ALAMO ORCHARD
10280 Wahluke Rd SW
Mattawa, WA 99349
(509) 932-4718

October 4, 2002

Mr. Owusus Bandele

Crops Committee Chairman
National Organic Standards Board
USDA - NOP

Dear Mr. Bandele: -

I have been growing apples and peaches organically in Washington State
since the early years of our venerable state certification program about 1987.
I am writing with great alarm and concern upon hearing the news that
mating disruption will not be allowed in organic production because of the
class IV inerts used in stabilizing the pheromone in the dispenser. Before
we had mating disruption as a tool for controlling codling moth and oriental
fruit moth, these pests had the potential of completely devastating a crop in
spite of whatever biopesticides or cultural practices were employed. To
return to those control measures would mean higher chemical and fuel costs,
more soil compaction, and high concentrations of summer oil and chemical
residue associated with multiple sprays. The use of mating disruption has
allowed the farmer to focus, and invest time and money into soil building
instead of running his tractor and sprayer up and down the rows 16-20 times
per season. '

I implore you to favorably consider the petition submitted by Pacific
Biocontrol Corporation to allow the use of the three inert stabilizers used in
their dispenser. It will be a win for farmers to be able to control these
difficult pests effectively. It will be a win for consumers to get a product
without high concentrations of allowed, but undesirable residues. It will be
a win for the environment to reduce fuel consumption and soil compaction.
This is a product that is allowed in virtually all organic programs worldwide
and I can see no benefit and many costs associated with disallowing it here.
Thanks for your consideration.

Orlin Knutson







PACIFIC BIOCONTROL CORPORATION

Kathy Bolan, Registration Agent
PO Box 1551

Healdsburg, CA 95448

Tel/Fax: 707-433-4397

E-mail: bolan@interx.net

)

/ Corporate Headquarters
14615 NE 13® Court, Suite A
Vancouver, WA 98685
Tel: 360-571-2447
Fax: 360-571-2448

May 22, 2002

National Organic Standards Board
¢/o Toni Strother
USDA/AMS/TM/NOP

Room 4008-So., Ag Stop 0268
Washington, D.C. 20250-0200
Phone: 202-690-2624

E-mail: ToniStrother2@usda.gov

Dear Ms. Strother,
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I have enclosed the following petition for amending the National List of the USDA’s National

Organic Program:

Petition for Butylated Hydroxytoluene (BHT) as an Inert Ingredient in Mating Disruptant End-
Use Products (Solid Polymeric Matrix Pheromone Dispensers) For Inclusion on the National List
under Category 205.601: Synthetic Substances Allowed for Use in Organic Crop Production.

The Confidential Business Information has been included in the CBI-Copy. This includes
manufacturing and formulation information including research and quality control tests and data,
I have included copies of all of the references (by number) with this copy. The CBI-Deleted copy
does not include these references except the product labels and MSDS for BHT. Please contact
me at my phone number or e-mail if you have any questions or need additional data. We
appreciate your attention to our petition. Thank you.

Sincerely,
?{W%Q ‘&lan)
Kathy A. Bolan

Registration Agent
Pacific Biocontrol Corporation

PO Box 1551, Healdsburg, CA 95448 USA

Phone/Fax: 707-433-4397
E-mail: bolan@interx.net
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PACIFIC BIOCONTROL CORPORATION

Kathy Bolan, Registration Agent Corporate Headquarters
PO Box 1551 @ 14615 NE 13® Court, Suite A
Healdsburg, CA 95448 . Vancouver, WA 98685
Tel/Fax: 707-433-4397 Tel: 360-571-2447
E-mail: bolan@interx.net Fax: 360-571-2448
May 1, 2002

National Organic Standards Board
¢/o Toni Strother
USDA/AMS/TM/NOP

Room 4008-So., Ag Stop 0268
Washington, D.C. 20250-0200
Phone: 202-690-2624

E-mail: Toni.Strother2@usda.gov

PETITION FOR AMENDING THE NATIONAL LIST OF THE
USDA’S NATIONAL ORGANIC PROGRAM:

Petition for Butylated Hydroxytoluene (BHT) as an Inert Ingredient in Mating
Disruptant End-Use Products (Solid Polymeric Matrix, Pheromone Dispensers)
For Inclusion on the National List under Category 205.601:

Synthetic Substances Allowed for Use in Organic Crop Production

COMMON NAME:
Butylated Hydroxytoluene
BHT
MANUFACTURER’S NAME:
Sumilizer BHT-R
OTHER NAMES:

2,6-Di-tert-butyl-methylphenol
2-6-Di-tert-butyl-p-cresol,
2-6-Bis(1,1-dimethyl-ethyl)-4-methylphenol
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LIST OF USES, RATES AND APPLICATIONS FOR CROPS AND LIVESTOCK
USES, MODE OF ACTION FOR HANDLING USES:

Pacific Biocontrol’s Mating Disruption Formulations and NOP Standards

Mating-disruption has become an effective method for control of important insect pests.
As of 1997 there were more than 30 mating-disruption products registered with the EPA
(1). The number has increased over the past five years. Mating disruption is key
component in many area-wide pest management programs often resulting in reduced use
of toxic insecticides (2, 3, 4, 5). Furthermore, this technique has become an indispensable
tool for organic growers.

The new National Organic Program (NOP) standards threaten the elimination of many
mating disruption products, including Pacific Biocontrol’s ISOMATE® and PB-ROPE L
formulations, due to restrictions on EPA’s List 3 inert ingredients. These inert ingredients
are used in relatively small amounts and are contained within the plastic slow-release
substrates. Contact with fruit or fiber is minimal. Nevertheless, these inerts are on List #3
and therefore not acceptable for organic production under the NOP standards. The
elimination of mating disruption for organic growers will create an economic crisis due to
much lower levels of control.

Pacific Biocontrol’s Mating Disruption Technology

Pacific Biocontrol’s mating disruption technology consists of the biochemical mixture
being impregnated in a polyethylene tube, which is slowly released into the atmosphere
and affects the mating pattern of the insect to be controlled. This material is very specific
to those moths that use the biochemical mixture as part of the sex pheromone.

For example, Isomate®-C Plus is the discrete hand-applied synthetic formulation of the
sex pheromone of the codling moth, Cydia pomonella, and is used to control the codling
moth on apples and pears. Isomate®-C Plus consists of the three chemical blend of
E.E-8,10-Dodecandien-1-ol, 1-Dodecanol and 1-Tetradecanol. Each of these three
chemicals is important in affecting the full range of behavioral events, which are
important in successful sexual communication between male and female codling moths.

Codling Moth Pheromone

Active Ingredients
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The mode of action by the female moth is the volatile release of the pheromone into the
atmosphere, the diffusion of the biochemicals in the atmosphere, and the antennal
reception of the dispersed molecules by the male insect. Mating disruption functions
solely by interfering with the insect’s mating behavior. This results in diminished
reproductive success.

Top picture: a male moth easily finds the female by
following the pheromone plume she emits.

Bottom picture: shows how Isomate® disrupts normal
communication between male and female codling moths.

Pheromone can be very unstable and easily broken down by UV light and oxidation.
Therefore, in addition to the biochemical mixture consisting of the active ingredients, the
formulated product also includes inert ingredients (stabilizers) that are added to assist in
the protection of the pheromone active ingredients from these outside forces. BHT is an
inert ingredient that is added to assist in the protection of the pheromone from oxidation
during field use of the product.

As the mode of action of this technology is non-toxic, but behavioral, it is not expected
that the formulation, consisting of the biochemical mixture and the inert ingredients,
would pose any potential hazard to humans, environment, or non-target species.

What is an Antioxidant?

An antioxidant is a substance that prevents or slows the breakdown of another substance
by oxygen. This type of ingredient is added to the pheromone mixture to prolong the field
life of the product. These solid polymeric matrix, pheromone dispensers are designed to
provide longevity, to eliminate the need for multiple applications and to reduce the
probability of uncontrolled mating between applications. Without this type of inert
ingredient, antioxidant, the field life of the dispenser would be diminished and economics
of mating disruption would be in jeopardy.
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Pacific Biocontrol’s Use of Sumilizer BHT-R
At the present, Pacific Biocontrol has eight end-use products that are formulated with

Sumilizer BHT-R as an inert ingredient. The amount of BHT in Pacific Biocontrol’s
products is as follows:

CBI-
deleted

Codling Moth and Organic Production

Pacific Biocontrol’s formulated product, Isomate®-C Plus, is used to control the codling
moth on apples and pears. However, the added inert ingredient, BHT, is on EPA’s List 3
and not acceptable for organic production under NOP standards. Therefore, organic
growers will not be allowed to use mating disruption products with List 3 inerts, and
lower levels of control could create an economic crisis. This is especially true for the
organic apple and pear growers who have few options for control of the codling moth.

Codling moth is a key pest of pome fruits throughout world and is primarily controlled by
one or more applications of broad-spectrum insecticides. Much effort has been put into
the development of alternative control methods due to limitations and disadvantages
conventional insecticides. Mating disruption has become an effective and economical
method for controlling codling moth (1). The total pome fruit area treated with mating-
disruption formulations worldwide in 2001 is estimated at 90,000 hectares. In the USA
the estimated area is 48,000 hectares.

In the USA, codling moth has been one of the most difficult pests to control by organic
methods. Without chemical insecticides, pest numbers can increase exponentially. Most
organically acceptable alternatives for codling moth control do not provide effective nor
economical control. These methods include: mass trapping, beneficial insects (including
inundative release), microbial insecticides (Bt, virus), botanicals (ryania), sterile male
release and parasitic nematodes. Sanitation (removal of infested fruit) and summer oils
have provided better control but are still not adequate by themselves.

Codling Moth Control - Organic Options

* Mating Disruption s Virus (CMGV)

e Summer Oils » Nematodes

» Sanitation: remove infested fruit » Botanicals: ryania, rotenone,

» Sterile Males pyrethrum

* Trapping: larvae and adults » Parasites: T. platneri, Ascogaster sp.

*  Bacillus thuringiensis (Bt) * Predators: birds, beetles, spiders,
ants, etc.
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Mating disruption, either alone or in combination with other biological and cultural
control methods, has proven to be the most effective tool for controlling codling moth in
organic apples and pears. This technique is the basis for any codling moth management
program in organic apples and pears — most other methods are used to supplement mating
disruption.

Approximately 20,000 acres of organic apples and pears are grown in the USA (6). It is
estimated that more than 95% of these acres are treated with some type of mating
disruption formulation for codling moth control. In the USA it would be very difficult to
grow an organic apple or pear for fresh market consumption without the use of mating
disruption. Furthermore, with the development of mating disruption for codling moth
there has been a steady increase in organic apple acreage in Washington State (6).

U.S. Organic Tree Fruit Acreage - 2001
Stone All
Apple | Pear | Fruit Fruit
WA 6540 | 1308 285 8436
CA 4529 1 842 3112 8662
AZ 2800 - - 2830
co 1535 100 155 1923
D 503 - 3 506
OR 350 | 500 305 1180
Others 1015 48 78 1198
US Total 17,272 | 2798 | 3038 | 23,835
WA transition 3411 642 75 4408

nic Apple Acreage in Washington
State

D. Granatstein, Center for Sustaining Agricultural and Natural Resources, WSU, Wenatchee, WA.
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Pheromone Stability

Codlemone, the sex pheromone for the codling moth, is prone to degradation via
exposure to heat, light and oxygen (7). Unprotected Codlemone lasts less than two hours
in the field. The decomposition of the pheromone in commercial formulations can result
in significant decrease in the effective longevity in the orchard. Small amounts of
stabilizers, i.e. BHT, are added to protect the pheromone active ingredient from UV
degradation and oxidation. The addition of these stabilizers can double the formulation’s
field life and thus greatly improve the economics of mating disruption. This has led to
greater adoption mating disruption by growers.

\
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In ISOMATE® formulations, these stabilizers are added to the pheromone contained with
the plastic tubes. These tubes (“twist-ties” or “ropes”) are applied by hand within the
crop canopy. The pheromone dispensers do not come into contact with the fruit (or cotton
fiber).

Two ISOMATE®-C PLUS dispensers in
apples applied by hand.

ISOMATE®-C PLUS applied with
plastic clip in walnuts.
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PB-ROPE L dispenser applied in cotton.

1

ISOMATE®-CTT applied with “hoop” applicator in
apples.

Some Other Uses of This Inert Ingredient

The inert ingredient is an antioxidant for food, animal feed, petrol products, synthetic
rubbers, plastics, animal and vegetable oils, soaps. It is also an antiskinning agent in
paints and inks. (8) The FDA has listed the accepted uses of this inert ingredient in its
Food and Drugs Code of Federal Regulations (21 CFR). The references are listed below:

137.350 Enriched rice- In the case of enriched parboiled rice, butylated
hydroxytoluene may be added as an optional ingredient in an amount not to
exceed 0.0033 percent by weight of the finished food.

166.110 Margarine-Preservatives including but not limited to the following within
these maximum amounts in percent by weight of the finished food: dodecyl
gallates, BHT, BHA, ascorbyl palmitate, ascorbyl stearate, all individually or
in combination, 0.02 percent.

172.110 BHA, food additive, may be safely used in food for human consumption with
BHT as specified in 172.115.

172.115 BHT, food additive, may be safely used in specified foods as follows:
dehydrated potato shreds, dry breakfast cereals, emulsion stabilizers for
shortenings, potato flakes, potato granules, sweet potato flakes.

172.185 TBHQ, a food additive, may be safely used in foods as an antioxidant in
combination with BHT.

172.615 Chewing gum base

173.340 Components of defoaming agents limited to use in processing beat sugar
and yeast

175.105 Adhesives

175.125 Pressure-sensitive adhesives

175.300 Antioxidant of resinous and polymeric coatings

175.380 Xylene-formaldehyde resins condensed with 4,4’-isopropylidenediphenol-
epichlorohydrin epoxy resins

175.390 Zinc-silicon dioxide matrix coatings
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176.170  Components of paper and paperboard in contact with aqueous and fatty
foods

176.210 Defoaming agents used in the manufacture of paper and paperboard

177.1010 Antioxidants and stabilizers of acrylic and modified acrylic plastics, semirigid
and rigid

177.1210 Closures with sealing gaskets for food containers

177.1350 Ethylene-vinyl acetate copolymers

177.2260 Substances employed in fiber finishing in resin-bonded filters

177.2600 Antioxidants and antizonants (total not to exceed 5% by weight of rubber
product) of rubber articles intended for repeated use

178.2010 Antioxidants and/or stabilizers for polymers

178.3570  Lubricants with incidental food contract may be safely used on machinery
used for producing, manufacturing, packing, processing, preparing, treating,
packaging, transporting, or holding food.

179.45 The finishing film may contain BHT of the polyethylene film for packaging
materials for use during the irradiation of prepackaged foods.

181.24 Substances classified as antioxidants when migrating from food-packaging
material (limit of addition to food .005%).

182.3173 Chemical Preservatives-BHT

SOURCES AND DETAILED DESCRIPTION OF MANUFACTURING
PROCEDURES:

This inert ingredient is listed in the Merck Index (Merck), with the following
information: '

Systematic Name Butylated Hydroxytoluene

Synonyms BHT; 2,6-Bis(1,1-dimethyl-ethyl)-4-methylphenol;
2,6-di-tert-butyl-p-cresol; 2,6-di-tert-butyl-4-
methylphenol; Antracine 8; Tenox BHT; lonol CP;
Sustane; Dalpac; Impruvol; Vianol.

CAS Number 3896-11-5
Molecular Formula CisH,40
Molecular Weight 220.34
Structure:

BHT
butylated hydroxytoluene

2001 AM. HudtnamaSie
Licarmesd ¥ Abvxtt e
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Manufacturing Process

CBI-
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SUMMARY OF ANY PREVIOUS REVIEWS BY STATE OR PRIVATE
CERTIFICATION AGENCIES:

This inert ingredient has been approved for use as a stabilizer in the following mating
disruptant, end-use products that have been certified by the Washington Dept. of
Agriculture (WSDA) Organic Food Program: Isomate®-C Plus, Isomate®-M 100,
Isomate®-CM/LR and Isomate®-C TT. These four products meet the current WSDA
organic standards. WSDA has acknowledged that these four products do not meet the
USDA'’s NOP standards because of their inert ingredients. WSDA has petitioned the US
EPA that these non-approved synthetic ingredients, i.e. BHT, be moved from EPA’s List
3 to List 4. It was noted that BHT is an antioxidant, it is approved by the FDA, and it is
on the GRAS list.

REGULATORY STATUS WITH EPA, FDA OR STATE AUTHORITIES:

This inert ingredient has been approved for use as a stabilizer in the following mating
disruptant, end-use products under the registrant, Pacific Biocontrol Corporation, EPA
Company No. 53575:

US EPA -Biopesticides California Dept

Pacific Biocontrol’s and Pollution of Pesticide
Product N EPA Reg. No. P ion Divisi Requlati
‘Isomate®-C Plus 53575-6 Yes Yes
PB-Rope L 53575-15 Yes Yes
Isomate®-M 100 53575-19 Yes Yes
lsomate®-CM/LR Pheromone 53575-20 Yes No
Isomate®-BAW Pheromone 53575-21 Yes Yes
Isomate®-0OBLR/PLR Plus 53575-24 Yes Yes
Isomate®-C TT 53575-25 Yes Yes
Isomate®-M Rosso 53575-26 Yes Yes
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Isomate®-C Plus is registered in 18 states, PB-Rope L is registered in four states,
Isomate®-M 100 is registered in 19 states, Isomate®-CM/LR Pheromone is registered in
two states, Isomate®-BAW Pheromone is registered in three states, Isomate®-C TT is
registered in six states, and Isomate®-M Rosso is registered in one state. Isomate®-
OBLR/PLR Plus was registered by the EPA in January 2002 and is registered in two
states. Isomate®-C Plus has been registered in Canada under PCP No. 22899 since 1998.

The FDA approved this inert ingredient, BHT, under 21 CFR 172.115 (9), as a food
additive permitted for addition to food for human consumption:

“The food additive BHT (butylated hydroxytoluene) alone or in combination with other
antioxidants permitted in this Subpart B may be safely used in or on specified foods, as
follows:

a) The BHT meets the following specification: Assay (total BHT) 99 percent

minimum.
b) The BHT is used alone on in combination with BHA, as an antioxidant in foods as
follows:
Food Limitations (total BHA and BHT
parts per million)
Dehydrated potato shreds 50
Dry breakfast cereals 50
Emulsion stabilizers for shortenings 200
Potato flakes 50
Potato granules 10
Sweet potato flakes 50

¢) To assure safe use of the additive:
1) The label of any market package of the additive shall bear, in addition to the
other information required by the Act, the name of the additive.
2) When the additive is marketed in a suitable carrier, in addition to meeting the
requirement of paragraph (c)(1) of this section, the label shall declare the
percentage of the addictive in the mixture.” (9)

The Agency most familiar with these types of mating disruptant products is the US EPA.
In 1995, the EPA formed BPPD (Biopesticides and Pollution Prevention Division) to
manage and accelerate the regulatory process for biologically-based pesticide products.
The goal of the new Division was to streamline the process of registering biological
products and to provide a consistently high quality of service to the companies of these
types of products. Under BPPD, there are two sub-divisions, Microbials and
Biochemicals. Pheromones products are reviewed under the Biochemicals Sub-division.

The US EPA has assisted the regulatory relief for pheromones and other similar semio-
chemicals by recognizing the difference between semiochemicals and conventional
chemical pesticides.

“The Agency has assumed that pheromones and other similar semiochemicals are
different from conventional synthetic pesticides, and has attempted to facilitate their
registration with reduced data requirements and regulatory relief efforts.” (10)
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The US EPA had registered 20 pheromones as active ingredients as of November 1999,
and more than 60 products had been registered with these active ingredients.

“As of November 1999, EPA has registered (licensed for sale) approximately 20 moth
mating pheromones as pesticide active ingredients and more than 60 individual pesticide
products containing these active ingredients.” (11)

The first regulatory relief measures that the US EPA established for pheromone products
were the tolerance exemptions for the following:

H In 1993, inert ingredients of semiochemical dispensers. (12)

(2)  In 1994, arthropod pheromones in retrievably sized polymeric matrix dispensers.
(13)

(3)  In 1995, lepidopteran pheromones in any mode application. (10)

“Based on the information considered, the Agency concludes that tolerances are not
necessary to protect the public health for the inert ingredients in the semiochemical
dispenser products.” (12)

“In the proposal, EPA set forth its reasons for determining that a tolerance for these
pheromone products is not necessary to protect public health.” (13)

“Lepidopteran pheromones that are naturally occurring compounds, or identical or
substantially similar synthetic compounds, designated by an unbranched aliphatic chain
(between 9 and 18 carbons) ending in alcohol, aldehyde or acetate functional group and
containing up to 3 double bonds in the aliphatic backbone, are exempt from the
requirement of a tolerance in or on all raw agricultural commodities.” (10)

The EPA has recognized that pheromone products in retrievable sized, polymeric matrix
dispensers pose minimal risk with their low use rates and has significantly eased the
regulatory guidelines for registering these types of products.

“Most recently the Agency has recognized that a special category of pheromone products
dispensed from larger sized polymeric matrices with low annual use rates represent
minimal risk for dietary and environmental exposure and has greatly eased the burden to
register these items.” (10)

As indicated above, the first approved exemption from tolerance was for the inert
ingredients of a semiochemical dispenser. This includes antioxidants like BHT.

“All inert ingredients of semiochemical dispenser products formulated with and/or
contained in dispensers made of polymeric matrix materials (including the monomers,
plasticizers, dispersing agents, antioxidants, UV protectants, stabilizers and other inert
ingredients), are exempted from the requirement of tolerance when used as carriers in
pesticide formulations for application to growing crops only.” (12)
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The US EPA has been using many methods to expedite the registrations of these types of
products (lepidopteran pheromones in polymeric matrix dispensers). Product chemistry
data is usually the only data that is needed for registration by the US EPA. Mammalian
toxicity data has been waived. For these types of products, many times the ecological
effects, environmental fate and ground water data is also waived.

“Recognizing the low toxicity (Toxicity categories III and IV) and low expected exposure
to humans from contact with pheromones in point source applications (e.g., in solid
matrix dispenser), the Agency has waived the requirement for certain mammalian toxicity
studies, such as subchronic (90-day) oral and inhalation toxicity, immunotoxicity, and
developmental toxicity. Due to the low use rate and target species specificity, the Agency
has been using a variety of measures to facilitate the development of registration of
pheromone products.

To expedite the registration of lepidopteran pheromone products, the Agency usually
only considers product chemistry data, and if needed, inert clearance data for pesticidal
used of these compounds on food crops.” (14-Isomate-BAW Pheromone, Registration
Eligibility Document, II. Overview, F. Data Requirements)

CHEMICAL ABSTRACT SERVICE (CAS) NUMBER OR OTHER PRODUCT
NUMBER, SAMPLES OF LABELS:

CAS Number: 128-37-0

Attached in the appendix are the labels of Pacific Biocontrol’s eight products (15), which
are formulated with Sumilizer BHT-R as an antioxidant.

Product EPA Reg. No. Registration Date
isomate®-C Plus 53575-6 July 1993
PB-Rope L 53575-15 October 1993
Isomate®-M 100 53575-19 April 1997
Isomate®-CM/LR Pheromone 53575-20 September 1997
Isomate®-BAW Pheromone 53575-21 September 1999
Isomate®-OBLR/PLR Plus 53575-24 January 2002
Isomate®-C TT 53575-25 March 2001
Isomate®-M Rosso 53575-26 May 2001
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PHYSICAL PROPERTIES OF THE SUBSTANCE AND CHEMICAL MODE OF
ACTION: INCLUDING ENVIRONMENTAL IMPACTS, INTERACTIONS WITH
OTHER MATERIALS, TOXICITY AND PERSISTENCE, EFFECTS ON HUMAN
HEALTH, EFFECTS TO SOIL ORGANISMS, CROPS OR LIVESTOCKS:

Physical Properties of BHT:

Properties Results
Appearance White Solid

Odor Odorless

Boiling Point 265°C

Vapor Pressure 6.5mmHg (120°C)
Melting Point 70°C

Specific Gravity 1.048 (80°C)
Solubility in Water  Insoluble

Solubility Soluble in methyl ethyl ketone, toluene, ethyl acetate, styrene
monomer, DOP

Flash Point 127°C

Auto Ignition Point 420°C

Reactivity None

Stability Stable under ordinary conditions
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Chemical Mode of Action:
This inert ingredient functions as an antioxidant.
Environmental Impacts:

The US EPA has recognized that these types of pheromone products are expected to have
no adverse effects and minimal exposure since they are very specific to the insect that
they are controlling and have a small release rate in the environment.

“IV. Assessing Risks to the Environment

Adverse effects on nontarget organisms (mammals, birds, and aquatic organisms) are not
expected because these pheromones are released in very small amounts to the
environment and act on a select group of insects.” (12)

In the registration of Isomate®-BAW Pheromone, the US EPA did not require ecological
effects, environmental fate and ground water data because of the product’s use pattern
and lack of exposure. Since the formulation is impregnated in a polyethylene dispenser
and slowly released, there is expected to be little exposure and transport. Minimal to no
exposure and risk was expected to non-target terrestrial and aquatic species.

“1. Ecological Effects Hazard Assessment
All Tier I ecological effects data requirements are waived based on the proposed
use pattern and lack of exposure.

2. Environmental Fate and Ground Water Data
Environmental fate and groundwater data are not required for biochemical
pesticides unless adverse effects on nontarget species are observed as a result of
acute testing for ecological effects (Tier I).

3. . Ecological Exposure and Risk Characterization
Because Isomate®-BAW Pheromone is enclosed in a solid matrix dispenser and is
slowly released by volatization, transport and exposure is expected to be very
limited. This system is generally accepted as posing minimal to no exposure and
risk to non-target terrestrial and aquatic species.” (14- III. Science Assessment, C.
Environmental Assessment)

Sumitomo Chemical Co. lists the fish toxicity for Sumilizer BHT-R as LCy=6.2ppm at
48 hours (Killfish).

Interaction with other materials:

BHT, as an antioxidant, is added to the pheromone active ingredients. BHT is
incorporated entirely within the lumen of the dispenser and separated from the surface by
the thickness of polymer. The only interaction of BHT will be with the active ingredients
inside the dispenser. BHT will act as an antioxidant to help protect the active ingredients
from oxidation.
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TOXICITY AND PERSISTENCE, EFFECTS ON HUMAN HEALTH:

Fact Sheets are created for each new active ingredient that the US EPA registers. Instead
of creating individual fact sheets for each new lepidopteran pheromone active ingredient,
the EPA created a Generic Fact Sheet for all lepidopteran pheromones since they are very
similar with low toxicity and low exposure. The EPA states in this Fact Sheet that during
the more than 10 years of use with lepidopteran pheromones, there have been no reports
of adverse effects. Therefore, no risk is expected to humans from use of these products.

“Based on low toxicity in animal testing, and expected low exposure to humans, no risk
to human health is expected from the use of these pheromones. During more than 10
years of use of lepidopteran pheromones as pesticides, no adverse effects have been
reported.” (11)

For Pacific Biocontrol’s Isomate®-BAW Pheromone, the US EPA determined that there
is negligible exposure to handlers and the public, since it is contained in a dispenser and
slowly released in small amounts. The dietary exposure is concluded as minimal based on
the EPA’s assessment of these types of compounds as volatile, with low application rates
and from their metabolism.

“Because the active ingredients contained in Isomate®-BAW Pheromone are slowly
released in very small amounts by dispenser, the potential for dermal, eye and inhalation
exposure to pesticide handlers and to the general public is expected to be negligible.
Further, the Agency has concluded that the potential for dietary exposure is expected to
be minimal based on volatility if the compounds, the low application rates and known
metabolism of similar compounds.” (14-1. Executive Summary, b. Human Exposure)
The US EPA also stated that the potential risk to humans is minimal, since there is low
exposure by this type of product, and there are no significant toxicological concerns.

“The potential risks to humans are considered negligible based on low exposure and the
lack of significant toxicological concerns. A determination has been made that no
unreasonable adverse effects to the US population in general, and to infants and children
in particular, will result from the use of this compound when label instructions are
followed.” (14-1. Executive Summary, c. Risk Assessment)

Under Occupational, Residential, School and Day Care Exposure and Risk
Characterization for Pacific Biocontrol’s Isomate®-BAW Pheromone, the US EPA
determined that no adverse effects and minimal exposure and risk are expected based on
the product’s use pattern. All of Pacific Biocontrol’s products are exempt from the
Worker Protection Standard labeling. These formulations are contained within solid,
polymeric matrix dispensers.

“Human exposure and risk to these compounds is expected to be mlmmal in
occupational, residential, school and day care settings.

a. Occupational Exposure and Risk Characterization
Based on the use pattern, the potential for dermal, eye and inhalation exposure to
pesticide handlers is expected to be negligible. No adverse health effects to workers are
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expected from the use of this product. According to Regulation (PR) Notice 93-7,
“Labeling Required by the Worker Protection Standard (WPS),” WPS does not apply to
attractants used in insect traps. Since Isomate®-BAW Pheromone is to be used in solid
matrix device, it is exempt from WPS labeling requirements.” (14- III. Science
Assessment, B. Human Health Assessment)

Under Drinking Water Exposure and Risk Characterization, the US EPA stated that
exposure from the residues of this type of product in water is not expected based on the
product’s application method.

“Exposure is not expected from an accumulation of Isomate®-BAW Pheromone in the
aquatic environment due to the application method. The Agency does not anticipate
exposure to residues of Isomate®-BAW Pheromone in drinking water.” (14- III. Science
Assessment, B. Homan Health Assessment)

The potential health effects for Sumilizer BHT-R are listed on Sumitomo’s MSDS (16).
The material has been evaluated for its toxicological properties and classified as GRAS
by the FDA. The toxicological information from the MSDS is as follows:

Eye Effects: Non-irritant based on test results in rabbits.

Skin Effects Non-irritant based on test results in rabbits.

Acute Oral Effects: The oral LDs, in rats is 2,340-2,530/kg. Practically non-
toxic in normal industrial use.

Acute Inhalation Effects: No data available.

Subchronic and Chronic Toxicity: Material produced liver enlargement and

hemorrhagic death after continuous oral administration in
rats. It is recognized that these effects are not produced
in humans. No adverse effects occurred during 12 months
in dogs after oral administration of 45-244g/kg.

Carcinogenicity: Not observed after continuous treatment of this material
in the diet of rats and mice for 104 and 96 weeks. This
material is listed Group 3 by IARC (not classifiable as to its
carcinogenicity to humans). Not classified as carcinogenic
by NTP or OSHA.

Mutagenicity: Negative results in the Ames test, Rec-assay, and DNA-
repair test in rat liver cells, in vitro chromosomal aberration
test in CHL cells, in vivo micronucleus test, and dominant
lethal test in mice. Some positive results in UDS test in
rats and in vitro chromosomal aberration test in CHO cells.

Teratogenicity: No teratogenic effects have been observed in rats and
mice.
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EFFECTS OF SOIL ORGANISMS, CROPS OR LIVESTOCKS:

From a clean safety record, the US EPA has stated that there is no risk in consuming food
containing residues from these lepidopteran pheromone products. The Agency also
allows the experimental use up to 250 acres with these types of products instead of the 10
acres allowed on conventional pesticides.

“The safety record for lepidopteran pheromones has allowed the Agency to conclude that
consumption of food containing residues of the pheromone presents no risk. In addition,
these pheromones can be used experimentally without a permit on up to 250 acres, versus
the 10-acre limit imposed on other pesticides.” (11)

Under Dietary Exposure and Risk Characterization of Pacific Biocontrol’s
Isomate®~-BAW Pheromone, the US EPA determined that the dietary exposure is minimal
since this type of product is contained in a dispenser and not applied to the Crop.

“These compounds are incorporated into dispensers and are not directly applied to the
growing plants. Therefore, dietary exposure to these compounds is expected to be
minimal.” (14-11L. Science Assessment, B. Human Health Assessment)

Under Dietary Exposure and Risk Characterization, the US EPA has also determined
from previously registered lepidopteran pheromones and their known chemical structure
of long chain fatty acids that since they have low acute toxicity, low application rates and
minimal exposure, then there will be no dietary hazard from residues on the treated CIops.

“The Agency has concluded that residues on treated crops are not a dietary hazard for the
following reasons: low acute mammalian toxicity in lepidopteran pheromones registered
to date, the known metabolism of long chain fatty acids, low application rates, and
nominal human exposure due to application rate and to volatization.” (14-II1. Science
Assessment, B. Human Health Assessment)

Under Ecological Risk Assessment, the US EPA stated that exposure is to be minimal to
no risk to non-target terrestrial and aquatic species, since the product is contained in a
dispenser and slowly released.

“Because Isomate®-BAW Pheromone is enclosed in a solid matrix dispenser and is
slowly released by volatization, transport and exposure is expected to be very minimal to
no exposure and risk to non-target terrestrial and aquatic species.” (14- I Executive
Summary, C. Risk Assessment)

BHT, as an antioxidant, is added to the pheromone active ingredients, which are
impregnated in plastic dispensers and then hand applied to the crop. Since the dispensers
are applied on branches or stems (i.e. Isomate®-C Plus, PB-Rope L, Isomate®~M 100,
Isomate®-CM/LR Pheromone, Isomate®-OBLR/PLR Plus, Isomate®-C TT and Isomate®-
M Rosso) or on stakes at the canopy level of the crop (i.e. Isomate®>-BAW Pheromone),
then there shouldn’t be any contact with the soil organisms or livestocks. The

ISOMATE? dispensers should have little or no contact with the crop itself.
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SAFETY INFORMATION, INCLUDING MSDS AND A REPORT FROM THE
NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH STUDIES (NIEHS):

The manufacturer of Sumilizer BHT-R that is formulated as an inert ingredient in mating

disruptant products for Pacific Biocontrol Corp. is Sumitomo Chemical Co. Ltd., Tokyo,
Japan. The MSDS (16) from the manufacturer is attached in the appendix.
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The National Toxicology Program under the National Institute of Environmental Health
Studies listed the known uses for BHT as “antioxidant for petroleum and food products;
animal feed; food packaging” (17). BHT “was patented in 1947 and received approval
for use as a food additive and preservative by the FDA in 1954. Since 1959, BHT has
been generally recognized as safe (GRAS) for use in foods and is one of the most
commonly used antioxidants in foods containing fats.” (17) “A bioassay of BHT for
possible carcinogenicity was conducted by administering the test chemical in feed to”
(17) rats and mice. This two year study resulted in negative results for male rats, female
rats, male mice and female mice at doses of 0, 3,000, 6,000 ppm/50 per group. (17) “It is
concluded that under the conditions of this bioassay, BHT was not carcinogenic for rats
or mice.” (17)

The US EPA has recognized these types of products, with inert ingredients like BHT, as
having low exposure and minimal risk, since they have low acute toxicity and low
application rates, are contained in solid, polymeric matrix dispensers, are released slowly,
and have little or no contact with the crop. Mating disruption is a non-toxic, behavioral
method for the control of insects. It does not affect the crop, the grower, the environment,
or other non-target insects.

