelopathic crops or cover
crops o manage weeds, in much the same way that
natural products have been manipulated in crops to
manage insects and plant pathogens. In many ways,
this is a fype of biocontrol, especially when a cover crop
is used 1o control weeds in a crop.  The advent of trans-
genic methods to manipulate secondary product produc-
tion in plants offers a powerful new tool in implementing
allelopathy approaches 1o weed management.

The other strategy is 1o use them directly as herbicides
or as leads for synthetic herbicides.  Natural products
have been extremely lucrative sources of pharmaceuticals
and, to a lesser extent, pesticides. Compared to use of
natural products as insecticides and fungicides, natural

* To whom correspondence should be addressed.
Eemail sduke@ars.usda.goy

" Present address; 6-33-5-308 Kiba-cho, Minato-ku, Nagoya,
Aichi 455-0021, Japan

' A plenary lecture at the 27th annual meeting of the Society.

New technologies, such as molecular biology, provide tooks for

Strategies for implementation of these

allelochermical, alielopathy, herbicide, natural products, phytotoxin, weed management,

products have not been utilized as extensively for weed
managemeni, bul there are severat notable successes,
Modern technology may increase their use in weed
management. Natural products offer rapid access to
novel chemical structures often with new molecular targst
sites.”  Furthermore, there is a perception that natural
products are safer than synthetic pesticides, and indeed,
their environmental toxicology profiles are generally
more benign than those of synthetic herbicides. The
topic of natural products in weed management has been
previously reviewed.** This review updates and
expands this fopic, covering new strategies and technol-
ogies for exploiting natural products in weed manage-
ment,

2, USE OF NATURAL PRODUCTS IN
CROP ALLELOPATHY

Allelopathy can negatively or positively impact crop
production, but most of the literature deals with crop
iosses due to allelopathy.®  Allelopathy of weeds can be
a component of their interference with crops. Allelo-
chemicals in some crop residues can eveniually lead to
autotoxicity in continucus monoculture cropping sys-
terns, reducing crop vield. Likewise, allelochemicals
have been implicated in reduced yields of certain crops
planted afier certain other crops. These processes have
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heen described in several studies, although few of these
studies conclusively determine the allelochemical contri-
bution to crop losses.  Fewer studies have focused on the
potential for allelepathic crops to control weeds.
Allelopathic cover crops and crops are an atitactive
strategy for the use of natural products to manage weeds.
Theoretically, crops producing phytotoxic allelo-
chemicals can interfere with competing weeds sufficiently
to allow sigpificant reductions in the use of other weed
management options, including synthetic herbicides.
The often relatively poor efficacy and resulting reduced
yields, compared to herbicides, has limited this approach,
except in specific situations, In rice¥ wheat,” barley,®
and a few other crops, geneticists and breeders have tried
to produce allelopathic crops with which less herbicide

might be used. This approach has not yet yielded a -

commercial variety with such a trait. Transgenic
approaches to produce highly allelopathic crops might be
more successful.  We will discuss allelopathy and alielo-
chemicals in several major cereal crops which are known
1o have allelopathic potential.

2.1 Allelochemicals in grain crops

The incidence of growth inhibition of certain weeds
and production of phytotoxic symptoms by plants and
thetr residues is weil documented {or many crops, inciud-
ing all major grain crops such as rice, rve, barley, sor-
ghum, and wheat, To have a major impact on herbicide
use, substitution of alielopathy for synthetic herbicides in
these crops is the most promising approach.

All plants produce secondary metabolites that are
phytotoxic to some degree, and in a small number of
cases their release into the environment and capability of
causing allelopathic effects towards a number of noxious
weeds has been demonstrated.  Crop allelopathy can be
exploited for weed management by the release of allelo-
chemicals from intact roots of living plants or decomposi-
tion of plant residues. In annual crops, root exudation
of the phytotoxin by the crop is the preferred mechanism,

Barlev allelochemicals. The success of barley {Hor-
deum vulgare 1.} as a smother crop is attributed to
physical competition as well as the direct release of
allelochemicals.  Phytotoxicity of barley residues has
also been reported.* ¥ Two main categories of
phytotoxic metabolites are claimed as the allelopathic
agents in bariey: phenolic acids and alkaloids.

Phenolic acids have been identified in residues' and
root exudates'” of barley.  Chemical analysis of inhibit-
ing compounds in barlev residues detected ferulic, p-
coumaric, vanillic, and p-hydroxaybenzoic acids in ague-
pus extracts of straw and alcoholic extracts of roots.'®
The exudation of these compounds by intact roots along
with benzoic, cafleic, o-coL.waric, Fans-cinnamic and
gentisic acids has also been demonstrated. The
competitiveness of H. vulgare cultivars was shown to be
linked to a high exudation of total phenolics, whereby in

particular p-coumaric acid was only detectable in root
exudates of highly competitive cultivars and could there-
fore act as distinctive indicator for competitiveness of M
vulgare cultivars™  Although the phytotoxicity of
phenolic acids is well known, their role and significance
in the allelopathy of barley at the levels released is not
clearly understood.

Two alkaloids, gramine and bordenine, (Fig. 1} have
been identified in residues®™®'® and root exudates’™® of
barley. Furthermore, gramine is found on the leaf sur-
face and in leal leachates of barlev'™ QCGramine and
hordenine have been isolated from shoot and root tissue
of different Hordewm spp., whereby significant
differences in the alkaloid contents between species,
genotypes and cultivars appeared. The production of
gramine was revealed to be under strong genetic control
with usnally higher contents in ancestral barley or H.
vudgare landraces than in modern cultivars. Gramine
content in ancestral barley reached up to 1.5 mg/g fresh
weight'™'® and > 10 mg/g dry weight'® in shoot tissue
and up to 0.9 mg/g fresh weight in root tissue,'™ however
some barley lines and H. vuigare cultivars produced
virtually no gramine at all. Small fractions of up to
0.04-0.18% of the total gramine found in leaves were also
present on the leaf surface and could be totally removed
along with some inner gramine by artificial rain.'” The
implication of surface gramine in the allelopathy of
barley has not yet been investigated,

The production of hordenine appeared to be highly
responsive to stressful conditions. Hordenine contents
in root tissues of Hordeum spp. varied between 133-327
g/ ¢ fresh weight, increasing up to 2.6 mg/g fresh weight
under low light intensity,*®  Although the phytotoxicity
of barley residues has been reported, and gramine and
hordenine inhibited prowth of various weeds, a correla-
tion between the alkaleid content of residues or the
actyal release of alkaloids from residues and the inhibi-
tory effect has not yet been investigated.  1n contrast, the
inhibitory action of barley exudates against weeds has
been demonstrated in several bioassays,’™?7% and the
presence of gramine and hordenine in exudates of ger-
minating seediings and from intact roots was confirmed.
Bioassays with synthetic anajogues of gramine and hor-
denine ot the levels quantified in exudates of germinating
seedlings proved & phytotoxic effect ! Therefore,
gramine and hordenine are believed to play a major role
in the alielopathy of barley.

Hydroxamic scids, a group of major allelochemicals
involved in the allelopathy of other Gramineae, could be
detected as 2,4-dihydroxy-1.4-benzoxazin-3-one
(DIBOA) (Fig I} in shoot tissue of wild Hordeum
species, but not in cultivated barley ®*

Rye gllefochemicals. Rye is believed to be the most
suppressive cover crop among several small grains®®
Mumerous studies using rve as green manure or in cover



crop mulch systems demonstrated a weed suppressive
ability often as efficient as standard herbicide
applications.’*?%  The contribution of allelopathy to the
suppression of weeds in rye mulch situations ts estimated
to account for up to 63% reduction in weed biomass.®™
Although investigations on the allelopathic activity of
rye focus on residues, bioassays and field studies further
determined root exudates as potential means by which
competitive rye cultivars reduce weed growth.®-*  The
two main categories of phytotoxic metabolites claimed as
the allelopathic agents are phenolic acids and oyclic
hvdroxamic acids.

The exudation of DIBOA and Z.4-dihydrosy-7-
methoxy-1 4-benzoxazin-3-one (DIMBOA) (Fig [) and
the allelopathic potential of rye root exudates containing
hydroxamic acids had been demonstrated.®™™® Weed
suppression by allelopathy of living rve proved to be
significant under field conditions, with substantial evi-
dence for the allelopathy being due to hydroxamic acids.
A rye cultivar exuding lurge amounts of DIBOA reduced
the total weed biomass by 83% compared to a wheat
cultivar unable to exude hydroxamic acids and by 76%
compared to Avena sirigosa, a highly competitive crop,
unable to produce hydroxamic acids®”  Since the exu-
dation of DIBOA by rve did not correlate with the
content in roots, an active exudation depending on a
specific regulation factor independent of type or content
of hydroxamic acids in root tissues is assumed.

Although DIBOA and 2-benzoxazolinone (BOA)
{Fig. 1) had been identified as the mast acﬁve compounds
in rve exiracts, they sccounted for only 12% of the 1o1al
phytotoxicity.”™  Therefore, other phywmxw Com-
pounds or additional transformation products may also
play a role in the allelopathy of ryve.  BOA, for example,
is rapidly degraded by microbial hydrolysis in non-sterile
s01ls,® as well as by root-colonizing bacteria,®¥ to the
phytotoxic Z-amino-3 H-phenoxazin-3-one, which is fur-
ther acetylated by root bacteria to Z-acetylamino-3H-
phenoxazin-3-one. 2-Amine-3H-phenoxazin-3-one and
its acefyl derivative are actinomycin analogues and, thus
naturally occurring antibiotics, produced by a number of
fupgi and bacteria. Even though 2-amino-3H-
phenoxazin-3-one proved to be much more phytotoxic
than its precursor BOA, its potential for increasing the
ailelopathic effect of rve is questionable, since the inhibi-
tory effect of BOA in bioassays was significantly reduced
by microbial transformation.® . This would explain the
findings of decreasing phytotoxicity of rye mulch in
non-sterile soil?®

Riee alfelochemicals.  Allelopathic rice cultivars have
been identified from fleld studies conducted over the past
decade in approximately 3.3% of the accessions
tested. ® %% Allelopathy was demonstrated against the
common rice weeds barnyardgrass (Echinochloa crus-
galli), ducksalad (Heteranthera limosa), and redstem

(Ammanniag auriculata). As a consequence, studies
were conducted using laboratory assays that have been
developed in order to study rice allelopathy in more
controlled conditions.  Examples of these assays include
the plant box methed,® relay seeding®” root exudate
trapping system,”™ and petri dish assay.®® In some
cases, bicasssavs bave been utilized in the isolation of
allelochemicals in rice,

Compounds that have been isolated from selected
allelopathic rice varieties and identified as the putative
allelochemicals are rather ubiguitous in plants, most of
which are common phenolics, aromatic acidsn tong-chain
aydrocarbons, faity acids, and sterols.®™ ™ More rocent-
ly, the inhibitory activity of catracts from straw of four
rice cultivars on barnyardgrass seed germination was
reported®™ and, again, activity was attributed to p-
hydroxybenzoic acid (in cultivars Gin shun and Juma
10}, p-coumaric acid (in cultivar Kasawala mundara),
and ferulic acid {in cultivar Philippine 2}. In another
study, the activity of pheny! ammonia lyvase was positive-
Iy correlated with phenclic content of the agueous
extracts of the leaves of six allelopathic rice varieties.*!

Conirary to these findings, p-coumaric acid was
demonstrated not to be the phytotoxic constituent from
the allelopathic rice variety Taichung Native 1 root
exiract when tested against barnvardgrass*¥  Phytotox-
ic activity was found in other fractions that do not
contain p-coumaric acid following bioassay-guided isola-
tion. p-Coumaric acid was also found to be only
weakly inhibitory against lettuce germination ccmpared
1o the I’lL‘rfi’L uH-""‘Er"lr’w that were also isol J'fz‘d M TICE
husk of cuitivar Koshihikari®® Qlofsdouer er al ¥
also showed that phenolic acids are possibly not the
allelochemicals in rice, based on measurement of toler-
ance 1o phenolic acids among traditional rice cultivars
adapted 1o environments having inherently different
phenolic acid concentrations. This study further
showed that the maximum rate of release of phenolic
acids during the first month of growth, the time period of
greatest allelopathic activity, was approximately 10ug/
plant/day. This rate would not provide concentrations
of phenolic acids that would be at phytotoxic levels.
Using LC/MS and ‘H and “C-NMR spectroscopy,
glucosides of resorcinol, flavones and hvdroxamic acids
were found as the aEEeimhemmaEn in rice, negating an
carlier study where common phenolic and fatty acids
were Klentified as the rice allelochemicals #®

The wricyclic diterpenes momilactones, oryzalexins,
and ineketone (Fig. 1) are perhaps the secondary
metabolites that are unique to rice. These compounds
are growth inhibitors and are also phytoalexins.
Momilactones A and B, and ineketone were isolated from
the seed husk of Oryza sativa L. cv. Koshihikari, and
were shown to be inhibitory towards leftuce root germi-
nation and growth of rice root.***®  Momilactone C was
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later isolated from this cultivar as a minor component,
and showed weak inhibitory activity towards lettuce seed
germination.*” Momilactones A and B, and oryzalexins
A and C were characterized as the allelochemicals from
extracts of the straw of (L sativa cov. Huaresugata ™
Momilacione B exhibited the strongest inhibitory activity
against the weed species tested, namely, Amaranthus
fividus, Dightaria sanguinalis, and Pog annua. Whether
or not the momilactones and oryzalexins are the true
allelochemicals in rice reguires further investigation.
These compounds have been isolated from cultivars that
are not known to be allelopathic. Furthermore, there
are no reports on these compounds being isolated from
the reots, nor on their release in the soil.

The isolation and identification of rice allelochemicals
is yet to be fulfilled. Two lettuce growth-inhibiting
substances were isolated from the neutral fraction of
seedlings of O. sativa cv. Nipponbare, but have not been
characterized. Large-scale re-isolation of the active
compounds is reportedly underway*® In our labora-
tory, work is also continuing on the isolation of allelo-
chemicals from Taichung Native 1, this being done in a
bicassay-directed manner using 24-well plates.

Sorghum allelochemicals.  Several Serghum species
zre allelopathic, producing several phytotexins, inciud-
ing sorgoleone (2-hydroxy-S-methoxy-3-[{Z,Z)-8" 11",
14’-pentadecatriene ] -p-benzoguinone} (Fig. 1) and its
phytotoxic analogues, as well as dhurein, p-
hydroxybenzoic acid and p-hydroxybenzaldehyde %V
Sorgoleone and its analogues account for most of the
phytotoxicity, since they represent as much as 80-90% of
the content of droplets exuded from root hairs®! and are
the most phytotoxic compounds produced.

Of particular interest is that sorgoleone and its ana-
fogues are potent phoiosystem H inhibitors,” as well
as sorgoleone being an excellent inhibitor of hydroxy-
phenyipyruvate dioxygenase {HPPD).®® The relative
importance of these two modes of action in the field has
nod been determined.  Dual molecular target sites are
desirable to prevent the evolution of resistance.

2.2 Genetic manipulation of allelochemicals in crops

Diespite the faet that these major crops produce allelo-
chemicals, traditional breeding has not produced a
cujtivar of any of them which is sold as an allelopathic
variety. While significant effort has been invested in the
genetic manipulation of bicsynthetic pathways produe-
ing phyvtoalexins and other secondary plant metabolites
via transgenic approaches, similar efforts targeting allelo-
chemicals are, to pur knowledge, absent from the litera-
ture. However, strategies for transgene approaches 1o
allelochemical manipulation have been proposed. %
Part of the reason for the lack of progress in genetic
manipulation of allelochemicals via biotechnology is the
lack of identified gene seguences encoding the biosynth-
etic enzymes for these pathways. An exception is the
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Fig. I Structures of some of the allelochemicals mentioned
in the text.

hydroxamic acid pathway in maize leading to the forma-
tion of DIBOA, where all five genes required for
biosynihesis have been identified® In this example, a
forward genetics approach was emploved using the maize
bxl (benzoxazineless) mutant,® however this strategy is
more suitable for a relatively well characterised genetic
system  and is  impractical for the majority of
allelochemical-producing species.

Alternative gene isolation strategies which are suitable
for most allelopathic species include differential screen-
ing approaches such as suppression subiraciive
hybridization® or differential display®  While these
sechnigues do not reguire the use of genefic mapping data
to facilitate gene isolation, there is a requirement that the
gene of interest exhibits differential expression under
some predetermined set of experimental or developmental
conditions, Alternatively, a species such as Arierisia
annua, which includes biotypes both possessing and
lacking peliate secretory glands®™® could be used as
starting material for differential screens,

Freguently, secondary metabolites are produced by
specific cell types within plants.  Thus the corresponding
genes involved in their biosynthesis may be specificaily or
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preferentiaily expressed within those cells. Ifsubstantial  sequences based on real-time PCR in the presence of the

ameunts of the compeound are produced, the system could
be amenable to Expressed Sequence Tag (EST)
analysis.®®  Within specialised cells, such as root hairs
or glandular trichomes, the genes involved may represent
the most highly expressed mRNA species within that cell
type, and can thus be identified within a random sam-
pling of a few thousand sequences, Recently, this
approach has been successful in the identification of
genes involved in essential o1l (monoterpene) biosynth-
esis in peltate glands of Mentha piperita #®

A particularly intriguing target for genetic manipula-
tion is the allelochemical sorgoleone, first identified in
root exudates of Sorghum bicolor *7  In addition, roots
of 5. hicolor can be propagated under soil-less conditions
that either promote or inhibit root hair formation (M.
Czarnota, unpublished). Thus, an excellent source of
starting material is readily available for performing
differential screens as described above.  The observation
that sorgoleone is the major compornent found in S
bicolor root exudates also suggests that an EST-based
approach would be a logical strategy to pursue. Qur
laboratory has been actively pursuing the isolation of
sorgoleone biosynthetic genes using both suppression
subtractive hybridization as well as EST analysis.
Highly purified root hair preparations can readily be
obtained from 8. bicolor (Fig. 2), and from this siarting
material 4 ¢DNA library was prepared for the develop-
ment of a sequence database comprised of 5000 randomly
chosen sequences.
inary EST data fix
pression subtractive hybridization results have identified
several promising gene candidates {Table {}. In addi-
tion, we have recently developed a secondary screen for
determining the expression patterns of candidate

i othis siudy as well as sup-
4 i

Fip. 2

Lipht micrograph of highly-enriched 8 bicolor root
hairs, isolated essentially as deseribed by Bucher er gf %

double stranded DNA-specific fluorophore, SYBR
Green.®® Figure 3 illustrates the utility of real time
PCR for follow-up analyses of candidate sequences. By
comparing PCR amplification signals using ¢DNAs

Table 1 Selected clones idemiifled from  suppression
subtractive hybridization and/or EST analysis, potentially
encoding sorgoleone biosynthetic enzymes. The predicied
functions, scores, and E values were derived from the BLAS-
TX output from the NCBI BLAST server (hitp: //www,
nebinlm.anih.gov/BLAST/)
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Fig. 3 Represeniative real-time PCR results generated using
an ABI 3700 sequence detection system and sequence-specific
primers for a putative O-methyl transferase.

Upper panel: Sybr Green [ signals generated from root hair
cDNA vs. “non-root hair™ {whole root immature and
mature leal, stem, and developing panicle).  Lowsr panel
same cDD™N As used as in upper panel showing signals generat-
ed from an internal control gene {188 ribosomal RNAJ,
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prepared from six different S. bicolor tissues {root hair,
whole root, immature leal, mature leall stem, and pani-
cle}, the relative expression levels in these tissues can be
rapidly determined. In the example shown (Fig. 3), a
putative O-methyl {ransferase identified by both EST
analysis and suppression subtractive hybridization is
shown to exhibit highly root hair-preferential expression.
Additional work is being performed to determine if this
particular enzyme 15 capable of methylating sorgoleone
precursors and structurally related meolecules via heter-
ologous expression in Escherichia cofi. Ultimately,
stably-transformed 5. bicofor plants or root cultures will
be employed to directly demonstrate the involvement of
this gene in the sorgoleone biosynthetic pathway,

While efforts toward the genetic manipulation of al-
lelochemical pathways are at a very preliminary stage,
the teols are now at hand to make significant strides in
this area. The likelihood that many, if not most, allelo-
chemicals are synthesized in a cell type or organ-specific
manner will greatly facilitate the isolation of genes
involved in biosynthesis, as well as possible ancillary
proteins involved in regulation, sequestration, or the
rhizosecretion of allelochemicals. Moreover, the availa-
bilitv of additional molecular probes for specific allelo-
chemical pathways will ultimately shed further light on
the modes of regulation and environmental interactions
involved, for which there is currently a paucity of
information.”™

3. NATURAL PRODUCTS USED AS HERBICIDES

3

3.1 Approaches

Natural products may be used directly as pure com-
pounds or as components of a crude preparation.  For
example, crude preparations of hydrolyzed maize gluten
have been commercialized in the U8, for weed manage-
ment in turf.”"  Other crude preparatiosns, such as olive
ol mill wastes™ and crambe (Crambe abyssinia) seed
mea!™ have been found to provide weed control.  Such
products reguire relatively little regulatory approval
before they aresoid.  However, the large volume of most
of these products needed for weed control in major crops,
their relatively high cost, and the limited availability of
the material restricts their use to niche markets that are
unlikely to have any impact on synthetic pesticide use,

The other approach to using natural product directly
for weed management is to use the pure compound as a
herbicide or as a lead compound for the discovery of new
herbicides. This strategy has had significant impact in
terms of major herbicides and herbicide chemistries based
on natural products.
3.2 Discovery strategies

The discovery process for natural product-based herbi-
cides is somewhat different than that for synthetic herbi-
cides. The most obvious difference is that, with the
synthetic strategy, the structure of the compound is

known, but determining the structure of a natural prod-
uct found to have good biological activity can be
difficult,  The synthesis approach involves production of
many compounds with doubiful biological activity,
whereas, with the natural products approach, relatively
few compounds are screened, but the probability of
biological activity 15 much higher., Compounds from
the synthetic approach are usually guite simple structur-
aily, as the cost of production must be low for such a
product, However, natural products can often be struc-
turally complex, sometimes with multiple chiral centers.
In such cases, structure-activity research can sometimes
simplify and optimize the herbicidal activity.  Unfortu-
nately, the biological activity of a natural product has
often been optimized by nature, so that efforis 10 improve
its physicochemical properties or activity at the molecu-
lar target site are sometimes unsuccessful.

There are two discovery approaches with natural
products.  The first of these is to bioassay known natu-
ral products that have not been tested for phyvtoxicity.
Retatively few of the natural products reported in the
literature have been tested for herbicidal activity.  How-
ever, most of this type of testing has not been reported.
One can randomly fest any natural product that can be
obtained, or the chemical structure of known compounds
can provide clues that suggest the compound might be a
phytotoxin.  For example, the structure of several natu-
ral triketone and triketone-like compounds indicated thm
they would be good inhibitors of HPPD.®  Analogues
of plant biosynthetic pathway intermediates are likely
candidates as phytotoxins because of the probability that
they will be inhibitors of critical enzymes for survival of
the weed. For example, 24-anhydro-D-glucitol, a
metabolite of Fusariurm sclani, is an analogue of
fructose.  After it is phosphoryvlated, it is both a
phytotoxin and an inhibitor of fructose-1,6-bisphosphate
aidolase.™  Previous fndings of toxicity against organ-
isms other than plants also provide a clue that a com-
pound could be herbicidal.  For examgle, the antimalar-
ial activity of artemisinin was the basis for testing it as a
phyvtotoxin.”™®  Artemisinin and some of #ts natural
product analogues are relatively potent phytotoxing 767

Most natural product discovery involves bicassay-
directed solation of compounds of interest. There are
hundreds of thousands, if not millions, of potential
sources of natural products, few of which have been
adeguately tested evaluated for phytotosin production.
Considering the amount of work needed for bioassay-
directed isolation, a random sampling of organisms may
not be the most efficient discovery strategy. The pesti-
cide industry has focused most of its attention on com-
pounds from soil microbes found in exotic locations,
Only a small fraction of soil microbes have been
cultured,”™ so this is still a large, virtually untapped
resource.  However, we know little of how much dupli-




cation exists hetween secondary metabolites from this
type of source.  Discovery of known compounds in new
organisms is a costly problem in bioassay-directed
isolation-based discovery schemes,”™ and diminishing
returns will become a bigger problem as bioprospecting
for natural compounds progresses.

However, chemical ecology studies provide clues that
might narrow the focus to fewer organisms. Just as
ethnobotanical clues have been useful in the discovery of
pharmaceutical uses of natural products, chemical ecol-
ogy information can predict which organisms might
generate phytotoxins. Most plant pathogens and all
allelopathic plants Gincluding lichens and algae) produce
phytotoxing. Examples of potent plant pathogen-
produced phytotoxins are tentoxin, cyperin, and AAL-
1oxin.  Sovoral examples of plant pathogen-produced
phytotoxins are provided below. Yet, relatively littie
discovery effort has been focused on plant pathogens as
sources of phytotoxins.

Anatomical aspects of higher plants can provide useful
clues as to phytotoxin production. Plants often seques-
fer or secrete highly phytotoxic compounds in order to
avoid autotoxicity. For example, artemisinin and other
phytotoxins are sequestered in non-living parts of glan-
dular trichomes.®®  Sorgoleone is produced only by root
hair cells and is secreted from the cell as soon as it is
produced.”  In both cases, the molecular target site of
the producing plant is apparently susceptible to the
phytotoxin. We are currently involved in examination
of trichome content and root exudates from other slant
species.

33  Examples

There are only three commercial successes of the com-
mercial use of pore natural compounds as herbicides.
The Streptomyces spp. phytotoxing phosphinothricin
and bialaphos are the only giutamine synthetase-
inhibiting herbicides on the market. Phosphinothricin
is sold as a chemically synthesized product, glufosinate,
while bialaphos is the only herbicide produced by fer-
mentation.  These two compounds are the only commer-
cial herbicides that target glutamine synthetase’”
Pelargonic acid (Fig. 4), a naturally occurring fatty acid,
is sold for weed control in turf®  Jt has a very limited
market.

The triketone herbicides were derived from the natural
allelochemical, leptospermone {Fig. 4), an allelochemical
produced by the botilebrush shrub { Calfisiermon spp. )%
Sulcotrione (Fig. 4} and other triketone herbicides der-
ived from this source are now marketed. The com-
pounds are phyiotoxic by inhibition of HPPD. Gther
natural products with triketone and benzoquinone struc-
tures, such as usnic acid (Fig. 4) and sorgoleone (Fig. 1}
are also potent inhibitors of HPP[D 599

Cinmethylin (Fig. 4) is a close analogue of the allelo-
chemical, 1,4-cinecle (Fig 4), although there has been no
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Fig. 4 Structures of some of the natural phytotoxins
mentioned in the texi

claim that it was derived from this natural phytotoxin,
1,4-¢cineale is a potent inhibitor of asparagine synthetase
{A8).% a pew molecular target site.  Cinmethylin has
no i vitro effects on AS, although it is apparently
metabolically converted to a hydroxy-[.4-cineole, which
is a potent inhibitor of the enzyme. The more common
plant-derived monoterpene, 1,8-cineole has no effect on
A8 and its phytotoxicity appears to be due to effects
on mitosis.® :

Certain pathovars of Afterngric alternata produce
AAL-toxin (Fig.4), one of the strongest natural
phytotoxing ® although it was originally reported as a
host-selective phytotoxin, affecting only certain tomato
varieties.” It is an analogue of the sphingoid base
precursors of ceramide synthase, and apparently causes
rapid and dramatic accumulation of these compounds in
plant tissues by inhibition of this enzyme.®®  Treatment
of plants with the sphingonine and phytosphingosine, the
compounds that accumulate in the presence of AAL-
1oxin, causes symptoms very similar fo those caused by
AAL-toxin® These results and others have led us to
hypothesize that AAL-toxin causes plant death by inhibi-
tion of ceramide synthesis, thereby causing massive accu-
mulation of membrane-disrupting sphingoid bases.®®
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indeed, both inhibitors of ceramide synthase and sphin-
ganine cause similar cell death in mammalian celis®)
although this process is thought to be apoptosis mediat-
ed. Unfortunately, AAL-toxin is highly toxic to mam-
mals and structurg-activity manipulation has not resolted
in producing an analogue with significantly reduced
mammalian toxicity, while retaining strong
phytotoxicity ™

These are only a small fraction of the natural products
known to have phytotoxicity sufficient for herbicide use.
What little is known of their molecular target sites sug-
gests that they are offer good opportunities for the discov-
ery of new herbicide modes of action.”