RESEARCH INFORMATION, INCLUDING RESEARCH REVIEWS AND
BIBLIOGRAPHIES:

A literature and Internet search was performed on the Internet. There is research on BHT
in several areas. A number of studies have been conducted on the health benefits of BHT
even in the field of alternative medicine. Because BHT is a common food additive, a
number of studies have been done of the possible carcinogenic effects. Some of these
studies have shown a positive correlation between consumption of BHT in large doses in
lab rats and possible carcinogenic effects. One of these articles summarized the
experiments with BHT and known carcinogens and stated "BHT acts as both a promoter
and antipromoter of carcinogenesis, depending upon the experimental conditions.
Carcinogenesis is usually decreased when the BHT is administered prior to or concurrent
with the carcinogen (Ulland 1973, Goodman 1976, Clapp 1979, McCay 1980, King
1981, Williams 1983). When BHT is administered after carcinogenic exposure, the
incidence of cancer is frequently increased (Peraino 1977, Witschi 1981, Imaida 1982,
Williams 1983). The increases are greatest with hepatically metabolized carcinogens
where large single doses of BHT are administered post-exposure. Compared to
phenobarbital, another enzyme inducer, BHT is a "weak enhancer” and then "only at
near-toxic doses" (Maeura 1984)." (18)

Because BHT can be both a promoter and anti-promoter of carcinogens, then "the type
of carcinogens that people are exposed to will determine whether its net effect is to
increase or decrease incidence of cancer. Because cruciferous vegetables (cabbage,
cauliflower, brussels sprouts, broccoli) are known to induce liver enzymes similarly to
BHT - and also lower general cancer incidence epidemiologically - we can infer that BHT
is likely to lower net cancer risks. In the Soviet Union during the 50s and 60s, BHT
(called ionol by the Soviets) was extensively studied as an anti-tumor compound
(Emanuel 1963, 1973) culminating in its approval as a treatment for bladder cancer.”

(18)
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An article published in the New York Times also talked about the benefits of BHT in
fighting cancer. "Two widely used food preservatives increased levels of a natural cancer
fighter in laboratory animals and appear to do the same in humans, a researcher says.
Advocates of natural foods have long objected to the use of preservatives, but Dr.
Andrew Dannenberg of Cornell Medical College found that the preservatives BHA and
BHT 'revved up’ the gene for an enzyme that helps destroy carcinogens before they lead
to tumors. When the genes are cranked up, they produce more of the enzyme, providing
better protection against cancer-causing substances in the environment, Dr. Dannenberg
reported last month at the International Conference on Cancer Prevention at Rockefeller
University in New York. The gene produces an enzyme called UDP-
glucuronosyltransferase, or UGT. The study found elevated levels of the enzyme in the
liver, kidneys and small intestines of rats fed higher doses of BHA and BHT than are
normally found in foods, Dr. Dannenberg said. He then found preliminary evidence that
the substances do the same thing in humans. Dr. Dannenberg said he had also found
that sulforaphane, an anti-cancer agent recently isolated in broccoli, exerts its action
partly in the same way, by energizing the gene for UGT."(18)

The most complete report found was conducted by the Joint FOA/WHO Expert
Committee on Food Additives under Elizabeth Vavasour, Toxicological Evaluation
Division, Health Canada. This report evaluated the biological data of the long-term
effects of BHT. In only one of the number of studies that have been performed on rodents
was there evidence of hepatocarcinogenic effects. "This study differed from those

- conducted previously in that the rats were exposed to BHT in utero, during the lactation
period, and for a further 40 weeks after the standard 2-year exposure period." (19)
IARC (International Agency for Research on Cancer) reviewed the findings of this study
and concluded that carcinogenicity was very difficult to assess for humans. "It was
difficult to draw conclusions about the observed incidence of liver lesions in the treated
groups because of the large differences in survival between treatment and control
groups. The carcinogenicity of BHT to humans could not be evaluated." (19)

Therefore, a new study was performed to investigate the hepatic changes in male rats, and
it concluded that only at higher doses (above maximum tolerated doses) does BHT show
to induce this type of change in rats. "BHT has been shown to induce hepatocellular
necrosis and proliferation in male Wistar rats at doses higher than those used in either of
these long-term studies and which exceeded the maximum tolerated dose.” (19)

The Joint FOA/WHO Expert Committee on Food Additives has evaluated BHT for an
acceptable daily intake for humans over the last 40 years. The most recent evaluation of
BHT concluded from the possible hepatic changes in rats that the accepted daily intake
for man is 0-0.3mg kb bw. “In view of the probable involvement of hepatic enzyme
induction in the development of the hepatocellular damage associated with repeated
doses of BHT, the Committee concluded that, in this case, enzyme induction was the
most sensitive index of effects on the liver. A well-defined threshold was demonstrated
at 100 mg/kg bw/day in the long-term study reviewed for the first time at this meeting,
giving a NOEL of 25 mg/kg bw/day. Effects observed in the reproduction segments of
the in utero/lifetime exposure studies were also taken into account in the derivation of
this NOEL. The Committee used a safety factor of 100 to allocate an AD! of 0-0.3
mg/kg bw for BHT.” (19)
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The Committee also evaluated the national intake of BHT among 10 countries. BHT was
unlikely to exceed the ADI on the basis of the estimated intakes except when the General
Standard for Food Additives (GSFA) was assumed to be the maximum limit. These
estimates were based on BHT being the only antioxidant in foods where it was permitted
and contained in the foods at the maximum level permitted. However, when BHT was
used in conjunction with other antioxidants, the amount of BHT should be lower. “The
Committee recognized that the ADI for BHT is unlikely to be exceeded on the basis of
the estimated intakes in the 10 countries for which data were available but that it might
be exceeded when the proposed maximum limits in the GSFA are assumed. The
Committee recognized that BHT is likely to be used in conjunction with other
antioxidants, such as tert-butylated hydroquinone and BHA, which act synergistically
with BHT. Consequently, the amount of BHT used in practice will be lower and it will be
used in fewer foods than assumed in the estimates. All of the estimates except for that
from Japan are based on the assumption that BHT is the only antioxidant in foods where
use is permitted and that all such foods contain it at maximum permitted levels. The
actual intakes of BHT will depend on the relative proportions of antioxidants used in
foods and on the proportion of foods in any one category that contains the additive.”
(20)

Research has been conducted on BHT in food packaging. Research of the antioxidant in
the LDPE film in the packaging of oatmeal indicated that BHT caused the least amount
of change in the film after being in storage for 10 weeks. “Cereals in general, and
particularly oatmeals, are considered rather sensitive to oxidation owing to their
relatively high fat content. The addition of antioxidants can sometimes prolong the
shelf-life of products. The aim of the present study was to investigate how the rate of
lipid oxidation of a packaged oatmeal product was affected by the nature and level of
antioxidants incorporated in an LDPE film structure. The stability of the product, which
was determined by hexanal analysis using GC-MS and by electronic nose analysis, showed
very small variations over the chosen storage period. No oxidation, as determined by
hexanal levels in the oatmeal, was initiated during storage, but small variations in volatile
profile were seen among the samples analyzed by the electronic nose. The product
stored in the BHT-impregnated LDPE film had undergone the least change during 10
weeks of storage at 20°C.” (21)

PETITION JUSTIFICATION STATEMENT —- THAT STATES WHY THE
SYNTHETIC SUBSTANCE IS NECESSARY, ALTERNATIVES THAT COULD
BE USED, BENEFICIAL EFFECTS TO THE ENVIRONMENT, ETC:

Why the Synthetic Substance is Necessary:

Sumilizer BHT-R is an inert ingredient formulated in eight of Pacific Biocontrol’s mating
disruptant end-use products. This inert ingredient is a stabilizer that protects the
pheromone formulation from oxidation when it is applied in the field.

Why Use Antioxidants?

Some materials are much more susceptible to degradation from oxygen and are more
quickly damaged. Pheromones can be unstable and easily broken down by oxidation.
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The presence of oxygen can start to break down the weak chemical bonds, which leads to
deterioration. An antioxidant like BHT can prevent or slow down the disintegration of the
pheromone by oxygen.

Longevity of the Dispenser

Mating disruption technology is applied prior to the moth’s emergence, and the
pheromone releases over a range of days depending on temperature. These dispensers are
designed to provide longevity, eliminate the need for multiple applications and reduce the
probability of uncontrolled mating between applications. Under certain conditions, a
single application may provide season-long control.

Since application of these types of products is time-consuming and additional
applications can be costly, the longevity of these dispensers is important to the grower
and his pocketbook. Growers want convenience, cost-effectiveness and season-long
control.

Possible Alternatives to Antioxidants:

A possible alternative to BHT is Vitamin E. Vitamin E is used in some of Pacific
Biocontrol's products as an antioxidant and is accepted on EPA's List 4. Both Vitamin E
and BHT have antioxidant properties. However, BHT also absorbs radicals while
Vitamin E does not. Monoene acetate pheromones may be stabilized by a simple
antioxidant such as Vitamin E. However, pheromones composed of dienes, like the
conjugated dienes in Isomate-C Plus, require a stabilizer with both antioxidant and
radical absorbing properties like BHT to prevent polymerization and isomerization. So
Vitamin E alone is not sufficient.

Another alternative that Pacific Biocontrol has considered is formulating their products
without this inert ingredient or with Vitamin E as the sole antioxidant. This type of
product will still work, but without BHT, at a very shorten interval. Therefore, multiple
applications will be needed for season-long control. This will force organic growers to
use a product this is more costly and time-consuming and less effective in its control, A
new product will also take time to field test and to register. The EPA estimated that the
review time would be at least a year, and Pacific Biocontrol will need at least one full
season to test the product experimentally.

Possible Alternatives to Mating Disruption Technology for Organic Use:

Most organically acceptable alternatives for mating disruption do not provide effective or
economical control. These methods include: mass trapping, beneficial insects (including
inundative release), microbial insecticides (Bt, virus), botanicals (ryania), sterile male
release and parasitic nematodes. Sanitation (removal of infested fruit) and summer oils
have provided better control but are still not adequate by themselves. Mating disruption,
either alone or in combination with these types of biological and cultural controls, has
proven to be an effective tool for controlling insects.
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Beneficial Effects to the Environment:

Mating disruption is a non-toxic, behavioral method for the control of the insects, which
does not affect the crop, the grower, the environment, or other non-target insects. Mating
disruption is an essential tool for pest management in organic production. Organic
production, especially in apples and pears, will be severely affected by the elimination of
mating disruption. Therefore, it will be very difficult to grow organic apples, without
mating disruption for control of the codling moth, when 95% of the acreage is treated
with mating disruption.

The inert ingredient, BHT, is added to protect the insect pheromone active ingredients
from oxidation. Without stabilizers, formulation longevity will be significantly reduced
resulting in less effective, less economical control. There are no acceptable alternative
inert stabilizers that provide adequate protection of the pheromones. The use of the inert
stabilizer doubles the formulation’s field life and thus greatly improves the economics of
mating disruption.

CBI-
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ISOMATE®’s dispensers have little or no contact with crop fruit or fiber.

The US EPA has the most familiarity with these type of pheromone products as it has
registered more than 20 lepidopteran active ingredients and more than 60 products
containing those active ingredients. The Agency has recognized the difference between
semiochemicals and conventional chemical pesticides and facilitated regulatory relief to
ease the burden of registering these types of products.

The first regulatory relief measure that the US EPA established was the tolerance
exemption for inert ingredients of semiochemical dispensers. This included UV
stabilizers like BHT. In addition, the US EPA recognized that these lepidopteran
pheromone products are expected to have no adverse effects and minimal exposure
because they have low acute toxicity and low application rates, are contained in a
dispenser and slowly released, and have no contact with the crop.

The US EPA has eight registered products under Pacific Biocontrol with Sumilizer
BHT-R as an inert ingredient.

Note: ISOMATE? is a registered trademark for pheromone products manufactured by
Shin-Etsu Chemical Co. PB-ROPE L is used in cotton for the control of the pink
bollworm. Pacific Biocontrol Corporation holds the US EPA registrations of the
ISOMATE?® and PB-ROPE L. products. Pacific Biocontrol sells the ISOMATE® and
PB-ROPE L products in the USA and Canada.
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S U M ITO M 0 Sumilizer BHT-R
Chemical Co., Lid

Page: 1/5
Date Prepared:16/December/1998

MSDS No.MM1113-US

MATERIAL SAFETY DATA SHEET

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Product Name :Sumilizer BHT-R
Chemical Name :2,6-Di-tert-butyl-p-cresol
MANUFACTURER : EMERGENCY TELEPHONE NUMBERS :

Sumitomo Chemiéal Co.,Ltd. Sumitomo Chemical Co.,Lid.

27-1,Shinkawa,2-Chome, TEL +81-3-5543-5641(Japan)

Chuo-ku, Tokyo 104, Japan FAX +81-3-5543-5916(Japan)
2. COMPOSITION/INFORMATION ON INGREDIENTS

COMPONENT CAS No. % OSHA PEL ACGIH TLV
#Sumilizer BHT-R 128-37-0 100 10mg/m® 10mg/m?®

#Hazardous with the meaning of 29 C.F.R.Part 1910.1200.

3. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW :White crystalline powder that is no immediate hazard.
Avoid contact with skin and eyes. Avoid breathing dust. -

POTENTIAL HEALTH EFFECTS:
INHALATION :No known effect.
EYE CONTACT :Mechanical irritation will probably develop after contact with this material.

SKIN CONTACT  :Non-irritating.

INGESTION :Practically non-toxic in normal industrial use.
CHRONIC ‘Listed in Group 3(not classifiable as to their carcinogenicity to humans)
by IARC.

Endof Page 1 . MSDS continued on next page.(US)
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4. EMERGENCY AND FIRST AID MEASURES

INHALATION :If exposure to dust causes irritation or distress, remove subject to fresh
} air. Give oxygen or artificial respiration if needed. Get medical attention.

SKIN CONTACT :immediately flush skin with plenty of water. Remove clothing.
Get medical attention if irritation develops or persists. Wash clothing before reuse.

EYE CONTACT :Immediately flush eyes with plenty of water for at least 15 minutes,and
contact a physician.

INGESTION :If swallowed, immediately get medical attention.

5. FIRE-FIGHTING MEASURES AND EXPLOSION HAZARD DATA

FLASH POINT 1127C
AUTOIGNITION TEMPERATURE :420C
DUST EXPLOSION LIMITS :Lower :15g/m3

EXTINGUISHING MEDIA :Use carbon dioxide or dry chemical for small fires;
: universal foam or water spray for large fires.

SPECIAL FIRE-FIGHTING PROCEDURES :Fire fighters should be provided with positive-pressure
self-contained breathing apparatus and other protective
equipment.

UNUSUAL FIRE and EXPLOSION HAZARDS :Not known.

HAZARDOUS DECOMPOSITION PRODUCTS :May generate CO when heated to burning.

6. ACCIDENTAL RELEASE MEASURES

GENERAL 1 Eliminate all ignition source. :
Consult an expert on the disposal of recovered material. Ensure disposal is
in compliance with government requirements and ensure conformity of local
disposal regulations. Notify the appropriate authorities immediately. Take all
additional action necessary to prevent and remedy the adverse effects of the spill.

LAND SPILL : Sweep up or shovel into sealable containers and then wash out with water.
Prevent washings from entering waterways.

End of Page 2 MSDS cbntinued on next page.(US)
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7. HANDLING AND STORAGE

PRECAUTIONS :Avoid contact with skin and eyes. Avoid breathing dust.
Use with adequate ventilation. Ground and bond containers when transferring material.
Store out of direct sunlight .Keep away from all ignition source.
Keep containers closed when not in use.

8. EXPOSURE CONTROLS AND PERSONAL PROTECTION

ENGINEERING CONTROLS (VENTILATION) : Use local ventilation at places where dust can be released
into the workplace air. Keep dust concentrations below

the recommended TLV.
ACGIHTLVfor =10 mg/m®
OSHA PELfor =10mg/m?
PERSONAL PROTECTION
RESPIRATORY :Not required for occasional handling if adequate ventilation is available.

A respirator is recommended for prolonged handling or exposure.
. PROTECTIVE GLOVES : Wear rubber gloves.
EYE PROTECTION : Wear saféty goggles or equivalent eye protection.
OTHER : Wear appropriate protective clothing to prevent skin contact.

WORK/HYGIENIC PRACTICES : Always clean protective equipment and workplace.

9. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE  :White crystalline powder ODOR :Odorless
MELTING POINT :70C - SPECIFIC GRAVITY :1.048(20°C/4C)
BOILING POINT :265°C SOLUBILITY in water :Praétically insoluble
VAPOR DENSITY :Not known pH :Not known |
PERCENT VOLATILE :Not known VAPER PRESSURE :6.5mmHg(1207C)

10. STABILITY AND REACTIVITY
STABILITY : Stable on normal condition. HAZARDOUS POLYMERIZATION : Will not occur.
| CONDITIONS TO AVOID  :High temperature
INCOMPATIBILITY :Not known |

HAZARDOUS DECOMPOSITION PRODUCTS : May generate CO when heated to burn.

End of Page 3 MSDS continued on next page.{US)
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11. TOXICOLOGICAL INFORMATION
ACUTE INHALATION EFFECTS :No data available.

SKIN EFFECT :This material is classified as non-irritant  based on the test results in rabbits
according to the OSHA standard.(1)

EYE EFFECT :This material is classified as non-irritant based on the test results in rabbits
according to the OSHA standard.(1)

ACUTE ORAL EFFECTS  :The oral LDy, in rats is 2,340~2,530mg/kg. (1)

SUBCHRONIC AND CHRONICTOXICITY
This material produce liver enlargement and hemorrhagic death after continuous
oral administration in rats. It is recognized that these effects are not produced in
humans.(1)

No adverse effects are occurred after oral administration of total 45~244g/kg
during 12 months in dogs. (1)

CARCINOGENICITY: _ ,
Carcinogenicity had not been observed after continuous treatment of this material
in diet for 104 and 96 weeks in rats and mice, respectively.(1)

This material is listed in Group3(not classifiable as to their carcinogenicity to humans)
by IARC.

NTP or OSHA have not classified it as carcinogenicity.

MUTAGENICITY :Negative results have been reported in Ames test,Rec-assay,DNA-repair test in rat
liver cells, in vitro chromosomal aberration test in CHL cells, in vivo micronucleus
test and dominant lethal test in mice.
Some positive results have been reported in UDS test in rats and in vitro chromosomal

aberration test in CHO cells. (1)
TERATOGENICITY: No teratogenic effects have been observed in rats and mice. &)

REPRODUCTION :Developmental delay of offspring was observed in reproduction studies in rats and
mice.(1) _ '

This material had been evaluated for its toxiéological properties and classified as GRAS by FDA.
(9CFR§182.3173) ' '

12. ECOLOGICAL INFORMATION

FISH ACUTE TOXICITY :LC50 is 6.2ppm(48hr) in killifish. (1)
BIODEGRADABILITY :Not biodegradability. (1)

13. DISPOSAL CONSIDERATIONS

To be incinerated by adequate method.Dispose in accordance with federal, state and local
regulations. The owner of the materials responsible for proper waste disposal.

End of Page 4 MSDS continued on next page.(US)
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14. TRANSPORT INFORMATION

Ground and bond containers when transferring material. Keep containers tightly closed
during transport. :

15. REGULATORY INFORMATION (not meant to be all inclusive)

TSCA (Toxic Substance Control Act) : Listed on TSCA

16. OTHER INFORMATION

" REVISION SUMMARY :Revised due to amendment of contents in section 9 on 31/March/1998.
Revised due to amendment of contents in section 11 on 16/December/1998.

REFERENCES :(1) Technical information of Sumitomo Chemical Co., Ltd.
The information is believed to be accurate and represents the best information currently available to us.
However, no guarantee or warranty of any kind, expressed or implied, is made with respect to the information
contained )
herein.
End of MSDS (US)







CBI-Copy
Pacific Biocontrol’s Petition for Butylated Hydroxytoluene as an Inert Ingredient in Mating
Disruptant End-use Products for Inclusion on the National List under Category 205.601

Beneficial Effects to the Environment:

Mating disruption is a non-toxic, behavioral method for the control of the insects, which
does not affect the crop, the grower, the environment, or other non-target insects. Mating
disruption is an essential tool for pest management in organic production. Organic
production, especially in apples and pears, will be severely affected by the elimination of
mating disruption. Therefore, it will be very difficult to grow organic apples, without
mating disruption for control of the codling moth, when 95% of the acreage is treated
with mating disruption.

The inert ingredient, BHT, is added to protect the insect pheromone active ingredients
from oxidation. Without stabilizers, formulation longevity will be significantly reduced
resulting in less effective, less economical control. There are no acceptable alternative
inert stabilizers that provide adequate protection of the pheromones. The use of the inert
stabilizer doubles the formulation’s field life and thus greatly improves the economics of
mating disruption.

This inert ingredient is incorporated entirely within the lumen of the dispenser and is

separated from the surface by the thickness of the polymer. However, in the study with CBI
Isomate®-C Plus under constant temperature of 40° for one month, only 6.78% was

shown to diffuse the surface of the dispenser. Therefore, BHT is being released gradually

from the surface of the dispenser. ISOMATE®’s dispensers have little or no contact with

crop fruit or fiber.

The US EPA has the most familiarity with these type of pheromone products as it has
registered more than 20 lepidopteran active ingredients and more than 60 products
containing those active ingredients. The Agency has recognized the difference between
semiochemicals and conventional chemical pesticides and facilitated regulatory relief to
ease the burden of registering these types of products.

The first regulatory relief measure that the US EPA established was the tolerance
exemption for inert ingredients of semiochemical dispensers. This included UV
stabilizers like BHT. In addition, the US EPA recognized that these lepidopteran
pheromone products are expected to have no adverse effects and minimal exposure
because they have low acute toxicity and low application rates, are contained in a
dispenser and slowly released, and have no contact with the crop.

The US EPA has eight registered products under Pacific Biocontrol with Sumilizer
BHT-R as an inert ingredient.

Note: ISOMATE? is a registered trademark for pheromone products manufactured by
Shin-Etsu Chemical Co. PB-ROPE L is used in cotton for the control of the pink
boliworm. Pacific Biocontrol Corporation holds the US EPA registrations of the
ISOMATE?® and PB-ROPE L products. Pacific Biocontrol sells the ISOMATE® and
PB-ROPE L products in the USA and Canada.

Page 24 of 26
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Pacific Biocontrol’s Petition for Butylated Hydroxytoluene as an Inert Ingredient in Mating
Disruptant End-use Products for Inclusion on the National List under Category 205.601
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of action, may be able to slow or prevent the development of resistance b
_.oa:o_:m. exposure to insecticides. Resistance to pheromones has not been doc g
mented in the field, and, at least in some species, is unlikely, given the ?.o“wm
response to En:m ratios (17). Therefore, Ew::m-&mw:nmos,?.oa:nﬂm shouid
have _.o:mmn life expectancy, and may help preserve the dwindlin I _
effective conventional insecticides. g supply of
Z.ﬁ_sm-m_m,.:n:o: technology controls the target pest by manipulatin
certain aspects of sexual behavior (78). Pheromones are nontoxic ﬁ% :m::.m
enemies. In contrast, conventional insecticides are generally broad-s mn::h
fz_:.m co& pest and nonpest species. Greater reliance on pheromone »Mos:o_ :
gies in agricultural crops will increase the potential for the biological oo::.w._
of mooomawa\ pests by allowing for crop environments that can sustain high
populations of predators and parasitoids. Enhanced biological control omm
corresponds toa reduction in the number of insecticide applications for cont n:_
of secondary _:mmoa (19-21), resulting in savings for the grower (22) °
The above &mocmmwoz reviewed some of the factors that have m:\w:am_ tl
success of mating-disruption technology in the marketplace. The focus of :6
remainder of this chapter is to discuss how specific m%m:om.m in Q.Eom_cm .
_Eﬁw enhanced the development, implementation, and adoption of matin ,Mm.mm
ruption technologies in agricultural systems. It does not review the asm. _a-
i.:E::m disruption, nor does it attempt to discuss the many m:noamnm; u _,ﬁ mw
this technology. These have been carefully reviewed in other W_w:ow_mmo
«;..N.wlm.&. q,:.n following critical issues will be discussed nmmm_.&_mm the w_m_Msmﬁ
_:m:-.dm,&m_u%:os technology in two agricultural systems: biology and pest _o
tus; _a.o:::nm:cz, formulation, and delivery system; and applied _.,M.m JMT
extension, and economics. We have selected two vnm,n Emzmmo.ami amﬁm”_m_n .
PBW in cotton and codling moth (CM) Cydia pomonella, in pome w:_:m, Wo E_:P
188 how these critical issues have been addressed, and to discuss zz&.n o :ﬂ
impact on mating disruption product development and commercial ado u:w\m—m
. PBW and Q.S represent two very different challenges for matin w. 1i "
tion technologies. Worldwide, mating disruption is used Eoﬁm nxw. i :__g-
for the control of PBW, a serious pest of an annual row crop Ew: is WMM_S .
_m.qmo acreages. In 1996, tenders were awarded in Egypt to suppl m:ﬁ%.d "
a_mnc.ﬂ.:os products for approx 200,000 ha of cotton (14) A,,:@ QV/\\_ , _.:m,
cqoﬁam.m a model for the successful development and mac_.u:oz of ::mmwnm mw:
_.go_omv\ in :E:n::im_ crops, and provides an assessment of the Snrsc_mnu-
in a much different cropping situation, with the added challenges of a _%qmw
crop canopy, larger pest complexes, and lower damage thresholds smo.,:mmwﬁ
high crop <m.__co. Mating-disruption technology is also extensively Mzﬁ_ to
8:.:2 CM in pome fruit in the United States (20,27), ltaly (28) m:m,m\oir
Africa (29). Worldwide in 1997, it is estimated that Em::m-ammzwm:oz tech-
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nologies were used to control CM on between 24,000 and 28,000 ha of pome
frutt (Thomson, personal communication).

2. Case Studies
2 1. Pink Bollworm
21.1. Biology and Pest Status

The PBW is the most serious pest of cotton, Gossypium hirsutum L. and
G. barbadense L., worldwide, including North and South America, Spain,
Greece, Egypt, Pakistan, India, China, and Australia. In the desert southwest-
ern United States, this pest infests approx 200,000 ha of cotton, including the
highest yielding areas of Arizona and the Impetial Valley of California (30). In
1997, there were an additional approx 54,000 ha of cotton infested just south of
the United States border in Mexico (R. Staten, personal communication).

Throughout its rangg, PBW is usually the primary economic pest of cot-
ton. Cotton bolls are the preferred site for oviposition. Upon hatching, first-
instar larvac quickly enter squares ot bolls. Injury is caused when larvae
cut and stain fiber and feed in seeds within the developing cotton bolls.

Larval damage also permits the development of decay from microorganisms. -

Infestations can lower quality of lint and seed, and yield reductions of 30% or
higher are not uncommon 31). =

Quarantine programs, cultural practices (32), sterile moth relcases (33,34),
and conventional chemical insecticides have been used to manage PBW popu-
lations. Contral with conventional insecticides is difficult, because larvae arc
well protected within cotton squares and bolls. Insecticide applications are
therefore normally targeted at nocturnally active adults. Insecticide costs for
PBW control are high. Gonzales (35) reported that insecticide costs during the
period 19781988 averaged $640/ha/yr. Furthermore the reliance on conven-
tional chemical insecticides has led to outbreaks of secondary pests (36) and
development of resistance (37). Because of the problems associated with tradi-
tional chemotherapy, PBW has been a prime candidate for development of
alternative control methods. Development of mating-disruption technology for
this pest began more than 25 yr ago (33).

2.1.2. Critical Issues in Identification, Farmulation, and Delivery System

PBW sex pheromone, gossyplure, was first identified by Hummel et al. (39)
and Bier et al. (40). Compared to many insect pheromones, gossyplure (Z:Z
and Z:E 7,11 hexadecadieny! acetate 50:50) is relatively simple to synthe-
size, and is stable in the environment (41). Soon after its identification, work
began on formulations and delivery systems (7,1 0.42). In 1978, the first mat-
ing-disruption product was registered by EPA for PBW control (10).
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Table 2
Pink Bollworm Infestation and Control Cost
in Parker Valley Pink Bollworm Pheromone Program

Year Bolls inspected Larvae found % Infestation Cost/ha (3)
1989 26,879 6282 23.35 ——
1990 34,726 3442 9.91 17.20
1991 35,471 507 1.42 17.20
1992 30,064 261 0.86 22.00
1993 25,200 0 0.00 9.00
1994 16,109 32 0.20 11.52
1995 16,520 63 0.38 13.10
1996 45,597 1200 2.63 20.36

Source: Arizona Cotton Research and Protection Council.

munication). Higher-than-normal populations entered diapause at the end of
1995, and mild overwintering conditions contributed to larval survival. Fur-
thermore, population pressure was aggravated in early 1996 by uncontroiled
PBW infestations coming from volunteer cotton plants which had grown unde-
tected in nearby wheat fields. As a result, population pressure was uncom-
monly high in 1996, and approx 10% of the cotton fields within the program
experienced infestation of at least 10%, despite repeated mating disruption and
insecticide applications, at a cost of more than $120/ha. However, 90% of the
fields in the program were relatively clean, and the average infestation 0f 2.63%
should not indicate a failure of mating disruption to control the pest.
Although the Parker Valley Program may be considered a successful
example of mating disruption, it also illustrates the tenuous nature of area-
wide programs. Although mating disruption has been biologically and eco-
nomically effective, the organized program did not continue in 1997. Instead,
growers reduced pheromone-protected acres and increased use of transgenic
Bt-cotton. This change may be attributed to some of the problems experienced
in the pheromone program during 1996, and to the relatively inexpensive and
low-maintenance transgenic cotton technology. Grower cost for Bt-cotton is
approx $80/ha, significantly lower than the cost of PBW control to program
growers in 1996. The use of transgenic cotton more than doubled in Arizona
between 1996 and 1997. It is estimated that approx 144,000 ha of cotton were
planted in Arizona during 1997, and that nearly 50% of this area was planted to
transgenic Bt-cotton varicties. At present, transgenic cotton appears to be very
effective in controlling PBW infestations, and, compared to mating disruption,
easier to implement. However, there is serious concern that widespread use of
the technology will place extreme pressure on insects to develop resistance to
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Bt toxin (65). Furthermore, research indicaies that the resistance factor is an
incompletely dominant trait (A. C. Bartlett, personal communication). Unfor-
tunately, the greater the degree of dominance, the less likely a high-dose strat-
egy as presently employed is going to succeed (T. J. Dennehy, personal
communication). Despite these concerns, the planting of trangenic cotton has
reduced the use of PBW mating disruption in the desert southwest United
States. Mating disruption is now limited to refugia fields, or, in a much smaller
amount, to supplemental application on top of Bt-cotton ficlds, Termination of
the Parker Valley Pheromone Project is unfortunate, because the area-wide pro-
gram employed many of the criteria necessary for successful implementation of
mating disruption:

Early initiation at pinsquare stage cotton, while populations are refatively low;
Intensive monitoring with pheromone traps and frequent plant inspections;
Use of economic thresholds;

Careful adherence to effective rates and uniform pheromone distribution;
Proper timing to avoid gaps between application;

Reduction of immigration of mated females; and

Judicious use of other control measures, including standard insecticides.

Nowmbk W~

Unfortunately, these criteria are often not used in less organized programs.

There are now various methods available for management of PBW in the
desert southwest United States. Mating disruption has been an effective and
commercially viable method for controlling this pest for nearly 20 yr. Although
recent introduction of transgenic cotton has decreased the use of mating dis-
ruption, in the future this technique could be combined with other methods,
such as sterile-male releases, short-season cotton and transgenic varieties to
combat infestations, and manage resistance development to Bt-toxins. PBW
mating disruption is likely to increase in other countries, where transgenic cot-
ton is not yet available and PBW remains a serious pest.

2.2. Codling Moth
2.2.1. Biology and Pest Status

CM is a key pest of pome fruits in North and South America, South Africa,
Australia, and Europe. Eggs are laid on the twigs or leaves adjacent to the fruit,.
or directly on the fruit. Upon hatching, larvae tunnel into the fruit. Failure to
control this pest can result in very high levels of crop loss, with at least 80%
wormy fruit at harvest (66). CM is primarily controlled throughout the world
by one or more applications of broad-spectrum, primarily organophosphorous,
insecticides. These compounds, if used correctly, generally provide commer-
cially acceptable levels of control, with damage to fruit kept below 1%. Unfor-
tunately, organophosphorous compounds are highly toxic to natural enemies
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included hollow fiber tapes (93), rubber tubing (94), laminate flakes (94), and
polyethylene-tube dispensers (95). Since 1991, the EPA has registered four
dispensing systems for the control of CM, including polyethylene tubes, bag-
type membranes, plastic coils, and laminate flakes. No broadcast formulations
have been registered. Results from early research trials were ofien poor, and
probably related to formulation and delivery problems (79). Formulations and
delivery systems have improved, but control problems still occur with cur-
rently registered commercial formulations. If codlemone is the sole compo-
nent of CM pheromone, then control problems related to formulation and
delivery system are probably caused by photochemical degradation (96,97)
and/or longevity of release from the dispenser (97).

The impact of photochemical degradation on dispenser performance was
investigated for the polyethylene tube formulation. McDonough et al. (96) reported
that as much as 61% of the pheromone was lost through photochemically
induced degradation, and only 39% through evaporation. Codlemone is a con-
jugated diene alcohol, and, like other similar chemicals, is prone to photo-
chemical degradation via exposure to heat, light, and oxygen (98,99).
Degradation occurs via isomerization of the double bond (700), and oxidation
to peroxides and furans (97,99). The amount of codlemone degradation in poly-
ethylene-tube dispensers, first used commercially, effectively decreased the
longevity and necessitated two applications of dispensers per season (96).
Unfortunately, the cost of the dispensers precluded a second application (22),
and many attempted to get season-long control with a single application of
dispensers. This approach often resulted in control problems late in the season.
In response, new formulations of the polyethylene-tube dispenser have been
developed, with substantially less photodegradation. The effective field life
has increased by close to 50%, from 75-90 d to 120140 d, depending on tem-
perature (D. Thomson, personal communication). A field life of 140 d can pro-
vide season-long control in more temperate pome fruit-growing regions.
Overall, the improved performance of polyethylene-tube dispensers has
improved the efficacy of CM-mating disruption later in the season, resulting in
a better rate of success, leading to enhanced adoption by growers.

A related problem with current delivery systems has been inadequate field
life, because of factors other than chemical degradation. Field life is a function
of the pheromone load and its rate of release from the dispenser. The loading
rate is easily controlled in the lab; however, release rate in the field (assuming
no photodegradation) is complex, and is affected by the physical and chemical
characteristics of the dispenser, and environmental factors, such as tempera-
ture and wind. Ideally, dispensers should show a flat release rate at a constant
temperature over the expected field life. However, release rates change strongly,
relative to temperature, and weakly, relative to wind velocity (M. Suckling, per-
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sonal communication). Thus, dispensers are likely to have shorter field lives in
areas with high temperatures, or when conditions in a cooler region are unusu-
ally warm. This variation in release rates caused by temperature difference
makes it difficult to determine the effective field life of a dispenser. Many
commercial formulations have shown dramatic decreases in release rate fol-
lowing field exposure (101). The result has been inadequate amounts of
pheromone released into the orchard later in the season. However, some manu-
facturers have improved their products, resulting in substantial improvements
in performance (101).