SUMMARY

In summary, natural products, either as herbicides or
as cover crop- or crop-generated allelochemicals, offer
important new options for weed management. New
technologies and strategies offer to bring these possibil-
ities to fruition in the near future. The process of
bioassay-directed isolation has become more automated
and faster, thereby alleviating some of the obstacles to
natural product-based herbicide discovery sirategies.
The tools of molecular biclogy provide a means of
generating crops that produce sufficient allelochemicals
for weed management with preatly reduced synthetic
herbicide input.
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2212 MNiecomne Nicomne {16 Fig 3 i a major
component within the Genus Nicoriena, and particu-
larly the species Nicorana rustea L. Itis a non-systemic
insecricide that binds to the ¢holinergic aceryicholine
nicotinic receptor in the nerve cells of inseos, leading
to a continuous firing of the neuroreceptor.®® Active
predominantdy through the vapowr phase, bur abso
with slight contact and stomach action, nicotine has
been used for many vears as a fumigant for the control
of many sucking insects. It can be used 1o give pardal
control of organophosphorus- and pyrethroid-resis-
tant whiteflyv.™ The compound is used 2s a foliar spray
w cover the undersides of leaves, repeating the
application as necessary. Best results are achieved
when the ambient temperapure is >16°C; this tem-
perature Is essential if the compound b used a8 a
furnigant, Nicotine i sold as dispersible powder (D),
soluble concentrate (81 or 28 femigant formulations
under & number of gade namess nchuding Nico Seap
(FInited Phosphorus Lid}, No-Fid (FHortdchem), Xi-
All Nicotine (Vitax) and Nicorine 40% Shreds (Dow
AgroSciences). The compound is acately foxic fo
marnmals and other non~farget organisims, with an
acute oral LD, to rats of 50-60mgkg ™’

2.2.1.3  Plany pelargonic gnd relared favy acids, Pelar-
gonic acid (17; Fig 3 and related farty acids are
natursily cocurring acids from both plant and animal
sources. Farry acid exoracts inrerfere with the cell
membrane constituents of the targer organism, leading
10 3 bBreskdown of the inregrity of the membrane and
death. Different farry acids are effectve as insectivides,
fungicides, total herbicides or as moss killers. The
insecricidal uses of pelargonic acid include control of
many different insect species In vegetabies, fruit and
ornamentals; fungicidal uses inchude disease controlin
grapes, roses and other crops and herbicide uses
inchude roral weed control and moss congrol in lawns.
¥t is applied as 3 foliar spray ro crops, snsuring good
coverage of the mrget pest

Marural fatty acids are sold by Mycogen as liguid
concenrrate (SL) formuladons. M-Pede is used for
controlling soft bodied Insects such as aphids, and
for curative confrol of powdery mildew pathogens;
Scyihe is an effecrive wal, non-residusi herbicide; De-
Moss controls moss in lawns and mosses and
liverworts on fences, roofs and glasshouses; and
Thinex is used as a fruit thinning agent. Akzo-Nobel
also marke: the product Neo-Fat. Pelargonic acid and
relared fatry acids are generily considered 10 be non-
TR,

2.2.1.4 Pyrathrins. The dried, powdered fiower of
Chrysanthemm cinerariasfolivm Vis has been used a5
an insecticide from ancient rimes. Recent faxonoinic
revisions have ransferred this species From the genus
Chrysanthermm 10 the genus Tanacerm but it is st
often recorded 35 Purethrwm. The species was identi-
fied in aniquity in China and it spread West via Iran
{Parsia) probably via the Sk Routes in the Middie

Pest Manag Sci 56:651-6T76 (20003

Bippespicides: thalr acton, applications and efficagy

Ages. The dried, powdered flower heads were known
as “Persian Insect Powder’. Records of use date fom
the early 19th century when it was mreroduced 1o the
Adriatic coastal regions of Yugosiavia (Daimaria) and
some parts of the Coaucasus. Subseguenty, it was
grown in France, the UJSA and Japan. It is now widely
grown in East African couniries, especiaily Kenya, in
Feanador, Papua New Guines and Austraiis.

Pyrethrins £18; Fig 3) have been shown to bind o
the sodium channels in insects, prolonging thelr open-
ing and thereby causing knockdown and death. They
are pon-sysiemic insecricides with conract action.
Initial effects include paralysis, with death occurring
inzer. They have some acaricidal acn’vﬁyw“";j

The product is normally appled in combinadon
with synergists, cg piperonyl butoxide, thar inhibir
deroxificadon. Good cover of crop folinge is essential
for effective control, although field persisience is poor
because of the compeounds’ phoro-instabiliry. Many
combination products with other insectickles are
available. There are a large number of products
formulated 23 serosol dispensers (AE), dispersibie
powders {DP), emulsifiable concenirares (EC), fog-
ging concenirates, weitable powders (WP and ulra~
low-volume Bguids (131) ander wrade names that
inchude Alfadex (Movarns), Pyrocide and Evergreen
(MGKY, Pyronyl (mixture), ExcieR and Prentox
Pyrethrum Exrracr (sl Prentiss), Milon {Dslizia),
Pycon {for concemirated rixrure with piperonyl
butoxide) (Agropharm} and CheckOur {Consep).

Pyrethring are considersd o be relatively low
ronicity. compounds, with acute oral LD, o rats of
»2000mgke .

2.2.1.5 Rewenone. Rotenone {19; Fig 3) and relared
rotenoids were originally used in Asia and Sowth
America 35 fish poisons, being obuined from Derrss,
Lonchocarpus and Tephroyia species. Rotenone 5 an
inhibiror of Site I respiration within the electron
sransport chain and is used as a selective, nonssysiemic
insecticide with contact and stomach acton, with
secondary acaricidai activity,**** It is applied as an
gverall spray to give good cover of the foliage and 15
often used 25 a component of mixrures, It can be used
in organic farming sysiems in sxireme condivons of
insect arrack. The product is sold as dispersible
powder (D), emulsifiable concenmrate {EC) and
wettable powder (W1 formulations with rade names
thet incinde Chem Secr, Cube Roor and Rotenone
Extract {all Tifa), Nogfire and Rowenons FK-11
{AgrBvo Environmentsl Health) and Prenfish {mix-
ture}, Prentiss, Synpren Fish {mizture) and Prentox
{all Prentiss). Rotenone i considered 1o be a toxic
compound with an acute oral LDy, to a3t of 132mg
kg% it 15 very toxic o fish.

2.2.1.6 Ryaria extracts. Collaborative work berween
Rutgers Lingversity and Merck in the carly 1940s
foliowed the lead from the use of Ryania species in
Bourh America for euthanasia and as rat poisons and
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The following information was generated from the
Hazardous substances Data Bank (HSDB),
a database of the National Library of Medicine's TOXNET system
(http://toxnet.nTm.nih.gov) on February 2, 2005.

query: The chemical name was identified.

the following terms were added from ChemiDplus:
nonanoic acid

pelargic acid

CAS Registry Number: 112-05-0

1.
NAME: NONANOIC ACID
RN: 112-05-0

HUMAN HEALTH EFFECTS:

HUMAN TOXICITY EXCERPTS:
A 12% SOLN OF NONANOIC ACID IN PETROLATUM PRODUCED NO IRRITATION ON HUMAN

SKIN AFTER A 4B-HR CLOSED PATCH TEST. ... NO SENSITIZATION REACTIONS WERE
PRODUCED IN 25 VOLUNTEERS AFTER PATCH TESTING WITH NONANOIC ACID (12% IN
PETROLATUM) . [Clayton, G.D., F.E. Clayton (eds.) Patty's Industrial
Hygiene and Toxicology. volumes 2aA, 28, 2C, 2D, 2E, 2F: Toxicology. 4th
ed. New york, Ny: John wiley &amp: Sons Inc., 1993-1994., p. 3559]%%PEER

REVIEWED®*

VARIOUS CONCN OF NONANGIC ACID IN 1-PROPANOL WERE APPLIED TO 116 HEALTHY
VOLUNTEERS AND 75 DERMATITIS PATIENTS AS A POSITIVE CONTROL FCQR PATCH
TESTING. A DOSE OF 20% PRODUCED SKIN REACTIONS IN 90.1-93.9% OF SUBJECTS.
LESTIONS CONSISTED OF ERYTHEMA AT 48 HR &amp; PIGMENTATION @ 96 HR.
[WAHLBERG JE, MAIBACH HI; CONTACT DERMATITIS 6 (2): 128 (1980)]**PEER

REVIEWED**

HUMAN TOXICITY VALUES:
LD50 Rat oral 15 g/kg [Clayton, G.D., F.E. Clayton (eds.) Patty’s
Industrial Hygiene and Toxicology. volumes 2a, 2B, 2C, 2D, 2E, 2F:
Toxicology. 4th ed. New York, NY: John wiley &amp; Sons Inc., 1993-1994.,
p. 35591%*PEER REVIEWED®*

PROBABLE ROUTES OF HUMAN EXPOSURE: . . )
NIOSH (NOES Survey 1981-1983) has statistically estimated that 46,467

workers (1,484 of these are female) are potentially exposed to nonanoic
acid in the uUs{l). occupaticnal exposure to nonanoic acid may occur
through dermal contact with this compound_at workplaces where nonanoic
acid is produced or used(SRC). The general population will be exposed to
nonanoic acid via inhalation of ambient air, ingestion of food and
drinking water, and dermal contact with food and other products containing
nonanoic acid(SRCY. [{1) NIQSH; Naticnal Occupational Exposure survey
(NOES) (1983} 1**PEER REVIEWED®¥

EMERGENCY MEDICAL TREATMENT!

EMERGENCY MEDICAL TREATMENT:

EMT COPYRIGHT DISCLAIMER:
portions of the POISINDEX(R) and MEDITEXT(R) database have been provided here
for general reference. THE COMPLETE POISINDEX(R) DATABASE OR MEDITEXT(R)
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DATABASE SHOULD BE CONSULTED FOR ASSISTANCE IN THE DIAGNGSIS OR TREATMENT OF
SPECIFIC CASES. The use of the POISINDEX(R) and MEDITEXT(R) databases is at your
sole risk. The POISINDEX(R) and MEDITEXT(R) databases are provided "AS IS" and
"as available” for use, without warranties of any kind, either expressed or
implied. Micromedex makes no representation or warranty as to the accuracy,
reliability, timeliness, usefulness or completeness of any of the information
contained in the POISINDEX(R) and MEDITEXT{R) databases. ALL IMPLIED WARRANTIES
OF MFRCHANTABTLITY AND FITNESS FOR A PARTICULAR PURPOSE OR USE ARE HEREBY
EXCLUDED. Micromedex does not assume any responsibility or risk for your use of
the POISINDEX(R) or MEDITEXT(R) databases. Copyright 1974-2004 Thomson
MICROMEDEX. AT1 Rights Reserved. any duplication, replication, “downloading,”
sale, redistribution or other use for commercial purposes is a violation o
Micromedex' rights and is strictly prohibited.<p>The following Overview, **
GENERAL OR UNKNOWN CHEMICAL ***, is relevant for this HSDB record chemical.
LIFE SUPPORT:
o This overview assumes that basic Tife support measures
have been instituted.
CLINICAL EFFECTS:
0.2.1 SUMMARY OF EXPOSURE
0.2.1.1 ACUTE EXPOSURE
A) A SPECIFIC REVIEW on the clinical effects and treatment
of individuals exposed to this agent HAS NOT YET BEEN
PREPARER, The following pertains to the GENERAL
EVALUATION and TREATMENT of individuals exposed to
potentially toxic chemicals.
B} GENERAL EVALUATION -
1) Exposed individuals should have a careful, thorough
medical history and physical examination performed,
Tooking for any abnormalities. Exposure to chemicals
with a strcﬂg odor often results in such nonspecific
symptoms as headache, dizziness, weakness, and nausea.
C)} TIRRITATION -
1) Many chemicals cause irritation of the eyes, skin, and
respiratory tract. In severe cases respiratory tract
irritation can grcgreﬁg to ARDS/acute lung injury,
which may be delayed in onset for up to 24 to 72 hours
in some cases.
2) Irritation or burns of the esophagus or
gastrointestinal_tract are also possible if caustic or
irritant chemicals are ingested.
D) HYPERSENSITIVITY -
1) A number of chemical agents produce an allergic
hypersensitivity dermatitis or asthma with
bronchospasm and wheezing with chronic exposure.
LABORATORY :
A) A number of chemicals produce abnormaiities of the
hematopoietic system, liver, and kidneys. Monitoring
complete blood count, urinalysis, and liver and kidney
function tests is suggested for patients with significant
exposure.
B} If respiratory tract irritation or respiratory depression
is evident, monitor arterial blood gases, chest x-ray,
and pulmonary Function tests.
TREATMENT OVERVIEW:
0.4.2 ORAL EXPOSURE
A)  GASTRIC LAVAGE
1) significant esophageal or gastrointestinal tract
irritation or burns may occur following ingestion. The
possible benefit of early removal of some ingested
material by cautious gastric Eava%e must be weighed
against potential complications of bleeding or
perforation.
2) GASTRIC LAVAGE: consider after ingestion of a
page 2
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Emtent%a??y Tife-threatening amount of poison if it can
e performed soon after 1ﬁ?£5ti0ﬂ (generally within 1
hour). Protect airway by placement in Trendelenburg and
Teft lateral decubitus position or by endotracheal
intubation. Control any seizures first.
CONTRAINDICATIONS: Loss of airway protective reflexes
or decreased level of consciousness in unintubated
patients; Tollowing ingestion of corrosives;
hydrocarbons (high aspiration potential); patients at
risk of hemorrhage or gastrointestinal perforation;
and trivial or non-toxic ingestion,
ACTIVATED CHARCOAL
activated charcoal binds most toxic agents and can
decrease their systemic absorption if administered soon
after ingestion. In general, metals and acids are
poorly bound and patients ingesting these materials
will not 1ikely benefit from activated charcoal
administration.
Activated charcoal should not be given to patients
ingesting strong acidic or basic caustic chemicals.
Activated charcoal is also of unproven value in
patients ingesting irritant chemicals, where it may
obscure endoscopic findings when the procedure is
justified.
ACTIVATED CHARCOAL: Administer charcoal as a slurry
(240 mL water/30 g charcoal). Usual dose: 25 to 100 g
in adults/adolescents, 25 to 50 ¢g in children (1 to 12
years), and 1 g/kg in infants less than 1 year old.
DILUTION -
Tmmediate dilution with milk or water may be of benefit
in caustic or irritant chemical ingestions.
DILUTION: Immediately dilute with 4 to 8 ounces (120 to
240 mL) of water or milk (not to exceed 4 ounces/120 mL
in a child).
IRRITATION -
Observe patients with ingestion carefully for the
possible development of esophageal or gastrointestinal
tract irritation or burns. If signs or symptoms of
esophageal irritation or burns are present, consider
endoscopy to determine the extent of injury.
OBSERVATION CRITERIA -
carefully observe patients with ingestion exposure for
the development of any systemic signs or symptoms and
administer symptomatic treatment as necessar¥q
patients symptomatic following exposure should be
observed in a controlled setting until all signs and
symptoms have Tully resolved. .
INHALATION EXPOSURE
DECONTAMINATION -
INHALATION: Move patient to fresh air. Monitor for
respiratory distress. If cough or difficulty breathing
develops, evaluate for respiratory tract irritation,
bronchitis, or preumonitis. Administer oxygen and
assist ventilation as reguired. Treat bronchospasm with
inhaled betaz agonist and oral or parenteral
corticosteroids,
IRRETATION -
Respiratory tract irritation, if severe, can progress
to pulmonary edema which may be delayed in onset up to
24 to 7?7 hours afrer exposure in some cases.

ACUTE LUNG INJURY -

ACUTE LUNG INJURY: Maintain ventilation and oxygenation
and evaluate with freguent arterial blood gas or pulse
vage 3
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oximetry monitoring. Early use of PEEP and mechanical
ventilation may be needed.
D) BRONCHOSPASM -

1)  1f bronchospasm and wheezing occur, consider treatment

with inhaled sympathomimetric agents.
E} OBSERVATION CRITERIA -

1) carefully observe patients with inhalation exposure for
the development of any systemic signs or symptoms and
administer symptomatic treatment as necessary.

2) Patients symptomatic following exposure should be
observed in a controlled setting until all signs and
symptoms have fully resolved.

0.4.4 EYE EXPOSURE
A) DECONTAMINATION: Irrigate exposed eyes with copious
amounts of room temperature water for at least 15
minutes. If irritation, pain, swelling, lacrimation, or
photophobia persist, the patient shou?d be seen in a
health care facility.
0.4.5 DERMAL EXPOSURE
A)  OVERVIEW

1) DERMAL DECONTAMINATION -

a) DECONTAMINATION: Remove contaminated clothing and wash
exposed area thoroughly with soap and water. A
physician may need to examine the area if irritation
or pain persists.

2} PESTICIDES -

a) DECONTAMINATION: Remove contaminated clothing and
jewelry. wash the skin, including hair and nails,
vigorously; do repeated soap washings. Discard
contaminated clothing.

3} IRRITATION -

a) Treat dermal irritation or burns with standard topical
therapy. Patients developing dermal hypersensitivity
reactions may require treatment with systemic or
topical corticosteroids or antihistamines.

43} DERMAL ABSORPTION -

a) Some chemicals can produce systemic poisoning by
absorption through intact skin. Carefully observe
patients with dermal exposure for the development of
any systemic signs or symptoms and administer
symptomatic treatment as necessary.

RANGE OF TOXICITY:
A} No specific range of toxicity can be established for the
broad field of chemicals in general.

ANTIMAL TOXICITY STUDIES:

NON-HUMAN TOXICITY EXCERPTS!
NO SYMPTOMS OF TOXICITY COULD BE PRODUCED BY INHALATION OF CONCN VAPORS IN
RATS. [clayton, G.D., F.E. Clayton {eds.) patty's Industrial Hygiene and
Toxicology. volumes 24, 28, 2C, 2D, 2E, 2F: Toxicology. 4th ed. New York,
NY: John wiley &amp; Sons Inc., 1993-1994., p. 3558]**PEER REVIEWED"™

NONANCIC ACID, FED FOR 4 wK @ 4.17% IN DIET, DEPRESSED RATE OF GROWTH ONLY
IN VITAMIN BIZ-DEFICIENT RATS. 5% IN DIET WAS FAIRLY WELL UTILIZED BY
GROWING CHICKS. [Clayton, G.D., F.g. Clayton (eds.) Patty's Industrial
Hygiene and Toxicology. volumes 2A, 2B, 2C, 2D, 2E, 2F: Toxicology. 4th
ed. New York, Ny: John wiley &amp; Sons Inc., 1993-1994., p. 3559]**PEER
REVIEWED™™

NONANQIC ACID DECR THE CONTRACTILE FORCE OF ISOMETRICALLY ACTING RAT
Page 4



pelargonic acid-hsdb.txt
PAPTLLARY MUSCLES, WITH THE EFFECT DEPENDING ON BOTH CONCN (0.1-1 MMOL)
AND TIME OF EXPOSURE (2-17 MIN). THE POSTEXTRASYSTOLIC POTENTIATION AND
THE TIME TO REACH A NEW STEADY $TATE LEVEL OF CONTRACTION FOLLOWING A
PAIRED PULSE STIMULATION WERE INCR BY NONANOIC ACID. [CAFFIER G, PFEIFFER
C: ACTA BIOL MED GER 36 {(7-8): 1077 (1877)]**PEER REVIEWED*®

L (0.5 OR 1.0 MOLAR IN PROFPANOL) CAUSED IRRITATION JIN HUMANS/ WHEN
APPLIED UNDER OCCLUSIVE PATCHES, [Clayton, G.D., F.E. clayton (eds.)
patty's Industrial Hygiene and Toxicology. volumes 2A, 2B, 2C, 2D, 2E, ZF:
Toxicology. 4th ed. New york, Ny: John wiley &amp; Sons Inc., 1993-1994.,
0, 35591 FPEER REVIEWED™*

NON-HMUMAN TOXICITY VALUES:
1D50 Mouse iv 224 + or - 4.6 mg/kg [Budavari, s. (ed.). The Merck Index -
An Encyclopedia of chemicals, Drugs, and 8iologicals. whitehouse Station,
N3: Merck and Co., Inc., 1996., p. 1214]**PEER REVIEWED®®

TECA TEST SUBMISSIONS:
Nonanoic acid (CAS # 112-05-0) was evaluated for subchronic dermal
toxicity and irritation in New Zealand white rabbits (5/sex/group) exposed
to 500 mg/kg/day (25% w/w_in mineral oil1) for 5 days/week for 2 weeks.
Half of the animals (3 males, 2 females) received applications upon
ahraded skin and half (3 females, 2 males) received applications on intact
skin. Applications remained uncovered. An additional control group of 10
rabbits was treated dermally with 2 g/kg/day mineral oil. There were no
mortalities throughout treatment or 2-week recovery (4 rabbits). All
treated animals showed slight weight Tlosses in the second week and food
consumption was diminished in 2nd and 3rd weeks of study. Severe erythema,
slight to severe edema characterized signs of irritation at_the sites of
application with necrosis and eschar appearing in all animals in the
second week. Atonia, desguamation, fissuring and exfoliation of eschar
tissue were noted as well. Treatment-related weight loss and signs of
dermal irritation resolved in animals held for 2-week recovery. Upon
necropsy of 6 animals (3/abraded and 3/intact) at 2 weeks, no treatment-
related gross pathology was identified other than morphological changes of
treated dermis., Microscopic examination revealed generally localized
necrosis accompanied by epidermal hyperplasia, hyperkeratosis, and
occasional diffuse and perifollicular dermal inflammation at both abraded
and intact application sites. Treated rabbits held for recovery was
reepithelialized and continuous with normal follicular structure and
ﬁDquatﬁﬁn, and with persisting mild to moderate epidermal hyperplasia and
yperkeratosis. Microscopic examination of select visceral organs from 6
rabbits at 2 weeks and 4 recovered rabbits at 4 weeks failed to_expose a
systemic effect of treatment.[RHONE-POULENC INC; A 28-Day Dermal Toxicity
study in Rabbits; 9/30/81; EPA Doc No. 88-920010172; Fiche No.
OTS0546557 ] UNREVIEWED™*

Nonanoic acid (CAS # 112-05-0) was evaluated for developmental and
maternal toxicity in 22 pregnant Crl1:COBS, CDBR rats administered doses ot
1500 mg/kg bw by oral intubation on gestational days 6 through 15. A
control group of 22 female rats received gavage doses of corn ol
{vehicla). on bay 20, all rats were sacré%fced for caesarian delivery and
determination of fetal/embryotoxicity and teratogenic effects, as well as
fertility indices and maternal toxicity. NO excess mortality, retarded
boﬂywef%ht gains, decreased food consumption or other clinical signs of
maternal toxicity were observed relative to control. Likewise, gross
pathology upon terminal sacrifice identified no treatment-related effects
in the pregnant dams. Pregnancy rates, mean number of corpora Tutea,
implantations, and mean implantation efficiency (implantations per corpora
Tutea) were comparable to controls, as were gravid and nongravid uterine
weights, and mean ovarian, uterine, and litter data. embryotoxic effects
(number of resorptions, number of fetuses, fetral viability. mean fetal
bodyweight, mean fetal length) were not observed. Gross pathology and
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skeletal examinations produced no statistically significant evidence of
fetotoxicity or teratogenicity in a viable fetal population similar to
that in the control group. Of 80 fetuses from 22 litters of the treated
rats, there were 2 instances of ¢left palate, 2 fetuses with small tongue,
and a single incidence hydroureter that were not_seen in control fetuses.
skeletal anomalies were likewise not statistically linked to treatment and
the number of variant fetuses (2) were equal to variant
controls. [RHONE-POULENC INC; Teratology Screen in Rats, Project No.
299-534: 7/28/83; EPA Doc No. 88-920009562; Fiche No.
OTSO571218 1 **UNREVIEWED® ¥

METABOLTSM/ PHARMACOKINETICS:

METABOLISM/METABOLITES:
INEUSION OF AN EMULSION CONTAINING 20% TRINONANOATE, 0.9% SODIUM CHLORIDE,

&amp; 1% SOYBEAN LECITHINS INTO DOGS RESULTED IN OXIDN OF NONANCGIC ACID.
[BACH A ET AL NUTR METAB 14 (4): 203 (1972)7**PEER REVIEWED**

NONANOIC ACTD TS METABOLIZED BY THE LIVER TO PRODUCE KETONE BODIES.,
METABOLISM OCCURS VIA BETA-OXIDATION, AND NO EVIDENCE WAS FOUND IN RATS OF
CHMATN ELONGATION OR TISSUE STORAGE OF THE ACID. METAB OF THE TERMINAL
PROPIONIC ACID RESTIDUE RESULTS IN INCREASED GLUCOSE AND GLYCOGEN
SYNTHESIS. [Clayton, G.D., F.E. Clayton (eds.) Patty's Industrial Hygiene
and Toxicology. volumes 2A, 2B, 2C, 2D, Z2E, 2F: Toxicology. 4th ed. nNew
vork, NY: John wiley &amp; Sons Inc., 1993-1994., p. 3560 **PEER
REVIEWED®*

PHARMACOLOGY !

ENVIRONMENTAL FATE & EXPOSURE:

ENVIRONMENTAL FATE/EXPOSURE SUMMARY:
Nonanoic acid may be released into the environment in various waste
streams from its production and use in organic syntheses, lacquers,
plastics, in the production of hydrotropic salts, pharmaceuticals,
s¥nthetﬁc flavors and odors, esters for turbojet lubricants, as a
flotation agent, vinyl plasticizer, and as a gasoline additive. If
released to the atmosphere, nonanoic acid is expected to exist solely as a
vapor in the ambient atmosphere based on a measured vapor pressure of
1.6x10-3 mm Hg. vapor-phase nonanoic acid will be degraded in the
atmosphere by reaction with photochemically-produced hydroxyl radicals
with an estimated half-Tife of 1.6 days. IT released to soil, nonanoic
acid is expected to have low mobility based on an estimated Koc of 1704,
volatilization of nonanoic acid from dry soil surfaces is not expected to
occur based on its measured vapor pressure. An estimated Henry's Law
constant of 1.6X10-6 atm-cu m/mole indicates that volatilization from wet
soil surfaces may be important. Limited biodegradation data suggest that
nonanoic acid has the potential to biodegrade in both soil and water under
aerobic conditions. If released intoc water, nonanoic acid is expected to
adsorb to suspended solids and sediment in the water column based on its
estimated Koc. Nonanoic acid's pka of 4.95 indicates that it will exist
predominately in the ionized form at environmental pHs. volatilization of
nonanoic actid from water surfaces is not expected to be an important fate
process based on this compound's pKa and its estimated Henry's Law
constant. The potential for bioconcentration of nonancic acid in aguatic
organisms is high based on an estimated BCF of 230. Hydroivsis 1s not
expected to be an important process due to the Tack of hydroiyzabie
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functional groups. Occupational exposure to nonanoic acid may occur
through dermal contact with this comgﬂund at workplaces where nonanoic
acid 1s produced or used. The general population will be exposed to
nonanoic acid via inhalation of ambient air, ingestion of food and
drinking water, and dermal contact with food and other products containing
nonanoic acid. (SRC) **PEER REVIEWED®®

PROBABLE ROUTES OF HUMAN EXPOSURE!
NIOSH (NOES Survey 1981-1983) has statistically estimated that 46,467
workers (1,484 of these are female) are potentially exposed to nonanoic
acid in the uUs(l). Occupational exposure to nonanoic acid may occur
through dermal contact with this compound at workplaces where nonancic
acid 1s produced or used(SRC). The general population will be exposed 1o
nonanoic acid via inhalation of ambient air, ingestion of food and
drinking water, and dermal contact with_food and other products containing
nonanoic acid(SRC). [(1) NIOSH; nNational Occupational Exposure Survey
(NOES) (1983)]**PEER REVIEWED™*

NATURAL POLLUTION SOURCES:
...AS AN ESTER IN OIL OF PELARGONIUM, [The Merck Index. 9th ed. Rahway,
New Jersey: Merck &amp; Co., Inc., 1976., p. 16 **PEER REVIEWED®®

... IN SEVERAL ESSENTIAL OILS, EITHFR FREE OR ESTERIFIED: ROSE, GERANIUM,
ORRIS, LITSEA CUBEBA, ARTEMISIA ARBORESCENS L, HOPS, C(HAMAECYPARIS
PISIFERA ENDL, EREMOCITRUS GLAUCA L, FRENCH LAVENDER, AND IN QAKX MUSK.
[Fenaroli's Handbook of Flavor Ingredients. volume 2. Edited, transliated,
and revised by T.E. Furia and N. Bellanca. 2nd ed. Cleveland: The Chemical
Rubber co., 1075., p. 433]""PEER REVIEWED®F

Nonanoic acid was identified as a volatile constituent of the kiwi fruit
flower(1l). [(1) Tatsuka K et al; 1 Agric Food Chem 38: 2176-80
C1993)}**PE£R REVIFWEDR®™

ARTIFICIAL POLLUTION SOURCES:
nonanoic acid's production and use in organic_syntheses, lacquers,
plastics, in the production of hydrotropic salts, pharmaceuticals,
synthetic flavors and odors, esters for turbojet lubricants, as a
flotation agent, vinyl plasticizer, and as a gasoline additive(l) may
result in its release to the environment through various waste
streams(SRCY. [(1) Lewis RJ Jr; Hawley's Condensed Chemical Dictionary

12th ed Ny, NY: van Nostrand Reinhold Co p. 877 (1993)]1**QC REVIEWED¥*

ENVIRONMENTAL FATE:
TERRESTRIAL FATE: Based on a recommended classification scheme(l), an
estimated Koc value of 1700(SRC), determined from a measured log Xow of
3.42(2) and a recommended regression-derived equation(3), indicates that
nonanoic acid is expected to have low mobility in soi1(SRC).
volatilization of nonanoic acid may be important from moist soil
surfaces(SRC) given an estimated Henry's Law constant of 1.6X10-6 atm-cu
m/mole(SRCY From its experimental values for vapor pressure, 1.6X10-3 mm
Ha(4), and water sa?ubi?ity, 210 mg/1(5). Nonanoic acid 1s not expected to
volatilize from dry soil surfaces gased on its measured vapor pressure(4).
Biodegradation of nonanoic acid in studies using sewage and sludge
inoculum(6,7) indicate that biodegradation in soil may be important(SrRC).
[(1) swann RL et al; Res Rev 85: 23 (1983) (2) Sangster 3; LOGKOW
Databank, Sangster Res Lab, Montreal Quebec, Canada (19943 (33 Lyman Wl et
al; Handbook of chemical Property Estimation Methods. washington DC: Amer
Chem soc pp. 4-9 (1980) (4) Daubert TE, Danner RP; physical and
thermodynamic properties of pure chemicals: data compilation. Design Inst
phys Prop Data, Amer Inst Chem Eng., washingteon, DC: Taylor &amp; Francis,
vol 4 (1995) (5) valkowsky SH, Dannenfelser RM; Aguasol Database of
Agueous solubility. ver 5. college of Pharmacy, univ of Ariz - Tucson, AZ.
pC ver (1992) (6) vonezawa Y et al; kogai Shigen Kenkyusho Tho 12: 85-91
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(1982) (7) Heukelekian H, Rand MC; J water Pollut Contr Assoc 27: 1040-53