Currently available commercial formulations employ either a single- or mul-
tiple-application strategy. These strategies are designed to ensure the adequate
release of pheromone during the mating period of up to three CM generations.
Control problems have occurred when dispensers have run out of pheromone
earlier than expected, leaving gaps when there is no pheromone dispensed.
Dispenser manufacturers must carefully determine the expected field life of
their products, to ensure proper use and performance in the field.

2.2.3. Critical Issues in Implementation:
Applied Research, Education, and Economics

We believe CM mating disruption has succeeded because the research,
extension, and agricultural communities have tried to integrate pheromones
into pest management programs, rather than simply adopt another technology
for CM control. By implementing a pheromone-based pest management strat-
egy, many of the limitations to the efficacy and acceptance of pheromones
imposed by the orchard-cropping system have been mitigated. These include
highly variable environmental conditions, a low tolerance for fruit damage, a
complex CM mating system, and a diverse arthropod community.

Early on, it was recognized that the best opportunities for CM control were
in orchards where physical characteristics and environmental conditions, includ-
ing topography, size and shape, canopy structure, and wind allowed for uni-
form distribution of pheromone. Relatively flat and even canopied sites have
served as the primary candidates for CM mating disruption; sites with steep
slopes or large numbers of missing trees have generally been avoided.

The borders of disrupted orchards have been especially vulnerable to CM
(20,78). Two processes have contributed to the development of border infesta-
tions. Mated females immigrate from adjacent orchards that are not treated
with pheromone. In addition, it is suspected that pheromone concentrations are
lower on the borders than the interior, thus increasing the likelihood of males
locating females and mating on the borders. Growers have judiciously pro-
tected the orchard perimeter by treating with insecticides, a 2x rate of phero-
mone, or a combination of the two. Border problems can also be remedied by
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Brunner (20) determined that the effective use of this high-load trapping sys-
tem required replacing lures every 3 wk during the first CM generation, and every
2 wk during subsequent generations. CM pheromone traps used in conventionally
managed orchards have typically been placed at midcanopy or lower, because this
position has resulted in good moth capture, and they are easier to maintain than
traps placed higher in the canopy. However, when high-load lure-baited phero-
mone traps have been used in mating-disrupted orchards, they have been more
sensitive when placed in the upper part of the canopy (706). Trapping programs
have been most effective when they are used in conjunction with visual inspection
of fruit for CM damage. Routine examinations of fruit in the upper canopy, along
orchard borders, in susceptible varieties, on the tops of slopes, near prop or bin
piles, and near fruit-packing operations has proved invaluable for early detection
of CM fruit damage when a disruption program is failing.

The most important impediment to the commercial acceptance of phero-
mone-based integrated pest management (IPM) is the higher costs relative to
insecticide-based pest management. Thirty-nine people employed in the field
of insect pest management in Washington and California were surveyed for
their opinions on the cost of CM mating-disruption technology relative to the
cost of conventional insecticides (707). Fifty-one percent stated that they found
the cost of mating-disruption technology to be high compared to conventional
insecticides; 31 and 8% indicated that they found the cost to be very high and
extremely high, respectively. Only 8% of the respondents indicated that the
cost of CM mating disruption was reasonable. In small plot trials conducted in
pear orchards over a 6-yr period in California, the average cost of a phero-
mone-based IPM program was 40% higher than a standard insecticide program
(108). Two applications of mating disruption dispensers are required to control
CM in California, thereby substantially increasing costs. A study conducted in
Washington State found that the cost of a pheromone-based IPM program,
when adjusted for material, labor, and machinery costs, was $133/ha higher
than a conventiona! insecticide program (22). The disparity in these costs pro-
vides a strong disincentive to adopt a pheromone-based IPM system approach.

Orchard systems are highly complex, with several hundred arthropod spe-
cies having the potential to reach pest status (109,110). The successful deploy-
ment of CM mating disruption, and the subsequent reduction or elimination of
insecticides to control CM, often creates orchard environments where some of
these species can rapidly increase to economically damaging levels (20). In
1993, a 485-ha apple orchard in central Washington State was successfully
treated in its entirety with tube-type dispensers. Supplemental insecticides were
only applied to border areas. Forty-eight sex pheromone traps captured over
6000 obliquebanded leafroller, Choristoneura rosaceana, males. In 1994, the
orchard was again treated with tube-type dispensers and, again, supplemental
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insecticides were only applied to local border areas. Trap captures of oblique-
banded leafroller increased fourfold, to over 24,000. Increased applications of
insecticides were required to prevent serious economic injury to the fruit. This
example clearly illustrates how the successful use of CM mating disruption
can increase the control problems of certain secondary pests, and thus provide
a disincentive to the adoption of the technology. The costs associated with the
increased use of insecticides for leafroller contro!, or the economic losses
because of fruit injury can outweigh the benefits and savings derived from the
biological control of other secondary pests. The aforementioned impediments
to the adoption of a pheromone-based IPM systems approach present serious
obstacles to the commercial success of mating-disruption technology for CM.
Yet, despite these obstacles, CM mating disruption is increasingly being
adopted by apple and pear growers around the world, because of a combination
of good results and the increased difficulty of using broad-spectrum insecti-
cides for the control of CM.

Using CM mating disruption in a large, contiguous area is considered a bet-
ter strategy than in small, individual orchards. The initiation of the USDA-
sponsored CAMP has enhanced the status of mating-disruption technology as
viable alternative to conventional insecticides, especially when pheromones
are applied in an area-wide approach. The objective of the program is to reduce
the use of organophosphate insecticides to control CM by 80% over a 5-yr
period (111). The CAMP adopted an IPM approach utilizing mating-disrup-
tion technology, judicious and timely applications of insecticides, biological
control, and sanitation. In 1995, five project sites were selected in California,
Oregon, and Washington. The size of each site and number of growers involved
varied between locations. The results have been quite promising during the
first 2 yr of the project, with the number of insecticides applied for CM control
and fruit injury at harvest declining substantially. For example, at the Howard
Flat CAMP site in north central Washington, cullage because of CM fruit
injury averaged 0.8% in the year prior to the project, and dropped to 0.01%
after 3 yr of area-wide mating disruption. Seventy percent of blocks showed no
detectable damage. Organophosphate sprays targeted against CM at Howard
Flat have decreased from an average of 2.8 to 0.8 for the season. The number
of CAMP siles, and their size, has grown considerably, from five sites, totaling
1300 ha in 1995, to 10 sites, totaling 3970 ha in 1997. It is hoped that the
success of the area-wide approach will encourage growers to work coopera- -
tively, ensuring the application of mating-disruption technology over wide
areas to improve efficacy.

3. Future Needs and Trends

Since the first isolation and identification of an insect pheromone more than
35 yr ago, pheromones have been used successfully to control several impor-
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sales of mating disruption products do not provide the same financial returns
on investment as conventional insecticides, and may explain, in part, why so
few large agrochemical companies he ve developed mating-disruption technol-
ogy, and why many suppliers of agricultural chemicals have not actively pro-
moted the use of mating-disruption technology. Pheromones have been referred
to as the chemical equivalent of parasites and predators. Like beneficial organ-
isms, pheromones are target-specific, exploit certain aspects of insect behav-
ior, and often result in reduced use of insecticides. In general, they have been
developed by small companies, or by industries not normally associated with
agricultural chemicals. Ironically, a major impediment to the acceptance of
pheromones may be their successful use in IPM programs.

In summary, the adoption by growers of pheromone-based IPM programs
will depend on how well the systems can meet grower concerns about efficacy
and cost. A better understanding of how and why the technology works will
enable the design of more cost-effective technology. The integration of mat-
ing-disruption technology into reliable and predictable pest-management pro-
grams will enhance adoption. Therefore, the development of monitoring and
sampling techniques, in conjunction with economic thresholds, will be essen-
tial to accurately assess the biological relationships between key and second-
ary insects and their natural enemies, to ensure cost-effective control of all
pests in the system.
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AN INTEGRATED APPROACHTO AREAWIDE
PINK BOLLWORM MANAGEMENT IN ARIZONA
L. Antilla and M. Whitlow
Arizona Cotton Research and Protection Couneil
Tempe, AZ
R.T. Staten
USDA, Animal and Plant Health Inspection Service
Phoenix, AZ
0. El Lissy and F. Myers
Texas Boll Weevil Eradication Foundation
San Angelo, TX

Abstract

. multiyear arcawide pink boliworm suppression program was conducted in
aker Valley, Arizona from 1990-1995. Two pheraimion systems, (he Shin Etst
+ Mitsubishi PBW Rope and the Ecogen NoMate Atiract N' Kill hotlow fiber,
epresented the principal control components along with limited chemical insecii-
ides. Populanon dynamics were rionitored season fong utilizing & standardized

Tapping prograit of one frap per ten acres of cotton.

Preromone applicarions began annuaily at the six frue teaf stage of cotton. During
he 1990 and 1991 seasons, one Fope application on 50 of the cotton acreage and
four fiber/ingecticide combinations were automaticaily applied on a 12-14 day
schedule on the rernaining acneage. Following 1991, the amount of rope utilized
dropped progressively (0 zer0 in 1994. Fiber applicution protocol was modified
over time from four automagc applications 10 tgeatment. busced exclusively on trap
nggers.

A stict cultural control program of crop destruction i tiflage was also instituted
10 reduce overwintesing PBW populations. Weekly grower meetings provided
updated program statistics and maintained prograu continuity.  The six year
program et of exceeded all stated objectives, namely:

1. Larval infestation rates in bolls were progressively ,_duced from 23.35 percent
pre-program 10 (.38 percent in 1995. This demons:.ted the efficacy of phero-
mone technology-

1. The use of conventional insecticides for PBW cuitiof in Parker Valley wus
reduced from more than 216,000 cumulative acres treated per season pre-prograsts
102,047 in 1995.

3, PRW populations in bolls were maintained far tulow acceptable econormic
{reshold of 5-109% through out the progrant.

4, The cost of PBW contro} was reduced from an Listorical average in excess
of $70.00 per acre 10 an avVerage of $28.33 per acre b ihe Jast three years of the
progran.

Introduction
Since 1965, the pink bollwonn, Pectinophora gossypetia (Saunders), has been 2
MRjOr ECONOINLC Pest of cotton throughout Arizona and songiem Califomia, Inan
effort 1o combat this insect, growers have been forced kil heavily upon chemi-
cal insecticides to suppress pink bollworm populaticie and waintain acceptable
yields. This process has not oaly proven o b very oo i, but has alse produced
an array of dewrimental side effects:

2 The potential development of resistance to various « cuivals, .., pyrethsolds,
b, Secondury pest problems associated with incrensed jriaticide usage.
¢. Increasing cnvironmental coneems relmed 1o the e ot prosticices,

Further complications have resulted due 10 lack of continaity produced whes
growers apply various conrol iethods, (0T 0N Aty on differing tme sched-
ues. This allows for pink bollwor population feser s 10 ol and regubuly
re-infest otherwise refatively Clean areas throughout the i The uhave repre-
sents a varicty of factors that called for the developent o alternaie strategivs. 1o
support of s, during the falt of 1989, & detnonstiation prop i was dentgned
wilize pheromony echnology as the mwn component 1n a kge seale unifurmly

managed pink bollworm suppression pmgrz;m in Parker, Arizona. The goal of the
program was 10 reduce pesticide use and grower costs through suppression of pink
bollworm populations Jeading to eradication as technology is perfected.

The time frame for duration of the demonstration program was initially set at three
years. A progressive reduction in pink bollworm populations over the period was
determined to represent an acceptable criterion for program evaluaion. Due to the
sucgess of the effort, the program hhas been continued for six years through 1995.
1t should be noted that the Parker program was designed to be a demonstration
project and not a wesearch effort. Unireated checks or control fields were not 1 be
part of the evaluation process. Rather prograin assessments were to be made by
comparing pink bollworm population wends in Parker Vailey over the duration of
the three year suppressiion effort. All comparisons were adjusted 10 equivalent
heat unit accumulations. Preliminary program data has been previously reported.
(Staten et al. 1995, Staten ot al. 1996 in press) This present report will serve 1o
provide complete documentation of program protocol, data and results to date.

Program Ob jectives

Initially in 1990-1991, the program set out 1o demonstrae the effectvensss of
pheromone technology, reduce the use of conventional insecticides and provide

pink bollworm suppression below economic thresholds on 90% of the fields in
Parker Valley through August 15th.

Objectives were modified for 1992-1995 10 exiend pheromone reatments through
Septemnber 15th. Initial objectives listed above including the minimizaton of cost
inputs were rnainteined throughout the six year program.

Methods and Materials

Due (o the dynamic natuse of the Parker Program and because of ongoing efforts
to analyze and improve \echnologies, the project was not conducied according ©
an imevocable set of pre—estnblishcd guidelines. Program strategies evolved over
the course of the three year dermonstration and beyond. Asa precursor to full scale
program initiation, 1989 was selected as the year 1©© gather baseline dan to be used
for future progran analysis. Forey-five coton fields averaging approximately forty
acres each were randomly selected in subsets of fifteen each from the north,
middle and south portions of parker Valley. An eighty boll sample was taken
from each field on a weekly basis beginning the week of July 23rd and nIRNiNg
through September 17, 1989. The samples were comprised of forty poils from
cach of two diagonally opposed quadrants on week one, (i.e., NE and SW quads)
and from the remaining tWo quadrants (i.e. NW and SE) on week Two. The
process wus then reversed for alternating sampling periods.

The samples, consisting of green holls which could be depressed stightly with
thumb pressune, were 1aken by walking a loop near the comers of each quadrant.
No holls were taken from the outside four rows of cotion. Only after proceading
further into the lield. did field personnel pegin harvesting holls. '

All boll saples were then plicud in labeled paper bags and returned t© the field
office where they were cracked and examined by techniciuns under table mounted
3% florescent ring light iuminated magnifying lenses. Findings of the survey
were reposted as the percent of tarvae recovened from the fotah weeekly boll swnple.
(Tuble 1)

Population Sampling
Supveillanee acivides in 1900 consisted of trapping Al condon Helds n Parker

Valley uf fhe rate ol one tap per fickd or forty aces, wohicherur wins sinaller
Srandard Delta sticky raps were usedd (Foster et al, 1977). Trups were placed and
pun outside tields untit layby, then moved at least fifty foet wside of field edges.
{ure consisted uf red rubher septa iinpregnated with -y joesd of wossyplure, 3
USHA standustd. ’

Tragps were serviced thiree tines jrr wuek beginning with wencd anding April
21, 1990, Multiple weekly servicing was curied throughy e prograiis treatment




3. To reduce pink bollworm populations below econoric thresholds.
Historically, University of Arizona economic threshokd \ccomimendations or pink
boliworm weatiment have ranged from 5-10% infested bolls, Program objectives
for 1990 and 1991 were clearly met with 3.6 and 0.1 percent infestation levels
docurnented through August 18th and 17th for 1990 aad 1991 respectively on
more than 90% of program fields. Modified objeciives extending program
activifies through Septernber |5th produced ‘maximun weekly boll infestarion
levels of 0.6, 0.0, 0.1 and 0.6 percent for 1992-1995 respectively.

4. To reduce the cost of pink bollworm control.

An historical review of Arizona Department of Agriculture treatment documents
verified that Parker growers spent a minimum of $70 por season on pre-program
pink bollworm control.  Some spent much more.  Since ACRPC personnel
assumed season long manngement in 1992, average grower costs per acre for pink
boliworm control have been successfully reduced to 35.0%), 23.00, 29.00 and 33.00
for the period of 1992-1995. This in turn has resulted iu 2 dramatic reduction of
traditional insecticide use from a minimum of 216,0(K) acre equivalent per year
pre-prograim to 2,047 acre equivalents in 1995 (Table 2).

In conciusion. it is evident that wl) program objectives lusve been met or exceeded.
Based on the cxiensive data thar has been gathersd over . six year period and more
impontantly, the Parker growers’ acceprance and vote of confidence, the program
must be considered a success,
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Figure 1. Parker Valley six year pink boltworm trappin

County, AZ 1985,

Table 1: Parker Valley seven vear pink bollworm Inrval infestation summary,
Lapaz Countv, AZ 1995,

Total Bolls Col- Total Larvae Re- Percent Larvae
Year lected covered Recovered
1989 26,879 6282 23.35
1990 34,726 3.442 991
1991 35,477 507 142
1992 30.064 261 0.86
1993 25,200 0 0.00
1994 16,109 32 0.19
1993 16.520 63 .38

Table 2: Puwker Valley pink bollwonn program summary, Lapaz County, AZ
1995,

Cumulative Seasonal
Total Program Acres Insecti- Average Cost

Year Acres Duration cide Treatrnents er Arre
1990 24,071 05/05 - 07726 334352 48.00
1991 27,11 05/10 - 07726 27,034 48.00
1992 27,638 04727 - 09/15 26,722 55.00
1993 28,229 04/26 - 09/10 3,570 23.00
1994 23,650 04/20 - 09/08 3,381 29.00
1995 23,154 05402 - 09/14 2047 33.00

DEVELOPMENT OF A NOVEL SPRAYVABLE PIIEROMONE
PRODUCT FOR PINK BOLLWORM CONTROL
Kirk Smith -- biusys
Tom Walgenhach -- biosys
Jeff Springer - Advanced Polynmier Systems

The compuny biosys, was founded in 1983, lis purpos2 was to develop
entomopathogenic nematodes as commercial insect control products. This
effort has been achieved with products now being suld world-wide for
control of a variety of insect pests in diversified comunodities. biosys is now
pusitioning itsel{ to be the world leader in the development and comnmerciai
sales of biological control products. A recent mierger with Crop Genetics
tnternational brought a pontfolio of three, EPA regisiered msect control
Baculovinuses. Two virus products, Spod-X* (for bewt armyworm control)
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period which ended July 26, 1990. Following fnal treatiments, servicing was
reduced 10 once 1 week through the week ending September 1. 1990,

Based on trap density tests conducted in Maricopa and Pinal countics in 1991-
1992, trap deusity was increased 1o one rap per ten acies on fiher treated fickls.
Trap density on rope treated acreage remained af one trap per ficld. Traps were
moved to field periimeters and servicing schedules 1educed to two times per week.
(Leggett et ol. 1994) From 1993-1995, trup inspection was fusther reduced to once
a week with trap density remaining at onc Fup per ten acres on field perneters.
Boll sampling for farval infestation rates was conducted anauaily on 45 randornly
selected fields according to the protocol establishied in 1989,

Pheromane Treptiment Program
Two primary control regimens were emploved in 1990

1 The Shin B or Mitsubishi PBW Bope was used where pussible on the

eariest cotton (first planted) and around sensitive sites where aerial application of

pesticides was to he avoided. The Rope is a high rate sysiem.  Gossyplure is
contained in a §" polyethylene reservoir sealed at both ends. The gossyplure
diffuses through the walls of the reservoir to produce its extensled release capabili-
ties at approximniely a 28g rate per acre. (Thint et al, 1985) Tests have shown the
yope to be effective for up to sixty days. Ropes wers hand tied using fabor crews
en 11.826 acres of cotton at or near six jeaf stage before pinsquare st a rte of 4
Ropes per acre on npproximaely a 10 by 10 font giid. The majority of the Rope
acreage was tred hetween April 28, 1990 and mid-May. No insecricuic oversprays
or pheromone fiber applications were wade on Rope fields.

2. The remaining 13.174 acres in Parker Valley were provided four scheduled
sentments on A maximun interval of 14 days utilizing the Ecogen pheromone
thollow fiber ("Afroct and Kit!", U.S. Patent no. 4671010, Staten and Conlee) and
azinphos methyl (an organo phosphate insecticide) cither alone or in combination
beginning at the six leaf stage. Applications were made by air utifizing standard
fiber pods. Swath width was 50 feet. The extent of use of this sysieny has prior
review {Baker et al. 1990).

The first and fourth applications were dual treatments of both the fiber at 10 gram
rate of formulated nuverial (approximately 0.7g Al) in combination with an
overspray of azinphos methyl at the rate of 1607 per acre in an uita low velume
fonmdation. The fiber was premixed with an adhesive (Biotac) at the mte of 3.502.
per acre. Included also in the Biowc was 0.50z (formulated material) of the
pyrethroid permethrin to compiete the Attract and Kill mode of operition.

Second and third applications were made on a 12-14 day cvele thereafter on the
same acreage. Both were fiber applications at a 15g rate (approximately 1.05g AD
plus Biotac and pennethrin.

The fourth and final application was a dual treatment, identical to the first listed
above, the insecticide acting as a clean up on existing moth pepulations to aug-
mient the effectiveness of the fiber.

in all of the fiber reatments previously listed, any individual field wap reading
averaging one or more moths per trap per night tiggered a reduction of the
treatment interval below the 12-14 day target time frame. In no instance were
reatments with fiber made on less than an eight day schedule. Most treatiments
averaged 12 day intervals. Fiber treanments began in a limited fashion on May 8,
1990 and wens comnpleted on July 26, 1990.

Rope versus fiber acreage ratios rernained at 50:50 in 1991, Fiber treatment
profucol was reduced to two scheduled applications beginning at the six leaf stage,
the first a dual freatment (fiber at a 10 gram formuluted rate in combinution with
chlurpyrifos at the rate of 32 oz per acre ultra low vohume formulation) and the
second a single fiber application 12-14 days later. Subsequent rreatients were
based on rapping tiggers (threshold moth counts) on a field by field hasis.

In 1992. the rope/fiber acreage ratio was reduced to 35:65. Fiber treaments were
reduced 1o one scheduled dual application. Al additional treatments were based
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on trap wiggers vr theipresence of known in-ficld infestations. Rope and fiber
satmients covered thee date ranges of May 2 - June 15, 1992 and May 2 - Septem-
her 15, 1992 sespectively.

Rope to fiber mties o pped o 0595 in 1993, No sope was utilized in vither 1994
or 1995 In addition, stomatic dual fiber insecticide treatments were discontinued
after 1992, Trapping niggers were employed season lung to differentiate the need
fur single fiber or (el treatments.

Standachization was ssential to progran sueeess. Trpping was carried owt on g
strict sehedile. Mok counts were anlyzed by supervisors daily w seported by
ficld personned and entened into a computerized database. Pheromone and insecti-
cide teatments wore « heduled within 2 window of tess than twenty-four hours

post defection.

Two way rxbio conrunication assured consiant contact between supervisors and
all field personnel, ¥ epudar monitoring of trapping. boll collection activities and
conpuercial application of pheromones maintained program quality assurance ata
high level

The inteertion of @i ol control regimen represented @ key component in
Aeve ultural ordinances enacted by the Colotado River Indian
A1 et imandoted well defined planting, chemical termination,
e deadlines leading 10 2 one hundred percent vamnplianee

sisted in reducing

PrOErain sucCess.
Tribes oo nibad o
stalk destiuetion and ©
'

record onthe part ol
overwintering pink Bl omi popalations.

whercotton growers. This in tarm has

Communication bt - 1 rizona Cotton Research & Protection Cuuncil program
personnel. tocal grov-r and pest control advisors hus also been an easeatial
clerent in the full iweesodon of conumunity wide activities, Weokly meetings
allowed progrun manse 13 10 updite growers on pink bollworm populasion Jevels.
curient contro} strat ;and Ananciad status repoits, Secondmy pest status

discussions with pest comrol advisors minimized dupfication of treatment strate-

gies.

Resuits and Discussion
Results of the six yoar suppression program may best be analyzed by companng
datistical sutnmary datss - ith stated program objecuves, nankely:

1. To demonstrate the vtiteacy of pheromont technology.

Despite the selective use of chemical insecticides, the Parker Program has primar-
ily utilized pheromones to achieve suppression of the pink bolhworm. A progres-
sive season long reduction of pink bollworm male mothss trapped has been docu-
mented over the duration of the program (Figuie 1), A dramatic reduction of
larval infestation rates has boen achieved over the course of program activities. An
overall larval infestation level of 23.35 percent in 1989 has progressively boen
reduced to a senson Jone average of 0.38 percent infestation in 1995 (Table B
‘These data ndicate that (particutarly since 1992) pink bollworm populaiions have
Iween reduced, establishing a new general equilibriurn position which is sustainable.

2. To reduce the growers use of conventonal insecticides.

Patker Valley has a history of beavy pink boilworn infestation-levels. During the
lale 1980's, growers aoinged 12-15 insecticide treatiments per season for pink
Dedtworm wontrol, Atizen Depariment of Agricufre pesticide use docurnents
were reviewed for all program study fields for the period of 1990-1692. All
grower treatnients {abeled tor pink bollworm (as either o primary or secondary
jest) were then sumnaizod and reported as the averngs number of treatments
applied by arva growess 1 each cowon season. This, coupled with the average
ije applicatinns per season. documents a significant
-ntional pesticides for pink boliworm control; from an
averge of 6.2 applicatios. 1 199010 3.5, 2.6, 11, 0.7 and 0.3 per season in 1991-
- results represent a dromatic reduction in the use of

numiber of progran ings
reduction in the use of o

1993 respectivaly,  Thes
raditional insecticides.
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1. INTRODUCTION

The tomato pinworm, Keiferia lycopersicella (Walsingham), is a pri-
mary pest of tomatoes in North Awerica. The insect occurs in many
tomato-growing areass but causes greatest damapge in Mexico, southern
California, southern Texas, and Florida. The pest has also been re-
ported in Haiti, Cuba, Central America, and Peru (1). Larvae are
leafininers during early instars and leafrollers as they increase in
size., TPoliar injury is of little economic importance although severe
infestations can suppress growth of younger plants. Larger larvae
ulso E:md tomatoes below the fruit ealyx, predisposing them to de-
cay. Traditional methods of controlling tomato pinworm (TPW) in-
volve repeated applications of broad-spectrum inseecticides, often in
mixtures aimed at control of other pests as well; however, TPW lar-
vae within the plant tissue are shielded from most insecticides, re-
ducing their effectiveness. Insecticides recommended for TPW con-
trol have caused outbreaks of secondary pests such as the vegetable
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FIGURE 1 Trap captures of male TPW in pheromone -treated and an-
trcated fields, Florida, 1979.

per hectare (20 g Al/ha) 20 days later. The 4-ha treated field was
compared with an adjacent field that remained completely untreated.
Traps baited with standard two-fiber lures were used to monitor male
populations. Trap counts were greatly reduced in the pheromone-
treated field (Fig. 2). Samples of 100 tomatoes collected at random
on four dates were examined for TPW infestations. The mean TPW
infestation in the treated field was 2% compared with 34% in the un-
{reated field (Table 1).

Mating tables were first used in Florida in 1980 to measure dis-
ruption. Three sets of paired blocks, approximately 0.1-ha each,
were established and half were treated with the hollow-fiber tape
dispensers at 10 g Al/ha. All fields received insecticides at the dis-
cretion of the pest control advisor. A single mating table was placed
in the center of each plot at canopy height. Virgin TPW females, 3
days old, were placed on mating tables on bouquets of excised tomato
foliage in vials of water. Depending upon availability, three to seven
females were placed on the table each day. Females were collected
after the daily mating period and examined for presence of spermato-
phores. Resullg from four dates indicated only 4.2% of females were
mated in pheromone-treated plots, compared with 52.6% in the check
plots (Table 2). :

During 1981 in Florida, plots treated with three formulations of
hollow fibers applied at 10 g Al/ha were compared with an untreated
check. Treatments were polyethylene fibers on sticky tape (PET),
Celconese plastic fibers on sticky tape (Celeon), and Celconese fi-
bers applied with polybutene sticker. Treatments were replicated
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FIGURE 2 ‘Trap caplures of male TPW in pheromone-treated and un-

treated ficlds. The two verlical arrows indicate dates of pheromone

application, Culiscan, Mexico, 1980.

TABLE 1 Average Percentage of Fruit Infested with
TPW in Pheromone-Treated and Untreated Plots,
Culiacan, Mexico, 1980

% Infestation

Treatment 9/24 10/2 10/4 10/6
Pheromone 2 3 1 2
Unireated 40 37 28 33

TABLE 2 Mating Freguency of Virgin TPW Females on
Mating Tables in Plots Treated with Pheromone
and Control Plots, Tlorida, 1980

Numhber of females

Treatment Mated Unmated % mated
Pheromone i 23 4.2
Control 10 9 52.6
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276 - Jenkins et al.

Each pheromone application replaced 2.5 conventional insecticide ap-
plications. Throughout the test the highest level of infested fruit in
pheromone-treated fields was lower than levels in pesticide-treated
check fields.

The relationship between point-source strength and number of
point sources was examined for TPW in 1980 by evaluating two dis-
tribution patterns and application rates of the hollow -fiber system
(15). Pinworm populations were monitored by adult capture in traps
and larval infestation in foliage and fruit. Within the test range,
distribution patterns did not result in significantly different larval
counts; however, all rates and patterns resulted in significant re-
duction of moth captures compared with the untreated control. The
lack of difference in larval infestations between treatments and the
control was apparently due to poor isolation and to immigration of
mated females from adjacent plots.

Mating disruption was further evaluated in California pole to-
matoes in 1981, when the hollow-fiber formulation was applied at an
average density of six fibers per site with approximately 5500 sites
per hectare for an application rate of 10 g Al/ha (15). Fibers were
mixed with sticker and applied by hand to tomato stakes at canopy
level. Applications were made once each month during August, Sep -
tember, and October. Three plots, 16-ha each, were treated with
pheromone. All plots, including ooﬁ.mmvosmm:m controls, were treated
with mixtures of insecticides for beet armyworm (BAW) control. The
TPW populations were monitored by traps and plant inspection.

Moth captures were greatly suppressed in pheromone-treated plots
compared with check plots (Table 6). Larval infestations and the per-
centage of fruit infested were generally reduced in pheromone-treated

TABLE 6 Average Trap Captures and Larval Infestation of TPW in
Pheromone-Treated and Control Tomato Fields, California, 1981

Mean no. /meter of row Mean %
Moths /trap / {E.,_tlclu DR infested
Treatment night Mines Larvae fruit
Pheromone 0.6 8.0 1.6 0.6
Control 38.6 9.9 2.3 0.8

Means are significantly different (matched paiv comparison) frow cor-
responding control: p <0.1.
by < g.01.
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plots as well, although not as dramatically as trap captures. The TPW
infestations were low because of inseclicide applied for BAW control.

IV. ECONOMICS

In his 1981 trial, Van Steenwyk (15) estimated hand application cost
about 80 dollars/ha, not including the cost of the mrmaoao:m%@:ma
fibers. It was concluded, at that time, that although pheromone
treatments suppressed TPW populations, the degree of control did
not justify the expense of the system. In normal commercial pro-
grams, cost for hand application is far less. A single laborer can
treat 1 ha/hr using fibers in sticker. Application cost is less than
5 dollars /ha in the United States and less than 30 cents/ha in Mexico.
High costs of labor, iand, and water in southern California have
resulted in a gradual shift of fresh market tomato production to Mex-
ico. Tomatoes are Mexico's largest export crop, with revenues in
the hundred's of millions dollars annually (16). The Culiacan valley
of Mexico produces as much as 50% of all fresh market tomatoes con-
gumed in the United States each winter. Growers are highly moti-
vated to protect this market through economic production of clean
tomatoes. In 1979 the USDA-FDA stopped large quantities of to-
matoes from importation from Mexico because of pesticide residues
above tolerance (5). This action caused considerable economic loss
{o Mexican growers. Alternative methods of pest control, especially
nontoxic alternatives, such as pheromones, are therefore desirable.

V. PRODUCT DESCRIPTION

The TPW mating disruplion system development efforts culminated in
1982 with full EPA registration of Attract'n Kill Tomato Pinworm (A&K
TPW). This is the only sex pheromone product currently registered
for control of TPW. Efforts to develop a similar product are in prog-
ress at Shin-Etsu Chemieal Company.

‘The agent AgK TPW is registered in Mexico, Florida, and Cali-
fornia. The system is most widely used in the Culiacan valley and
San Quintin regions of Mexico. Monthly applications normally bhegin
1o later than 2 weeks after transplanting. Pheromone traps and lar-
val sampling are used to determine population levels and product
longevity. Typically, trap caplures will average fewer than one
moth per trap a night for 3 to 4 weeks after an application. Warm
temperatures increase the release rate and decrease product longev-
ity. When captures increase to an average of five moths per trap a
night, it is recommended that the pheromone be reapplied.
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INTRODUCTION

The fresh market tomato industry in Sinaloa. Mexico. worth hundreds of
mullions of dollars annually ( Buckley et al.. 1986 ). was threatened during the
1980s by a complex of lepidopterous pests. including the tomato pinworm.
Keferia lvcopersicella Walsingham. the tomato fruitworms Heliocoverpa zea
and Heliothis virescens. and the beet armyworm. Spodoptera exigua { Alvar-
ado-Rodriguez. [988). Historically, these pests have been controlled with up
to 40 applications per crop of multiple. broad-spectrum insecticides such as
methomyvl. permethrin and fenvalerate ( Brewer et al.. 1990). Not surpris-
ingly. the extensive use of these insecticides has resulted in development of
substantuial resistance in the pest populations ( Brewer and Trumble, 1991,
Other serious problems also have occurred. such as the pesticide-induced ap-
pearance of secondary pests like the vegetable leafminers. Liriomyza tritolii
tBurgess) and Liriomv=a sativae Blanchard {Oatman and Kennedy, 1976:
Johnsonetal.. 1980 a. b). adverse effects on key biocontrol agents (Qatman
ctal. 1983: Trumble. 1985). and excessive pesticide residue levels which have
prevented export to the US (Anonymous. 1979). Therefore. an obvious need
existed for the development and implementation of an [PM program that
could otfer a more sustainable approach to pest control and minimize the
potential for environmental and human health concerns while maintaining or
¢nhancing economic viability.

[n spite of 2 low potential for environmental damage and a very low mam-
malian toxicity. control programs for conventionally produced tomatoes tra-
ditionally have not included the use of microbial pesticides or alternative
strategies such as parasite release or mating disruption. Historically. this lack
of etfort to include Bacilius thuringiensis Berliner or refated materials in con-
trol strategies was because of the perception that high value. short term crops
were not as suttable as perennial crops for incorporating use of microbial pes-
ticides ( Bieverand Hostetter, 1978). Similarly. release of Trichogramma pre-
(osum Riley in tomatoes for fruitworm control. although generally etfica-
cious (Oatman. 1988). were not widely accepted because of high cost. supply
problems and ease ot use of a prophvlactic control program based on broad
spectrum insecticides. Mating disruption techniques. while successtul in con-
trolling K. \veopersicedla on cherry tomatoes. have had mixed success in tresh
market tomatoes ( Van Steenwvk and Oatman. 1983: Jenkins et al.. 19901,

One of the best methods for intluencing the growing practices for vegetable
production is to provide a complete management approach tor the pest com-
plex rather than a short-term solution to a single pest problem | Trumble.
[990). This approach has at least two advantages. First. techniques to control
resistance development can be incorporated. Second. a complete manage-
ment system allows the development of low or reduced pesticide input pro-
grams which can be analyzed using available economic techniques for com-
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ABSTRACT

Trumole. I.T. and Alvarado-Rodnguez. B.. 1992, Development and economic evaiuation of an {PM
program tfor fresh market tomato production in Mexico, . igric. Ecosvstem. Environ.. 00: 000-000.