(1955) 1 **PEER REVIEWED®¥

AQUATIC FATE: Based on a recommended classification scheme(1), an
ectimated Koc value of 1700(SRC), determined from a measured log Kow of
3.42(2) and a recommended regression-derived equation(3), indicates that
nonanoic acid is expected to adsorb to suspended solids and sediment in
water(SRC). Nonanoic acid may volatilize from water surfaces(3,SRC) based
on an estimated Henry's Law constant of 1.6X10-6 atm-cu m/mole(SRC) from
its experimental values for vapor pressure, 1.6X10-3 mm Hg(4), and water
solubility, 210 mg/1(5). Estimated volatilization half-Tives for a mode]
river and model Take are 29 and 210 days, respectively(3,SRC). Nonanoic
acid's pka of 4.95 at 25 deg ¢(6) indicates that nonanoic acid will exist
predominately in the ionized form under environmental pHs{SRC).
volatilization of the ionized form from water surfaces is not expected to
be an important fate process(SRC). According to a classification
scheme(7), an estimated BCF value of 230(3,SrRC), from a measured log
Kow(2), suggests that bioconcentration in aquatic organisms is high(SRC).
A total organic carbon removal ratio of 99% was observed for nonanoic acid
using a non-acclimated activated siudge and an initial nonanoic acid congn
of 100 mg total organic carbon/1(8). A BOD of 0.59 {g/g) was observed for
nonanoic acid after 5 days incubation using a sewage inoculum{9). [{1)
Swann RL et al; Res Rev 85: 23 (1983) (2) Sangster J: LOGKOW Databank,
sangster Res Lab, Montreal Quebec, Canada €1994) (3) Lyman W3 et al;
Handbook of Chemical property Estimation Methods. washington DC: Amer Chem
soc pp. 4-9, 5-4, 5-10, 15-1 to 15-29 (19303 (4) pDaubert TE, Danner RP;
physical and thermodynamic properties of pure chemicals: data compilation.
Design Inst Phys Prop Data, Amer Inst Chem Eng., washington, DC: Taylor
&amp; Francis, vol 4 (1995) (5) valkowsky SH, Dannenfelser RM; Aguaso]
batabase of Aqueous Solubility. version 5. College of Pharmacy, univ of
AFiz - Tucson, AZ. PC version. (1992) (6) Dean JA; Handbook of Organic
Chemistry, NY, NY: McGraw-Hill, Inc p. 8-45 (1987) (7) Franke ¢ et al;
Chemosphere 29: 1501-14 (1994) (8) Yonezawa Y et al; Kogai Shigen
Kenkyusho Tho 12: 85-91 (1982) (9) Heukelekian H, Rand MC:; J water pollut
contr Assoc 27: 1040-53 (1955)1F*PEER REVIEWED™*

ATMOSPHERIC FATE: According to a model of gas/particle partitioning of
semivolatile organic compounds in the atmosphere(l), nonanoic acid, which
has a measured vapor pressure of 1.6X10-3 mm Hg at 25 deg c(2), is
expected to exist solely as a vapor in the ambient atmosphere. vapor-phase
nonanoic acid is degraded in the atmosphere by reaction with
photochemically-produced hydroxyl radicals(SRC); the half-11fe for this
reaction in air is estimated to be about 1.6 days(3,SRC). [(1) Bidleman
TF: Environ Sci Technol 22: 361-367 (1988) (2) baubert TE, Danner RP;
physical and thermodynamic properties of pure chemicals: data compilation.
pesign Inst Phys Prop Data, Amer Inst Chem Eng., washington, DC: Taylor
gamp: Francis, vol 4 (1995) (3) meylan wM, Howard PH; chemosphere 26:
2293-99 (1993)]**PEER REVIEWED®®

ENVIRONMENTAL BIODEGRADATION:
A total organic carbon removal ratio of 99% was observed for nonanoic acid
using a non-acclimated activated sludge and an initial nonanpoic acid congn
of 100 mg total organic carbon/1(1). A BOD of 0.59 (g/g) was observed for
nonanoic acid after 5 days incubation using a sewage inocuium(2). A 75%
decrease in the initial nonanoic acid concn of 1.6 mg/1 was observed after
51 days incubation in an aerobic mixed bacterial culture obtained from
trench Teachate at a low-level radioactive waste disposal site in west
valley, NY(3). an increase of 52% in the nonanoic acid concn of 4.2 mg/]
in anaerobic bacterial cultures obtained from trench leachate was
attributed to the breakdown of complex compounds(3}. [(1) Yonezawa Y et
al; Kogai Shigen xenkyusho Iho 12: 85-91 (1982) (2) Heukelekian H, Rand
MC: 3 Water pollut Contr Assoc 27: 1040-53 (1855) {3y fFrancis AJ;
Environmental Migration of Long-Tlived Radionuclides, Vienna, Austria:
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Tnter Atomic Energy Agency IAEA-SM-257/72 pp. 415-29 (1982)]**PEER
REVIEWED®™

ENVIRONMENTAL ABTOTIC DEGRADATION:
The rate constant for the vaper—ghase reaction of nonanoic acid with
photochemically-produced hydroxyl radicals has been estimated as 9.8x10-1Z
cu cm/molecule~-sec at 25 deg C(SRC) using a structure estimation
method(1,SRC). This corresponds to an atmospheric half-1ife of about 1.6
days at an atmospheric concn of 5X10+5 hydroxyl radicals per cu om(1,SRC).
Nonanoic acid is not expected to undergo hydrolysis in the
anvironment(SrRC) due to the lack of functional groups to hydrolyze(2).
[(1) Meylan wM, Howard PH; Chemosphere 26: 2293-99 (1993) (Z) Lyman WJ et
al: Handbook of Chemical Property £stimation Methods. washington pC: Amer
Chem soc pp. 7-4, 7-5 (1990)?**PEER REVIEWED®™

ENVIRONMENTAL BIOCONCENTRATION.
An estimated BCF value of 230 was calculated for nonanoic acid(SRC), using
a measured log Kow of 3.42(1) and a recommended regressﬁon—derived
equation(2). According to a classification scheme(3), this BCF value
suggests that bioconcentration in aquatic arganisms is high(srRC) . [(1)
sangster J; LOGKOW batabank, Sangster Res Lab, montreal Quebec, Canada
(1994) (2) rLyman wJ et al; Handbook of Chemical Property Estimation
Methods. washington DC: Amer Chem Soc pp. 5-4, 5-10 (19903 (3) Franke C et
al: Chemosphere 29: 1501-14 (1994)]**PEER REVIEWED™*

SOIL ADSORPTION/MOBILITY:
The Koc of nonanoic acid is estimated as approximately 1700(SRC), using a
measured log Kow of 3.42(1) and a regression-derived equation(2,SRC).
According to a recommended classification scheme(3), this estimated Kocg
value suggests that nonanoic acid is expected to have low mobility in
soi1(SRCY. [{1) sangster 3J; LOGKOw Databank, Sangster Res Lab, Montreal
Quebec, canada (1994) (2) Lyman wJ et al; Handbook of Chemical property
Estimation Methods. washington DC: Amer Chem Soc pp. 4-9 (1990) (3) Swann
R.. et al; Res Rev B85: 23 (19831 ]#**PEER REVIEWED®™®

VOLATTLIZATION FROM WATER/SOIL:
The Henry's Law constant for nonancic acid is estimated as 1.6x10-6 atm-cu
m/mole(SRC) from its experimental values for vapor pressure, 1.6X10-3 mm
Hg(1), and water solubility, 210 mg/1(2). This value indicates that
nonanoic acid will volatilize slowly from water surfaces(3,SRC). Based on
this Henry's Law constant, the estimated volatilization half-Tife from a
model river (1 m deep, flowing 1 m/sec, wind velocity of 3 m/sec) 1is
estimated as approximately 29 days(3,SRC). The estimated volatilization
half-1ife from a model 1a{e (1 m deep, flowing 0.05 m/sec, wind velocity
of 0.5 m/sec) is estimated as approximately 210 days(3,SRC). Nonapoic
acid's pka of 4.95 at 25 deg C(4) indicates that nonanoic acid will exist
predominately in the ionized form under environmental pHs{SRC).
volatilization of the ionized form from water surfaces is not expected to
be an important fate process(SRC). Nonanoic acid's Henry's Law
constant(1,2,SRC) indicates that volatilization from moist soil surfaces
may occur(SRCY. Nonanoic acid is not expected to volatilize from dry s507 1
surfaces(SRC) based on a measured vapor pressure of 1,6xX10-3 mm Hg(l).
I(1) paubert TE, Danner RP; Physical and thermodynamic properties of pure
chemicals: data compilation. Design Inst Phys Prop Data, Amer Inst Chem
Eng., washington, pC: Taylor &mp; Francis, vol 4 (19953 (Z) vaTkowsky SH,
pannenfelser RM: Aguaso] Database of Agqueous Solubility. version 5.
college of pharmacy, univ of Ariz - Tucson, AZ. PC.version. (19892) (3
Lyman wJ et al; Handbook of Chemical Property Estimation Methods.
washington DC: Amer Chem Soc pp. 15-1 to 15-29 (1990) {4 Dean Ja;
Handbook of Organic Chemistry, NY,NY: McGraw-Hill, Inc p. 8-45
(19873 1%*PEER REVIEWED®®

ENVIRONMENTAL WATER CONCENTRATIONS:
page 9
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DRINKING WATER: Nonanoic acid was gquantitatively detected in drinking
water inm: Cincinnati, OH in Oct 1978; New Orleans, LA in Jan 1976;
phitadelphia, Pa in Feb 1976; Ottumwa, IA 1in Sept 1976; and seattle, wa in
Nov 1976(1). Nonanoic acid was detected in treated water samplies taken
from sampling taps in treatment works at an unspecified concn(2y. [(1)
Lucas SV: GC/MS analysis of Organics in prinking water Concentrates and
advanced wWaste Treatment Concentrates: vol 1 Analysis Results for 17
Drinking water, 16 Advanced waste Treatment and 3 Process s8lank
Concentrates USEPA-B00/1-84-020A (NTIS PB85-128221) cColumbuys, OH: Columbus
Labs Health Eff Res Lab (1984) (2) rFielding M et al; Organic
micropollutants in Drinking water, TR-159, Medmenham, Eng water Res Cent
(1981)]*¥PEER REVIEWED*™

SURFACE WATER: Nonanoic acid was detected at a concn of 0.01 ppb in a
water sample from the Inner Harbor Navigation Canal, Lake Pontchartain,
New Orleans, LA collected at a depth of 10 m on the flood tide on June 23,
1980(1). [(1) Mcrall Al et al; chemosphere 14: 1253-65 (1985)]**PEER
REVIEWED® %

RAIN/SNOW: Nonanoic acid was detected in rainwater samples collected in a
suburb of Hannover, Germany at an unspecified concn(l). Rain and snow
samples collected from nine different locations in southern CA between
1982 and 1984 contained nonanoic acid at concns ranging from 0.007 to 0.14
uM(2). Rainwater samples collected in west Los Angeles between 1982 and
1983 contained nenanoic acid at concns ranging from 0.01 to 0.13 um(2).
[(1) winkeler HD et al; vom wasser 70: 107-17 (1988) {2) Kawamura K et al;
Atmos Environ 30: 1035-52 (1996)1%*PEER REVIEWED™

EFFLUENT CONCENTRATIONS:
Nonanoic acid was detected in agueous industrial effluent extracts
collected between Nov 1979-81 in the following industrial categories
(concentration in one effluent extract): ore mining (12 ng/ul); auto and
other laundries (34 ng/ul); porcelain/enameling (28 ng/ul); electronics
(3084 ng/ul); mechanical products (1954 ng/ul); and publicly owned
treatment works at an unknown concn(l). Nonanoic acid was identified in
the acidic fraction of sewage and sludge from the Iona Island Sewage
Treatment Plant, British Columbia(2). The acidic fraction of oil shale
retort water from the Kerosene Creek seam of the Rundlie deposit,
queensland, Australia, was found to contain nonanoic acid at a concn of
200 mg/1(3). A grab samgie, ohtained in April 1980, of the final effiuent
from the Addison, IL Publicly owned Treatment works was found to contain
nonanoic acid at an unreported concn(4). Groundwater samples contaminated
by industrial pollution near Barcelona, Spain were found to contain
nonanoic acid at concns ranging from < 5 to 75 ng/1(5). Nonanoic acid
was detected in trench leachate from a Tow-level radioactive waste
disposal site in west valley, NY at an average concn of 4.5 mg/1{6).
Nonanoic acid was detected in process retort water from the Occidental 01l
shale, Inc facility in Logan wash, €0 at a concn of 81 mg/1(7). [{1)
Bursey JT, Pellizzari ED; Analysis of Industrial wastewater for organic
pollutants in Consent Degree Survey, Contract No. 68-03-2867, Athens, GA:
USEPA Environ Res Lab (1882} (2} rogers IH et al; water Pollut Res )
Canada 21: 187-204 (1986) {(3) pobson KR et al; water Res 1 19: 849-5%
(198%) (4) Ellis DD et al; Arch Environ Contam Toxicol 11: 373-82 (19823
(5) Guardiola 7 et al; water Supply 7: 11-16 (1989) (6) Francis AZ et al;
Nuclear Tech 50: 158-63 (1980) (7) Leenheer JA et al; Environ Sci Technol
16: 714-23 (1982)1%*PEER REVIEWED®”