An ntegrated pest management ([PM) program based on intensive sampling, parasite release. use

of the mating disrupuon technique. and applications of micromal pesucides and abamectin was de-
- eloped for the fresh market tomato industry in Sinaloa. Mexico. The [PM program for tomatoes was
compared with convenuonal pracuces and an unmanaged control in each of three major agricultural
vaileys in autumn and winter crops., and (R two vaileys for spring plantings. The amount ot marketable
fruit proquction was simular tor all treatments in the autumn plantings. but sigmficanty mgner 1n the
P\ program dunng the winter and spring piantngs. The densities of Liromvza sduvde Bianchard
ind Kereria lycopersiceila { Walsingham) eggs, larvae and adults were subsiantially reduced 1 the
'9\{ ireatment. Percent fruit damage by Spodoprera extyua (Hitbner). Heliocoverpa zea 1 Boddie)
ina Heliothis virescens ( Fabncius) was generally higher in the [PM treatment (4 2-11).9%) as com-
sared with the conventional treatment (0.9-3.7%). However. the percent frutt damage oy K. lvcoper-
sicela was significantly reducea in the [PM treatments {6.49-30.4%) vs. the conventional treatments
¢ 3.65-34.2%) 1n the winter and spring plantings. Net profits { value ot frunl at harvest minus the cost
't control) were substanuallv higher i the lower :nput [PM plots than in conventional treatments.
‘q the autumn. net protits rangeg from USS304 to US$379 ha~' mgher in the {PM treatment tor
carton values of USS5-US$1 1. respecuveiv. [n the winter and spring plantings. only the [PM ap-
aroacn was profitabie. The IPM program orfers substanual. long-term penerits 1n comparison wilh
‘ne conventional approach. Not only was the cost of the [PM program consideranly iess. put it ¢ Uy
-educed the potenual for pestic:de resistance deveiopment: 1) reduced the possipaty a1 putenual
mammailan toxicity or non-target esfects by using less toxic pesucides that are speciic in acuvVILy:
 3) provided less ¢nance for frutt contamination or environmenial damage.

Correspondence to: Professor John T. Trumble, Depariment of Emomololéy, LUniversity ot Cal-
:formia. Riverside. CA 92521, USA.

& 19972 Elsevier Science Publisners B.V. All nghts reserved 0167-3809/92 303.00
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TABLE:

Controi costs 1 USS ) for tresh market tomato production in Guasave

Treatment No. appitcations Cost perappiwation ha - Towal cost

iutumn plunning

(Conventional 13 1330 123530
1PM
Avermectin ! Si).=id 30,40
Pheromones 3 Ta ) 23040
Trichogramma 9 13 0,70
8. hwrinerensis L 1T 1700
Total 344.30
1 nger Planung
Conventional 33 355 123330
[PM
Avermeciin b 3i).3) -02.00
Pheromones 4 Ta 1) 306.00
Trichogramma 3 L3 13.40
8. huringiensis 3 LT 13300
Total 379.40
Spring Plantung
Convenuonal 33 3339 1235.50
1PM
Avermecun 3 30,40 543,20
Pheromones 4 7930 306.00
Trichogramma 3 230 11.30
8. thuringiensis 5 17.00 35.00
Total 1045.79)

phia. PA) at 0.5 1 ha~' Every attempts was made to tollow application pro-
grams used by the commercial fresh market tomato industry in each valley.
but numbers of applications vary between growers and numbers of com-
pounds included in each tank mix are similarly variable. Growers that spray
tess frequently may use more chemical in each application. Thus. the conven-
tional treatment represents the best approximation in both etforts and costs
of an average control program. Soravs were applied with a backpack spraver
tollowing local commercial practices.

The second treatment was Jesigned as a lower input [PM svstem. This
treatment included mass releases of 7. preriosion for fruitworm SUppression.
which have proved successful on processing tomatoes in the area ( Elizondo-
Alapisco and Alvarado-Rodriguez. 1983). Five to nine releases ot 100 000 T
pretiosum per release were made on each plot. The parasites were provided as
pupae within Sitotroga sp. eggs glued on small cards. and these cards were
clipped to ftoliage systematically throughout the plot Buctllus thuringrensis

e




MATERIALS METHODS

}resti markel lomdtoes are srown n the Cuhiacan, Guasave and Los Mwehis

vallavs of Sinaloa. Mexico. The region uses three discrete plantings: autumn
{ October-December ). winter ( November-February) and spring (January-
May). Following a series ol pilot studies in the spring of 1938. three. ! ha
olots were established in 1988-1989 for each of the pianting dates within each
of the three vallevs with the exception of Culiacan. where the spring planting
was lost because of a misunderstanding resulting in poor agronomic practices.
Fucn s ha plot was at least | km trom the others i each site in order o avoid
‘nterference between techniques. Selection of a treatment program tor each
plot was made randomly. Within each planting, each site was considered a
replicate.

Three treatments were tested concurrently in each valley. The first was a
conventional treatment. consisting of multiple applications (see Tables 1-3)
of two broad spectrum pesticides. methamidophos { Tameron ®. Bayer, Bay-
erwerk. Germany) at 1.0 1 ha~' and permethrin (Pounce®. FMC. Philadel-

TABLE |

Control costs { L'S$) for fresh market tomato production 1n Culiacan

Treatment No. appiications Cost per application ha Total cost

tecurun Planang

Conventionas 33 33.30 23550
M

Endosuitan . 1930 930
Asermectin 3 $0.40 241,20
Tricrogrammy N 2,30 2070
Pheromones 3 "46.30 230.30
2 huringienss N 1750 34.00

Total 348,10

HWinger Planting

Convenuonai 33 7530 1235.30
M

Endosuitan 3 1330 3940
Asermectin 2 30,40 10,30
Pheromones 3 "6.30 230,40
Tricnogran:ma + 230 9 20
B huringiensis 3 L 700 51.00

Total 310.30
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were grown using local. horticultural practices including tretlising. Plants were
zrown 0.5 m apart in rows with 1.5 m centers.

{nsect population assessment

[nsect populations were monitored in all treatments and {ocations weekly.
The leatminer population was assessed acording to the methodology of John-
sonetal. (1980). and consisted of using ten pupal trays per plot. Spodoptera
exigua larval populations were assessed by inspecting 60 tomato plants ran-
domly selected on a diagonal transect within each experimental plot. Keferia
[vcopersicella adults were monitored using three wing style pheromone traps
(Wyman. 1979) per treatment per salley as descnbed by Toscano et al.
(1987). Egg densities were determined by randomly sampling 30 leaves in
rows |. 5 and 10 for each side of the experimental piot as well as an additional
sample from the center ot the tield. The larval population ot tomato pinworm
in foliage was monitored by inspecting ten whole plants randomly selected
from each of rows |, 3 and !0 from each side of the experimental plot as weil
as a sample from the center of the tield. Data were pooled within plantings
for analysis of variance { ANOVA) and. if significant at the P<0.05 level.
followed bv means separation with Fisher's Protected Least Significant Dif-
ference ( PLSD) test ( Fisher. 1949). All analyses were conducted using Super
ANOVA (Abacus Concepts. Berkeley, CA).

Viarketable fruit production

Plants were harvested from 10 m sections of rows |. ¥ and 10 for each side
ot the experimental plot as well as an additonal sample from ) m of row
from five rows in the center of the tield. All orange and red fruit were har-
vested. Plots were harvested as long as fruit production continued {up to tour
times per plot). All fruit was counted and weighed. This approach avoided
the underestimation of vield problems that occur when only percent truit
Jdamage is assessed ( Welter etal.. 1989). Percent fruit damage assessment tor
tomato fruttworm and S exiena consisted of inspecting 100 randomiy col-
lected truit in each experimental plot: truit losses were evaluated together tor
these insects because of difficulty in separating teeding damage bv species
when infestations are high. Aereria [ycopersice!/la damage was monitored bv
inspecting 30 randomly saumpled fruit each trom rows 1. 3 and [V for each
side ot each experimental plot and a sample of 30 truit tfrom fNve rows in the
center of the field (a total of 630 truit per plot). For all damage estimates. the
number of fruit were weighed by the the damage level on each harvest date to
generate a seasonal average for truit damage by treatment. All percentage data
were transformed by an arcsine square root transtormation. analyzed by AN-

s,
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TABLE3

Control costs + USS) tor fresh market lomato producuon in Lus Mochis

Treaiment No. appiwcations Cost perapplication ha Total cost

tutumn Plannng

Convenuonal 33 3330 1235.50
PM

Avermectin N 3340 15030
Pheromones 3 "5.30 23040
B thuningtensis l T OO {700
Trechogramma 9 230 070

Totai 42390

Irer Planring

Convenuonal 33 3330 1235.30
1PV

Endosuifan l 930 930
syermecun 3 30.40 543.20
Pheromones 4 "5.30 306.00
Trichogramma 3 23X 18,40
B. thuringiensts 3 1790 136.00

Total 112350

Spring Planting

Conventional 33 315.30 123530

[PM

Avermeciin 3 30.40 543.20

Pheromones 3 "6.30 13040

Trichogramma 3 2,30 11.30

B. thuringensis N (T 0 ALY
Total 04 11

(Javelin?. Sandoz Chemical. Palo Alto. CA) was applied at 2.41ha"" when
S. exigua populations exceeded a threshold of one larvae per four plants. The
mating disruption technique ( pheromones from Scentrv. Buckeve. AZ.) con-
sisted of monthly applications of pheromones in hollow fibers mixed in a
flowable polvbutene adhesive. Fiber/adhesive mixtures were applied at ap-
proximatelv 2 mintervalsalongevery other row with a wooden stick to trans-
fer a small amount of mixture. The application rate was 13 g 2.t ha”' Aba-
mectin application (Agnmec*. Merck and Co.. Rahwav. NJ) at 0.0133 kg
1.4, ha-' was made when K. .1copersiceila larvae exceeded the threshold of
three to four larvae per 3 m of row (0.23 per plant) { modified from Wiesen-
born et al.. 1990). [n addition. up to three applications of endosulfan ( Hoechst
AG. Frankfurt. Germany. 33%. 1.3 Lha~') were needed ( Tables 1-3) in some
plots to help control outbreaks of the potato aphid. Macrosiphon euphorbiae
{ Thomas ). _ : _

The third treatment was an untreated control. As with all plots. the controls
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TABLE 4

Popwauons of immatures ot leatminers and eggs of A {veopersicerfa and percent fruit damage by
‘eoidopterous pests for commercial, [PM and control programs

Treatment and frtomyzaspp, K. lvcopersicaiia Mean o trunt damage:
season pertraydav” eggs per leal’
S exigua - K Iveopersicetla
‘rutiworms®
Lutumn planing
Control neo.ila 11030a 13.0b 17.36a
Convenuonal "3la 1).007a L.db 4 63a
[PM 37.3a Juosa 1.9 n.49a
Winter ptanting
Control itda 0122 175 0.7ab
Conventonal P31un 9 20a 3l n8.5b
(PM 44.6a J.07a 49 M.da
Ypring Planting”
Control iU0.5p | 93ab ti.lh nY.7b
Conventional 185.1a 192 i}.9a 34.23
(PM <ib .77h 422 30.2¢

Argsine transtormation followed by ANOVA and means separation by Fisher's Protected LSD: data
back transtformed for presentauion: means toilowed by the same ‘etter are not signiticantly ditferent
at the V.03 level.

-Fruitworms nciude Heliocoverpa zea and Heliotius virescens.
‘Based on piots 1n Guasave and Los Mochs Valleys oniy.

parasites (Oatman and Kennedy. 1976). Similar results have been reported
tor pesticide use in other crops ( Trumble. 1990 ). The low leatminer popula-
tions in the [PM treatment probably arose from a combination of the control
provided by avermectin and the impact of the parasite populations. Although
the avermectin was intended as a control agent for K. {ycopersicella, this com-
pound etfectively controls Liriomy=a spp leafminers with little or no impact
on their associated parasites ( Trumble. 19851, The lack ot differences in leat-

miner densities in the autumn planting is difficult to explain. It is possible

that the parasite population required much of this period to reach levels
needed to provide adequate leafminer suppression.

Spodoptera exigua larval populations in the autumn crop tollowed similar
trends in all treatments. and were not significantly different ( mean range.
0.003-0.034 larvae perplant. F=0.631. 4, L=21.6. P=0.364). Similar trends
were-documented in the winter ( mean range. 0.08-1.36 larvae per plant.
F=0.389.d.t.=2.6. P=0.439) and spring plantings ( mean range. ().13-0.36
larvae per plant. F=0.308. d.f. =2.3. P=1).646). Difficulty in locating the
negatively phototactic late instar larvae t Griswold and Trumble. | 985) prob-

ably accounted for the lack of statistical separation between treaiments bv
increasing the variance in the samples. ‘

LSETGI AGEESS.
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OVA and. if Fvalues were significant at the P<0.05 level. followed by means
separation with Fisher's PLSD test.

Econanuc aralvses

Production costs associated with pesticide application. and pesticide pur-
chase were supplied bv growers, agricultural chemical companies and related
chemicai supply warehouses. Discussions with growers indicated that the range
of applicationswas.trom 20 to 435 +=.percrop.usually with multiple pesticides
per application. The numbers of conventional applications therefore wee
standardized for comparative purposes in the economic analyses at 33 per
crop of two pesticides. Prices tor pheromones. traps and adhesive were pro-
vided by a commercial pheromone production company ( Scentry. [nc.) and
several growers. Prices tor all products tended to vary with the amount of
ourchase. so tor purposes}ot‘ companson, all costs were standardized tor an
average-sized tarm ( 3000-1300 ha) at the levels shown in Tables 1-3. A par-
t1al budget analysis was used. Gross protits were calculated by determining
the wetght ot marketable truit produced per hectare using average truit weight
per 10 m ot row tor each planting and location ( see previous section for sam-
pling plan). dividing by 11.33 kg (the weight of fruit in a standard carton ).
and then multiplying the number of cartons by the dollar value per carton.
The net profit is detined as the value of fruit at harvest minus the cost of
control: this is not a true net protit as the horticultural costs ( planting. labor.
harvest. etc.) were not included. However. because each grower permanently

employs a large tield crew. such costs are static and vary little with insect
control strategy.

RESULTS

{nsect population assessmen:

Liriomyza sativae populations were substantiaily different among treat-
ments in the winter and spring crops ( Table 4). The conventional treatment
consistently averaged higher numbers of pupae per trav dav ~' than the [PM
and control treatments. wnere Liomyza populations remained steadily low
throughout the growing season. Although the tomato plant can withstand
considerable foliar damage without vield loss ( Pastemak et al.. 1979 levels
ubserved in the conventional ptots probably caused significant effects on fruit
vield and size. J. Trumble and E.R. Oatman (unpublished data) tound sig-
nificant truit size reductions in California when populations reached 20 pu-
pae per tray dav ™',

The exceptionally high leatminer populations in the conventional treat-
ment were probably a result of the adverse pesticidal effects on the-leatminer
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Fig. 2. Mean K [lycopersicella larvae per plant in commercial, [PM and control treatments tor
autumn. winter and sprning tomato ¢rops 11 Sinaloa. Sample sizes and repiicate locations are
listed in the methods section.

treatments were dramatically less in the spring plantings in Los Mochis and
Guasave., where the conventional and control treatments exceeded 30 larvae
per plant duning the harvest period (Fig. 2). Analysis of data on percent par-
asiusm of K. Lyvcopersicella eggs and larvae suggested that the generally higher
levels ot K. [vcopersiceila larvae in the conventional as compared with the
control treatment were probably owing to undesirable pesticidal etfects on
biological controi agents ( B. Alvarado-Rodnguez and J.T. Trumble. unpub-
lished data).

Markerable truit production

Marketable fruit production varied between plantings and treatments ( Fig.
3a). The most marketable truit was produced in the autumn. and the least in
the spring. The growers in the region suggested that this represented a tvpical
pattern ot production. which they ascribed in part to a phvsiological effect of
the cooler temperatures occurring in winter and spring in Sinaloa. Treatment
differences were significant in the winter and spring plantings. when the [PM

A




(N [PM PROGRAM FOR MOMATOES 9

Keferia [ycopersicella adult catches in pheromone traps were considerably
reduced in the [PM treatment (Fig. 1 ). The economic threshold level of five
moxfrhs per trap per night was only occasionally exceeded. [n contrast. pher-
omone traps in the convenuonal and control treatments routinely surpassed
the threshold. reaching a high of 67 moths per trap per night in the spring
planting in Los Mochis and 143 moths per trap per night in the winter plant-
ing tn Guasave, respectively.

Populations of K. {icopersiceila immatures were lowest in the autumn and.
highest in the spring planting. Significant differences between treatments in
2ggs per leal could be detected only tor the spring planting. where the [PM
rreatment exhibited the lowest egg density (F=12.361.d.f.=21.3. P=0.036)
( Table 4). Larval populations increased from a maximum ot 1.3 per plant in
the autumn to 5.6 per plant in the winter crop and over “{) per plant in the
spring (Fig. 2). [n the winter planting. when & {vcopersicella larval densities
became economically important. the [PM program provided control gener-
ally equivalent to the conventional practices.: Both of these approaches re-
sulted in fewer larvae per plant than the control. Larval densitiesin the iPM

Autumn Plantings Winter Plantings Spring Plantings

oz - 70 =
=3 ; Los Mochis Los Mochis ‘0 Es Mochis
20 2 Conventional 1

1PM
5 Control

&

i
1

)

5 20
-~ 10
0 0 =hat. 0
an 1 3 5 7 9 11 13 153 17 1 3 b i 9 11 13 1 3 3 7 9
- p : 60 —
161 Guasave . 1407 Guasave T Guasave
+
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121 1001
s 801
601
' 101
: 201 .
0
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501

401

135'911131512343678
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Fig. 1. Mean K. [ycopersicella moths per trap per night cotlected in commercial, {PM and control

‘reatments for autumn, winter and spring tomato crops tn Sinaloa. Sample sizes and rephcate
‘ocanons are listed in the methods sections. ’
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repeated applications of the two pesticides utilized in the conventional treat-
ment did not provide significant control of this pest in comparison with the
control.

The autumn planting produced the largest average fruit weight ( Fig. 3b).
Within each treatment. there were significant differences in average fruit
weight between the autumn planting and either the winter or spring plantings
(conventonal treatment. F=24.008. d.f.=2.3, P=0.003: [PM treatment,

F=12248. df.=2.3. P=0.012: conwrol treatment. F=11.140. d.f.=2.3.
P=0.014): winter and spring plantings did not differ. [n addition. the mean
weight per fruit was not signiticantly different among treatments | Fig. 3b).
Although the average fruit weights were not significantly ditferent. the pro-
porton ot the truit which could be packed into a farger size class was not
determined. A weight increase averaging 12 g per fruit in the [PM treatment
4s compared with the conventional treatment for the spring planting may have
increased the proportion of larger fruit. which usually wholesale tor US$1-
2US$2 more per carton. Because we did not cotlect size class data. potentially
increased revenues for the [PM treatments from sale of a larger sized truit
were not included in the economic analyses..

Fruit damage trom S. exigua. Heliocoverpa zea and Heliothis virescens was

signiticantly greater in the {PM treatments compared with the conventional .

treatments in the autumn and spring plantings (autumn. F=14.588. d.t.=2.6.
£=0.003:Spring, F=126590,d.f.=2.3. P=0012) (Table 4). Resuits from ap-
plicaticns of 8. thuringiensis were act significantly differsnt from damage

levels in the control treatments in autumn and winter plantings, but damage .

was significantly reduced in the spring crop ( Table 4).
Eoonomic unalvses

The lower input [PM program was substantially more cost etfective than
the conventional approach. The cost of the [PM program was eguivalent to
less than 20 applications {two pesticides per application ). Costs for control
tn the [PM treatments were generally lowest in the autumn planting. when
insect population pressures were less. and highest in the winter and spring
crops when K. lvcopersiceila populations reached maximum leveis (Tables | -
3). Despite numerically lower amounts of marketable fruit in the [PM vs. the
conventional treatment in the autumn Crop. net protits « value ot truit at har-
vest minus the cost of control) ranged from US$304 to US$579 hg - higher
in the [PM treatment than in conventional treatment for tvpical market val-
ues of US$5-US311 per carton (Fig. 4). This difference resulted trom the
substantially reduced control costs in the [PM treatments. Although the anal-
vses were standardized at 35 applications for each Crop. growers may use fewer
applications during the autumn planting than in the winter and spring ( B.
Alvarado-Rodnguez. personal communication ). This practice serves to re-
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‘od. Samopie S1Z€S and replicate locauons are listed in the methods section. Letters apove Dars 1o
A refer (0 means separauon by Fisher's PLSD test.

rreatments produced significantly more fruit than the conventional or control
rreatments (wWinter. F=3372.d1=256 p=0.046: spnng. F=9390. d.L.=2.5
p=0.049). Most of this improvement came from the improved control ot the
lomato pinworm in the {PM svstem ( Table 4). Damage levels were over wice
as high in the control and conventional ireatments as in the [PM treatments.
The combination of avermectin and pheromones in the [PM treatment did
not provide complete control and improvements are needed. but the results

were far superor 10 the standard chemical control procedures. Clearly.even
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Fig. 0. Net profit analysis from the spning pianting :n Sinaloa. The height of the bars indicates
“he value of the crop as the market value (dollar value of the cartons) changes. The dotted lines
show the cost of the commercial and the {PM control strategies. The net protits (value of the
CTOP miunus the cost ot pest control ) are snown directly above the commercial and IPM bars.

profits were greater. In fact. in the experimental plots. only the {PM appraoch
was profitable. The combination of reduced pest control costs and increased
fruit production resulted in a net profit differential between the conventional
and [PM treaiments ranging from US$1233 to US$2243 in the winter plant-
ing and US$1368 to US$2758 in the spring crop for US$5-USS 11 per carton
markets.

DISCUSSION

The [PM program documented in this study is probably not in its most
efficient form because it was designed conservatively. This approach was nec-
essary because it has been the authors' experience that persuading growers to
risk profits on a program which has previously failed is a ditficult proposi-
t1on: growers of relatively short term. high value crops such as vegetables tend
10 be conservative when considering pest control. Additionally. because the
low cost of field labor allowed substantial etforts for sampling purposes. sam-
pling plans used 1o assess insect populations in the [PM program were de-
signed to provide information on insect dispersion as well as simple popula-
tion intensity. Therefore. the use of more efficient stratified or sequential
sampling plans for some of the insects ( Zehnder and Trumble. 1983: Sheiton
and Trumble. 1990) could increase the efficiency and economic viability of
the [PM program.
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duce the net profit differential between the [PM and conventional treat-
ments. assuming damage in the conventional treatments was not increased.
In the winter and spring planungs ( Figs. 5 and 6). the differences 1n net
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in processing tomatoes for the past two growing seasons. did provide infor-
mation which suggests the [PM approach has been effective. Data from the
Sinalopasta company farm showed damage levels in fruit declining trom 3.5%
t 2300 ha on standard conventional practices) in 19881989 to 1.2% (3000
ha on the [PM program ) and 2.7% ( 1800 ha on :he [PM program} in |989-
1990 and 1990-1991. respectively. This drop in percent damage occurred in
spite of a 60% reduction in pesticide use from 2.43 kga.i.ha~'in1988-1989
00.99kga.i. ha~'in 1989-1990. and 0.84 kg a.i. ha~' in1990-1991. Recog-
nizing that population variation between vears could account for the differ-
ences in percent damage and pesticide use. an untreated 10 ha plot was estab-
hished in 1990-1991 to document K. /vcopersicella populations. Fruit from
this untreated plot showed 71.2% damage. Thus. the available data suggest
that the [PM program will function economically in large scale commercial
planungs. _

The [PM program otfers several additional benetits bevond the short-term
economic gains. First. use of this program minimizes the potential for resis-
tance development by reducing the amount of pesticide applied and by max-
tmizing the impacts of the beneticial arthropods. Second. the program dra-
matically reduces the use of pesticides with high mammalian toxicity:
methamidophos has an oral LD, of approximately 13 mg kg~' vs. abamec-
tin. which has a contact toxicity in excess of 5000 mg kg ~'. Third. the reduced
pesticide pressure provides less\change Tor fruit contamination. Fourth, the
overall reduction in pesticide application serves to minimize the possibility
ot subvisual phytotoxic etfects of pesticides on tomatoes { Welter et al.. 1989).
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Documenting the cost effectiveness of each of the components of the [PM
program was not possible given the data collection methods. However. con-
clusions can be drawn regarding the usefulness of the mating disruption tech-
nique and the application of B. thuringiensis. two practice which have histor-
ically generated variable results ( Biever and Hostetter. 1978 Baker et al..
1990: Silverstein. 1990). The maung disruption technique used in the {PM
treatments consistently resuited in the fewest captures of K. lycopersiceila
1dults of ail the treatments (Fig. 1). Unfortunatety. such reductions in aduit
cotlections do not ensure reduced truit damage (Van Steenwvk and Oatman.
1983). However, both egg densities (Table 4) and larvai populations (Fig.
1) in the IPM trzatments were reduced in comparison with the conventional
program. particularly during the spring plantng when K.lvcopersicella densi-
lies were al maximum. Although some of the larval monrtality was almost cer-
:arnlv because of the effects of abamectin application. this compound is not
yvicidal and has not been implicated as an oviposition deterrent {R. Brown.
personal communication. 1991). Thus. given that the research plantings were
celatively small (2 ha per valley) and subject to exposure 10 immigration of
previously mated female moths. the apparent success ot this approach on a
limited scale suggests that the technique would likely be more ¢tfective as the
treated acreage inCreases { Rothschild. 1931).

Bacillus thuringiensis was useful in the [PM program because it does not
kill the key parasite species which control Liriomyza specigs. it is non-1oxic
10 humans and environmentally safe (Trumble. 1990 ). and helps reduce the
fruit damage by lepidopterous pests. A range of B. thuringiensis isolates and
formulations have recently shown improved efficacy for S. exigua suppres-
sion ( Moar and Trumble. 1990). As such new products achieve registration.
their incorporation into the [PM program will improve the economic viabil-
ity of this approach.

The etfective implementation of the [PM program in Sinaloa taced some
major constraints. Because tomatoes represent an important palance-ot-trade
tem with the US (Buckley et al.. 19862 Ramirez Diaz. 1988). and because
the fresh market tomato industry is a major emplover in the region. the in-
dustrv is often subsidized by the Mexican government. The [PM program
-herefore had 10 produce at least as much fruit as current practices and em-
ploy as many people. By reassigning some of the permanent fietd crew from
ohvsical removal of intested leaves and pesticide application 10 monitonng.
most of these jobs could be maintained.

Unfortunately. getling proprietary information from tomato packing vp-
erations to determine if the [PM program has been a commercial success has
proven ditficult. Although some growers have verbally stated that the [PM
program has been successfully implemented. the data necessary 10 document
+he claims have not been forthcoming. However. the Campbell's-Sinalopasta
Corporation in the state of Sinaloa. which has been using the [PM program
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Biointensive 1py and the lPM;c:mtinuum

2. The Pear Pest Management
System Continuum in California:
A Case Study

Pear and apple producers in Cziifornia’s Sacramento and
San Joaguin Valley have struggied
nant insect pest—the codling =eth. In the 1980s, most
rarmers sertled on the organcr ~csphate Guthion (azin-
phos-methyl) as the insecticice =7 choice, But because of
repeated use of this pesticid

for vears with a domi-

e cver 3 wide area, resistance
began to emerge in the late 1930s. Pest management
o) & &

professionals like Pat Weddle, zn

independent IPM con-
sultant, knew that steps had o ~e 1aken quickly w0 keep
his clients in business. Returninz 10 calendar spraying of
broad-specirum insecticides wzs nor an option in this
environmentally sensitive arez “~eddle, 1994},

A search ensued for new temnologies that would
iessen refiance on Guthion as : v o slow, or even
reverse Guthion resistance (se2 ine box “Resistance Drives
Search for Alternatives” and ziss Chapter 1). Codling
moth mating distuption (CMA:DY) emerged as the most
promising new approach, and since the late 1980s has

made possible major strides towarq b

in pear and apple production Tegiong

to the Hood River region in Oregon, Washington State,

the Kelowna area of Britsh Coiumbia, South Africa

and ltalv’'s Poa River Valley. (For Seneral overviews of

pheromene-based management S¥stems, see Barnes et al.,
> Howell et al., 1992; Kirsch, 1988).

To gain a perspecuve on the IPM adoption process,
~e commissioned Pat Weddle 1o descripe the pear IPM
svsiemns now in place in the Sacramengq and San Joaquin
“alleys. The tables and figures that follow cover pear pest
management and draw upon the records of Weddle,
Hansen, and Associates, as well as other crop consultants
in this region who together cover a significant percentage
Of the area’s pear acreage.
' ates thatin 1996 about 15 to 20

I acreage in

iointensive IPM
from California,

P T |

the Delta and Valley region was

gec using conventonal, chemical-intensive systems;
between 30 and 60 percent under “Low” level IPM; 20 10

30 percentunder "Medium” level, or transitional IPM
svsiems: and. from 3 to 10 percent under biointensive
IPML Accordingly, based on Pat Weddle's assessment of

Chapter 1). ‘

Resistance Drives Search for Alternatives

i 0 the early 1990s, 93 percent of California’s pear acreage
(azinphos-methyl). On Fverage, a total quantity of 3.77
Anderson, 1995). Guthicn poses significant risks to farm
the most frequently detecred pesticide residues in pears.

Resistance is monitored by tracking changes in the Historical Pattern of Guthion Resistance -
“Lethal Concentration” (LC) of pesticides like azinphos-
methyl. The LC-50 is the cor eeded t6 kill 50 o8
percent of codling moths in a lab assay. Traps dre 0.7k
used every season in commerdial orchards to monitor —s— Resisam |/
moth population levels. Seme insects are captured and 061 | —3— Susceptive | /
taken 10 the laboratory where they are tested for suscepti- L /
. bility'to Guthion and o y tised insecticides. : o8
' 1eight-fold since |95 | /
as shown in the graph (Weddle, 1994). /
Codling moth trap counts {an indicator of pest popula- - 03r /
- tion size) started going up in 1988 despite heavier and '
more frequent applications of Guthion in California’s 0.2
Sacramento River Delta region. Monijtoring and field 04 b / 3
. research were intensified. znd a regional project was - - i
" started in 1994 by growers, pest management consul- 0 ‘ : '
tants and University of Ca¥fomia researchers that 1970 1980 1293
became known as the Randall Island Project (see

was spraved three to five times with Guthion
pounds of a.i. per acre was applied (Gianessiand
workers and non-target organisms andis oneof ==~ -

Source: Weddle, 1994.
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Table 7.4 Caiifornia Pear IPM Scouting and Pesticide
Application Criteria

~¢————— Transitional Systems —— 3. .
No - High or
PM Low Medium Biointensive IPM
| ;
Scouting for | Limited visual inspec- Moth traps, plus Moth traps, systematic | Intensive Tapping
Major Pests tions for major pests; | non-svstematic visual monitoring of and svsternatic
no or minimal effort spot checking for multiple pests and menitering of pesis
i in wapping codling | mite, psvila and other | beneficials (phenol- | and beneficials, plus
moths and monitor- | pests; 1 to 2 traps per cgy, population statisticai analvses of
ing population levels 40 to 80 acres histories, statistical factors arfecting pest-
analysis of trends); | beneficial interaction:
1 to 2 traps per 1 1o 1 traps per
20 to 40 acres 10w 20 acres

Pesticide CRITERION A CRITERION B: Criter:
Application Pesticides applied Pesticide applications Criterion B, plus mating dismuntion
Criteria routinely, often on a timed for opumal increased use of and use of biopesti-
calendar schedule efficlency and based biopesticides and cides when needed;
on scouting data selection of pesi- avoidance of broad-
and presence of cides/timing of spectirum chemnicals;
arget pests applications 1o mini- | release of nawral ene-

mize adverse impacts | mies and other steps
cn beneficials; . 3

Tient popula-
sive resistance dons of Senericials

management

Source: Pat Weddle, pear pest management case studv for Consumers Union.

also treated with CMMD—on average nearly an 85 sprayed in the orchard. It equals total pounds applied
percent reduction from pre-CMMD levels. Part of the over all applications divided by the maximurm allowable
remaining 10 percent of acreage was not sprayed at all, one-time rate of application. Synthetic pesticides used by

and part was sprayed
more often, typically
because the blocks, or
portions of blocks, are
small or isolated from
larger areas treated with
mating disruption
(CMMD works best in
large, contiguously
treated areas).

pear growers in the
region include herbi--

omtenswe ﬁéar L cides; the insecticides
ms in California are well Guthion, Lorsban
levels typlcalof beét ‘ {chlorpyrifos) and vari-
‘management systems at the “No” and “Low” ous pyrethroids; and
‘end of the pear IPM continuum. when needed (as in
T 1996), abamectin for
fire blight control.
Biopesticides include ails, Bt, and the codling moth

ling
Table 7.2 presents data showing the change in pheromone. Table 7.2 reports both dose equivalents and
reliance on pesticides as progress is made along the the number of applications, because application costs
continuum. “Dose Equivalents” are a measure of the are a significant share of total costs, as shown in the bot-
number of times the full label rate of a pesticide was tom line in of the table,

£y
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IPM adoption in San Joaquin Valley pear production,
growers already have achieved the USDA’s goal of 75
percent adoption of IPM, which encompasses all three
levels of IPM adoption.

As argued in the next chapter, we think "Low" level
IPM is essentially just using pesticides cost-effectively and
typically includes too
few preventive practices
to lessen reliance on
pesticides. For this rea-
son, in Chapter 9 we
call for reconsideration

Early adopters in the Valiey mproved the cost-

circumstances. According to Weddle, “Every season is an
adventure but every year we learn more.”

YVields on pear farms in the "Low,” “Medium” and
biointensive zones generally fall in the 12 to 25 tons per
acre range (the difference is largely a function of tree
density and health). Orchards at the chemical-intensive

e e end of the continuum
+§ generally harvest 10 to 15
tons per acre. Table 7.1
summarizes the basic
scouting and pesticide

of both the IPM adop-
ton woal in agriculiure
and how its attainment

application criteria used

by pear pest managers at
various stages along the

IPM continuum.

will be monitored.
Based on his clients’ experience, Weddle estimates

that the transition from chemical control to “Low” level
“1PM takes about one vear; another one to Two years is
needed to progress into the “Medium” zone. He projects
that it commonly takes another Two to three years, at
minimum, to make the final transition to biointensive
[P\, Few growers in the Valley have progressed from
"No” IPM to biointensive IPM in less than five vears, but
he feels it can be done if growers are committed to mak-
ing the change and are able to get the assistance needed.
The transition is likelv to be smoother in the future com-

pared to five to seven years ago, when mating disruption
was first introduced to the Valley. Early innovators have
worked many kinks out of CMMD technology, Jearning
from mistakes and each season’s unique combination of
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Arthropod Collecuion

B Classes and Curriculum

Trichoptera World Checklist

Welcome to The Deparbment of tntomoiogy 2t Clemson Univers! iTy.

Entomology and Related Web and Gopher Sites

Insect and Pesticide Information

B2
News and Departmental Listings
B

System Performance
After three vears of CMMD implementation, pear growers
in the Randall Island Project, all of whom are in the
“sedium” or bicintensive zones along the continuum

ave achieved impressive results. The 1995 pear harvest
moved inio packing sheds with an average of less than
one percent worm damage. While some blocks had
higher damage, few exceeded 1.5 percent.

The efficacy achieved with CMMD is at lcast compa-
rable to, and in many instances better than that achieved
in orchards still largely reliant on Guthion, in which
three 10 five applications were made, totaling 4 10 7
pounds a.i. per acre per season. Randall

;

[sland Project

participants applied only about 0.5 10 0.7 pound of a.i.
per acre over approximately 90 percent of the acreage

“The following insect pictures are from the set produce ed by
the Clemson University Cooperative Extension Service
United States Department of Agriculture joint project.”

Beneficial Insecis i

| ® AntLion {Doodle Bugj

B Assassin Bug

®m Cround Beetle ... |
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Figure 7.2 Comparison of Synthetic Pesticide and Biopesticide
Dose Equivalenis * Along the IPM Continuum: Californig
Pear Producers {(Number of Dosa Equivalents ey Acre)

this example, one dose equivalent for a pesticide acijve ingredient s ay
Caver more than cne applications. (For eXaAmpie. two appli
Con Pat Weddle

M

Oons at one-

PESt management expenditures but it does shift the tcide expenditres berveen 8%

distribution of expenditures, By far the biggest change Products. 4s ip 4l biointensive 7y, svstems. the effort o
behind the numbers in Table 7.2 is the shift from discover and applyv new pest mua; ment echinologies
reliance on Guthion to use of mating distuption. This must be ongoing to improve erfectiveness and lower
shift also accounts for 4 large change in the toxicity and costs. Some of the more promising CMMD technical
environmental impacts of pesticides applied in the innovations are reviewed in the box “Lowering the Cost

orchard, as wel] as significant change in the split of pes- of New Technology.”

Peach and ¢ ners have rediced the
pounds of

“alternage v
Arblast spraor s e
erage of mwees v quo s
sprayer moves oper neg full rows instead
of one for i1z nov This method of
spm;-z';ig cris e {

needed per )
40 percent. < zedip: heith Weller, ARS

———
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Biointenéive 1IPM and theanM-COntinuum '%f»

i

able 7.2 California Pear Pesticide Use and Pest Management
Cest Summary Along the IPM Continuum

No IPM Low IPM Medium IPM High IPM
Dose Equivalents {Number)
Svnthetics 14-27 13-20 10-15* 9-12*
Biopesticides 1 1.2 1-4 2-6
Application Equivalents (Number)
Synthetics 10-15 10-15 10-15~ 10-15*
Biopesticides 0=~ 0** 1 -2
Synthetics Range lbs a.d/acre 23-40 20-40 10-25 5-20
Best Estimate a.i./acre 35 30 20 13
Cost Ranges ($/Acre)
Materials $250-5383 $5193-5473 $224-5500
AVETage S;ACTE §32 $330 3360
Applications 2130-3223 3150-5245
Average $7 =150 5190 5198
sCouting 0 310-20 $20-40
Average $/Acre 0 513 330
Totwal Cost Range 5470-8757 5410-5630 $363-5738
Average $/Acre %615 5525 3558

* Heavy spray oil equivalent {or mite conuol.

Sourcer Pat Weddle, case study.

"~ Biopesticides applied with synthetic producs in tank &

As progress is made along the IPM continuum, the
intensity and scope of scouting increases, as do scouting
costs. The table shows scouting expenditures per acre ris-
ing from nothing under "No” IPM (chemical company
representatives, or Pest
Control Advisors [PCAs]
working for businesses
selling pesticides typi-
cally scout at no extra

farming at :ts best.
charge), to $45.00 per

In the world of pest management, the advances
envisioned for CMIMD could make this approach to
codling moth management an exampie of precision

no use is made of biopesticides; under biointensive 1PM,
the average number of synthetic dose equivalents has
dropped by almost half, from 20.5 to 10.5 (including
several dose equivalents of non-toxic spray oils for mite
control}, and the aver-
age four dose equiva-
lents of biopesticides is
almost a third of the
total number of pesti-
cide dose equivalents.

acre under biointensive
IPs{. This increase in scouning costs, though, is more than
offset by the reduction in expenditures on pesticides.
Figure 7 2 highlights the shift in reliance—measured
as dose equivalents—from synthetic pesticides to biopes-
ticides as progress is made along the pear pest manage-
ment continuum. Under chemical control, over 20 dose
ecirivalents are needed on the average acre, and almost

Reliance ori and dose
equivalents of broad-spectrum toxic pesticides in the
biointensive system are well below one-quarter of the lev-
els typical of pest management systems at the “No” and
“Low” end of the pear IPM continuurmn.

In working with clients, Weddle stresses a key point
that is clear in Table 7.2 - the transition along the IPM
continuum generally does not significantly change total
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/ CHEMICAL PROTECTION OF PHEROMONES
CONTAINING AN INTERNAL CONJUGATED DIENE
SYSTEM FROM ISOMERIZATION AND OXIDATION

RUT IDESES and ARNON SHANI

Department of Chemisiry, Ben-Gurion University of the Negev
Be'er-Sheva 84105, Israel

(Reccived Junc 1, 1987; accepied September 28, 1987)

Abstract—Conjugated dienc systems arc common in natural products,
including pheromones. The sysiems arc sensitive to heat, light, and oxygen,
among other things. They can be protected by antioxidants and UV absorb-
ers, which slow down cis-trans isomerization and oxidation. Three sex pher-
omones (onc as an analog) containing Z.E, E,Z, and E,E units were studied:
(Z.E)9.11-C,,0Ac, (E.Z)-1,9-C,,0Ac, and (E.E)-10,12-C,OAc. The UV
absorber 2-hydroxy-4-methoxybenzophenone and the antioxidants BHT and
BHA were found to be effective in solution, The protective effect of the UV
absorber against photoisomerization on paper carricrs was not as good as that
in solution. Preliminary studies on the utilization of formulations containing
these compounds and (Z,E)-9,11-C{,OAc in the mass trapping of Egyptian
cotton leafworm male in cotton ficlds showed the new combinations to be as
good as a previously used formulation with UOP 688, a compound which is
unpleasant to handle.

Key Words—Lobesia botrana, Spodopiera littoralis, Earias insulana, con-
jugated dicnes, scx pheromone, photoisomerization, UV absorbers, antioxi-
dants, protection of pheromones.

INTRODUCTION

As integrated pest management (IPM) becomes more sophisticated, the main
role played by pheromones will be that of monitoring and disruption of com-
munication (confusion) via controlled release of the active ingredients in the
field. The longer the desired ficld life of the pheromones, the greater the quan-
tity of pheromones that will be degraded by chemical and physical processcs.
Evaporation is known to be a major cause of the loss of material in short-lived
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devices, but not much is known about che i i
. o mical degradation und
_mcw_w.ca.‘ ooaa:_w:m...—.rn few studies that have been vo;o_“q:“a”m__wowﬂmc_q
.MMH%uMM:—MEa owwmww:o: and isomerization of double bonds (Goto et al _SM~
um, , 1981; Fujiwara et al., 1977; Shani Y ;
Ideses et al., 1982b, ¢; Shani ct al Vai R eseral.
! . 2b, c; ., 1982; Vaintraub et al., 1983; Davi
1984; <<-om~=n=.=u.2 al. 1984; Guerin et al., 1984; Nesterova ._owuu‘\._f.wmm;
o~<s _2 al., 1985; .Q:%o:: et al., 1985; Brown and ZnUo._o:m_.. _emo.. Sych "
m=“<.o._. “qu—v..i:___c m-musmmoa_s:ozm of aldehydes 2\8:829“ et u_. v_\cmo_«..
. vie, : Dunkelblum et al., 1984 i is. .
tates in the field (Shani and Klug, 1980b). P and with bydrolysis of ace
_cmuwcyw-ﬂ”v _Am_.ma w__a Klug, 1980a, b; Shani et al., 1982; Ideses et al
) already shown that the conjugated diene s i X
. . . ystems in sev
ﬂ.no..%.”:m““nm of Bmz_m are isomerized into a mixture of the four vcmmmm_.w_mwwx
mers and oxidized in the ficld (or under simulated fi iti in
eld cond
the laboratory) to a furan system (Scheme 1, structure 1), via a _uoama_.o_osw "

/| \

OIuAOINV: AOINVSO—N
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_ _ s L :%num|nuh_xn=%ooon:u
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v \Y
Scheme 1.

CHEMICAL PROTECTION OF PHEROMONES

With the aim of finding means of protecting these sensitive chemicals and
prolonging their biologically active period in the field, we studied the effect of
antioxidants and UV absorbers on pheromone stability both in the laboratory
and under field conditions. Three internal conjugated dienc systems known (o
be present in moth sex pheromones were studied: Z,E diencs as found in (Z,E)-
o_:-ﬁsaonu&o:._-«_ acetate (TDDA) (1D, the main component of the sex
pheromone of the female Egyptian cotton leafworm (Spodoptera listoralis)
{Nesbitt et al., 1973; Tamaki et al., 1973); E,Z dienes as found in (E,Z)-1,9-
dodecadien-1-yl acetate (DDA) (111), the sex pheromone of the female Europcan
grapevine moth (Lobesia botrana) (Roelofs et al., 1973; Buser et al., 1974);
and E,E dienes, as found in (E,E)-10,1 2-hexadecadienal (HDAL) (IV) [studied
as the corresponding ester (E.E)-10, _~-=nxmn_on»&n=._-<_ acetate (HDDA) ()],
the sex pheromone of the female spiny bollworm (Earias insulana) (Hall et al.,
1980).

We report here the results of these studies and a preliminary study of the
efficiency of protected pheromone carriers in cotton ficlds in Israel in mass
trapping of Egyptian cotton leafworm males.

METHODS AND MATERIALS

Chemicals. The purity of the pheromones and the pheromone analog was
determined by GLC: AN.MYe.:,n:OZ" 98%, 2% E,E-isomer; (E,Z)-1,9-
C,,0Ac 92%, 8% E, E-isomer; Am.mv-_o._w-o...o\rn 100% . Antioxidants 3(2)-
R:-c__Q_.A-—.«aax«»:ommc_a (BHA) and ~.o.a._-az-c:s:#-Eoz_«_cro:o_
[butylated hydroxytoluene (BHT)] were purchased from Sigma. UV absorbers
m-—&dB.&L-Bo&cuwvo_ﬁovro:o:n (NS 288, 360 nm (¢ = 14,770, 9,090);

1-BuOH 286, 340 nm (12,860, 7,750)) (trade name Eusolex 4360), and a eutectic
mixture of A-mwov.ovw._&co:no«_32—_»:« and u,ﬁ-aopa_co:uw_an:&owsusoq
[ACeHn 312, 342 nm (e = 15,790, 18,420); NBuOH 299, 350 (22,470, 19,720)}
(trade name Eusolex 8021) were purchased from Merck. UV spectra were deter-
mined with a Bausch & Lomb Spectronic 2000 in spectroscopic grade cyclo-
hexane or in terf-butanol.

GLC analyses were performed on a Packard GLC model 417 fitted with a
flame ionization detector and with either a fused silica capillary column of SP
2340 30 m X 0.25 mm, flow rate (He) 0.4 ml/min at 130-160°C or a WwWCOT
Silar 925 m x 0.5 mm, flow rate (He) 2.7 ml/min at 130-160°C, depending
on the pheromone studied.

All solutions contained 100 mg of a pheromone in 5 ml cyclohexane or
tert-butanol in a corked Pyrex flask, and 50 pl were withdrawn and diluted to
0.5 ml with cyclohexane and then injected twice (£ 1%) into the GLC (1-2 ub).
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BHT was added to the pheromone solution as opposed t0 30% of the E,E isomer
when it was not present. After 16 days of sunlight exposure, both solutions
contained 35% of the E,E isomer. That study was performed during May 1979,
when the total sunlight energy is very high (6000-6900 kcal/m?/day), but tem-
peratures in Be’er-Sheva are still moderate.? This might explain why we could
still detect the isomers of TDDA after 16-days in sunlight while in the current
study, which was performed in August 1985, decomposition was much faster,
being complete within seven days (Table 1, entry 1). The first experiment with
(E,Z)-1,9-C,,0Ac (entry 4) was donc in July 1981 and repeated in July-August
1985.

Effect of UV Absorbers. We studied the effect of two UV absorbers that
have their main absorption bands in the region of 300 nm (see Methods and
Materials). The photoisomerization of the three diene systems was followed in
solution, and the results are summarized in Table 1. .

The cflect of the antioxidant is again demonstrated in that less pheromone
is decomposed in the solution, and exposure period to sunlight is thus length-
ened. The effect of the UV absorber is dramatic, as can be seen by comparing
the composition in entries 2, 3, S, 6, 8, and 9 with entries 1, 4, and 7 of Table
1. Exposure to sunlight for three to four weeks brings the isomeric mixture
closer to equilibrium (see above), except in the presence of UV absorbers which
slow down this process, allowing very little isomerization to take place (eatries

"2, 5, and 8 of Table 1). The difference between E-4360 and E-8021 (entries,
2,5,8and 3, 6,9 in Table 1) is clear. We attribute the protective effect to the
intense absorption of E-4360 at 288 nm, which exactly covers the end absorp-
tion of the conjugated diene system (Shani and Klug, 1980a, b, Shani et al.,
1982). The other UV absorbers (E-8021) is less effective, as its main absorption
bands are at longer wavelengths, which do not mask the diene absorption; We
may also assume that E-8021 does not act as a photosensitizer, since its com-
ponents have essentially the same chromophor system as that of E-4360. As
aromatic ketones, these chemicals probably possess a very high quantum yield
for intersystem crossing in solution (S; — T,) (#ISC 0.9-1.0) and, when
excited, contain about the same triplet energy (ca. 70 kcal/mol) (Calvert and
Pitts, 1966). s

In order to learn more about the efficacy of both the antioxidant and the
UV absorber on the photoisomerization process, we prepared solutions with
different amounts of these two essential additives, as shown in Table 2. It is
clear that a pheromone solution containing 10% of the antioxidant and 10% of
the UV absorber is well protected from:both thermal oxidation and photo-

*The average daily maximum temperatures (*C) in Be'er-Sheva during different periods of study
were as follows: 1979, May 28.7, December 17.0; 1981, July 33.1; 1985, July 32.9, August
34.0. We thank Dov Mills of the Regional Meteorological Station in Be'er Sheva for the data.

CHEMICAL PROTECTION OF PHEROMONES 1663

TaBLE 2. EFFECT OF DIFFERENT AMOUNTS OF UV ABSORBER AND ANTIOXIDANT ON
PHOTOISOMERIZATION AND OXIDATION OF TDDA*

Period in Composition (%)
Pheromone BHA  E4360 sunlight Oxidation
Entry (mg) (mg) (mg) (days) ZE EZ ZZ EE product
1 100 100 16 55 is 30 none
2 100 100 100 16 94 3 3 nonc
3 100 100 10 17 90 6 4 none
4 100 10 10 17 92 2 6 none
5 100 10 17 47 16 37 nonc

* All samples were solutions in 5 mi cyclohexane.

isomerization of the intemal conjugated diene system under sunlight (compare
entrics 2 and 4 in Table 2),

Effect of Photosensitizer. In the presence of a photosensitizer (in our case
rose bengal) the photoisomerization is very fast, yiclding an equilibrium mix-
ture, and the process can be accomplished within 90 min (Shani et al., 1982)
as compared with direct illumination for several weeks in sunlight without pho-
tosensitizer. The question whether the UV absorber could slow down this energy
transfer and excitation was investigated, and the results are summarized in Table
3.

The effect of E-4360 in slowing down the sensitized photoisomerization is
impressive, as compared with that of E-8021, the latter compound being com-
pletely ineffective (compare entries 3 and 4 in Table 3). These results are in
keeping with the findings for these two UV absorbers in direct sunlight (Table
1). The photosensitizer (rose bengal) probably transfers its energy to E-4360,

TasLE 3. EFFECT OF UV ABSORBER ON PHOTOISOMERIZATION OF TDDA IN PRESENCE
OF PHOTOSENSITIZER®

Exposure Composition (%)
time
Entry UV absorber (min) Z,E EZ z,2 EE
1 45 16 13 ! 70
2 75 15 12 1 (24
k} E-4360 60 65 10 25
4 E-8021 60 13 16 3 68

.m-n._-a._._onsgao.__SanoZN.S-c.:.O:O?"._o 3ao~38¢n=n-_.-.&_8=.uo..c<
absorber in S ml rert-butanol. .
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1666 IDESES AND SHANI

TasLe 5. Mass TRAPPING OF EGYPTIAN COTTON LEAFWORM MALES BY DIFFERENT
PHEROMONE PREPARATIONS IN COTTON FIELDS IN 1986

Avenage No, o._. males caught in a trap per night®.

Kibbutz Mefalsim

. 2nd Kibbutz
Pheromone Ist experiment experiment Reshafim
Entry formulation” Jun22-Jul 24 Jul24-Aug28  Jul 24-Aug 28 Jul 4-Aug 2

1 BHA + E-4360 ‘0.3 6.4 12.2 13.8°

2 E-4360 0.4 ) 10.4 11.2 10.8

3 BHA 0.7 7.2 8.7 10.7

4 BHT Ll 10.3 119 14.7¢

5 BHT + E-4360 34 109 12.5 12.7

6 UOP 688 0.2 i 6.7 9.3 6.2
(standard)

° Each carrier was loaded with a cyclohexanc solution of 2 m

g of (Z,E)-9,11-C,,OAc, 0.2 mg of
BAH or BHT, and 0.2 mg of E-4360 (when mentioned). With UOP 688, 8 :...n of the .:s.nman_
was loaded on each carrier with 2 mg of pheromone.

*Dry traps with long sleeves were erected at rando i i
m, 50 m apar,
Catches were monitored twice a week. part Six replicates of cach sample.

‘Significantly different from UOP 688 at P = 0.10 (Student's ¢ test).

formulations (entries 1 and 4 in Table 5) in the experiment carried out at Kib-
butz Reshafim, which were significantly different from UOP 688 (entry 6) (P
= (.10, Student’s ¢ test). These results strengthen previous observations (Teich
m:».:.. and Klug, unpublished results) made during the 1981-1982 mosmo:u”
which showed not only that BHA and BHT were better protecting chemicals
for (Z,E)-9,11-C,OAc than UOP 688, but also that they increased catching
manun* Therefore, it should be desirable to replace UOP 688 as an antioxidant
in pheromone protections with BHA and BHT, at least for technical and han-
dling reasons,

. m. is interesting that both the UV absorber and the antioxidant as a single
2_9...5 E.c_o:moa the trapping efficacy of the pheromone, This fact may be in
roo_.::m with our eadier findings (see Table 4) that the behavior of the solid
carriers was very much like that of one (antioxidant) or two additives and not
to the positive cffect observed for the UV absorber in solution (Tables 1, 2, and
4). .;o.nxmﬁ quantity of the pheromone and the relative composition of its
geometrical isomers remaining on the solid carriers in the field can indicate the

CHEMICAL PROTECTION OF PHEROMONES 1667
correlation between the chemical processes and the biological activity (Shani
and Klug, 1980b). At this stage we should remember that, when analyzing the
results from the field study and comparing them with the chemical transfor-
mations of the pheromone, either in solution or on solid carriers, we are com-
paring two different processes and results. It could be, and we indeed found
earlier in two cases, that not much of the real pheromone is needed for attrac-
tion, and the other geometric isomers do not interfere with trapping (Shani and
Klug, 1980b; Ideses et al., 1982a). Therefore, the chemical results obtained in
the laboratory do not necessarily reflect the biological findings in the field and
vice versa. As long as enough active pheromone is present on the carrier and
the other isomers are inactive and do not interfere, there may be high activity
in the field despite the fact that isomerization and/or oxidation has destroyed
much of the pheromone. In solutions studies, the pheromones and their isomers
could be detected by GLC for up to six weeks afer the start of the experiment,
while in the field the carriers attracted the Egyptian cotton leafworm for up to
two months. The results in Table S show that, in the first experiment at Kibbutz
Mefalsim, trapping in the second month (24.7-28.8) was almost as high as that
in the first month of the second experiment,

We may summarize the results as follows:

Thermal Decomposition-Oxidation. Addition of an antioxidant prolonged
the life-span of the diene system both in solution and in the carrier from several
days to 2 weeks to six to eight weeks (Shani and Klug, 1980b; Ideses ct al.,
1982b; this work). ,

Isomerization. Addition of a UV absorber cffectively slowed down iso-
merization in the diene system in solution and was less cffective on the solid
carrier. Both additives are crucial in solution, but the effect of the UV absorber
becomes less important on the solid carriers.

Biological Activity. We have found that (Z,E)-9,11-C,OAc attracts the
Egyptian cotton leafworm in the ficld up to two months. The (E,Z)-7 9-Cy;0Ac
isomer was found to attract the European grapevine moth in the field for up to
seven weeks (Ideses et al., 1982a), which time is in the range of the chemical
stability. The (E,E)-10,12-C 4Ald isomer is active in catching the spiny boll-
worm for four to five weeks (Kehat et al., 1981). The chemical behavior of this
isomer was studied on the corresponding acetate, as the sensitive group is the
aldehyde. The isomerization was very slow as the E,E isomer is the most stable
one in the mixture.

Isracli entomologists and farmers usually change the carriers in traps for
all three once in four to six weeks, although from scattered observations in the
ficlds, some traps were found to be active for two months or more.

All these findings lead to the conclusion that results of laboratory studies
and experimentation cannot necessarily ve extrapolated to the real-life situation













1547

Stauffer). Metabolism: J. P. Hubbell, J. E. Casida, J. Agr.
Food Chem. 25, 404 (1977).

CH3
[ //CHZCHCHS
CH38H2SC-—N\\
CH20HCH3
CHS

Clear liquid, bng 138% n{ 1.4701; d 0.9417. Vapor press
at 25% 1.3 X 10~° mm Hg. Soly in water at 25° 45 mg/l.
LD, orally in rats: 4000 mg/kg, RTECS Vol. 1, R. J.
Lewss, Sr,, R. L. Tatken, Eds. (1979) p 365.

use: Herbicide.

1547, Butylated Hydroxyanisole, BHA; Antrancine 12;
Embanox; Nipantiox 1-F; Sustane 1-F; Tenox BHA. Cyy
H,0y mol wt 180.24. C 73.30%, H 8.95%, O 17.75%. A
muxture of 2-tert-butyl-d-methoxyphenol (also called 3 -tert-
butyl-4-hydroxyanisole) and 3utert-butyl-d-methoxyphenol
(also called 2-tert-butyl -4 -hydroxyanisole). Prepn from
p-methoxyphenol and isobutene: Rosenwald, U.S, pats,

2,459,540 and 2,470,902 {1949 to Universal Oil Products).
[e;:
C(CH3)3
ocH,

Waxy solid, mp 48-55°. bp,,, 264-270°. Insoluble in wa-
ter. Soluble in petr ether (Skellysolve H), in 50% alcohol (or
higher}, in propylene glycol; alcohols. Sol in fats and oils.
Exhibits antioxidant properties and synergism with acids,
BHT, propyl gallate, hydroquinone, methionine, lecithin,
thiodipropionic acid, etc. LDg, orally in mice, rats: 2000,
?200 )mg/kg, A. J. Lehman et al, Adv. Food Res. 3, 197

1951).

USE: Antioxidant, esp in foods. The American Meat In-
stitute Foundation has proposed an antioxidant mixture
known as AMIF-72 which contains 20% of butylated hy-
droxyanisole, 6% of propyl gallate, and 4% of citric acid in
propylene glycol.

1548. Butylated Hydroxytoluene. 2,6-Bis(1,1-dimethyl-
ethyl)-4-methylphenol; 2,6~di-tert-butyl-p-cresol; 2,6-di-
tert-butyl-4-methylphenol; BHT; Antrancine 8: Tenox
BHT; Ionol CP; Sustane; Dalpac; Impruvol; Vianol. Crs-
H,0; mol wt 220.34. C 81.76%, H 10.98%, O 7.26%.
Prepared from p-cresol and isobutylene: Stillson, U.S. pat.

Butylated Hydroxyanisole

1549. n-Butylbenzene. 1-Phenylbutane. CH
134.21. C 89.49%, H 10.51%. CH(CH,),CH,
Radziszewski, Ber. 9, 261 (1876); Balbiano, Ber, 1
(1877%; Read, Foster, J. Am. Chem. Soc. 48, 1606

Liquid. mp —88.5", o 0.8604. bpy, 183.1% by, {3
by 136.9% bpygg 116.2% bpgy 102,675 bpg, 92.4%
bpyy 62.0% bp, 48.8° bp,  22.7° n# 1.49040. Flasy
cup: 160° F (71° C). Iasol in water; miscible with
ether, benzene,

16

p
a

1550. sec-Butylbenzene,  (I-Meth
phenylbutane. C,yH,; mol wt 134.21,
CeHCH(CH)CH,CH,. Pre
chloride in presence of AlCly:  Schramm, Mongrsh,
(1888); by the action of sodium on y-chloro -sec-b;
zene: Braun et al, Ber. 46, 1277 (1913); with other
by heating n- or sec-butyl alcohol with 80% H,S0,
Bernhauer, Mondatsh. 53, 727 (1929). :

Liquid. mp ~-82.7°, d3® 0.8608. bp,g, 173.5% b
bbage 128.8% bpyy, 109.5% bpg, 96.0% bpy, 86.2%
bpyg 57.0% bps 44.2% bp;, 186"
closed cup: 126° F (52°°C)
hol, ether, benzene.

d-Form, [a]¥ 426.6°
Soc, 81, 3336 5959).

I-Form, [oJff —27.3°

USE: Solvent; in organic syntheses.

1551, tert-Butylbenzene, (1,1-Dimethylethyl)h
2-methyl -2 -phenylpropane; trimethylphenylmethane, ]
dobutylbenzene. CyH.s mol wt 134.21. C 89.49
10.51%, CgHyC(CH,)y,  Prepn: Konowalow, By
Chim, [3] 16, 865 (1896); Shoesmith, Mackie, J, Che
1928, 2336; Meyer, Bernhauer, Monatsh. 53, 727
Wilt, Abegg, J. Org. Chem. 33, 923-(1968). See also Gy,
Ipatieff, J. Am. Chem. Soc. 57, 2415 (1935); Ipatieff
ibid. 58, 1056 (1936).

Liquid. mp —58.1°. dJ° 0.8669.
bPag 123.7% bpyy, 103.8% bpg
bpyg 51.7% bpy 39.0% bp,, 13.0%
cup: 140°F (60°C). Insol in wat
benzene.

yipropylibenzer
C 89.49%, H |
pd from benzene and ),

P
bp.
nf 1.48980. W
. Insol in water; misc wj

Bonner, Greenlee, J. Anm;

bPyge 168.5% bp,y
90.6% bp,, 80.8% bpy
nff 1.49235. Flash p
er; misc with alcohol

1552. n-Butyl Benzoate. Benzoic acid butyl ester
H,Oz mol wt 17822, C 74.13%, H 7.92%, O 1

CgH;COO(CH,),CH,. Prepn: Newman, Fones, J

Chem. Soc. 69, 1046 (1947); Justoni, Brit, pat. 719,891

to Vismara). ) o _
Thick, oily liquid. d 1.00. mp ~22°, bp 250°, Prag d, bp 1713

insoluble in water; sol in alcohol or ether. LDy, or t, closed cu

rats: 5,14 g/kg, Smyth et al, drch. Ind. Hyg. Occ
10, 61 (1954).

1553, n-Butyl Bromide. I-Bromobutane. B
wt 137.03. C 35.06%, H 6.62%, Br 58.32%. CH,(CH
Prepd from n-butyl alec and a hydrobromic-suifa.

2,428,745 (1947 to Gulf); McConnell, Davis, U.S. pat.
3,082,258 (1963 to Fastman Kodak). Inactivator of lipid-
containing mammalian and bactérial vi

mixture: Kamm, Marvel, Org. Syn. vol. 1, 5 (1921);

McCullough, J. Am. Chem. Soc. 57, 2440 (1935),
Colorless liquid, df® 1.2686, bp,g, 101.3° (mp —

1.4398. Insol in water; sol in alcohol, ether.

1554, sec-Butyl Bromide, 2-Bromobutane; methylé
bromomethane. C,H,Br; mol wt 137.03. C 35.
6.62%, Br 58.32%. CH,CH,CHBrCH,. Prepn:

nOne galli

ruses: Snipes et al,
Science 188, 64 (1975).
OH
(CHg) 4C C(CHg),
CHy

Crystals, mp 70°. d 1.048. bp 265°. Flash pt (open cup):
260°F (127°C). Insol in water. Freely sol in toluene, sol in
methanol, ethanol, isopropanol, methyl ethyl ketone, ace-
tone, Cellosolve, petr ether, benzene, most other hydrocar-
bon solvents. Soly.in liquid petrolatum (white oil): 0.5%
w/w. More sol in food oils and fats than butylated hydr-
oxyanisole. Good soly in linseed oil. LDg, orally in mice:
1040 mg/kg, J. Am. Pharm. Assoc. 38, 366 (1949).

USE: Antioxidant for food, animal feed, petrol products,
synthetic rubbers, plastics, animal and vegetable oils, soaps.

Marker, J. Biol Chem. 91, 405 (1931); Kenyon e nP 1.4
Chem. Soc. 1938, 1080; Skau, McCuliough, J. Am. 1.95, pp
Soc. 57, 2440 (1935); Colson et al,, J. Chem. Soc. 196 i alechol, e
Prepn of optically pure isomers: Goodwin, Hud et al, Are
Chem. Soc. (B) 1968, 1333, s butylatin
dl-Form, colorless liquid, pleasant odor. azF 1.25 butyi celly
91.2° (mp —1129. n¥ 1.4344. Insol in water. Freel CAT (VET):
alcohol, ether, C
d-Form, nff 14359-14362. o +42.64", 51 sec-Butyl (

[I-Form, nf 1.4368, off —43.7",
Caution: Narcotic in high concns.

Antiskinning agent in paints and inks.

Page 238

Consult the cross index before using this section.

1585, tert-Butyl Bromide. 2-Bromo-2-methylpr 756
2-bromoisobutane; trimethylbromomethane C,H,B. A 1:;3 as
wt 137.03. C 35.06%, H 6.62%, Br 58.32%. (CH ., J. Ch
Prepn: Brunel, J. Am. Chem. Soc. 39, 1978 (1917); mers:  Gooc
Smith, Howlett, J. Chem, Soc. 1951, 1141} Coe et a Toxicity dats
1954, 2281. : 30, 470 (19













§172.110

more than 5,000 parts per million
based on fat and oil content of the

food.

[48 FR 18798, Apr. 26, 1983, as amended at
54 TR 24896, June 12, 19891

§172.1106 BHA.

The food additive BHA (butylated
hydroxyanisole) alone or in combina-
tion with other antioxidants permitted
in food for human consumption in this
Subpart B may be safely used in or on
specified foods, as follows:

(a) The BHA meets the following
specification:

Assay (total BHA), 98.5 percent minimum.
Melting point 48° C minimum.

(b) The BHA is used alone or in com-
bination with BHT, as an antioxidant
in foods, as follows:

Limitaiions
(total BHA
and BHT)
parts per

Food
: million

50

Dehydrated potato Shreds ...

Active dry yeast 11,000

Beverages and desserts prepared from dry
mixes. 12
Dry breakfast cereals 50
Dry diced glazed fruit 132
Dry mixes for beverages and desserts. 180
Emulsion stabilizers for shortenings.. 200
Potato flakes. 50
Potato granules 10
50

Sweetpotato flakes

1 BHA only,

(¢) To assure safe use of the addi-
tive:

(1) The label of any market package
of the additive shall bear, in addition
to the other information required by
the Act, the name of the additive.

(2) When the additive is marketed in
a suitable carrier, in addition to meet-
ing the requirement of paragraph
e)(1) of this section, the label shall
declare the percentage of the additive
in the mixture.

(3) The label or labeling of dry
mixes for beverages and desserts shall
bear adequate directions for use to
provide that beverages and desserts
prepared from the dry mixes contain
no more than 2 parts per million BHA.

21 CFR Ch. | (4-1-92 Ediftion)

§172.115 BHT.

The food additive BHT (butylated
hydroxytoluene), alone or in combina-
tion with other antioxidants permitted
in this Subpart B may be safely used
in or on specified foods, as follows:

(a) The BHT meets the following
specification: Assay (total BHT) 99
percent minimum..

(b) The BHT is used alone or in com-
bination with BHA, as an antioxidant
in foods, as follows:

Limitations

{total BHA

Food and BHT)

parts per

miltion

Dehydrated potato shreds.. ‘50
Dry breakiast cereals 50
Emulsion stabilizers for shortenings....riie 200
Potato flakes 50
Fotato granules 10
Sweetpotato flakes 80

(¢) To assure safe use of the addi-
tive:

(1) The label of any market package
of the additive shall bear, in addition
to the other information required by
the Act, the name of the additive.

(2) When the additive is marketed in
a suitable carrier, in addition to meet-
ing the requirement of paragraph
(eX1) of this section, the label shall
declare the percentage of the additive
in the mixture.

§172.120 Calcium disodium EDTA.

The food additive calcium disodium
EDTA (calcium disodium ethylene-dia-
minetetraacetate) may be safely used
in designated foods for the purposes
and in accordance with the conditions
prescribed, as follows:

(a) The additive contains a minimum
of 99 percent by weight of either the
dihydrate C.H;:0N.CaNa,-2H.O or
the trihydrate C..H;:O:N.CalNa..3H.O,
or any mixture of the two.

(b) It is used or intended for use as
follows:

(1) Alone, in the following foods at
not to exceed the levels prescribed,
calculated as the anhydrous com-
pound:

26

" Spice extractives in

- Spreads, artificially

Food and Drug Administratior

Limita-
tion
(parts

per
million)

Food

Cabbage, pickled ...........,, 220 | Promote co

Canned carbonated b
soft drinks. % Pr::;n: ts o
Canned white potatoes.., 110. Promo?eugt
Clams (cooked canned)., 340 Pr;i:?)?:(::r;h
tention
Crabmeat (cooked 275 | Retard s,
Retard struvi
cannad). "
} formation;
color reten

Cucumbers pickied ..........