Nonanoic acid was detected in: process water from in situ coal
gasification in Gillette, Wy at a concn of 5 ppm; retort water from in
situ oil shale processing in Rock Springs, wy at a concn of 493 ppm; and
boiler blowdown water from in situ shale oil processing in DeBeque, CO at
a concn of 132 ppm(1). Nonanoic acid was identified as a byproduct of
chlorine dioxide disinfection of drinking water at a pilot plant in
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Evansville, IN(2). Fine aeroscl emission rates of nonanoic acid from
heavy-duty diesel trucks, noncatalyst-equipped, and catalyst-equipped
automobiles were 146.9, 8.6, and 196.2 ug/km, respectively(3). Nonanoic
acid was detected in road dust particles collected from paved streets in a
residential area of Pasadena, CA in May 1988 at a concn of 135.4 ug/g of
particle sample; brake Tining particles at a concn of 87.4 ug/g of
particle sample; and tire wear particles at a concn of 90.9 ug/g of
particle sample(4). Nonanoic acid was identified as a fine particle
released from a natural gas-fired space heater and water heater, emission
rates were 225.2 pg/kJ and 482.6 pg/kl for the first series of filters and
backup filters within the samplers, respectively(5). [{D1) pellizzari ED et
al; Identification of organic components in aqueous effluents from
energy-related processes. ASTM Spec Tech Publ. STP 686 pp. 256-73 (19793
(2) Richardson 3D et al; Environ $ci Technol 28: 592-99 (1994) (3) Rogge
WFE et al; Environ Sci Technol 27: 636-51 (1993) (4) Rogge WF et ai;
Environ Sci Technol 27: 1892-904 (1993) (5) Rogge WF et al; Environ Sci
Technol 27: 2736-44 (1993)]%*PEER REVIFWED®™®

SEDIMENT/SOIL CONCENTRATIONS:

Nonanoic acid was detected but not quantitated in sediment samples
collected from Dokai Bay, Japan on Sept 2B 1990{L1). [(1) Terasni A et al;
sull Environ Contam Toxicol 50: 348-55 (31993)]*¥PEER REVIEWED*™

ATMOSPHERIC CONCENTRATIONS:

Nonancic acid was identified in air samples collected along the Niagara
River in Sept 1982 at an unreported concn(l), The average ambient annual
concn of nonanoic acid in fine particles collected from west Los Angeles,
downtown Los Angeles, Pasadena, Rubidoux, and San Nicolas Island, €A in
1982 was 3.3, 6.6, 5.3, 9.9, and 0.24 ng/cu m, respectively(2}. Nonanoic
acid was detected in emissions from a municipal waste incineration plant
at an unspecified concn(3). Nonanoic acid was detected at an unreported
concn in forest air samples collected in a spruce forest in Eggegebirge,
North-Rhine westphalia(4). Air samples collected in Los Angeles between
july and Sept 1984 contained 0.0009 to 0.011 ppb nenanoic acid(5s).
Nonanoic acid was detected in exhaust from a gasoline engine at a concn of
0.052 ppb(5). Remote aerosol samples collected from the North pacific
Ocean, heavily vegetated areas of American Samoa, and the Marshall Islands
contained a nonanoic acid concn of 0.031, 4.91, and 0.060 mg/cu m,
respectively(6). [(1) Hoff RM, Chan K; Environ Sci Technol 21: 556-61
(1987) (2) Rogge WF et al; Atmos Environ 27A: 1309-30 {1993) (3) 1ay K,
Sstieglitz L; Chemosphere 30: 1249-60 (1995) (4) Helmig D et al;
Chemosphere 19: 1399-1412 (1989) (5) Kawamura K et al; Environ Sci Technol
19: 1082-6 (1985) (6) Kawamura K, Gagosian RB; Nature 325: 330-1
(1987} ] "*PEER REVIEWED®¥

FOOD SURVEY VALUES!:

Pl

AN

Nonanoic acid was identified as a volatile component of raw beef(1).
Noranoic acid has been identified as a volatile flaver component of mutton
and beef(2). Aerosol emission rates of nonanoic acid from frying hamburger
meat was 10.2 mg/kg of meat cooked; emission rates_from charbroiling
hamburger was 30.6 mg/kg of meat cooked for extra lean hamburger (approx.
10.0% fat) and 47.1 mg/kg of meat cooked for reguWar hamburger (approx.
21% fat)(3). [(3) King MF et al; J Agric Food Chem 41: 1974-81 (1993) (2}
shahidi F et al; CRC Crit Rev Food SCi Nature 24: 141-243 (1986) (3) Rogge
WF et al: Environ Sci Technol 25: 1112-25 (1991)]**PEER REVIEWED™™

CONCENTRATIONS: o ‘ o o '
Nonanoic acid was identified as a volatile constituent of the kiwi fruit

Flower(1). Nonanoic acid was found in fine particulate matter released (by
resuspension and agitation of the Teaf composites) from green and dead
plant leaves at concns of 444.7 and 596.8 ug/g, respectively(Z). RN
Tatsuka K et al; I Agric Food Chem 38: 2176-80 (1993) (2) Rogge WF et al;
gnviron Sci Technol 27: 2700-11 (1993)1**PEER REVIEWED™™
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?ISHfSEAFOODWCDNCENTRATIONS: . . )
Nonanoic acid was detected in fresh mussels obtained from the Oarai Coast

in Tharaki, Japan at a concn of 0.08 ug/g wet weight(1). [(1) vashuara A;
3 chromatogr; 409: 251-8 (1987)]**PEER REVIEWED*™

OTHER ENVIRONMENTAL CONCENTRATIONS: )
bust samples collected from 12 households in three urban areas of central
FinTand contained nonanoic acid at an unreported concn(l). [(1) Hirvonen A

et al:; Indoor Air 4: 255-64 (1994)]**PEER REVIEWED®™
ENVIRONMENTAL STANDARDS & REGULATIONS:

FDA REQUIREMENTS: o _ _ o
Nonanoic acid is a food additive permitted for direct addition to food for

human consumption as a synthetic flavoring substance and adjuvant in
accordance with the following conditions: 1) the quantity added to food
does not exceed the amount reasonably required to accomplish its intended
physical, nutritive, or other technical effect in food, and 2) when
intended for use in or on food it is of appropriate food grade and 1is
prepared and handled as a food ingredient. [21 CFR 172.515 {4/1/96)1""PEER

REVIEWED™ ™
CHEMICAL/PHYSICAL PROPERTIES:

MOLECULAR FORMULA:
C9-H18-02 *¥PEER REVIEWED**

MOLECULAR WEIGHT: )
158.24 [Budavari, S. (ed.). The mMerck Index - An Encyclopedia of
chemicals, Drugs, and Biologicals. whitehouse Station, NJ: Merck and Co.,

Inc., 1996., p. 1214]1**PEER REVIEWED*

COLOR/FORM:
COLORLESS, OILY LIQUID @ ORDINARY TEMP; CRYSTALLIZES WHEN COGLED

[Budavari, S. (ed.). The Merck Index - An Encyclopedia of Chemicals,
prugs, and Biologicals. whitehouse Station, NJ: Merck and Co., Inc.,
1996., p. 1214]%*PEER REVIEWED**

YELLOWISH OIL [Lewis, R.J., Sr (Ed.). Hawley's Condensed Chemical
Dictionary. 12th ed. New vork, NY: van Nostrand Rheinhold Co., 1993, p.

8771**PEER REVIEWED®™

ODOR:
FATTY ODOR [Fenaroli's Handbook of Flavor Ingredients. volume 2. edited,
rranslated, and revised by T.E. Furia and N. Bellanca. 2nd ed. Cleveland:
The chemical rubber Co., 1975., p. 433]1**PEER REVIEWED®¥
COCONUT AROMA [Furia, T.E. (ed.). CRC Handbook of Food Additives. 2nd ed.
volume 2. Boca Raton, Florida: CRC Press, Inc., 1980., p. 293]%"PEER
REVIEWEDY®
slight odor [Lewis, R.J., 5r (£d.). Hawley's Condensed Chemical
pictionary. 12th ed. New York, NY: van Nostrand Rheinhold Co., 1993, .
R771**pEER REVIEWED®™

TASTE !

UNPLEASANT TASTE [Fenaroli's Handbook of Flavor Ingredients. volume 2.
edited, translated, and revised by T.E. Furia and N. Bellanca. 2nd ed.
page 12
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Cleveland: The Chemical Rubber Co., 1975., p. 433]**PEER REVIEWED®™

EXCELLENT COCONUT TASTE [Furia, T.E. (ed.). CRC Handbook of Food
additives. 2nd ed. volume 2. Boca Raton, Florida: CRC Press, Inc., 1980.,

p. 2933 *RRPEER REVIEWED®®

BOILING POINT: )
352.253 pEG ¢ @ 760 MM HG [Budavari, $. (ed.). The Merck Index - An

Encyclopedia of Chemicals, Drugs, and Biologicals. whitehouse station, NJ:
Merck and Co., Inc., 1996., p. 1214]**PEER REVIEWED®™

MELTING POINT: ‘ _
12.5 DEG ¢ [Budavari, S. (ed.). The Merck Index - An gncycliopedia of

Chemicals, Drugs, and Biologicals. whitehouse Station, NJ: Merck and Co.,
Inc., 1996., p. 12141%*PEER REVIEWED™™

DENSITY/SPECIFIC GRAVITY:
0.9052 g/cu cm at 20 deg ¢ [tide, D.R. {ed.}. CRC Handhook of Chemistry
and Physics. 76th ed. Boca Raton, FL: CRC Press Inc., 1995-1996., p.

3-22471%*PEER REVIEWED®¥

DISSOCTIATION CONSTANTS: ) i
pka = 4.95 at 25 de%qc [Dean, 3.A. Handbook of Organic Chemistry. New

vork, NY: McGraw-Hi Book Co., 1987., p. 8-45]%**PEER REVIEWED¥™

HEAT OF COMBUSTION:
-5,456,1 ki/mol [Kirk-othmer Encyclopedia of chemical Technology. 4th ed.

volumes 1: New york, NY. John wiley and Sons, 1991-pPresent., p. V5
1491**PEFR REVIEWED®™

OCTANOL/WATER PARTITION COEFFICIENT:
Log Kow = 3.42 [Sangster J; LOGKOW Databank, Sangster Res Ltab, Montreal

Quebec, Canada (1994)]**PEER REVIEWED**

SOLUBILITIES: ‘ )
soluble in alcohol, chloroform, ether [Budavari, S. (ed.). The Merck Index

- An Encyclopedia of Chemicals, Drugs, and Biologicals. whitehouse
station, NJ: Merck and Co., Inc., 18996., p. 1214]%**PEER REVIEWED™”

1:8 IN 50% ALCOHOL: 1:3 IN 60% ALCOHOL; INSOL IN WATER; SOL IN MOST ORG
SOLVENTS [Fenaroli's Handbook of Flavor Ingredients. volume 2. Edited,
translated, and revised by T.E. Furia and N. Bellanca. 2nd ed. Cleveland:
The Chemical Rubber Co., 1975., p. 433]**PEER REVIEWED®™

In water, 2.12X10+2 mg/1 at 30 deg C. [valkowsky SH, pannenfelser RM;
Aquasol Database of Agueous solubility. version 5. College of Pharmacy,
univ of Ariz - Tucson, AZ. PC version (1992)]1**PEER REVIEWED®¥

SPECTRAL PROPERTIES:
TNDEX OF REFRACTION: 1.4330 @ 20 DEG /D [Buéavari, 5. {ed.). The Merck
Index - An Encyclopedia of Chemicals, Drugs, and Biologicals. whitehouse
station, NJ: Merck and Co., Inc., 1996., p. 1214]¥%*PEER REVIFWED®™

IR: 60 (sadtler Research taboratories Prism collection) [wWeast, R.C. and
M.1. Astle. CRC Handbook of Data on Organic Compounds. volumes I and IT.
Boca Raton, FL: CRC Press Inc. 1985., p. vZ 4]"*PEER REVIEWED® ™

NMR: O (sadtler Research Laboratories Spectral Collection) [weast, R.C.
and M.3. Astle., CRC Handbook of pData on Organic Compounds. volumes I and
1T. Boca Raton, FL: CRC Press Inc. 1985., p. vZ 4]¥*PEER REVIEWED™®

MASS: 988 (Atlas of Mass Spectral pata, John wiley &amp; Sons, New York)
fweast, R.C. and M.J. Astle. CRC Handbook of Data on Organic Compounds.
Page 13
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volumes I and II. Boca Raton, FL: CRC Press Inc. 1985., p. Ve 41 **PEER
REVIEWED™® ¥

VESCOSETY:
8.08 mpa sec at 20 deg C [Kirk-Othmer Encyclopedia of Chemical Technology.
4th ed. volumes 1: New york, NY. John wiley and Sons, 1991-pPresent., p. V5
1491 **PEER REVIEWED®*

OTHER CHEMICAL/PHYSICAL PROPERTIES:
Boiling point = 255.6 deg C [Lewis, R.J., Sr {(Ed.}. Hawley's Condensed
Chemical Dictionary. 12th ed. New York, NY: van Nostrand Rheinhold Co.,
1993, p. B77]**PEER REVIEWED®*

Acid value: 351 mg KOH/g fashford, R.D. Ashford’'s Dictionary of Industrial
chemicals. London, England: wavelength publications Ltd., 1994., p.
6651 **PEER REVIEWED®®

specific heat: 2.91 3/g (for the solid); Heat of fusion: 20.3 ki/mol.
[Kirk-othmer Encyclopedia of Chemical Technology. 4th ed. volumes 1: New
vork, NY. John wiley and Sons, 1991-Present., p. V5 1491 **PEFR REVIEWED®®

CHEMICAL SAFETY & HANDLING:

HAZARDOUS DECOMPOSITION:
when heated to decomposition it emits acrid smoke and irritating fumes.
[Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed.
volumes 1-3. New York, Ny: van Nostrand Reinhold, 1996., p. 2498]**PEER

REVIEWED®*

OCCUPATIONAL EXPOSURE STANDARDS:

MANUFACTURING/USE INFORMATION:

MAJOR USES:
organic synthesis, lacquers, plastics, production of hydrotropic salts,
pharmaceuticals, syntheti¢ flavors and odors, flotation agent, esters for
turbojet Tubricants, vinyl plasticizer, gasoline additive. [Lewis, R.J.,
sr (Ed.). Hawley's Condensed Chemical Dictionary. 12th ed. New York, NY:
van Nostrand rRheinhold Co., 1993, p. 877]**PEER REVIEWED™™

CHEM INT FOR NONANOYL CHLORIDE [SRI, p. ]**PEER REVIEWED®™

CHEM INT FOR SPECIALTY DIESTERS-EG, WITH PROPYLENE GLYCOL [SRI, p. ]¥®PEER
REVIEWED™ ™

MANUFACTURERS: i ] . .
Henkel Corporation, Hg, The Triad, suite 200, 2200 Renaissance Boulevard,

Gulph mills, pa 19406, (610) 270-8100; The Emery Group, 11501 northlake
Drive, P.0. Box 429557, Cincinnati, OH 45249 (513) 482-3000; production
site: 4900 Este Avenue, Cincinnati, OH 45202. [SRI. 1996 Directory of
chemical Producers-united States of america. Menlo Park, CA: SRI
Tnternational, 1996., p. 592]%*PEER REVIEWED™¥

Hoescht celanese Corp, Hg, Route 202-206 North, P.O. Box 2500, somerville,
N] 08876, (908) 231-2000; chemical Group; Commodity chemicals, 1601 west
LB] Freeway, P.0O. Box 819005, pallas, TX, (214) 277-4000; production site:
P.0. Box 509, Bay City, TX 77414, [SRI. 1996 Directory of Chemical
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) pelargonic acid-hsdb.txt )
producers-united States of America. Menlo Park, CA: SRI International,
1996., p. 592]1%"PEER REVIEWED®®

METHODS OF MANUFACTURING:
prepn from unsaturated hydrocarbons by the oxo process: Hill, U.5. pat
2,815,355 (1957 to Standard 01l of Indiana); from tall oil unsaturated
fatty acids: Maggiolo, U.$. pat 2,865,937 {1958 to welsbach); by oxidation
of oleic acid: Mackenzie, Morgan, U.S. pat 2,820,046 (1938 to celanese);
from rice bran oil fatty acid: Mihara et al, u.s. pat 3,060211 {1962 to
Toya Koatsu Ind). purification: Port, Reiser, U.S. pat 2,890,230 (1959 to
U.5.D.A.). [Budavari, $. (ed.). The Merck Index - An Encyclopedia of
Chemicals, brugs, and Biologicals. whitehouse station, NJ: Merck and Co.,

Tnc., 1996., p. 1214]**PEER REVIEWED®¥

BY OXIDN OF METHYLNONYL KETONE; FROM HEPTYL IODIDE VIA MALONIC ESTER
SYNTHESTS. [Fenaroli's Handbook of Flavor Tngredients. volume 2. gdited,
translated, and revised by T.E. Furia and N. pellanca. 2nd ed. Cleveland:
The chemical Rubber Co., 1975., p. 433]1**PEER REVIEWED®¥

gy oxidation of nonyl alcohol or nonyl aldehyde, the oxidation of oleic
acid, especially by ozone. [Lewis, R.J., Sr (ed.). Hawley's Condensed
Chemical pDictionary. 12th ed. New York, Ny: van nNostrand rRheinhold Co.,
1993, p. B77]**PEER REVIEWED*®

GENERAL MANUFACTURING INFORMATION:
NON~ALCOHOLIC BEVERAGES 1.8 ppM; ICE CREAM, ICES, ETC 7.8 PPM; CANDY 6.6
PPM: BAKED GOODS 13 PPM; SHORTENING 10 PPM. [Fenaroli's Handbook of Flavor
ingredients. volume Z. gdited, translated, and revised by T.E. Furia and
N. Bellanca. 2nd ed. Cleveland: The chemical Rubber Co., 1975., p.

433 **PEER REVIEWED**

FLAVORS USEFUL IN COCONUT, BERRY. [Furia, T.E. (ed.). CRC Handbook of Food
Additives. 2nd ed. volume 2. Boca Raton, Florida: CRC Press, Inc., 1980.,

p. 293]1%¥PEER REVIEWED*®

PELARGONIC ACID SHOWED STRONG ANTIBACTERIAL ACTIVITY AGAINST STREPTOCOCCUS
FAECALTS IN STLKWORM LARVAE. [TIZUKA T ET AL; J FAC AGRIC, HOKKAIDO UNIV
59 (2): 262 (1979)1%*PEER REVIEWED®¥

PELARGONIC ACID TNHIBITED CLEAVAGE OF HEMICENTROTUS PULCHERRIMUS EGGS AT A
CONCN OF 200 PPM. [IWANAMI Y ET AL; CELL STRUCT FUNCT 4 (1y: 67
{(1979) ] **PEER REVIEWED®"

PELARGONTC ACID INHIBITED POLLEN GERMINATION (AVG GERMINATION 0-1.1%) AND
POLLEN TUBE ELONGATION (AVG TUBE LENGTH 0-0.2 NM) IN CAMELLIA SINENSIS AND
MITOTIC DIVISION OF GENERATIVE NUCLEUS IN ORNITHOGALUM VIRENS {(AVG MITOSIS
0-40.6%) . [IWANAMI Y, IWADARE T; BOT GAZ (oHIcaco) 140 (3): 1

(197931 **PEER REVIEWED™™

PLAQUE SAMPLES COLLECTED AFTER A NONANOATE-GLUCOSE MOUTH RINSE @ PH B.0

SHOWED LESS ACID FORMATION AND GLYCOLYSIS. NONANOATE IS EFFECTIVE TH THE
PRESENCE OF SUGAR IN INHIBITING GLYCOLYSIS &amp; PREVENTING LOW PH PRODN
EROM CARBOHYDRATES WHICH ARE LIKELY TO BE HIGHLY CARICGENIC. [HAYES ML.;

ARCH ORAL BIOL 26 (3): 223 (1981)]%¥PEER REVIEWED*®

FEMA NUMBER 2784 [Furia, T.E. (ed.). CRC Handbook of Food Additives. Znd
ed. cleveland: The Chemical Rubber Co., 1972., p. 904]**PEER REVIEWED®™

COMPOSITIONS CONTAINING PELARGONIC ACID ARE ATTRACTANTS FOR
TABAKOSHIBANMUSHI (A PEST INSECT THAT INFESTS STORED FOODS AND TOBACCO) .
[TABAKOSHIBANMUSHI ATTRACTANTS; JPN KOKAI TOKKYO KOHO PATENT NO 82 72901
(05/07/82 (JAPAN TOBACCO AND SALT PUBLTIC CORP)]**PEER REVIEWED®¥
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EXPTL USE: PHARMACEUTICAL PREPN FOR TREATMENT OF ATHLETE'S FOOT CONTAIN
NONYLTC ACID 1-20 PARTS. TOPICAL APPLICATION OF THE PREPN TOTALLY
CONTROLLED THE INFECTION WITHIN 4 WK. [ANZAI K; THERAPEUTIC AGENTS FOR
ATHLETE'S FOOT: JAPAN KOKAI PATENT NO 77139729 13/21/771%*PEFR REVIEWED™™

EXPTL USE: BACTERICIDAL AND FUNGICIDAL TOPICAL MEDTICATIONS CONTAIN
PELARGONIC ACID. THE EFFICACY OF THIS PRODUCT FOR THE TREATMENT OF WOUND
INFECTIONS IS PEMONSTRATED. [TOPICAL MEDICATIONS FOR SKIN DISORDERS; PN
KOKAI TOKKYQ KOHO PATENT NO 80162713 12/18/80 (YASUNISHI, KOSAKUJ]**PEER
REVIFWED®®

FGRMULATIONSfPREPARATIONS: . . )
Grade: Technical 99% [Lewis, R.J., Sr (Ed.). Hawley's Condensed Chemical
Dictionary. 12th ed. New York, NY: van Nostrand Rheinhold Co., 1993, p.

B771**PEER REVIEWED**

Y. S. PRODUCTION:
{1980} 9.75X10+9 GRAMS {(EST CONSUMPTION) [SRI, p. 1**PEER REVIEWED®Y

{1981) PROBABLY GREATER THAN 6.81X10+6 GRAMS [SRI, p. J¥¥PEER REVIEWED™™
LABORATORY METHGDS:

ANALYTIC LABORATORY METHODS!
SIMULTANEDUS GAS CHROMATOGRAPHIC SEPARATION OF A MIXT OF FATTY ACIDS,
PHENOLS AND INDOLES INCL NONANOIC ACID IN CIGARETTE SMOKE 1S5 DESCRIBED.
[HOSHIKA Y; J CHROMATOGR 144 (2): 181 (1977)1**PEER REVIEWED®¥

SYNONYMS AND IDENTIFIERS!

SYNONYMS :

CIRRASOL 185A [U.S. Department of nealth and Human Services, Public¢ Health
service, Center for Disease Control, National Institute for Occupational
safety Health. Registry of Toxic effects of Chemical Substances (RTECS).
National Library of Medicine's current MEDLARS file., p. B2/8105]1**PEER
REVIEWED®™

EMEAC 1202 [u.S. Department of Health and Human Services, Public Health
service, Center for Disease Control, National Institute for Occupational
safety Health. Registry of Toxic Effects of Chemical substances (RTECS).
National Library of Medicine's current MEDLARS file., p. 82/8105]%*PEER
REVIEWED*®*

N-NONANOIC ACID **PEER REVIEWEDY¥

NONOIC ACID **PEER REVIEWED®*

N-NONOIC ACID **PEER REVIEWED®™

NONYLIC ACID **PEER REVIEWEDY*

N-NONYLIC ACID ®%PEER REVIEWED®*

OCTANE-1-CARBOXYLIC ACID [Fenaroli's Handbook of Flavor Ingredients.
volume 2. Edited, translated, and revised by T.E. Furia and N. Bellanca.
2nd ed. Cleveland: The Chemical Rubber Co., 1975., p. 433]**PEER
REVIEWEDY ¥

PELARGIC ACID **PEER REVIEWED®®
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PELARGONIC ACID **PEER REVIEWED®®

PELARGON (RUSSIAN) [U.s. Department of Health and Human Services, pPublic
Hea'lth service, Center for Disease Control, National Institute for
occupational safety Health. Registry of Toxic effects of Chemical
substances (RTECS). National Library of medicine's current MEDLARS file.,

p. 82/8105]1**PEER REVIEWED**

FDRMULA?iONSfPRﬁPAﬁATIONS: ) )
Grade: Technical 99% [Lewis, R.3J., sr (£d.). Hawley's Condensed Chemical

Dictionary. 12th ed. New York, NY: van Nostrand rheinhold Co., 1993, p.
8771**PEER REVIEWED¥™
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Flhen the markel
get mongh, SO
rimes the only
choice st get
. rougher. That’s
the strategy Pacific Goid Farms Ing.
adopted, and iU's given theman edge
in the highly competiuve word of
fresh produce markeling. Pacific
Gold Farms is a year-round grower
shipper of fesh California swawber-

ries, and they also grow biackberries,

raspberties, bell peppers and green
beans. Their growing OpETatOns SPan
Californiz’s coastine from Crange
County to Warsonvilie and spill owver
inro the Coachella Valley for yeas
round producrion capabiliny.

While the company prides iscifon
ali of irs produce, the venuss nro
organic SIAWDEITY produaction 8 of
particular. IaTerest.

e re very sxcied aboul rhe o

ganic portos, of our business,” SETS
Tarry Bddings, president of Pacific
Gold Parms. Eddings supervists all
of the growing operations while bis
parter, Peter Or, serves as the chaie-
rman and CEO.

“The depnand for organic has besn
scropger than we over inagined,”
Eddings says. “If T bad known that
five years ago, L would have DUt S

The thorny part of going organic s finding
land to grow the gold. = By Brenda Carof

- Py

? ~epaled 1oy o

]

,F.f %

‘s it sands today, Pacific Gold bas

4% acres of Organic sirawher-
res scattersd throughout its
growing OpPCTANCHs. Bddings
plans to meyeast that 1o 106
acres as quickly as possible.
«Cipe of the biggest chab-
jenges in OPgRDIC production
is simply finding the gronod,”
he says. “We prefer to strt
with ground that is ceptifisd
organic or find grovad that
hasn’t been farmed. Other-
wise, Fou have 0 g0 throngh
a thres-vear cerrificarion pro-
gram before you can mnarker the crop
as organic. That'salot of thne 10 -
vest before getting the fuil rerum.”

FARMING VS, SPRAWL

Finding any farmiand is ZETInE
tougher in California as arban en-
crogchment besopnes IOET rreasive
into the rural landscape. “In Orange
Connry, it's particularly tight,”
Eddings says. “A lot of our a5
leased, so we're often at the magy
of the landiord and often that jand-
tord is uswally eying the development

potensial of the property.
Cine sxample of thag risk and now

e it encails §s 2 piece of ground
thar Bddings farms just north of Sak-
nas. Pacific Gold leased the 200-ace
property becanse it hagl never been
Ermed and therefore was well suirad
for organic producnon. The property

is synased on roiling hills, 50 i re-
guired mwjor renovarions just L0
comply witza royriad of environmen:
i codes and regulagons.

wthere are 11 engipesred cache
k2

hasins on thar 200 e, BE&dings
says. “We sank 2 lot of money D
chgsy piasy of PROPEILS amdd ie ook us
5 year o bOng It mo producaot.
Alrmost everywheors you geand out
there, you can 0ok around 4@ the
neighboring Rills and ses houses, [0e
property bas alyeady been designatec
for development. The onfy guestion
is whgn.”

Tn addigon to e challenge of
ganic production, producing swaw
Lerries in an OPEARIC SYSIEE 15 64 uaily
as challenging. Witk no merhd bro-
mice or conventionai fungicides oF
any other standard pesticide used 10

oSt
e es——

—

——_
T



mminstream agricuitare, barting Jdis-
tires 4 lor of ¢

sEse and pEsis ITg

L s . = oo
ALIVILY andd & [Eucu ) URErSTRIRGINE )

the complex mreractions betweon
natare and a SUAWDEITY CUD.
FYou can’t JUsT jImD IS OTEEnIG

L

farming and be snccessful ar i’
Ec&dﬁzagé says. T believe vou bhave ¢

be 2 good conventional farmer be-
fore };{m mackic orgasic becanse you
need wo bring 2l of thar knowiedge

v b

o the ergamic side of things to make

ir work, By the same token, 2 lor of
rhe things thar we've learned oo the
organic side have beiped us on the

comventional side.”

. THAP CROPS AND BUS VALS

The use of wap crops is a good ex-

2 smpie. Eddings begsn experimens-
ing wirh varions combinations of trap
crops b omganic felds. By oer
&;meﬁng rows of fracie e £ Efﬁrm:gh»
puxt the Beld, insecrs s atmcred w0
the ap crop mather than the straw-
berries — at least theorerieally,

“The fury is still oot on 2 ot of
these dess ™ Sddings savs, "It seons
b work fidy well, We use 2 Bag Vac
£ sack up the pests. We use T on the
copire fiekd) bur we use i more often
st on the map crop beeanse that’s
whers we ger 70 1o §0% of the inseer
pressare.”

" There are 2 few producs, such as
Br sprays ther Eddings can use o
conerol worr pests. “Ber sty s

‘ a marmer of just grizting your eth

; and bearing it,” be says.

As with convengionsl smawberry
production, disease pressurs in or-
gamic strawberries v 4 maor chal-
iwnge. Thers are 2 fow producss thar
Hedings can use — inchuding suifur
amd 2 formulaton of baling soda
brar ceimrsd practicss are the frst line
of defense,

“One of the firse things thar we
learned i o grow the plants smalier
so that you get bester air movemens
throngh the canopy,” he svs. “Fun-
gal problems - both comventionsl
and orgamic prodocdon are worse
when you bave farge chanm thar ro
dues air moverment, We're acmally re-

with the University of Cafifornia’s

sustainable Agricuiture Research and

Gidueaton Progmm.

“Dr. Sean Swezey and his group
Dave been 2 valuable asser,” Bddings
says. “They use our fround o carry
out ¢ kw of research orisls, and we
give them free rein. We've Imble-
mented g jor of thelr dars on 2 very
large seale, and if's been very benef-
vial £ ug.”