220 | Promote coic
and texture

Distilled alcoholic 25 | Promote stab

bevarages, !
ges color, flave:
Dressings, product olay
nonstandardized. 75 | Preservative.

Drisd lima beans
{cooked canned),

Egg product that is
hard-cooked and
consists, in g
cylindrical shape, of
egg white with an
Inner core of egg
yolk. :

Fermented mait

310 | Promote color
retention,
1200 | Preservative.

25 Antigushing ag

beverages,
French dressing..... i
Mayonnaise............ ;g Presgrvabve.
Mushroo&;ws ({cooked 200 Promo‘:.e color
canned). i
sleoma(ga{ir}e... 75 Pr;‘:teerr;g?;é
ecan pie filling.. 100 | Promote colc;r

retention,
100 | Preservative.
800 | Promote color

beans,

Salad Firessing 75 Pr;est:nﬁ?'m
Sandwich spread. o
Sauces............. gO.

o

Shrimp (cooked

canned). "
formation; pron

color retention,
60 | Promote colar an
flavor retention,
100 | Promote color
retention.

saluble carriers,

colored and lemon-
fiavored or orange-
flavored,

! By weight of €gg yolk portion,

(2) With disodium ED isod:
ethylepediaminetetraaceg;fe)( dlisr? ¢
follovgrmg‘ foods at not to exceed
combination, the levels prescribed .
tulated as anhydrous CmHmOsNzCa'.I
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Lepidopteran Pheromones: Tolerance Exemption

[Federal Register: August 30, 1995 (Volume 60, Number 168)] [Rules and Regulations]
[Page 45060-45062] .
>From the Federal Register Online via GPO Access [wais.access.gpo.gov]

ENVIRONMENTAL PROTECTION AGENCY
[OPP-300396; FRL-4971-8]

40 CFR Part 180
Lepidopteran Pheromones: Tolerance Exemption
AGENCY : Environmental Protection Agency (EPA).

ACTION: Final rule.

SUMMARY: This document establishes an exemption from the requirement of a food tolerance for residues of certain Lepidopteran
pheromones resulting from the use of these substances independent of formulation, mode of application or physical form or shape
with an annual application limitation of 150 grams active ingredient per acre (gm Al/ acre) for pest control in or on all raw
agricultural commodities. This exemption pertains only to the pheromone active ingredient. Any encapsulating material needs to be
a cleared inert for pesticidal uses on food crops. EPA is establishing this regulation on its own initiative.

EFFECTIVE DATE: This regulation becomes effective August 30, 1995.

ADDRESSES: Written objections and hearing requests, identified by the docket control number, OPP-300396, may be submitted
to: Hearing Clerk (1900), Environmental Protection Agency, Rm. M3708, 401 M St., SW., Washington, DC 20460. A copy of
any objections and hearing requests filed with the Hearing Clerk should be identified by the docket control number and submitted
to: Public Response and Program Resources Branch, Field Operations Division (7506C), Office of Pesticide Programs,
Environmental Protection Agency, 401 M St., SW., Washington, DC 20460. In person, bring a copy of objections and hearing
requests to: Public Docket, Rm. 1132, Crystal Mall #2, 1921 Jefferson Davis Highway, Arlington, VA.

A copy of objections and hearing requests filed with the Hearing Clerk may also be submitted electronically by sending electronic
mail (e-mail) to: opp-docket@epamail.epa.gov. Copies of objections and hearing requests must be submitted as an ASCII file
avoiding the use of special characters and any form of encryption. Copies of objections and hearing requests will also be accepted
on disks in WordPerfect in 5.1 file format or ASCII file format. All copies of objections and hearing requests in electronic form
must be identified by the docket number **OPP-300396." No Confidential Business Information (CBI) should be submitted
through e-mail. Electronic copies of objections and hearing requests on this rule may be filed online at many Federal Depository
Libraries. Additional information on electronic submissions can be found in Unit I'V. of this document.

[[Page 45061]]

FOR FURTHER INFORMATION CONTACT: By mail: Phil Hutton, Product Manager (PM-90), Biopesticides and Pollution
Prevention Division (7501W), Office of Pesticide Programs, Environmental Protection Agency, 401 M St., SW., Washington, DC
20460. Office location, telephone number, and e-mail address: 5th Floor, Crystal Station 1, 2805 Crystal Drive, Atlington, VA,
(703) 308-8260, e-mail: hutton.phil@epamail.epa.gov.

SUPPLEMENTARY INFORMATION: In the Federal Register of March 29, 1995 (60 FR 16128), EPA issued a notice of filings
and invited comments on a pesticide petition to propose amending 40 CFR part 180 by establishing an exemption from the
requirement of a food tolerance for certain Lepidopteran pheromones regardless of mode of application when used at rates less than
or equal to 150 grams ai/acre/year. The Agency received no comments in response to its notice. In this document, EPA sets forth its
reasons for determining that a tolerance for these pheromone products is not necessary to protect public health. For the purposes of
this exemption, a Lepidopteran pheromone is defined as a naturally occurring compound, or identical or substantially similar
synthetic compound, designated by the unbranched aliphatics (with a chain between 9 and 18 carbons) ending in an alcohol,
aldehyde or acetate functional group and containing up to 3 double bonds in the aliphatic backbone. This definition encompasses
the majority of Lepidopteran pheromones. While other types of chemical compounds have been demonstrated to be Lepidopteran
pheromones and other arthropod pheromones have been recommended for tolerance exemptions, there is limitied toxicity data and
exposure information available. The Agency believes the type described here represents not only the majority of Lepidopteran
pheromones but also those with the most complete toxicological data base. Synthetically produced compounds that are identical toa
known aliphatic Lepidopteran pheromone as described above, and those that differ only in that their molecular structures are
stereochemical isomers (or ratios of such isomers) are also included in this tolerance exemption. Other Lepidopteran pheromones
and other pheromones not included within the described scope will still require mammalian toxicity testing (40 CFR 158.690) if
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used on food crops and are not otherwise exempt from the requirement of a tolerance.
1. Background

A pheromone (including an identical synthetic compound) is defined by EPA as a compound produced by an arthropod (insect,
arachnid, or crustacean) that modifies the behavior of other individuals of the same species (40 CFR 152.25(b)). Lepidopteran
pheromones are those produced by a member of the order Lepidoptera, which includes butterflies and moths. One .
physical-chemical feature common to all these compounds is their volatility which is the basis for the si gnalling and homing
mechanism. The Agency has registered 17 arthropod pheromones active ingredients, 11 of which are Lepidopteran pheromones.
The Agency has assumed that pheromones and other similar semiochemicals are different from conventional synthetic pesticides,
and has attempted to facilitate their registration with reduced data requirements and regulatory relief efforts. Most recently the
Agency has recognized that a special category of pheromone products dispensed from larger sized polymeric matrices with low
annual use rates represent minimal risk for dietary and environmental exposure and has greatly eased the burden to register these
items. Broadcast methods of application were not included because the A gency did not have sufficient information on the levels of
exposure from pheromones applied in this manner. The Agency has since received data in this area. In addition to submitted data,
the Agency utilized in its decision an internal document of the toxicolo gy of certain Lepidopteran pheromones related by their
chemical structure. For pheromone products, especially those directly applied to food, one problem has been a lack of subchronic
toxicity studies and an estimate of the actual pheromone residues occurring with use. Some pheromone uses in solid matrix
dispensers have been registered based on the low probability of exposure Justifying the waiver of the subchronic toxicity studies,
namely the 90-day feeding, the developmental toxicity and immunotoxicity studies. However, the A gency has held that sprayable
formulations or other modes of application that may increase the likelihood of human exposure would still require the subchronic
toxicology studies.

II. Human Health

Data has been submitted on subchronic toxicology studies done to date on compounds similar in structure to the Lepidopteran
pheromones and published in the peer reviewed, public literature. The information submitted covered compounds that were from
six to sixteen carbon unbranched alcohols, acetates and aldehydes. Since the A gency is basing this tolerance exemption on chemical
structure, it is relevant to consider the available subchronic toxicology data for this group. The results given in these literature
reports indicate that there is no significant acute toxicity associated with the primary alcohols, acetates or aldehydes mentioned
(C<INF>8 to C<INF>16 unbranched aliphatics). In addition, the subchronic toxicity of an isomeric mixture of tridecenyl acetate
indicated no significant signs of toxicity other than those expected with lon ger term exposure to high doses of a hydrocarbon. The
findings of the published studies indicate that there were no si gnificant health effects from subchronic exposures to this group of
chemicals.

Studies examining the volatilization of a pheromone from a microcapsule indicates that about 70 percent of the pheromone remains
after 30 days. These results indicate the pheromone is released at a slower rate than anticipated. The studies show that only a small
proportion of the microcapsules actually release any pheromone or only a portion of the total pheromone loaded into the capsule is
capable of ever being released. These laboratory studies indicate a potential for pheromone residues to occur in the absence of any
biological or environmental factors.

In a submitted field study, however, residue analyses from field treated plants indicate no significant amounts of pheromone can be
detected on the resulting fruit. The detectable residues on unwashed fruit of tomato pinworm pheromone ranged from 21-72 ppb on
the day of application, decreased to 0.9-6.8 ppb on day 15, and was recorded at 0,29-1.2 ppb on day 30. Washing the tomatoes
brought all the residues below the level of detection. This study demonstrates that the expected pheromone residue levels found in
tomato fruit are several orders of magnitude lower than previously calculated estimates. The process of application, weathering, and
other environmental degradation leads to a reduction in the active in gredient that approaches the system limit of detection in the
expected 3-week lifetime of the raw agricultural product.

I11. Conclusion

The Agency believes that the potential for pheromone residues is not a dietary hazard. This conclusion is based on: (1) The low
acute toxicity seen in the data

[[Page 45062]]

review of the Lepidopteran pheromones registered to date; (2) the known metabolism of long-chain fatty acids that predicts these
compounds would be metabolized either by <greek-b>-oxidation yielding a series of paired carbon losses or by complexing with
glucuronide and excretion by the kidneys; and (3) low exposure subsequent to application from product aging, volatilization, and
the results of the field residue studies.

EPA has determined that, when used in accordance with good agricultural practices, a food tolerance for the defined subset of
Lepidopteran pheromones is not necessary to protect the public health. A generic exemption for this low-risk, low-exposure group
of substances will facilitate the use of semiochemicals as alternatives to conventional synthetic pesticides. Therefore, EPA is
establishing an exemption from the requirement of a tolerance as set forth below for the defined group of compounds with from 9
to 18 carbon atoms, regardless of formulation or mode of application, at use rates of less than 150 grams active
ingredient/acre/year. It is important to note that any encapsulating material needs to be a cleared inert for pesticidal uses on food
crops. To the extent that other straight chained, or non-strai ght chained chemicals within this group may be naturally occurring and
sufficiently similar to these Lepidopteran compounds in use, they may also meet the exemption from the requirement for a food
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tolerance upon review by the Agency. Any person adversely affected by this regulation may, within 30 days, file written objections
and/or request a hearing with the Hearing Clerk and a copy submitted to the OPP docket for this rulemaking at the addresses given
above. :

1V. Rulemaking Record

A record has been established for this rulemaking under docket aumber “OPP-300396" (including objections and hearing requests
submitted electronically as described below). A public version of this record, including printed, paper versions of electronic
comments, which does not include any information claimed as CBI, is available for inspection from 8 a.m. to 4:30 p.m., Monday
through Friday, excluding legal holidays. The public record is located in Room 1 132 of the Public Response and Program
Resources Branch, Field Operations Division (7506C), Office of Pesticide Programs, Environmental Protection Agency, Crystal
Mall #2, 1921 Jefferson Davis Highway, Arlington, VA. Written objections and hearing requests, identified by the document
control number “~OPP-300396", may be submitted to the Hearing Clerk (1900), Environmental Protection Agency, Rm. 3708,
401 M St., SW., Washington, DC 20460.

A copy of electronic objections and hearing requests filed with the Hearing Clerk can be sent directly to EPA at:

opp-docket@epamail.epa.gov

A copy of electronic objections and hearing requests filed with the Hearing Clerk must be submitted as an ASCII file avoiding the
use of special characters and any form of encryption. The official record for this rulemaking, as well as the public version, as
described above will be kept in paper form. Accordingly, EPA will transfer any objections and hearing requests received
electronically into printed, paper form as they are received and will place the paper copies inthe official rulemaking record which
will also include all objections and hearing requests submitted directly in writing. The official rulemaking record is the paper record
maintained at the address in > ADDRESSES" at the beginning of this document.

V. Regulatory Assessments
The Office of Management and Budget has exempted this notice from the requirement of section 3 of Executive Order 12866.
Pursuant to the requirements of the Regulatory Flexibility Act (Pub. L. 96354, 94 Stat. 1164, 5U.S.C. 601-612), the
Administrator has determined that regulations establishing new tolerances or raising tolerance levels or establishing exemptions
from tolerance requirements do not have a significant economic impact ona substantial number of small entities. A certification
statement to this effect was published in the Federal Register of May 4, 1981 (46 FR 24950).
Dated: August 18, 1995.
Janet L. Andersen,
Acting Director, Biopesticides and Pollution Prev ention Division Office of Pesticide Programs.
Therefore, it is proposed that 40 CFR part 180 be amended as follows:
PART 180--[AMENDED]
1. The authority citation for part 180 continues to read as follows: Authority: 21 U.S.C. 346a and 371.
2. By adding Sec. 180.1153 to subpart D to read as follows:
Sec. 180.1153 Lepidopteran pheromones; exemption from the requirement of a tolerance.
Lepidopteran pheromones that are naturally occurring compounds, or identical or substantially similar synthetic
compounds, designated by an unbranched aliphatic chain (between 9 and 18 carbons) ending inan alcohol, aldehyde or
acetate functional group and containingupto3 double bonds in the aliphatic backbone, are exempt from the requirement of
a tolerance in or on all raw agricultural commodities. This exemption pertains to only those situations when the pheromone

is applied to growing crops at a rate not to exceed 150 grams active ingredient/acre/year in accordance with good
agricultural practices.

[FR Doc. 95-21037 Filed 8-29-95; 8:45 am] BILLING CODE 6560-50-F
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SUMMARY

Lepidopteran pheromones are used to disrupt the mating behavior of certain moths whose larvae destroy
crops and trees. Data indicate that these compounds do not present any known risks to humans or the
environment.

i. DESCRIPTION OF THE ACTIVE INGREDIENT

Pheromones are volatile chemicals produced by a given species to communicate with other individuals of the same
species to change their behavior. For example, various species use pheromones to attract a mate, to mark territory, or
to warn others of danger. Pheromones are usually effective in tiny amounts.

The lepidopteran group of insects includes butterflies and moths. All of the lepidopteran pheromones that EPA has
approved for pesticide use are chemicals produced by female moths to attract a mate. The pesticide products contain
synthetic versions of these naturally occurring compounds. Sometimes the relative amounts of several pheromone
chemicals in a pesticide product determine which specific pests are controlled.

When the pesticide product releases pheromone into the air where males are looking for females, the males become
confused and cannot easily locate the females. As a result, many of the females do not mate and lay eggs, and there
are many fewer offspring than usual.

A list of the currently approved lepidopteran pheromones is attached
It USE SITES, TARGET PESTS, AND APPLICATION METHODE

Use Sites: Wide variety of places where plants grow, such as agricultural and residential
sites and forests.

Target pests: Specific moths whose offspring harm crops.
Application Methods: There are two major ways to disperse lepidopteran pheromones:

1) Using dispensers that slowly release the pheromone over a period of
weeks. The dispensers are often attached to trees or to stakes in the field.
2) Using ground or aerial spray equipment.

Il. ASSESSING RISKS TO HUMAN HEALTH T TE——

substance poses a
Based on low toxicity in animal testing, and expected low exposure to humans, no risk to human lrisk to humans o
health is expected from the use of these pheromones. During more than 10 years of use of other organism
lepidopteran pheromones as pesticides, no adverse effects have been reported. depends on two
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factors: how foxic

The safety record for lepidopteran pheromones has allowed the Agency to conclude that the substance is,
consumption of food containing residues of the pheromones presents no risk. In addition, these ~ |and how much of
pheromones can be used experimentally without a permit on up to 250 acres, versus the 10-acre |/t an organism is

fimit imposed on other pesticides. expose 4 ‘z‘_ «
Therefore, thi

EFPA cunsiderﬁ
both foxicity and
exposure dalg in

V. ASSESSING RISKS TO THE ENVIRONMENT

Adverse effects on nontarget organisms (mammals, birds, and aquatic organisms) are not determining
expected because these pheromones are released in very small amounts to the environmentand {w s ether f
act on a select group of insects. approve

festf’cide for use

V. REGULATORY INFORMATION

As of November 1999, EPA had registered (icensed for sale) approximately 20 moth mating pheromones as pesticide
active ingredients and more than 60 individual pesticide products containing these active ingredients. (See below for
examples).

Vi. FOR FURTHER INFORMATION CONTACT

Brian Steinwand or
Regulatory Action Leader ?_;gﬁagt)xc:des and Pollution Prevention Division

Biopesticides and Pollution Prevention Division Office of Pesticide Programs

(7511C)
Phone (703) 305-7973 Environmental Protection Agency
e-mail: steinwand. brian@epa.gov 1200 Pennsylvania Ave. N.W.
Washington, D.C. 20460
Phone (703) 308-8712
Fax (703) 308-7026
Female moth mating pheromones approved as pesticides
Chemical Name of Pheromone (OPP
. Chemical Code) CAS
Pests Controlled Use Sites Note: When 2 or more pheromones are listed in a cell, various Number
mixiures of the pheromones have been approved for use
against the pest)
Artichoke plume moth  [|Artichokes (£)-11-Hexadecenal (120001) 53939-28-9
Alfalfa ‘
Cotton
(Z,E) -9,12-Tetradecadienyl acetate (1 17203) 31654-77-0
Beet armyworm Strawberries
(2)-9-Tetradecen-1-ol (119409) 351563-15-2
Vegetables (various)
Tobacco
Blackheaded fire worm | Cranberries
(2)-11-Tetradeceny! acetate (128980) 20711-10-8

Fruit
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Lauryl alcohot (001508)

112-53-8

Codling moth Fruit Myristyl alcohol (001510) 112-72-1
Nuts (E,E) -8,10-Dodecadien-1-ol (129028) 33956-49-9
(Z) -11-Tetradeceny! acetate (128980) 20711-10-8
Fruit
Nuts
Codling moth Ornamental trees /  |(E,E) -8,10-Dodecadien-1-ol (129028) 33956-49-9
shrubs
Unculfivated
agricultural areas
Diamondback moth Manufacturing use (Z)-11-Hexadecenyl Acetate (129101) 34010-214
. Forest frees
castem Pine Shoot (E)-9-Dodecen-1-ol acetate 35148-19-7
Woodland trees
Grapes (Z)-9-Dodeceny! acetate
Grapeberry moth 16974-11-1
Vine fruit (128004)
(Z)-11-Tetradecenyi acetate (128980) 20711-10-8
Grapeberry moth Grapes
(Z)-9-Dodeceny! acetate (129004) 16974-11-1
Forest trees
Gypsy moth Ormamental cis-7,8-Epoxy-2-methyloctadecane (114301) 29804-22-6
evergreen trees and
shrubs
Fruits
Hickory shuckworm [N VUS (E,E) -8,10-Dodecadien-1-ol (129028) 33956-49-9
Uncultivated
agricultural areas
Laury! alcohot (1509) 112-563-8
Fruit Myristyl alcohol (1510) 112-72-1
Hickory shuckworm
Nuts (E,E) -8,10-Dodecadien-1-ol (128028) 33956-49-9
(2) -11-Tetradecenyl acetate (128980) 20711-10-8
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(£)-8-Dodecen-1-y! acetate (128906) 28079-04-1
Fruit
Koa seed worm , (E)-8-Dodecen-1-yl-acetate ( 128907) 38363-29-0
Nuts
(2)-8-Dodecen-1-ol (128908) 40642-40-8
Cranberries
Leafrollers (various) (£)-11-Tetradecenyl acetate (128980) 20711-10-8
Fruit
(£)-8-Dodecen-1-yl acetate (128906) 28079-04-1
Fruit
Macadamia nut borer (E)-8-Dodecen-1-yl-acetate (128907) 38363-29-0
Nuts
(£)-8-Dodecen-1-o0l (128908) 40642-40-8
Navel Orangeworm Orange (£,2)-11,13-Hexadecadienal (000711 ) 71317-73-2
Lauryl alcohol (001509) 112-53-8
Myristyl alcohol (001510) 112-72-1
Obliquebanded leafroller | Fruit
(E,E) -8,10-Dodecadien-1-of ( 129028) 33956-49-9
‘ (£) -11-Tetradeceny! acetate (1 28980) 20711-10-8
Fruit (deciduous)
Grapes (E)-11-Tetradecenyl acetate (12901 9) 33189-72-9
Omnivorous leafroller
Kiwi (£)-11-Tetradecenyl acetate (1 28980) 20711-10-8
Nuts
(Z)-8-Dodecen-1-yl acetate (1 28906) 28079-04-1
Fruit
Oriental fruit moth (E)-8-Dodecen-1-yl-acetate (1 28907) 38363-29-0
Nuts
(£)-8-Dodecen-1-ol (128908) 40642-40-8
(E)-5-Decenyl acetate (11 7703) 38421-90-8
(E)-5-Decen-1-ol (78038) 56578-18-8
Fruit
Oriental fruit moth (2)-8-Dodecen-1-yl acetate (128906) 28079-04-1
Nuts
(E)-8-Dodecen-1-yl-acetate (128907) 38363-29-0
(£)-8-Dodecen-1-ol (1 28908) 40642-40-8
Lauryl alcohol (001509) 112-53-8
Myristyl alcohol (001510) 112-721
Pandemis leafroller |[Fruit
(E,E) -8,10-Dodecadien-1-ol (1 29028) 33956-49-9
(Z) -11-Tetradecenyl acetate (128980) 20711-10-8
(E)-5-Decenyl acetate (11 7703) 38421-90-8
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(E)-5-Decen-1-ol (78038) 56578-18-8
Fruit
Peach twig borer (2)-8-Dodecen-1-yl acetate (128906) 28079-04-1
Nuts
(E)-8-Dodecen-1-yl-acetate (128907) 38363-29-0
{Z)-8-Dodecen-1-ol {128908) 40642-40-8
Fruit
Nuts (E)-5-Decen-1-ol acetate (117703) 38421-90-8
Peach twig borer
. (E)-5-Decen-1-ol (78038) 56578-18-8
Agricultural crops
{unspecified)
Pink bollworm Cotton 7.11-Hexadecadien-1-ol acetate (114103) 50933-33-0
(Z.E)-7,11-Hexadecadien-1-yl acetate (114101) 53042-79-8
Pink bollworm Cotton
! oHwo (Z,2)-71,11- Hexadecadien-1-yl acetate 52207-99-5
(114102)
Sparganothis . 41 A oy
fruitworm Cranberries (E)-11-Tetradecen-1-ol acetate (129019) 33189-729
Eggplant
T ¢ (Z)-4-Tridecen-1-yl acetate (121901) 65954-19-0
Tomato pinworm omato
~4-Tri -1- 2 2
Vegetables (E)}-4-Tridecen-1-yl acetate (121902) 72269-48-8
{fruiting)

DISCLAIMER: The information in this Pesticide Fact Sheet is a summary only.

Biopesticide Home | OPP Home | EPA Home | Comments
Site Map | Search OPP | Search EPA
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Parts per

Commodity million

Com grain, fodder, and forage . 0.1

[FR Doc. 93-29833 Filed 12-7-93; 8:45 am]
BILUNG CODE 8580-50-F

40 CFR Part 180
[OPP-300292A; FRL-4646-3]
AIN 2070~AB78

inert Ingredlents of Semlochemlcal
Dispenser; Tolerance Exemption

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Final rule.

SUMMARY: EPA is establishing an
exemption from the requirement of a
tolerance for residues of all inert

ingredients of semiochemical dispenser -

products-formulated with, and/or
contained in, dispensers made of .
polymeric matrix materials, including
the monomers, plasticizers, dispersing
agents, antioxidants, UV protectants,
stabilizers, and other inert ingredients.
The exemption applies when the
dispensers are used as carriers in
pesticide formulations ap]l:llied to
growing crops only and when the
dispensers are large enough to be -
removed from the site. EPA is issuing
this regulation on its own initiative.
EFFECTIVE DATE: This regulation
becomes effective on December 8, 1993,
ADDRESSES: Written objections and
hearing requests, identified by the
document control number, [OPP-
300282A), may be submitted to: Hearing
Clerk {1900), Environmental Protection
Agency, 401 M 8t., SW., Washington,
DC 20460. A copy of any objections and
hearing requests filed with the Hearing
Clerk should be identified by the
document control number and
submitted to: Public Response and
Program Resources Branch, Field
Operations Division (7506C), Office of
Pesticide Programs, Environmental
Protection Agency, 401 M St,, SW,,
Washington, DC 20460, In person, bring
copy of objections and hearing request -
to: Rm. 1132, CM #2, 1921 Jefferson .
Davis Hwy., Arlington, VA 22202, Fees
accompanying objections shall be
labeled “Tolerance Petition Fees” and .
forwarded to: EPA Headquarters
Accounting Operations Branch, OPP
{Tolerance Fees), P.O. Box 360277M,
Pittsburgh, PA 15251.

FOR FURTHER INFORMATION CONTACT:
Connie Welch, Registration Support
Branch (7505W}, Environmental

Protection Agency, 401 M St., SW,,
Washington, DC 20460. Office location
and telephone number: 2800 Crystal Dr.,
6th FL,, North Tower, Arlington, VA
22202, {703)-308-8320. . .

SUPPLEMENTARY INFORMATION: In the
Federal Register of August 18, 1993 (58
FR'43830), EPA issued a proprosal to
amend 40 CFR part 180 by establishing
an exemption from the requirement of a
tolerance for residues of components of
semiochemical dispensers made of solid
matrix polymeric materials (including
the monomers, plasticizers, and other
ingredients}, when these dispensers are
large enough to be removed from the -
site as inert ingredients (earriers) in
pesticide formulations applied to
growing crops only, .~ ‘
Inert ingredients are 41l ingredients
that are not active ingredients as defined
in 40 CFR 153.125, and include, but are
not limited to, the following types of
ingredients (except when they have a
pesticidal efficacy of their own):
solvents such as alcohols and
hydrocarbons; surfactants such as
polyoxysthylene polymers and fatty
acids; carriers such as clay and .
diatomaceous sarth; thickeners such as

‘carrageenan and modified cellulose;

wetting, spreading, and dispersing

~ agents; propellants in aerosol

dispensers; microencapsulating agents;
and emulsifiers. The term “inért” is not
intended to imply nontoidcity; the
ingredient may or may not be e
chemically active. .~ :

Four.eomments were received in
response to the proposed rule. Three of -
the four commenters requested that the
wording of the regulation regarding the
components covered should be clarified
to match the coverage described in the

- preamble. The language suggested by all
‘three commenters is as follows: Co

§180.1122(a). All inert ingredients of
semiochemical dispenser products
formulated with and/or contained in
dispensers made of solid matrix polymeric
materials (including the monomers, . '
plasticizers, dispersing agents, antioxidants,
UV protectants, stabilizers and other inert
ingredients), are exempted from the -
requirément of a tolerance when used in
pesticide formulations for application to
grawing crops only. These dispensers shall -
(.:om‘orm to the following specifications: * *

The Agency has adbp'téd the Sﬁggésted

- language, with a minor change. -

One commenter suggested an
additional definition under
§ 180.1122(d) for semiochemical
dispenser companent. Since the term
“component” has been removed from
the regulation, this definition is not
necessary.

" reside, although the Agen

Another commenter noted that the
term “solid polymeric matrix' appeared
to exclude “twist-tie” dispensers which _
contain a lumen in which the active
ingredient and certain inerts initially
-used this
dispenser as an example of what is to be
included, The Agency has replaced the
term “solid matrix polymeric” with,
“polymeric matrix” to clarify that “twist
tie” dispensers are included in the

‘regulation.

All of the cohmenters requested that
the exemption be expanded to include
broadcast application formulations. One

. commenter noted that certain broadcast

formulations were less likely to lead to
buildup of plastics in the environment.
Another commenter requested that the
Agency exempt all substances with
molecular weights greater than 1,000
since EPA notes in exempting certain
polymeric substances from a tolerance

" requirement that substances with such

high molecular weights are not absorbed
through the gastrointestinal tract and
therefore “‘are generally incapable of
eliciting a toxic response” even if

- ingested,

. The Agency agrees that there may be

"certain advantages to some broadcast

applications of semiochemicals over
those products covered by the current
exemption. However, the current
exemption was developed independent
of consideration of the toxicity of .

-~ components based upon an evaluation

that these dispensers had a low
potential for contact with'food and
therefore were unlikely to lead to
residues, Broadcast applications have a
greater potential for residues, and the
components of such products must be
evaluated for toxicity. While many of
the components used in these
formulations may qualify for exemption
as polymers, the Agency must make that
determination on a case-by-case basis.
The criteria used to make the
determination include high molecular
weight and other characteristics. The
Agency has greatly shortened the time
required to obtain exemption-from-
tolerance for such polymers, but is not
prepared to discontinue reviewing
them.

Another comment noted that the size
at which a dispenser could be removed

. from the field might vary. It noted that

1.25 inch polymeric fibers which can be
hand applied to the stakes of staked
tomatoes could, in theory, be removed,

“ but to do so would be very difficult. As
. noted above, the generic exemption is

based on the unlikelihood of the
dispensers coming into contact with
food and leave residues. The conditions

" include size, proximity to the raw
agricultural commodity (RAC), and
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method of application, The fiber
dispensers a‘pﬁﬂied to stakes of staked
tomatoes would be covered by the
exemption, because of their lack of
proximity to the RAC and their discrete
method of apflicaﬁon. but broadcast
application of a similar fiber would not.

Another commaenter objected to the
use of the term *point-source” which in
pheromons terminology is used to
differentiate pheramone formulations
which provide a strong release of
pheromones such that the mode of
action could be that of “false trail
following” rather than “habituation” or
“‘adaptation.” The Agency did not
intend the term “point-scurce”’ to imply
the technical definition of pheromone
terminolagy. The Agency has changed
the definition to read “* * * to provide
discrete application of the
semiochemical(s) into the
environment,” and has similarly
modified § 180.1122 (a){2). This
commenter also noted that it is incarrect
to state that these semiochemicals are
applied at less than peak naturally
occurring background levels, but that
the amount of pheromone in the
atmosphers at any given time is less
than peak naturally occurring levels. -
The Agency agrees and was merely
referring to the time-release nature of
the dispensers. The Agency believes
that providing an exemption for the
inert ingradients will facilitats ]
development of appropriate time-release
products and reduce the regulatory
burden for this technology.

One commenter noted that these
dispensers could cause environmental
problems. Although EPA agrees that this
could be the case, the Agency believes
that these products are far better from an
environmental perspective than tha
conventional alternatives. EPA
encourages removal of the dispensers
and development of biodegradable
forms.

Another commenter suggested that
the word “receptor” in the definition of
semiochemical be changed to
“receiving” since “receptor” has
narrow, specific meanings related to
particular types of proteins and to
sensory nerve endings. This change is
being made.

Finally, one commenter suggested
exempting everything included under
21 CFR parts 173 to 178 and 40 CFR
180.1001(c) and (d), 180.1028, 180.1037,
180.1038, and 180.1062 and all inerts
previously approved by the Agency for
all types of semiochemical formulations,
All of these substances will be
exempted for use in dispensers covered
by this regulation. In addition, the
Agency plans to issue broader
exemptions for those substances

considered to be “minimal risk” inerts
in the futurs, so that they may be used
in a variety of products rather than -
being limited to specific uses. However,
EPA doses not have sufficient
information to issue the broad -
regulation proposed by the commenter
at this time,

Based on the information considered,
the Agency concludes that tolerances
are not mecessary to protect the public
health for the inert ingredients in the
semiochemical dispenser products,

Therefors, the tolerance exemptions are -

established as set forth below.

Any person adversely affected by this
regulation may, within 30 days after
publication of this document in the
Federal Register, file written objections
and/or a request for a hearing with the
Hearing Clerk, at the address given
above (40 CFR 178.20). A copy of the
objections and/or hearing requests filed
with the Hearing Clerk should be
submitted to the OPP dockst for this
rulemaking. The objections submitted
must specify the provisions of the
regulation deemed objectionable and the
grounds for the objections, 40 CFR ~
178.25. Each objection must be
accompanied by the fee prescribed by
40 CFR 180.33(i). If a hearing is
requested, the objections must include a
statement of the factual issue(s) on
which a hearing is requested, the
requestor’s contentions on each such
issus, and a ; of any evidence
relied upon by the objector. 40 CFR
178.27. A request for a hearing will be

" granted if the Administrator determines

that the material submitted shows the
following: thers is a genuine and
substantial issue of fact; there is a
reasonable possibility that available
evidence identified by the requestor
would, if established, resolve one or
more of such issues in favor of the
requestor, taking into account
uncontested claim$ ér facts to the
contrary; and resohition of the factual

-issue(s) in the manner sought by the

requestor would be adequate to justify
the action requestad. :

The Office of Managémert and Budget
has exempted this rule from the
requirements of section 3 of Executive
Order 12868. Pursuant to the
requirements of the Regulatory ‘
Flexibility Act (Pub. L. 96-354, 94 Stat. -
1164, 5 U.S.C. 601-612), the -
Administrator has determined that
regulations establishing new tolerances
or food additive regulations or raising
tolerance levels or food additive
regulations or establishing exemptions
from tolerance requirements do not have
a significant sconomic impact on a
substantial number of small entities. A
certification statement of this effact was

published in the Federal Register of
May 4, 1981 (46 FR 24950).

List of Subjects in 40 CFR Part 180

Environmental protaction,
Administrative practice and procedure,
Agricultural commodities, Pesticides
and pests, Reporting and recordkeeping
requirements.

Dated: November 15, 1993.
Douglas D, Campt,
Director, Office of Pesticide Programs.

Therefors, it is proposed that 10 CFR
part 180 be amended as follows:

PART 180—[AMENDED]

1. The authority citation for part 180
continues to read as follows:

Authority: 21 U.S.C. 3462 and 371.

2. By adding new §180.1122 to
subpart D, to read as follows:

§180.1122 Inertingredients of
semiochemical dispensers; exemptions
from the requirement of a toleranca.

{a) All inert ingredients of

. semiochemical dispenser products

formulated with, and/or cantained in,
dispensers made of polymeric matrix
materials {(including the monomers,
plasticizers, dispersing agents,
antioxidants, UV protectants, stabilizers.
and other inert ingredients) are
exempted from the requirement of a
tolerance when used as carriers in
pesticide formulations for application to
growing crops only. These dispensers
shall conform to the following
specifications:

(1) Exposure must be limited to

.Inadvertent physical contact only. The

design of the dispenser must be such as
to preclude any contamination by its
components of the raw agricultural
commodity (RAC) or processed foods/
feeds derived from the commodity by
virtue of its proximity to the RAC or as
a result of its physical size.

(2) The dispensers must be applied
discretely. This exsmption does not
apply to components of semiochemical
formulations applied in a broadcast
manner either to a crop field plot or to
individual plants, ‘

(b) A semiochemical dispenser is a
single enclosed or semi-enclosed unit
that releases semiochemical(s) into the
surrounding etmaosphers via
volatilization and is applied in a
manner to provide discrete application
of the semiochemical(s) into the
environment.

(c) Semiochemicals are chemicals that
are emitted by plants or animals and
modify the behavior of receiving
organisms. Thases chemicals must be
naturally occurring or substantially
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identical to naturally occurring
semiochemicals.

{FR Doc. 93-29834 Filed 12-7-93; 8:45 am] .
BILLING CODE 6560-50-F .

'40 CFR Part 180
[OPP-300279B; FRL~4743-8]
RIN 2070-AB78

2-[Methyl{{Perfluoroalkyl}Alky(C
Cy)Sulfonyl] Amino]Alkyl(Co-
Cy)Acrylate-Alkyl(C2-Cy)Methacrylates-
N-Methylolacrylamide Copolymer;
Tolerance Exemption '

AGENCY: Environfnental Protection -
Agency (EPA).
ACTION: Final rule.

SUMMARY: This document establishes an
exemption from the requirement of a -
tolerance for residues of 2-
[methyl{(perfluoroalkyl)alky}(Cz-
Cs)sulfonyllamino)alkyl(Cz-Cg)acrylate-
alkyl(C,-Cs)methacrylates-N-
methylolacrylamide copolymer when
used as an inert ingredient (water
repellant agent) in pesticide
formulations applied to animals. This
regulation was requested by SmithKline
Beecham Animal Health. The proposal
elicited a comment stating that if the
copolymer had a particular structure it
would be subject to gastrointestinal (GI)
metabolism resulting in the formation of
toxic metabolites, and the comment is
addressed in this document.
EFFECTIVE.DATE: Effsctive on December
8, 1993, ‘

ADDRESSES: Written objections and
hearing requests, identified by the
document control number, {OPP-
300279B], may be submitted to: Hearing
Clerk (1900}, Environmental Protection
Agency, Rm. M3708, 401 M 5t,, SW.,,
Washington, DC 20460. A copy ofany
objections and hearing requests filed
with the Hearing Clerk should be
identified by the document control
number and submitted to: Public
Response and Program Resources
Branch, Field Operations Division
{7506C),'Ottice «of Pesticide Programs,
Environmental Protection Agency, 401
M St., SW., Washington, DC 20460. In
person, bring copy of objections and -
hedring requests to: Rm. 1132, CM #2,
1921 Jefferson Davis Hwy., Arlington,
VA 22202, Fees.accompanying
objections shall be labeled ‘Telerance
Petition Fees"” and forwared to: EPA
Headquarters Accounting Operations
Branch, OPP (Tolerance Fees), P.O. Box
360277M, Pittsburgh, PA15251.

FOR FURTHER INFORMATION CONTACT: By
mail: Rosalind L.'Gross, Registration

Support Branch, Registration Division
{7505W), Office of Pesticide Programs,
Environmental Protection Agency, 401
M St., SW., 'Washingten, DC 20260.
Office location and telephone number:
6th Floor, North Tower, 2800 Crystal
Drive, Arlington, VA 22202,(703)-308-
8354,

SUPPLEMENTARY:INFORMATION: In the
Federsl Register of March 10, 1993 (58
FR 13239), EPA issued a proposed Tule
that gave notice that SmithKline
Beecham Animal Health, 1600 Paoli
Pike, P.O. Box 2650, West:Chester, PA,
19380-6014, had submitted pesticide
petition (PP) 2E4147 requesting that the
Administrator, pursuarit to section
408{e) of the Federal Food, Drug, and
Cosmetic Act {21 U.8-C. 346ale}},
propose to emend 4¢"CFR part 180 by
stablishing.an exemption from the
requirement of a tolerance for residues
of 2-{methyl [(perflueroalkyl) sulfonyl]
aminolalkyl {C,<Cy) acrylate-alkyl (Cz-
Cs) methacrylates-N-

_methylolacrylamide copolymer when

used as an inert ingredient (water

. repellant agent) in pesticide

formulations applied to animals,
Inert ingredients are ingredients that

-are Tiot active ingredients -as defined in

40 CFR 153.125, and include, but are
not limited 1o, the following types of
ingredients.(except when they have a
pesticidal efficacy of their own):
solvents.such as alcohols.and
hydrocarbons; surfactants such as
polyoxyethylene polymers and fatty
acids; carriers such as clay and
distorttaceous earth; thickeners such as
carrageenan and modified cellulose;
wetting and spreading agents;
propellants in aerosol dispensers; and
emulsifiers. The term “inert” is not
intended to imply nontoxicity; the
ingredient may ormay not be
chermrically active. '
Aspart of the EPA pelicy statement
on inert ingredients published in the

. Federal Register of April 22, 1987 (52

FR 13305), the Agency established data
requirements which will'be used to
evaluate the risks-posed by the presence
of an inert ingredient in‘a pesticide
formulation. Exemptions fromsome or
-]l of the requirements may be granted
if it can be determined that the inert
ingredient will present minimal or no
risk. '

One comment wasreceived in
Tesponse to'the proposed rule. The
commert stated ‘that if the .copolymer
had a particularstructure it would be
subject te gastrointestinal (G
metabolism resulting in the formation of
toxic metabalites. The commrent

-reported that when tertain

perfluorinated sulfonyl copolymers
were fed to-ants, delayed toxicity was

seen from asingle feeding and caused
concern regarding the exemption from
the requirement of a talerance for 2-

- [methyli(perflucroalkyl)sulfonyl]

amino]alkyl(C,-Cs) merylate-alkyl {Cy-Cy)

_methacrylates-N-methylolacrylamide

copolymer, The comment was
withdrawn when'it was learned that the

_perfluorinated sulfonyl copolymer had

methylene units wipha and beta to the
sulfonyl group, indicating that the
presence:of methylene units adjacent to

‘the-sulfonyl-group altered the

toxicological properties of the
copolymer-enough thatthe original
comment was mo longer relevant.

Although the comment was
withdrawn, the possibility of GI
absorption and/or metabolism of the
copolymer caused the Agency to
reevaluate the risks to human health
.and the environment from the proposed
use of this copolymer. EPA finds it has
no evidence that a copolymer with an
average molecular weight of 50,000 and
low water solubility would be absorbed
or metabolized in the GI tract.
Additionally, EPA acknowledges the
name of the copolymer in the proposed
rule was vague, resulting in potential
confusion regarding the precise
chemical structure of the copolymer.
Therefore, the.name of the copolymer in
the final rule will be changed to more
accurately reflect its chemical structure.
The name of the copolymer in the final
rule will appear as 2-{methyl
[(perfluoroalkyl) alkyl(C;-Cs) sulfonyl]
aminolalkyl{C,-Cs) acrylate-alkyl {C-
Cs)methacrylates-N-methylolacrylamide
cogolymer.

ased upon the information

considered and discussed in the
proposed rule and here, EPA concludes
that the tolerance exemption for
‘residues of 2-[methyl [(perfluoroalkyl)
alkyl (C»-Cg)sulfonyl] amino]alkyl (C,-
-Cg) -acrylate-alkyl {C2-Cg) methacrylates

" N-methylolacrylamide copolymer-will

protectthe public health. Therefore, the
-exemption from the requirement of a
tolerance for theicopolymer will be
-established as set forth-below.

Any person adversely affected by this
regulation may, within 30 days after
:publication of this decument in the
‘Federal Register, file written objections
:and/or.a request for a-hearing with the
Hearing Clerk, .at the address given
-above:{40 CFR 178.20). A copy of the
objections and/or hearing requests filed
-with the Hearing Clerk should be
-submitted to the OPP docket for this
rulemaking. The objections submitted
‘must.specify the provisions of the
regulation deemed objectionable and the
grounds for the vbiections {240 CFR
178.25). Each objection must be
‘accompanied by the fee prescribed by
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Coast Guard's position that these new
operating rules will provide for the
reasonable needs of navigation, This is
the extent of the Coast Guard's authority
in issuing drawbridge operating
requirements. Issues related to the safety
of train operations are the responsibility
of the Federal Railroad Administration.

For this reason, these considerations are -

not included in the criteria authorized
to be used by the Coast Guard in. ‘
determining whether specific
drawbridge operating requirements
should be implemented, These concerns
have been forwarded to the Federal
Railroad Administration for appropriate
consideration and action, '

Based on the comments submitted
and the Coast Guard response td these
comments, the Coast Guard is
publishing the requirements as
proposed.

Federalism

This action Kas been analyzed in
accordance with the principles and
criteria contained in Executive Order

12612, and it has been determined that

the final rulemaking does not have
sufficient federalism implications to
warrant the preparation of a Federalism
Assessment,

Economic Assessment and Certification

This final rule is not considered a
significant regulatory action under:
Executive Order 12866 and {s not
significant under the Department of
Transportation Regulatory Policies and _
Procedures (44 FR 11034: February 26,
1979).

The econormic impact of this action is
expected to be so minimal that a full
regulatory evaluation is unnecessary.
The basis for this conclusion is that
during the regulated period there will be
very little inconvenience to vessels
using the waterway. In addition, ‘
mariners requirinF the bridge openings
are repeat users.of the waterway and
giving the bridge owner advance notice
should invelve little or no additional
expense to them. Since the economic
impact of this regulation is expected to
be minimal, the Coast Guard certifies
that it will not have a significant
economic impact on a substantial
number of small entities. :

Environment

This final rulemaking has been
thoroughly reviewed by the Coast Guard
and it has been determined to be '
categorically excluded from further,
-environmental documentation in
accordance with section 2.B.2.g.5 of
Commandant Instruction M16475.1B. A
Categorical Exclusion Determination

‘polymeric matrix dispensers with an

statement has been prepared and placed
in the rulemaking docket. -

List of Subjects in 33 CFR Part 117
Bridges.
Regulations ~

In consideration of the foregoing, pﬁrt :
117 of title 33, Code of Federal. . = -
Regulations, is amended as follows: .

PART 117—DRAWBRIDGE
OPERATION REGULATIONS .

1. The autherity citation for part 117.
continues to read as follows: i

._Authority: 33 U.S.C. 499; 49 CFR 1.46; 33

CFR 1.05-1(g). N _
2. Section 117.439 is revised to read
as follows: - .

“r
§117.439 ' Des'Alfemands Bayou.
(a) The draw of the 5631 bridge, mile
13.9 at Des Allemands, shall epen on
signal if at least four hours notice is

given. ‘ L
(b) The draw of the Southern Pacific

‘Railroad bridge, mile 14.0, shall open on

signal Monday through Friday from 7

a.m to 3 p.m. At all other times the draw

shall open on signal if at least 4 hours

notice is given. .
Dated: March 18, 1994,

J.C.Card, :

Rear Admiral, U.S. Coast Guard, Commander,

Eighth Coast Guard District, - :

{FR Doc. 94-7537 Filed 3~20~-94; 8:45 am]

BILLING CODE 4910-14.M

ENVIFFONMENTAL. PROfECTION
AGENCY : o

40 CFR Part 180

{OPP-300314A; FRL-4781—8]

RIN 2070-AB78 , 4
Anthropod Pheromones; Tolerance .
Exemption - . o
AGENCY: Environmental Protection
Agency (EPA). .
ACTION: Final rule,” . B
SUMMARY: EPA is establishing an:

exemption from the requirement of a -
tolerance for residues of arthropod

‘pheromones resulting from the use of:

these substances in retrievably sized -

annual application limitation of 150
grams active ingredient per acre (gm Al/-
acre) for pest control in oron all raw . .
agricultural commodities (RAC). EPA is - -
establishing this regulation on its own - .
initiative, : i o
EFFECTIVE DATE: This re;
becomes effective

lation
30,1994,

ADDRESSES: Written objections and
hearing requests, identified by the

. document control number, {OPP-
- 300314A), may be submitted to: Hearing

Clerk (1900}, Environmental Protection
Agency, Rm, M3708, 401 M St., SW.,
Washington, DC 20460, A copy of any
objections and hearing requests filed
with the Hearing Clerk should be
Identified by the document control

- number and submitted to: Public

Response and Program Resources

. Branch, Field Operations Division
1{7506C), Office of Pesticide Programs,

Environmental Protection Agency, 401

.M St., SW., Washington, DC 20460. In

erson, bring copy of objections and

earing requests to: Rm, 1132, CM #2,
1821 Jefferson Davis Hwy., Arlington,
VA 22202. Fees accompanying

- objections shall be labeled “Tolerance

Petition Fees” and forwarded to: EPA
Headquarters Accounting Operations
Bramgx. OPP (Tolérance Fees), P.O. Box

. 360277M, Pittsburgh, PA 15251,

FOR FURTHER INFORMATION CONTACT: By

. mail: Phil Hutton, Product Manager

{PM) 18, Registration Division {7505C),
Environmental Protection Agency, 401
M 8t., SW., Washington, DC 20460.
Office location and telephone number:
Rm. 213, CM #2, 1921 Jelferson Davis

. Hwy., Arlington, VA 22202, (703)-305-

7690,

SUPPLEMENTARY INFORMﬂM: In the
Federal Register of December 8, 1993
(58 FR'64538), EPA issued a propased

. rule to amend 40 CFR part 180 by

establishing an exemption from the
requirement of a tolerance for all

opod pheromones used in solid
matrix dispensers at rates less than or
equal to 150.grams active ingredient
(Al)/acre/year.'A pheromone is defined
by EPA as a compound produced by an

- arthropod that modifies the behavior of

other individuals of the same species

(40 CFR 152.25(b)(1)). Solid matrix

dispensers as defined in the proposal
inc?ud'e, but ate not limited to, the
following: Rubber septa dispensers,
trilaminate sheets, tapes, tags, wafers,
macrocapillary devices which are

" placed by hand in the field and are of
* such size and construction that they are

readily recognized. Formulations not
inlcuded in this exemption are as

" -follows: Liquid flowables, ,
- ‘microcapsules, microcapillary straws;

granular powder, flakes, or confetti
formulations which are sprayed or
broadcast over the crop area; and cigaret
filters or unprotected ropes which
generally contain the active ingredient
on the outer surface of the unit. In the

- proposal, EPA set forth its reasons for

determining that a tolerance for these

TR
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pheromone products is not necessary to -
protect public health.

EPA is choosing to changs the term
“solid matrix dispnesers to
“retrievably sized polymeric matrix
dispensers” for consistency with 40 CFR
180.1122, which exempts from the
requirement of a tolerance the inert
materials of these dispensers {58 FR -
64493). The Agency does not believe
this change will change the intent or
scope of the original definition of a
dispenser. EPA intendes the term
“retrievably sized polymeric matrix
dispensers " to include such dispensers
as the following: Rubber septa
dispensers; trilaminate sheeps; tapes;
tags, microcapillary devices such as
long tubes or fibers; twist ties; and
protected ropes. Each of these -
dispensers is placed by hand in the field
and is of such size and contstruction
that it is readily recognized and
retrievable. Dispensers with similar
characteristics would also come within
this term. In the preamble to the
proposal, EPA included “wafers” in the
list of dispensers which would qualify
under this exemption. EPA now
believes use of this example is
ambiguous because wafers could be of a
size that could or could not be retrieved.
To emphasize that this exemption only
applies to retrievable dispensers, EPA
has intentionally omitted wafers from

' the examples given above of qualifying

dispensers.

Three comments were received in
response to the proposed #ile. All the
responses were generally favorable to
the generic tolerance proposal, with two
of the comments finding the proposal
toa restrictive. These comments
suggested the Agency should further
broaden the scope and the exemption to
allow the tolerance exemption to extend * -
beyond polymeric, retrievably sized
dispenser formulations to include
broadcast applications. .

The Agency dose not have a
toxicology data base for arthropod
pheromones that addresses the potential
risk of repeated, direct dietary exposure
to the active ingredient possible with
formulations such as sprayables which
can be incorporated into food. The
Agency believes that restricting the
exemption to retrievably sized
dispensers will severely limit the
possibility of direct distary exposure to
the active ingredient and that such a’
limitation is necessary to protect the
public health. Producers of new
pheromone formulations not exempted
by this-proposal, including smaller- :
sized granules, may request a tolerance
exemption. Producers of previously )
registered pheromone products wishing
to utilize formulations other than those

mentioned in this rule may petition for
an amendment to the existing tolerance
exemption for a registered active :
ingredient, if they can demonstrate that
the new formulation does not increase
the likely dietary exposure, .

One of the commenters believed that
the proposed rule was too restrictive for
lepidopteran pheromones. On the other
hand, the same commenter believed that
the proposed rule was too lenient for
other types of pheromones. This .
commenter questioned how the Agency
could exempt all arthropod pheromones
from a requirement for a tolerance when

- several groups of arthropods are known

to produce pheromone compounds that
are chemicals structurally so diverss as
to be of unknown toxicity. The Agency
agrees that the scope of the tolerance
exemption is broad and does exempt
arthropod pheromones for which there
is not an extensive data base including
pheromones with chemical structures
unrelated to the majority of pheromone
active ingredients registered to date.
Nevertheless, the Agency believes the
restrictions in the proposed rule along
with aspects of pheromone biology =~ *
mitigate concerns about the wider scope

‘of this tolerance exemption,

First, the proposal incorporates
features that would limit the direct
dietary exposure to the arthropod
pheromones used as pesticides by .
requiring the formulation to be
restricted to larger dispensers. This
formulation restriction wiil limit
exposure to an active ingredient
resulting from the small amount that
volatilizes from the dispenser and
subsequently may deposit on-food
crops. Due to its size, the dispenser

itself, with or without any remaining

active ingredient, is not likely to become

- incorporated into food. Second, the

Agency believes that an annual rate
limitation of 150 grams Al/acre and a
restriction to retrievaéj sized
dispensers are likely to limit the dietary
exposure to what is po greater than that .
found naturally in food as a resuit of
heavy infestations of the pest
arthropods. An arthropod species
becomes a pest only if its populations
reach levels that impedse economic
returns. The Agency believes there
already has been dietary exposure to the
arthropod pheromenes deposited after -
volatilization from natural heavy pest
infestations that could be shown to
control such pest species. The dietary
exposure to these natural pheromones
that results from registered pheromones
and those used in traps to date has not
adversely affected public health. No -
commenters found the annual 150
grams Al/acre limit objectionable,

One commenter noted that it
appeared that the Agency was basing its
tolerance exemption on wildlife
exposure risks. The primary reason for
exempting arthropod phermones in
these formulations is based on human
heaith considerations. The public health
is protected from unnecessary direct
exposure to pheromone active ]
ingredients in food if these compunds

. are released from larger retrievable

dispensers. In addition, although not
directly relevant to this tolerance
exsmption, the Agency believes that
wildlife risks would be minimal with
use of these dispensers.

A commenter claimed that the Agency
was demonstrating a bias against
products developed from certain food
crops such as grains and row crops by
the proposed tolerance exemption. EPA
disagrees. Larger dispenser formulations
can be adapted to row crops by
incorporating pheromones dispensers
into stakes or other supports. The
Agency believes that other pheromone
formulations such as sprayables and
microencapsulated products should be
developed when the crop use demands
these parameters and does not intend to
burden producers of these products
unnecessarily. However, the fate and
subsequent dietary exposure of these
smaller dispensers, some perhaps still

" charged with the pheromone active

ingredient, must be addressed during a
request for a tolerance exemption.

The same commenter requested that
the Agency change the language of the
exmeption to indicate that many other
organisms besides arthropods produce
pheromones but provided no
information to support expanding the
exemption to other types of
pheromones. Without more information,
EPA is unwilling to expand the v
exemption in this manner at this time.

Based on the information considered,
the Agency concludes that tolerances for
these pheromone products are not
necessary to protect the public health.
Therefore, the tolerance exemptions are
established as set forth below.

Any person adversely affected by this
regulation may, within 30 days after
publication of this document in the,
Federal Register, file written objections
and/or request a hearing with the
Hearing Clerk, at the address given
above (40 CFR 178.20). A copy of the
objections and/or hearing requests filed
with the Hearing Clerk should be
submitted to the OPP docket for this
rulemaking. The objections submitted
must specify the provisions of the
regulation deemed objectionable and the -
grounds for the objections (40 CFR
178.25). Each objection must be
accompanied by the fee prescribed by -




Federal Register / Vol. 59, No. 61 / Wednesday, March 30, 1994 / Rules and Regulations

14759

40 CFR 180.33(i). If a hearing is
requested, the objections must include a
statement of the factual issue(s) on
which a hearing is requested, the
requestor’s contentions on such issues,
and a summary of any evidence relied
upon by the objector (40 CFR 178.27), A
request for a hearing will be granted if
the Administrator determines that the
material submitted shows the following:
There is a genuine and substantial issue
of fact; there is a reasonable possibility
that available evidence identified by the
requestor would, if established, resolve
one or more of such issues in favor of
the requestor, taking into account
uncontested claims or facts to the
contrary; and resolution of the factual
issue(s) in the manner sought by the
requestor would be adequate to justify
the action requested (40 CFR 178.32).

Under Executive Order 12866 (58 FR
51735, Oct. 4, 1993}, the Agency must
determine whether the regulatory action
is “significant” and therefore subject to
review by the Office of Management and
Budget (OMB) and the requirements of
the Executive Order. Under section 3(f),
the order defines a *'significant
regulatory action” as an action that is
likely to result in a rule: (1) Having an ,
annual effect on the economy of $100
million or more, or adversely and
materially affecting a sector of the
economy, productivity, competition,
jobs, the environment, public health ar
safety, or State, local, or tribal
governments or communities (also .
referred to as “‘economically
significant”); (2) creating serious
inconsistency or otherwise interfering
with an action taken or planned by
another agency; {3) materially altering
the budgetary impacts of entitlement,
grants, user fees, or loan programs or the
rights and obligations or recipients
thereof; or (4) raising novel legal or
policy issues arising out of legal
mandates, the President’s priorities, or
the principles set forth in this Executive
Order.

Pursuant to the terms of the Executive
Order, EPA has determined that this
rule is not “significant” and is therefore
not subject to OMB review.

Pursuant to the requirements of the
Regulatory Flexibility Act (Pub. L. 96-
354, 94 Stat. 1164, 5 U.S.C. 601-612},
the Administrator has determined that -
regulations establishing new tolerances
or raising tolerance levels or
establishing exemptions from tolerance
requirements do not have a significant
economic impact on a substantial
number of small entities. A certification
staternent to this effect was published in
the Federal Register of May 4, 1981 (46
FR 24950). R

List of Subjects in 40 CFR Part 180

Environmental protection,
Administrative practice and procedure,
Agricultural commodities, Pesticides -
and pests, Reporting and recordkeeping
requirements,

Dated: March 21, 1994.

Susan H, Wayland, : :
Acting Director, Office of Pesticide Programs.

Therefore, 40 CFR part 180 is
amended as follows:

PART 180—{AMENDED]

1. The authority citation for part 180
continues to read as igl}ows:

Authority: 21 U.S.C. 346a and 371,

- 2. By adding new £180.1124 to
subpart D, to read d#Tollows:

§180.1124 Arthropod pheromones;
exemption from the requirement of a
tolerance. :

Arthropod pheromones, as described
in §152.25(b) of this chapter, when used
in rétrievably sized polymeric matrix
dispensers are exempt from the
requirement of a tolerance in or on all
raw agricultural commodities when
applied to growing crops only at a rate
not to exceed 150 grams active
ingredient/acre/year in accordance with
good agricultural practices.

{[FR Doc. 94-7368 Filed 3-29-94; 8:45 am}
BILUNG CODE 8560-50-F

40 CFR Part 180

[PP 9F5798/R2047; FRL—4762-6]

RIN No. 2070-AB78

Pesticide Tolerance for Lactofen {1-
{Carboethoxy)Ethyl-5-(2-Chioro-4-

(Triftuoromethyl)Phenoxy)-2-
‘Nitrobenzoate)

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Final rule.

" SUMMARY: This rule extends a time-.

limited tolerance for residues of the
herbicide lactofen (1-
{carboethoxy)ethyl-5-(2-chloro-4-
{trifluoromethyl)phenoxy)-2-
nitrobenzoate) and its metabolites
containing the diphenyl ether linkage

-on the raw agricultural commodity

(RAC) cottonseed at 0.05 part per
million (ppm) to December 31, 1995.
This regulation was requested by Valent
U.S.A. Corp. and continues the :
maximum permissible level for residues
of the herbicide in or on this RAC.
EFFECTIVE DATE: This time-limited
regulation becomes effective on March
30, 1994,

» processing study resulted in.a

ADDRESSES: Written objections and
requests for a hearing, identified by the
document control number, [PP 9F3798/
R2047], may be submitted to: Hearing
Clerk (1900), Environmental Protection
Agency, Rm. 3708, 401 M St., SW.,
Washington, DC 20460. A copy of any
objections and hearing requests filed
with the Hearing Clerk should be
identified by the document control
number and submitted to: Public
Response and Program Resources
Branch, Field Operations Division
(7508C}), Office of Pesticide Programs,
Environmental Protection Agency, 401
M St., SW., Washington, DC 20460. In
person, bring copy of objections and -
hearing requests to: Rm. 1132, CM #2,
1921 Jefferson Davis Hwy., Arlington,
VA 22202. Fees accompanying
objections shall be labeled *Tolerance
Petition Feeds” and forwarded to: EPA
Headquarters Accounting Operations
Branch, OPP (Tolerance Fees), P.O. Box

* 360277M, Pittsburgh, PA 15251,

FOR FURTHER INFORMATION CONTACT: By
mail: Joanne L. Miller, Product Manager
(PM 23}, Registration Division {7505C),
Office of Pesticide Programs,
Environmental Protection Agency, 401
M St., SW.,, Washington, DC 20460,
Office location and telephone number:
Rm., 255, CM #2, 1921 Jefferson Davis '
Highway, Arlington, VA 22202, (703)- :
305-7830. .
SUPPLEMENTARY INFORMATION: EPA
issued a time-limited tolerance in the
Federal Register of June 14, 1990 (55 FR !
24084), under section 408(e) of the ’ "
Federal Food, Drug, and Cosmetic Act
(21 U.S.C. 346a(e)) for residues of the
herbicide lactofen 1-(carboethoxy)ethyl-
5-(2-chloro-4-(triftuoromethyl)phenoxy)-
2-nitrobenzoate) and its associated
metaboalites containing the diphenyl
ether linkage on the raw agricultural
commodity (RAC) cottonseed at 0.05
part per million (ppm). This tolerance
was requested by Valent U.S.A. Corp,
(formerly Chevron Chemical Co.), 1333
N. Cslifornia Blvd., P.O. Box 8025,
Walnut Creek, CA 94596-8025, and
establishes the maximum permissible
level for residues of the herbicide in or
on this RAC. - ' ’
This tolerance was issued as a time-
limited tolerance because EPA required
additional information on a cottonseed
processing study and required animal
metabolism studies. EPA's review of the

preliminary determination that
concentration does not occur in
processed food, but additional
information on the study was required
‘to confirm that determination.

" Information was submitted, and the

determination was confirmed. The
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L Executive Summary

A. IDENTITY

The end use product, Isomate-BAW Pheromone, contains 55% (Z,E)-9, 12-Tetradecadienyl acetate
and 24.8% Z-9-Tetradecen-1-0l. The components of this end use product are adequately identified
and the product chemistry data submitted satisfies the requirements for product identity.

B. USE/USAGE

This end use product will be used to disrupt the mating activity of the male beet armyworm in
numerous agricultural crops. Refer to Section II, B for a complete listing of use sites/crops.

C. RISK ASSESSMENT
1. Human Health Risk Assessment
a. Toxicological Endpoints

Mammalian toxicity data have been submitted and adequately satisfy data requirements to support
registration. Submitted data indicate that the Technical Grade of the Active Ingredient (TGAD)
should be classified as Toxicity IV for acute oral, dermal, and inhalation toxicity. The TGAT was
found to cause mild ocular irritation in a eye lritation study (Toxicity Category III) and very slight
to well defined dermal irritation which cleared by 96 hours in a dermal irritation study (Toxicity
Category IV). In addition, the TGAI was shown not to be a contact sensitizer in the Magnusson-
Kligman maximization assay.

b. Human Exposure

Because the active ingredients contained in Isomate - BAW Pheromone are slowly released in very
small amounts by dispenser, the potential for dermal, eye and inhalation exposure to pesticide
handlers and to the general public is expected to be negligible. Further, the Agency has concluded
that the potential for dietary exposure is expected to be minimal based on volatility of the
compounds, the low application rates and known metabolism of similar compounds.

c. Risk Assessment

The potential risks to humans are considered negligible based on low exposure and the lack of
significant toxicological concerns. A determination has been made that no unreasonable adverse
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effects to the U.S. population in general, and to infants and children in particular, will result from the
use of this compound when label instructions are followed.

2. Ecological Risk Assessment
a. Ecological Toxicity Endpoints

No toxic endpoints were identified.

b. Ecological Exposure

Nontarget organism requirements data were waived based on the proposed use pattern and lack of
exposure.

c. Risk Assessment

Because Isomate - BAW Pheromone is enclosed in a solid matrix dispenser and is slowly released by
volatilization, transport and exposure is expected to be very limited. This system is generally
accepted as posing minimal to no exposure and risk to non-target terrestrial and aquatic species.

D. DATA GAPS / LABELING RESTRICTIONS

There are no data gaps.
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II. Overview

A. ACTIVE INGREDIENT OVERVIEW

Isomate-BAW Pheromone is a mixture of (Z,E)-9,12-Tetradecadienyl acetate and (Z)-9-Tetradecen-
1-ol.

(Z.E)-9.12-Tetradecadienvl acetate

Molecular Formula: C,H,,0,

Structure: CH3COZ(CHZ)SCH=CHCH=CHC2H5
Chemical Class: Pheromone

CAS Registry Number: 31654-77-0

OPP Chemical Code: 117203

(Z)-9-Tetradecen-1-o0l

Molecular Formula: C,,H,,0
Structure: CH;(CH,);CH=CH(CH,),OH
Chemical Class: Pheromone |
CAS Registry Number: 35153-15-2

OPP Chemical Code: 119409

Isomate - BAW Pheromome
T‘rade Name: Isomate - BAW Pheromone
Basic Manufacturer: Biocontrol Limited

16010 NE 36 th Avenue
Ridgefield, WA 98642
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B. USE PROFILE

The following is information on the proposed uses with an overview of use sites and application
methods.

Type of Pesticide:

Biochemical (pheromone, mating disruptant)

Use Sites:

Terrestrial food and feed crops (alfalfa, asparagus, beans, beets, cabbage, celery, cole crops,
cotton, cucumbers, groundnuts, lettuce, onions, peas, peppers, soybeans, strawberries, sweet
potatoes and tomatoes)

Terrestrial nonfood crop (tobacco)

Target Pests:

Beet Armyworm (Spodoptera exigua)

Formulation Types:

Formulated into a slow release plastic dispenser

Method and Rates of Application:

Dispenser is hand applied to stakes placed uniformly in the crops before the emergence of
insects. Application rates vary from 100 - 200 dispensers per acre (23.9 - 47.9 grams ai per
acre).

Use Practice Limitations:

Do not apply directly to water, to areas where surface water is present or to intertidal areas below
the mean high water mark. Do not contaminate water when disposing of this product.

Avoid placing dispensers in contact with the soil.

Do not exceed 150 grams ai per acre per year.
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Timing:

Dispenser release pheromone for 60-90 days depending on temperature. Apply product prior
to adult flight, early enough to disrupt mating communications within the field.

ESTIMATED USAGE
None used yet since this will be the first registered product.
CLASSIFICATION

Because (Z,E)-9, 12-Tetradecadienyl acetate and (Z)-9-Tetradecen-1-ol are synthetic compounds
that mimic naturally occurring substances of insect ori gin and function by a non-toxic mode of
action, these compounds can be classified as biochemical pesticides.

REGULATORY HISTORY

The following is a list of actions have been taken by the Agency to provide regulatory relief for
pheromones: ~

-Exemption from the requirement of a tolerance for inert ingredients of semiochemical
dispenser products formulated with and/or contained in dispensers made of polymeric
matrix materials. (published in 40 CFR 180.1 122).

-Exemption from the requirement of a tolerance for arthropod pheromones when used
in retrievably sized polymeric matrix dispensers and used at a rate not to exceed 150
grams active ingredient per acre per year (published in 40 CFR 180.1124).

-Exemption from the requirement of a tolerance for certain Lepidopteran pheromones
(that are naturally occurring compounds, or identical or substantially similar synthetic
compounds, designated by an unbranched aliphatic chain [between 9 and 18 carbons]
ending in an alcohol, aldehyde or acetate functional group and containing up to 3 double
bonds in the aliphatic backbone) when used on all raw agricultural commodities at a rate
not to exceed 150 grams active ingredient per acre per year (published in 40 CFR
180.1153).

In regard to the registration of Isomate - BAW Pheromone, on July 7, 1998, the Agency
received an application from Biocontrol Limited to register this product.




Isomate - BAW Pheromone
Registration Eligibility Document

A notice of receipt of the application for registration for Isomate - BAW Pheromone was
published in the Federal Register (volume 63, Number 241, page 69281) on December 16, 1998.
No comments were received on this notice.

DATA REQUIREMENTS

Recognizing the low toxicity (Toxicity categories III and IV) and low expected exposure to
humans from contact with pheromones in point source applications (e.g., in solid matrix
dispenser), the Agency has waived the requirement for certain mammalian toxicity studies, such
as subchronic (90-day) oral and inhalation toxicity, immunotoxicity, and developmental toxicity.
Due to the low use rate and target species specificity, the Agency has been using a variety of
measures to facilitate the development and registration of pheromone products.

To expedite the registration of lepidopteran pheromone products, the Agency usually only
considers product chemistry data, and if needed, inert clearance data for pesticidal uses of these
compounds on food crops. If toxicity data are submitted, the Agency will evaluate (usually by
summary review) the toxicity of the product to determine if the toxicity levels and categories
correspond to other pheromone products.

The registrant has submitted product chemistry, acute toxicity and mutagenicity studies to
support the product registration. The data requirements for granting this registration under
Section 3(c)(5) of FIFRA have been reviewed by the Biopesticides and Pollution Prevention
Division (BPPD). Based on submitted information, the Agency foresees no unreasonable
adverse effects to human health and the environment from the use of this chemical and
recommends an unconditional registration of these new active ingredients for the proposed uses.

G. FOOD CLEARANCES/TOLERANCES

Isomate - BAW Pheromone fits the criteria for the lepidopteran pheromone listed in Section II,
E above and is, therefore, exempt from the requirement of a tolerance when used on all raw
agricultural commodities and when applied to growing crops at a rate not to exceed 150 grams
active ingredient per acre per year.
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III. Science Assessment

A. PHYSICAL/CHEMICAL PROPERTIES ASSESSMENT

1. Product Identity and Mode of Action

a. Product Identity:

The TGAI is a colorless or transparent liquid with a mild, fatty-fruity odor. It has a boiling point of
between 120-135°C, a specific gravity of 0.878 - 0.880, and a pH of 5.3. The technical is soluble in n-
hexane, cyclohexane, benzene, toluene, methylene chioride, chloroform, ethanol, ethy] ether, acetone

and acetonitrile. The end use product contains 55% (Z,E)-9,12-Tetradecadienyl acetate and 24.8%
(Z)-9-Tetradecen-1-0l by weight.

b. Mode of Action: Disrupts mating activity.