MARKETING BEMANDS

Markeung organic strawberries abso
comes with its anigee ser of chal
lenges. Consumers who purchase

ducing onur plant size in our conven-
tional production based on whart
we Ve seen in the oreemic ”

Anorier MmAer §S0E 1N GRgETC
production is weed congrol. Exene
sive hand labor is required to kesp
pressure wnder control throughont
the season, and 75 one of the inpurs
tharis the most costly in organic pro-
ducion, scoording wo Bddings.
“We do evervthing we cap o
minimize hand wesding,” be says.
“We pre-Tngate and cultivare, We ro-

e the ground — rvpicaily 1o wheat |

pecayss it sappresses broadiesves thar
are our biggest weed probiem. In

spite of all thar, i suill reguires a lor |

of hand bor © contrnl weeds,”
"The learping curve in organic pro-
duction is steep, and Pacific Geid
wyvests 3 considerable amount of ro-
sources oo L They work dosely

e,

orgamic prodocts end o be

nuch more discerning, ac-
cording o Cindy Tewell, di-
recior of markesing for
Pacific Goid. “They ke
| smaller, redder Derries, and
they insist on more Javor,”
she says. “They don’t mind
paying more for i, bur they
| demand qualin:™

Apother mevkering cha-
coge i availability of prod-
Cuct. *We have rhat same
challenge im our conven-
tonsd berdes)” Jewedl savs.
“Remilers want o steady, de-
' pendable sapply of high-
guaiity produocs. We can
provide that In our conven-
tomal berres becanse of the
sereage thar we firm and the locs-
uons wo have throoghout the stare.

We're geting closer in our organic

berries, burwe’re not qoite there ver,
It's very impormnt in today’s com-

penitive soviropnent that vou pag
yourself in the posidon of being a
vear-rouncd suppliesn”

One of the most interesting new

markers for borh conventonal and

LT .
CTERTE. DRITICS 13 processedd oods —

varticularly the deied coreal marker,
#There’s 3 gremendous derpand for
provessed brrries in cereal,” Bddings
savs “That's soroething we're really
excized abour.™

With so many sad swordes Iy s

cabture wday, it's nics w now thers
is st 2 Horde exeleeraens oug there for
those who are toagh enough,

~gval &5 g wriver Hving in
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Morton, Dwain {DE)

Froum: Joe Valdez [Joe@pacificgoldferms.com]
Sent: Monday, August 16, 2004 3:58 PM

Tex Mtorton, Dwain {DE;

Subject Organic herbicide

Dwain Morton

pacific Gold Farms grows just under 100 acres
Yentura Counties. One of the biggest expenses
weed pressure is very high. Any marerial that
standards would be supported by Pacific Geld.

Thank vou
Joseph Valdez

PCA, CCA
Pacific Gold Farms

of organic strawberries in Monterey and
is hand weeding. We use black mulch, but
can be forpolated to comply To OMED
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Morton, Dwain (DE)

From: Pebble Smith@B-F.com

Sent:  Tuesday, August 26, 2003 151 PM
To: Morion, Dwain (DE)

Subject: Boythe

Hi Dwain |

This Email is a foliowup to our phone converstaion of a few days age . As | said | finally had a chance to
evaiuate the sample of Scythe that vou had left with me both on if's own and as an adjuvant with glyphosphate
Since & was well into summer there were no grasses oresent but a good mix of legumes such as Birdsfoot frafod] |
Black Medic and Spanish Lotus . Also our favorite nemesis Starthistie | sowthistle and Perenial Mustard . Used by
itseif at maximum strength it quickly bum't down all of the gbove except for the mustard which resisted | #t's effect
an the legumes was very impressive because they were growing in mats under the drip spots and were guite
haaithy....... they bumed right to the ground . With glyphos the results were equally good . We used a low dose of

Glyphos and got a quick kil on all the above weeds |

As you know my interest in Soythe is because | am the Grower Rep for one of Californias biggest wineries |,
Fetrer, and we just recently made a commitment | which we pubiicaily stated | to be buying or growing all of the
wineries grapes organically by 2010 . This wouid be over 10,000 acres just for our needs . Pusuant to this
cormmitment we iust gave a three day course to our growers on the challenges of Organic farming and there was
a unanimous belef that the bigpest challenge was weeds | especially those In the vine row thal we used lo use
convenions! herbicides on . All that was avaiisbie was acelic acid ang clove ol and they were both axpensive |
stinky , and not very effective . If you could get OMRI approval for Scythe and deliver it to the grower at a good
price | thinkyou could own this category

| rmally think that ™ organics " could be a geod niche market not ony for an enviromentaily committed winery
hit also for a large chemical company like DOW but alas | can only really speak to the winery part where | can
assure you of our intentions . Thanks again for the opportunity 1o look at your product and | hope to have saved

encugh to see how i does on the grasses of next season .
James "Pebble” Smith DV .M.

2720 willow Coaek Rd |
Paso Robles , a 83448

08/13/2004 .



Morton, Dwain {DE)

| Froom
Sent,
To:
Bubject:

Hi Dwain

T evaluated Scythe herbiclde at 3 to 3% w/v g

label instructions. We applied Scythe in a p

(3=& leaf) and redroot pigweed {4~6 isaf). B8

plogweed control was 70 o BCE: at & wesks afte

producticon systems tillage and propane ars the

removal cn stals ssedbeds. There is need fox

such as Scythe. Propane cosis and hazards {(fire,
operator burns sob) make the use of a sprayable product :
attractive. There are oUher potential uses of Scythe iIn

Steven Fennimore [safennimora@ucdavis edu]
Wednesday, August 11, 2004 837 AM

Morton, Dwain {DE}

Seyihe

production systems such as directed sprays in quetam*us
(weej.vantro; in row middlies). If there i3 The opportur

pursue OMRI approval for Soythe, I urge vou toe do se. 81
Specialist Universizy of California, Davis 1636 Zast ALl

2896

..ﬁ.

;h@xcspuﬁsa
siirse and
En organic
5 of weed
urwanic— approved harbi

Scythe

trcwser“y
Dow to

Steve Fenninm

-
# L
Salinas, WA 9:3~ Hal-75



Morton, Dwain (DE)

Richard Smith irifsmith@ucdavis.edu]

From: ;
Sent: Friday, August 13, 2004 425 PM

_To: sMorton, Dwain (DE)
Hubject: Boythe . .

H H

JaMontereyCoumy
Orpanicvalugx...
Dwaine: I am writing this email in supperz of an crganic labeling for
Scythe herbicide. This material wounld be of great kenefit to the growing
organic industry in Monterey County (See attached data). Nearly every

iarge vegetable production company in the Salinas Valley has an organic
component to their operation. Bcythe would be uyseful for general weed

conbrol programs, oleaning oub furrow botioms, atale seed beds, etc. The

use of Scythe would probably b gubstantial given the increasad interest in
organic horviculturs, but also for non crop uses around schools, etc. Richard.

Richazrd Smith
Vegetable Crop and Weed Science Farm Advisor
University of California Cooperative Extension
Monterey, Santa Cruz and 3an penito Counties
1332 Abbott Street, Salinas, CA 93801
41-753-7380;: Ffax 831-758-3018; rifsmitheucdavis.eds htip://cemonterey.ucdavis.edu/




vaiue of organic agriculture in sMonterey County - Source Monterey County Agricultural Commissioner
Yaar Value {in 1000 of doliars)

1951 §115

1982 Gty

19893 10879

1994 11515

1895 11675
1996 20722
1097 23810
1998 45844

1988 7652
2006 8BS
2001 108045
2002 118688
2003 128262



TANIMURA AND ANTLE

P.C. BOX 4070
SALINAS, CA 93908

Dr. Gary Thompson

Global Technical Expert for
Spinosid and Mac Chemistry
Dow AgroSciences

9330 Zionsville Road
Indianapolis, IN 46268-1054

Dear Dr. Thompson

Our Dow AgroSciences representative, Dwain Morton, bas told us about an exciting product called
Scythe-L. We have met with him and gone over the label. He has also told us that it is your desire to
get Scythe-L Certified Organic. We truly helieve this product would have a large use on our organic
acres. We currently have 1,200 acres certified Organic. This market is growing and as market demand
increases, we will commit more acres o organic production. Please feel free to use this letter in any
way that will help get Scythe-L certified Organic. At this time, the organic grower has very few optiomn
on herbicides that can be used. There are some acids that can be used, but they are not very
effective. As you can imagine, hand labor is very expensive along with the Lability that goes with it.

Please do everything in your power to move this product over to the Organic Label. If1 can be of
further assistance, please contact Dwain, or call or e-mail me at the following numbers:

Sergio Casillas

Tanimura and Antle

Cell - B03-229-7257

E-mail — sergioci@taprodee.com



APELIED
AGRICULTURAL
TECHNGLOGIES

» PACIFIC

AT ARROYD BECO B
SCREDADR A 3080
TEL ~ 4088784845
AN o 4UB-G7 84548

June 17, 2004
To Whom It May Concern:

et ould like to comment on ¢ a:he possible registration and subsequent use of the o
herbicide known by the trade name of Scythe manufactured by Dow Agrosciences. This
material would be a very important new tool for the organic farming industry.

Weed control is the most cost prohibitive part of orgamic faa‘ming I manage 200 acres
of organic wine grapes for a vineyard management company in Greenfield California.

At the present time there are no organic herbicides registered 1 in Califormia that are
effective, safe’and affordable.

Scythe is a very good contact herbicide that s safe to work with and effective. Tt would
be used extensively if it was registered with an organic label.

Weed control using mechanical tools eventually leads to soil compaction forming hard
pans at low depths below the grape vines. The hard pans once formed can never be
broken up because of the narrow row spacing between the vines. The only other
alternative is hand hoeing,

I've worked with scvthe extensively in the meenhause aﬂdust-y and ¥ is a very good
herbicide. Please give it an organic label.

Thank You,
M //jﬁﬁ/%;w’
Berny Borges v

Monterey Pacific, Inc.



Dwain Morion, PCA/CCA

Sales Representative, Coastal States
Dow AgroSciences LLC

2376 Willet Way '

Arroya Grande, CA 93420

Bear Mr. Morion,

| am writing this letter to encourage Dow AgroSciences 10 obtain organic
registration of the herbicide Scythe. | am writing this letter on behalf of Mission
Organics, a company that organically farms the majority of the lettuce and leafy
vegetables for Earthbound Farms. Mission Organics farms over 5500 acres of
organic produce per year. If Scythe was registered for use in organic production,
we would potentially use it on 3000 acres of farmland as well as on roadsides
and ditch banks around all of our fields. ‘

Organic growers presently do not have an herbicide that is as effective and
economical as Scythe. It would be a large improvement o our weed
management program to be able to use the harbiciﬁe Scythe in organic crop

production.

Sincerely,
S 7 et
Koy, (LBl

Ramy Colfer

Ramy Coifer, Ph.D.

Pest Management Research

Mission Crganics/ Earthbound Farms
P.O. box 2357 '

Salinas, CA 83802

mobile (831) 206-5608

office (831) 623-2012

fax (831) 623-2019

.email: ramy@ebfarms.com
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April 22, 2004

Dwain Morton
Dow Agro Sciences
2376 Willet Way
Arroye Grande, Ca. 93420

Dear Dwain,

Crur company conducts full service pest control on approximately 4,000 ground acres of
organically farmed vegetables. There are on average 2 crops per vear on this ground.
Weed contrel on this ground is a serious issue for the growers. Cinnamin oil is available,
but its effectiveness is poor. Flaming is often used, but on a limited basis based on both
cost and danger to the applicators. Sythe Herbicide has the potential to have a significant
impact if approved by OMRL It offers a product that works, while offering growers some
cost savings in a tight hand labor market. With more trial work we feel it can even have a
it in our conventional program.

Mg::z Kennedy

)

10 Sonzeles Biver Hd,
Office: [B31) B

o P00, Box G50 e« {Sonzales, 04 53028
TELMBR = Fae (B3] 8753828



Del Conte Ag. Care Inc

Walt Del Conte
195 Aromas Rd.
Aromas, Ca
(831)-726-7209
{831)- 970-6205

10 March 2004

Dwain Morion

Dow Agro Science
2376 Willet Way
Arroyo Grande, CA
93428

Good Morning Dwain:

1 was looking at Dow’s label for Scythe, and I see it is registered for use on strawberry
and caneberry for both weed control as well as chemical pruning. In erganic berries we do
not have 2 material that is registered for weed control or chemical pruning,

In capeberries the present practice i 10 use Gramaoxone, a restricted herbicide for chemical
pruning. I would like fo see if Scythe conld be granted organic status by OMI and CCOF. It
wounld make 2 very nsefin tool for the berry growers,

There i3 2 need for a broad spectrum herbicide to be used for weed control in both organic
sirawberry and caneberry.

A

- ‘ﬁ’ait Del {fﬁﬁte
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Angust 14, 2004

Dwain Morton

Dow AgroSciences

2376 Willet Way

Arroyo Grande, CA 93420

Tiear Dwain,

Thank vou for the recent opportunity to evaluate the effects of Scythe for general weed
control. I was very impressed with its knockdown capabilities on a variety of weed
species. | feel that the product could be a very valuable tool for the California strawberry
industry (both conventional and organic sectors), particularly now that methyl bromide is
being phased out. With conventionally grown strawberries, one of the primary benefits
to annual soil fomigation with methyl bromide has been weed control. Now that we're
shifting to the alternatives, the need for additional herbicide products for weed control in
both the bedded soil and the furrows is apparent. With organically grown berxies, the
only method of weed control currently availabie is the use of colored mulches and hand
weeding. An effective herbicide compound that could be used in these organic
- produetion systems would be invaluable.

We would be glad to perform trial work pecessary to support the registration of this

product in California strawberries. Please let me know if you have needs in this regard,
and if we can serve you in this capacity.

Sincerely,

Mike 3. Nelson, PhD.
VP / Field Research Director




GREEN VALLEY FARM SUPPLY, INC -
10 GONZALES RIVER ROAD
GONZALES, CA 93926

Dr. Gary Thompson

Global Technical Expert of
Spinosad and Mac Chemistry
Dow AgroSciences

9330 Zionsville Road

308 Building /3F
Indianapolis, IN 46268-1054

Dear Dr. Thompson:

Dwain Morton, the Dow AgroSciences representative for our area, gave me a label on a product called
Scythe*].. | have read this label and truly believe this product has a big it in this area. He also told me
there might be a possibility of this product being certified Organic. 1 am a PCA and write the
recommendations on several hundred acres of Organic grown vegetables. The choices that | have in
organic herbicides are very few and they don’t work wellat all. The Organic Grower needs a product
like Scythe*L.. Ifit works, the usage would be large. My acres of organic produce are growing and [ an
desperate for a product like Seythe. Dwain also told me about another Organic product called Intrust.
We are so looking forward to this product.

Dr. Thompson, please do what you can to get Scythe certified Organic and please do it ASAP.
If1 ¢an help you in any way, please let Dwain know or you can reach me at the following numbers.
Mob: 831-595-6331

7777777777777