2. Food Clearances/Tolerances

These lepidopteran pheromones are exempt from the requirement of a tolerance under 40 CFR
180.1124 and 40 CFR 180.1153.

3. Physical And Chemical Properties Assessment

.The data requirements for physical and chemical characteristics that support the
registration are summarized in Table 1.

Table 1. Product chemistry data requirements

GUIDELINE STUDY RESULTS MRID NO.
NO.
151B-10 Product identity; Satisfied requirements 446060-01
151B-11 Manufacturing 446060-01
process;
151B-12 Discussion of 446060-01
formulation of
unintentional
ingredients

10
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GUIDELINE STUDY ' RESULTS MRID NO.
NO.
151B-13 Analysis of samples Satisfied requirement 446060-01,
448709-01
151B-15 Certification of limits Satisfied requirement 446060-01,
448709-01
151B-16 ~ Analytical Method Satisfied requirement 446060-01,
448709-01
151B-17 PHYSICAL / CHEMICAL PROPERTIES of TGAI
151B-17a Color colorless or light yellow transparent 446060-01
151B-17b Physical State liquid 446060-01
151B-17¢ Odor mild and fatty-fruity 446060-01
151B-17d Melting point N/A
151B-17¢ Boiling point 120-135°C 446060-01
151B-17f Density/Specific 0.878 - 0.880 446060-01
gravity
151B-17¢g Solubility soluble in n-hexane, cyclohexane, 446060-01
benzene, toluene, methylene chloride,
chloroform, ethanol, ethyl ether,
. acetonitrile, THF, acetone
insoluble in DMSO and ethylene
glycol
151B-17h Vapor Pressure 7.0 x 10®*mm Hg at 20°C 446060-01
151B-171 pH 53 446060-01
151B-17j Stability N/A

11
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GUIDELINE STUDY RESULTS MRID NO.
NO.

151B-17k Flammability 163°C 446060-01

151B-171 Storage stability When stored for 12 months at room 446060-01

temperature and at 5°, total loss is
3.01% and 0.87% respectively.

151B-17m Viscosity 6.42 at20°C 446060-01
151B-17n Miscibility N/A
151B-170 Corrosion 1 N/A

characteristics

B. HUMAN HEALTH ASSESSMENT
1. Toxicology Assessment

As discussed in Section II (f), no toxicity data were required to support this registration.
The Agency has evaluated by summary review the submitted toxicity data. The results are provided
below.

a. Acute Toxicity

The registrant submitted acceptable acute toxicity studies for the TGAL The acute oral LDy, in rats was
>5000 mg/kg (Toxicity Category IV); the acute dermal LD, in rats was >5000 mg/kg (Toxicity Category
IV); the acute inhalation LCy, in rats was > 5.0 mg/L (Toxicity Category IV); caused mild ocular irritation
in rabbits which cleared by 48 hours post-instillation (Toxicity Category III); caused very slight to well-
defined dermal irritation in rabbits which cleared by 96 hours postdosing (Toxicity Category IV); and was
shown not to be a contact sensitizer in guinea pigs using the Magnusson-Kligman maximization test.

b. Mutagenicity and Developmental Toxicity
Theregistrant submitted an acceptable mammalian mutagenicity study for the technical. Based on the data

obtained from the Salmonelia Lphimurium/Escherichia coli microsome reverse mutation assay, the
product did not induce positive increases in the number of revertants when tester strain cell cultures were

12
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dosed with the active ingredient at 50 to 5000 ug/culture plate; cell toxicity was observed at the 5000
ug/culture plate dose. The study demonstrated that the technical is not a mutagen.

Mammalian toxicity data submitted are summarized in Table 2.

Table 2. Toxicity data requirements for the TGAI

GUIDELINE . STUDY RESULTS MRID NO.
NO.

TIER 1

152-10 Acute oral toxicity LD50 >5000 mg/kg in 446060-02
rats
{Toxicity Category IV)

152-11 Acute dermal toxicity LD50 >5000 mg/kg 446060-03
in rats
(Toxicity Category [V)

152-12 Acute inhalation LC50>5.0 mg/L 446060-04

toxicity in rats

(Toxicity Category IV)

152-13 Primary eye irritation mild irritation in rabbits 446060-05

(Toxicity Category III)

152-14 Primary dermal very slight to well 446060-06
irritation defined imritation in :
rabbits
- (Toxicity Category 1V)
152-15 Dermal sensitization not a sensitizer in guinea 446060-07
pigs

(Magnusson-Kligman
maximization test)

152-16 Hypersensitivity Any incident must be
incidents reported if observed

13
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GUIDELINE STUDY RESULTS MRID NO.
NO.
152-17 Genotoxicity - Not mutagenic 446060-08
Salmonella

typhimurium gene
mutation assay

152-18 Cellular immune Waived
response

Subchronic Toxicity

Data from subchronic toxicology studies that evaluate compounds similar in structure to the
lepidopteran pheromones have been published in the scientific literature (Daughtrey et al. 1990.
Subchronic toxicity evaluation of tridecyl acetate in rats. Fundam. Appl. Toxicol. 14: 104-112).
The data and/or information submitted included compounds that were from six- to sixteen- carbon
unbranched alcohols, acetates and aldehydes. The Agency’s analysis of these compounds indicate
that there were no significant signs of toxicity in rats other than those expected with longer-term
exposure to high doses of a hydrocarbon. The findings were indicative of an overall low degree
of systemic toxicity following subchronic oral administration of tridecyl acetate at doses up to 1
g/’kg body weight. In addition, for most of the hematology parameters there were no statistically
significant differences between control and treated groups. Similarly, there were no significant
differences from control for the majority of measured serum chemistry values. Tt should be noted
that no significant acute toxicity effects were observed with the primary alcohols, acetates or
aldehydes evaluated. Based on these test results, an exemption from tolerance, low application
rates (<150 g/a.i/acre/year), and nominal potential exposure, the Agency has waived data
requirements for immunotoxicity, chronic toxicity and oncogenicity studies. No additional
information and/or data will be required .

Chronic Exposure and Oncogenicity Assessment

Chronic and oncogenicity studies are not required. Refer to discussion of subchronic toxicity
section (c) above.

Effects on the Endocrine Systems
The Agency is not requiring information on the endocrine effects of these compounds at this time.
BPPD has considered, among other relevant factors, available information concerning whether

these biochemical compounds may have an effect in humans similar to an effect produced by a

14
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naturally occurring estrogen or other endocrine effects. There is no known evidence so far that
these active ingredients act as endocrine disrupters in humans. No adverse effects to the endocrine
system are known or expected.

Dose Response Assessment
No toxicological endpoints are identified.
Dietary Exposure and Risk Characterization

These compounds are incorporated into dispensers and are not directly applied to the growing
plants. Therefore, dietary exposure to these compounds is expected to be minimal.

The Agency has concluded that residues on treated crops are not a dietary hazard for the following
reasons: low acute mammalian toxicity in lepidopteran pheromones registered to date, theknown
metabolism of long chain fatty acids, low application rates, and nominal human exposure due to
application method and to volatilization.

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

Human exposure and risk to these compounds is expected to be minimal in occupational,
residential, school and day care settings.

Occupational Exposure and Risk Characterization

Based on the use pattern, the potential for dermal, eye and inhalation exposure to pesticide
handlers is expected to be negligible. No adverse health effects to workers are expected from the
use of this product. According to Regulation (PR) Notice 93-7, "Labeling Revision Required by
the Worker Protection Standard (WPS)," WPS does not apply to attractants used in insect traps.
Since Isomate - BAW Pheromone is to be used in a solid matrix device, it is exempt from WPS
labeling requirements.

15
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Residential, School and Day Care Exposure and Risk Characterization
No indoor residential, school or day care uses currently appear on the proposed labels.
Drinking Water Exposure and Risk Characterization

Exposure is not expected from an accumulation of Isomate - BAW Pheromore in the aquatic
environment due to the application method. The Agency does not anticipate exposure to residues
of Isomate - BAW Pheromone in drinking water.

Acute and Chronic Dietary Risks for Sensitive Subpopulations Particularly Infants and
Children

The Agency has concluded that the potential for exposure to lepidopteran pheromone residues
(including Isomate -BAW Pheromone) is not a dietary hazard to the general population, including
infants and children. This decision is based on: low mammalian toxicity, known metabolism of
similar compounds, and the history of safe use of similar lepidopteran pheromones. Available data
indicate that for food uses of pheromones, the exemption from the requirement of a tolerance is
appropriate and adequately protects human health, including that of infants and children.

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

(Z,E)-9,12-Tetradecadienyl acetate and (Z)-9-Tetradecen-1-ol are synthetic compounds which
mimic naturally occurring substances of insect origin with a non-toxic mode of action to target
pests. Submitted data confirm the low oral, dermal and inhalation toxicity of this combination
product. Based on this information, the Agency has concluded that aggregate exposure to
lepidopteran pheromones such as the components of Isomate - BAW Pheromone over a lifetime
will not pose appreciable risks to human health. In addition, the toxicity and exposure data are
sufficiently complete to adequately address the potential for additional sensitivity of infants and
children to residues of these compounds. The Agency concludes that there is reasonable certainty
of no harm to infants and children from aggregate exposure to residues of (Z,E)-9,12-
Tetradecadienyl acetate and (Z)-9-Tetradecen-1-ol.

Cumulative Effects
Isomate - BAW Pheromone, the combination product of (Z,E)-9,12-Tetradecadieny1 acetate and

(Z)-9-Tetradecen-1-0l, is not toxic and therefore would not be expected to have cumulative effects
from common mechanisms of toxicity.
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Risk Characterization

The Agency has considered Isomate - BAW Pheromone in light of the relevant safety factors and
a determination has been made that no unreasonable adverse effects to the U.S. population in
general, and to infants and children in particular, will result from the use of this compound when
label instructions are followed.

ENVIRONMENTAL ASSESSMENT
Ecological Effects Hazard Assessment

All Tier I ecological effects data requirements are waived based on the proposed use pattern and
lack of exposure.

Environmental Fate and Ground Water Data

Environmental fate and groundwater data are not required for biochemical pesticides unless
adverse effects on nontarget species are observed as a result of acute testing for ecological effects
(Tier I).

Ecological Exposure and Risk Characterization

Because [somate - BAW Pheromone is enclosed in a solid matrix dispenser and is slowly released
by volatilization, transport and exposure is expected to be very limited: This system is generally
accepted as posing minimal to no exposure and risk to non-target terrestrial and aquatic species.
EFFICACY DATA -

Registrants are required to conduct and have available, upon request, efficacy studies to support

the registration of lepidopteran pheromones. The Agency is not requiring the submission and
review of efficacy studies to support this product at this time.
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IV.  Risk Management Decision
A. DETERMINATION OF ELIGIBILITY FOR REGISTRATION

Section 3(c)(5) of FIFRA provides for the registration of new active ingredients ifit is determined
that (A) its composition is such as to warrant the proposed claims for it; (B) its labeling and other
materials required to be submitted comply with the requirements of FIFRA,; (C) it will perform its
intended function without unreasonable adverse effects on the environment; and (D) when used
in accordance with widespread and commonly recognized practice it will not generally cause
unreasonable adverse effects on the environment.

To satisfy criteria “A” above, Isomate - BAW Pheromone is not expected to cause unreasonable
adverse effects when used according to label instructions. Criteria “B” is satisfied by the current
label and by the data presented in this document. It is believed that the components of Isomate -
BAW Pheromone will not cause any unreasonable adverse effects, will act as a sex attractant by
disrupting the mating activity of male beet armyworm as claimed satisfying Criteria “C”. Criteria
“D” is satisfied in that the toxicological properties of this product are less toxic than any other
conventional pesticide product currently in use.

Therefore, Isomate - BAW Pheromone is eligible for registration. Registered use is listed in Table
4, Appendix A.

B. REGULATORY POSITION

1. Conditional/Unconditional Registration

All data requirements are fulfilled and BPPD recommends unconditional registration of Isomate -
BAW.

2. CODEX Harmonization

There are no Codex harmonization considerations since a tolerance exemption is in place to cover
the use of Isomate - BAW Pheromone in all raw agricultural commodities.

3. Nonfood Re/Registrations

There are no nonfood issues at this time.
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4. Risk Mitigation
Since there are no risk issues, risk mitigation measures are not required at this time.
5. Endangered Species Statement

Currently, the Agency is developing a program (The Endangered Species Protection Program) to
identify all pesticides whose use may cause potential adverse impacts on endangered and
threatened species and their habitats. To aid in the identification of threatened and endangered
species and their habitats, several companies have formed an Endangered Species Task Force
(EST) under the direction of the American Crop Protection Association (ACPA). Moreover, the
EST will assist in providing species location information at the subcounty level, and particularly
if an endangered species occurs in areas where pesticides would be used. This information will
be useful once the Endangered Species Protection Program has been implemented.

Prior to the implementation of the Endangered Species Proteétion Program, the Agency will not
impose specific labeling on those pesticides that pose risks to threatened and endangered species
and their habitats but will defer imposing specific labeling language until implementation of the
Program.

C. LABELING RATIONALE

It is the Agency’s position that the labeling for Isomate - BAW Pheromone containing (Z,E)-9,12-
Tetradecadieny! acetate and (Z)-9-Tetradecen-1-o0l complies with the current pesticide labeling
requirements.

1. Human Health Hazard

a. Worker Protection Standard

This product does not come under the provisions of the Worker Protection Standard (WPS).

b. Non-Worker Protection Standard

There are no non-WPS human health‘hazard issues.
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c. Precautionary Labeling

The Agency has examined the toxicological data base for Isomate - BAW Pheromone, the combination
product of (Z,E)-9,12-Tetradecadieny! acetate and (Z)-9-Tetradecen-1-ol and concludes that the proposed
precautionary labeling (i.e. Signal Word, Statement of Practical Treatment and other label statements)
adequately mitigate the risks associated with the proposed uses.

End-Use product Precautionary Labeling: for this end use product, Isomate-BAW Pheromone, the
following labeling is required:

"Keep out of Reach of Children"

First aid:

"Ifin Eyes: Flush eyes with plenty of water. Get a physician if irritation persists".

"If on Skin: Wash with plenty of soap and water. Get medical attention if irritation persists.”

Precautionary Statements:

"Hazards to Humans and Domestic Animals”
"CAUTION"

"Causes moderate eye irritation. Avoid contact with skin, eyes or clothing. Wash thoroughly with soap
and water after handling.”

2. Environmental Hazards Labeling

End-Use Product Environmental Hazards Labeling:

"Do not apply directly to water, to areas where surface water is present or to intertidal areas below the
mean high water mark. Do not contaminate water when disposing of this product. Do not discharge into

lakes, streams, ponds or public waters unless in accordance with NPDES permit. For guidance contact
your regional office of the Environmental Protection Agency."
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3. Application Rate

It is the Agency's position that the labeling for the pesticide product, Isomate - BAW Pheromone,
containing (Z,E)-9,12-Tetradecadieny! acetate and (Z)-9-Tetradecen-1-ol complies with the current
pesticide labeling requirements. The tolerance exemption requires that rate of this product not exceed 150
grams active ingredient per acre per year. The label contains the statement "Do not exceed 150 grams of
ai per acre per year."

D. LABELING

(1) Product name: Isomate - BAW Pheromone

Active Ingredient:

7,E-9,12-Tetradecadien-1-yl Actetate. ..ot 55.0%
Z-0-Tetradecen-1-01 .o 24.8%

Other INgredients ..o.ovmerersiinsmssessens e 20.2%
Total oo e e e 100.00%

Signal word is "Caution ".
The product shall contain the following information:
- Product Name
- Ingredient Statement
- Registration Number
- "Keep Out of Reach of Children"
- Signal Word (Caution)
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V. Actions Required by Registrants

Reports of incidences of adverse effects to humans or domestic animals under FIFRA, Section
6(a)2 and incidents of hypersensitivity under 40 CFR Part 158.690(c), guideline reference number
152-16. There are no data requirements, label changes and other responses necessary for the
reregistration of the end-use product since the product is being registered after November 1984 and
is, therefore, not subject to reregistration. There are also no existing stocks provisions at this time.
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vi. Appendix A
Table 4 lists the use sites for the product. The label for the product is also attached.

Table 4. Non-food Use Site Registration/Reregistration

Isomate- BAW Pheromone Official date registered:
Terrestrial Food and Feed Sites:

Alfalfa, Asparagus, Beans, Beets, Cabbage, Celery, Cole Crops,
Cotton, Cucumbers, Groundnuts, Lettuce, Onions, Peas, Peppers,
Soybeans, Strawberries, Sweet Potatoes, Tomatoes

Terrestrial Nonfood:

Tobacco
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SUM'TOMO Sumilizer BHT-R
Chemical Co., Lid

Page : 1/5
Date Prepared:16/December/1998

MSDS No.MM1113-US

MATERIAL SAFETY DATA SHEET

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Product Name :Sumilizer BHT-R
Chemical Name :2,6-Di-tert-butyl-p-cresol
MANUFACTURER : EMERGENCY TELEPHONE NUMBERS :

Sumitomo Chemiéal Co.,Lid. Sumitomo Chemical Co.,Ltd.

27-1,Shinkawa,2-Chome, TEL +81-3-5543-5641(Japan)

Chuo-ku, Tokyo 104, Japan FAX +81-3-5543-5916(Japan)
2. COMPOSITION/INFORMATION ON INGREDIENTS

COMPONENT CAS No. % OSHA PEL ACGIH TLV
#Sumilizer BHT-R 128-37-0 100 10mg/m?® 10mg/m?

#Hazardous with the meaning of 29 C.F.h.Part 1910.1200.
3. HAZARDS IDENTIFICATION '

EMERGENCY OVERVIEW :White crystalline powder that is no immediate hazard.
Avoid contact with skin and eyes. Avoid breathing dust. -

POTENTIAL HEALTH EFFECTS:
INHALATION :No known effect.
EYE CONTACT :Mechanical irritation will probably de\_/eldp after contact with this material.

SKIN CONTACT :Non-irritating.

INGESTION :Practically non-toxic in normal industrial use.
CHRONIC ‘Listed in Group 3(not classifiable as to their carcinogenicity to humans)
by IARC.

Endof Page 1 . MSDS continued on next page.(US)







Sumilizer BHT-R ~ Page: 2/5

4. EMERGENCY AND FIRST AID MEASURES

INHALATION :If exposure to dust causes irritation or distress, remove subject to fresh
i air. Give oxygen or artificial respiration if needed. Get medical aitention.

SKIN CONTACT :immediately flush skin with plenty of water. Remove clothing.
Get medical attention if irritation develops or persists. Wash clothing before reuse.

EYE CONTACT :lmmediately flush eyes with plenty of water for at least 15 minutes,and
contact a physician.

INGESTION :if swallowed, immediately get medical attention.

5. FIRE-FIGHTING MEASURES AND EXPLOSION HAZARD DATA
FLASH POINT :127C
AUTOIGNITION TEMPERATURE :420C
DUST EXPLOSION LIMITS :Lo\)ver :15g/m3

EXTINGUISHING MEDIA :Use carbon dioxide or dry chemical for small fires;
universal foam or water spray for large fires.

SPECIAL FIRE-FIGHTING PROCEDURES :Fire fighters should be provided with positive-pressure
self-contained breathing apparatus and other protective
equipment.

UNUSUAL FIRE and EXPLOSION HAZARDS  :Not known.

HAZARDOUS DECOMPOSITION PRODUCTS :May generate CO when heated to burning.

6. ACCIDENTAL RELEASE MEASURES

GENERAL : Eliminate all ignition source.
Consult an expert on the disposal of recovered material. Ensure disposal is
in compliance with government requirements and ensure conformity of local
disposal regulations. Notify the appropriate authorities immediately. Take all
additional action necessary to prevent and remedy the adverse. effects of the spill.

LAND SPILL : Sweep up or shovel into sealable containers and then wash out with water.
Prevent washings from entering waterways.

End of Page 2 MSDS cbntinued on next page.(US)







Sumilizer BHT-R Page: 3/5
7. HANDLING AND STORAGE

PRECAUTIONS :Avoid contact with skin and eyes. Avoid breathing dust.
Use with adequate ventilation. Ground and bond containers when transferring material.
Store out of direct sunlight .Keep away from all ignition source.
Keep containers closed when not in use.

8. EXPOSURE CONTROLS AND PERSONAL PROTECTION

ENGINEERING CONTROLS (VENTILATION) : Use local ventilation at places where dust can be released
into the workplace air. Keep dust concentrations below

the recommended TLV.
ACGIHTLVfor =10 mg/m®
OSHA PELfor =10mg/m°
PERSONAL PROTECTION
RESPIRATORY :Not required for occasional handling if adequate ventilation is available.

A respirator is recommended for prolonged handling or exposure.
. PROTECTIVE GLOVES : Wear rubber gloves.
EYE PROTECTION : Wear saféty goggles or equivalent eye protection.
OTHER : Wear appropriate protective clothing to prevent skin contact.

WORK/HYGIENIC PRACTICES : Always clean protective equipment and workplace.

9. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE  :White crystalline powder ODOR :Odorless
MELTING POINT :70C - SPECIFIC GRAVITY :1.048(20°C/4C)
BOILING POINT :265T SOLUBILITYVi’n water :Praétically insoluble
VAPOR DENSITY - :Not known pH :Not known |
PERCENT VOLATILE :Not known VAPER PRESSURE :6.5mmHg(120C)

10. STABILITY AND REACTIVITY
STABILITY : Stable on normal condition. HAZARDOUS POLYMERIZATION : Will not occur.
' CONDITIONS TO AVOID  :High temperature
INCOMPATIBILITY :Not known

HAZARDOUS DECOMPOSITION PRODUCTS : May generate CO when heated to burn.
End of Page 3 ' MSDS continued on next page.(US)
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11. TOXICOLOGICAL INFORMATION
ACUTE INHALATION EFFECTS :No data available.

SKIN EFFECT ‘This material is classified as non-irritant based on the test results in rabbits
according to the OSHA standard.(1)

EYE EFFECT ‘This material is classified as non-irritant based on the test results in rabbits
according to the OSHA standard.(1)

ACUTE ORAL EFFECTS  :The oral LDy, in rats is 2,340~2,530mg/kg. (1)

SUBCHRONIC AND CHRONICTOXICITY
This material produce liver enlargement and hemorrhagic death after continuous
oral administration in rats. It is recognized that these effects are not produced in
humans.(1) .

No adverse effects are occurred after oral administration of total 45~2449/kg
during 12 months in dogs. (1)

CARCINOGENICITY: , _
Carcinogenicity had not been observed after continuous treatment of this material
in diet for 104 and 96 weeks in rats and mice, respectively.(1)

This material is listed in Group3(not classifiable as to their carcinogenicity to humans)
by IARC.

NTP or OSHA have not classified it as carcinogenicity.

MUTAGENICITY :Negative results have been reported in Ames test,Rec-assay,DNA-repair test in rat
liver cells, in vitro chromosomal aberration test in CHL. cells, in vivo micronucleus
test and dominant lethal test in mice.

Some positive results have been reported in UDS test in rats and in vitro chromosomal
aberration test in CHO cells. (1)
TERATOGENICITY: No teratogenic effects have been observed in rats and mice. (1)

REPRODUCTION :Developmental delay of offspring was observed in reproduction studies in rats and
mice.(1) '

This material had been evaluated for its toxicological properties and classified as GRAS by FDA.
(9CFR§182.3173) '

12. ECOLOGICAL INFORMATION

FISH ACUTE TOXICITY  :LC50 is 6.2ppm(48hr) in killfish. (1)
BIODEGRADABILITY ‘Not biodegradability. (1)

13. DISPOSAL CONSIDERATIONS

To be incinerated by adequate method.Dispose in accordance with federal, state and local
regulations. The owner of the materials responsible for proper waste disposal.

End of Page 4 MSDS continued on next page.(US)
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14. TRANSPORT INFORMATION

Ground and bond containers when transferring material. Keep containers tightly closed
during transport. a

15. REGULATORY INFORMATION (not meant to be all inclusive)

TSCA (Toxic Substance Control Act) : Listed on TSCA

16. OTHER INFORMATION

REVISION SUMMARY ‘Revised due to amendment of contents in section 9 on 31/March/1998.
Revised due to amendment of contents in section 11 on 16/December/1998.

REFERENCES :(1) Technical information of Sumitomo Chemical Co., Ltd.
The information is believed to be accurate and represents the best information currently available to us.
However, no guarantee or warranty of any kind, expressed or implied, is made with respect to the information
contained )
herein.
- End of MSDS (US)













IO OIS DU L 1LALIRY I URNUA Y TVLULING

National Toxicology Program

Goad Science for Good Decistony
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BUTYLATED HYDROXYTOLUENE
CASNO: 128-37-0

FORMULA: C15-H24-0O
SYNONYMS/COMMON NAMES

e 2,6-BIS(1,1-DIMETHYLETHYL)-4- METHYLPHENOL (9CI)
o BHT

KNOWN USES:

« ANTIOXIDANT FOR PETROLEUM AND FOOD PRODUCTS; ANIMAL FEED; FOOD
PACKAGING

CHEMICAL HEALTH AND SAFETY INFORMATION:

SHORT-TERM TOXICITY (definition)

« 90 DAY (Dosed-Feed) (C03598), COMPLETED
o RATS:FISCHER 344; MICE:B6C3F1
o DOSE: R: 0,6200,50000, M: 0,3100,50000 PPM/5 PER GROUP

LONG-TERM CARCINOGENICITY (definition)

» 2 YEAR (Dosed-Feed) (C03598)

o TR-150 (NTIS # PB298539) (PEER REVIEW 12/78)

o RATS:FISCHER 344; MICE:B6C3F1

o CARCINOGENESIS RESULTS (see RESULTS definitions)
» MALE RATS = NEGATIVE
= FEMALE RATS = NEGATIVE
» MALE MICE = NEGATIVE
= FEMALE MICE = NEGATIVE

o DOSE: 0,3000,6000 PPM/50 PER GROUP

GENETIC TOXICOLOGY (definition)

tp://ntp-server.niehs nih_gov/htdocs/Results_status/ResstatB/10575-K btml Page 1 of 2
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o IN VITRO CYTOGENETICS “
o NEGATIVE (CHROMOSOME ABERRATIONS)
o NEGATIVE (SISTER CHROMATID EXCHANGES)
« MOUSE LYMPHOMA
o POSITIVE
« MICRONUCLEUS
o NEGATIVE
o SALMONELLA
o NEGATIVE

NTP Study Overviews and General Protocols

NTP Home Page

Last Updated 04/12/02
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TR-150
Bioassay of Butylated Hydroxytoluene (BHT) for
Possible Carcinogenicity (CAS No. 128-37-0)

H3C
CHsz

/ T———CH;
CHz
H3C
\C OH
/ \CH:;
HsC
Chemical Formula: C,.H,,0 - 3D Structure

The phenolic antioxidant butylated hydroxytoluene (BHT) was patented in 1947 and
received approval for use as a food additive and preservative by the Food and Drug
Administration (FDA) in 1954. Since 1959, BHT has been generally recognized as
safe (GRAS) for use in foods and is one of the most commonly used antioxidants in
foods containing fats.

A bioassay of BHT for possible carcinogenicity was conducted by administering the
test chemical in feed to F344 rats and B6C3F, mice.

Groups of 50 rats and 50 mice of each sex were administered BHT at one of two
doses, either 3,000 or 6,000 ppm; the rats for 105 weeks and the mice for 107 or
108 weeks. Matched controls consisted of 20 untreated rats and 20 untreated mice
of each sex. All surviving animals were killed at the end of administration of the
test chemical.

Mean body weights of the dosed rats and mice were lower than those of the
corresponding controls and were dose related throughout most of the bioassay.
Survival was not affected significantly in the dosed groups of rats or mice, and the
survival was 60% or greater in all dosed or control groups of rats and mice of each
sex at the end of the bioassay. Sufficient number of animals were at risk for the
development of late-appearing tumors.

Alveolar/bronchiolar carcinomas or adenomas occurred in the female mice at a
significant incidence in the low-dose group (P=0.009) but not in the high dose
group, and the incidences were not significantly dose related (control 1/20, low-
dose 16/46, high-dose 7/50). Thus, these lung tumors in the female cannot clearly
be related to the administration of the BHT. No tumors occurred in either male or
female rats at incidences that were significantly higher in dosed groups than in
corresponding control groups. Nonneoplastic lesions that may have been related to
the administration of the test chemical included focal alveolar histiocytosis at
increased incidences in the dosed female rats and various lesions of the liver at




increased incidences in the dosed male mice.,

It is concluded that under the conditions of this bioassay, BHT was not carcinogenic
for F344 rats or B6C3F, mice.

Levels of Evidence of
Carcinogenicity:
Male Rats: Negative
Female Rats: Negative
Male Mice: Negative
Female Mice: Negative

Synonyms: 2,6-di-tert-butyl-p-cresol, BHT
Target Organs from 2-year Studies
Report Date: 1979

NTIS# PB29-8539/AS

Return to Long Term Abstracts
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Carcinogenicity

BHT has been shown to have both carcinogenic and anti-carcinogenic activity in animal studies. Several
experimental approaches have been investigated, varying from massive single injections of BHT to chronic daily
exposure.

In experiments with BHT alone, the incidence of cancer seems either to be unaffected or much reduced (Clegg
1965, Hirose 1981, Shirai 1982), especially in cancer prone animals. An early study demonstrating carcinogenic
activity of BHT could not be replicated by subsequent studies, the erroneous result being attriuted to the
presence of aflatoxin contamination of the animal feed.

In animal experiments with BHT and known carcinogens, BHT acts as both a promoter and antipromoter of
carcinogenesis, depending upon the experimental conditions. Carcinogenesis is usually decreased when the
BHT is administered prior to or concurrent with the carcinogen (Uliand 1973, Goodman 1976, Clapp 1979, McCay
1980, King 1981, Williams 1983). When BHT is administered after carcinogenic exposure, the incidence of
cancer is frequently increased (Peraino 1977, Witschi 1981, Imaida 1982, Williams 1983). The increases are
greatest with hepatically metabolized carcinogens where large single doses of BHT are administered post-
exposure. Compared to phenobarbital, another enzyme inducer, BHT is a "weak enhancer” and then "only at
near-toxic doses" (Maeura 1984).

Because BHT is both a promoter and anti-promoter, the type of carcinogens that people are exposed to will
determine whether its net effect is to increase or decrease incidence of cancer. Because cruciferous vegetables

{cabbage, cauliflower. brussels sprouts, broccoli) are known to induce liver enzymes similarly to BHT — and also
lower general cancer incidence epideriologically — we can infer that BHT is likely to lower net cancer risks.

in the Soviet Union during the 50s and 60s, BHT (called ionol by the Soviets) was extensively studied as an anti-
tumor compound (Emanuel 1963, 1973) culminating in its approval as a treatment for bladder cancer.

BHT and Clotting

BHT also causes a lowering of prothrombin index in rats at doses as low as 0.017% of diet after one week
(Takahashi 1978). This effect also attenuates with time. After four weeks, prothrombin index was lowered only at
0.26% and 0.50% BHT. At levels of 1.0-1.5%, dietary BHT causes hemorrhagic death in male rats (Takahashi
1981, 1978b, 1976b). This effect may be due to inhibition of phylloquinone epoxide reductase (Takahashi 1981c)
which allows accumulation of a prothrombin precursor in the microsomes of treated rats. The hemorrhagic effect
is completely blocked by phylioquinone (Vitamin K) or phylloquinone oxide (Suzuki 1979, Takahashi 1979).

There has been no published data conceming this effect in man or monkey, but we have received numerous
anecdotal reports of delayed clotting in humans. it is possible that supplemental Vitamin K may prove of benefit.
Special caution is indicated with concurrent use of other substances with anti-coagulant activity, like aspmn

or EPA (eicosapentaenoic acid), especially during the titration phase of BHT therapy.

Steven Wm. Fowkes (fowkes@ceri.win.net)

voice: 415-321-CERI — Cognitive Enhancement Research Institute
fax: 415-323-3864

PO Box 4029, Menlo Park, CA 94026 USA

p://www.smartbodyz.com/herpes-bht-2 htm Page 1 of 2




A AW BWS MWL TV AALLMAEWALIVASG ANV VAL AALZLALAREA

From: wduffer@aol.com (WDuffer)
Subject: BHT = Life preservative
Date: 25 Oct 1994

Interesting stuff, BHT and BHA. Not only super anti-oxidants, but apparently anti-carcinagins. Here are some
excerpts from todays NY Times. :

New York Times 25 October, 1994 Science Times Section

By The Associated Press Two widely used food preservatives increased levels of a natural cancer fighter in
laboratory animals and appear to do the same in humans, a researcher says. Advocates of natural foods have
long objected to the use of preservatives, but Dr. Andrew Dannenberg of Cornell Medical College found that the
preservatives BHA and BHT "revved up” the gene for an enzyme that helps destroy carcinogens before they lead
to tumors. When the genes are cranked up, they produce more of the enzyme, providing better protection
against cancer-causing substances in the environment, Dr. Dannenberg reported last month at the International
Conference on Cancer Prevention at Rockefeller University in New York. The gene produces an enzyme called
UDP-glucuronosyltransferase, or UGT. The study found elevated levels of the enzyme in the liver, kidneys and
small intestines of rats fed higher doses of BHA and BHT than are normally found in foods, Dr. Dannenberg said.
He then found preliminary evidence that the substances do the same thing in humans. Dr. Dannenberg said he
had also found that sulforaphane, an anti-cancer agent recently isolated in broccoli, exerts its action partly in the
same way, by energizing the gene for UGT.

—end—

In 1968, in an AMA magazine (Today's Health?) it was reported that in a toxicology test of BHT, the lab mice
were living 30% longer on a 1% of diet by weight of BHT over the controls. :
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1. EXPLANATION

Butylated hydroxytoluene (BHT) was previously evaluated by the
Committee at its sixth, eighth, ninth, seventeenth, twentietk\x,
twenty-fourth, twenty-seventh, thirtieth, and thirty-seventh meetings
(Annex 1, references 6, 8, 11, 32, 41, 53, 62, 73, and 94). At the
thirty-seventh meeting, the temporary ADI of ¢ - 0.125 mg/kg bw,
established at the thirtieth meeting, was extended pending the results
of a study designed to elucidate the rale of hepatic changes in the
development of hepatic carcinomas observed in Wistar rats following
in uterc and lifetime exposure to BHT.

The results of the above study were reviewed at the present
meeting. In addition, new data relating to the previously-noted
effects of BHT on the lung, liver, kidney, clotting mechanisms and
promotion/inhibition of carcinogenesis, new long-term and reproductive
toxicity studies, genotoxicity assays and human observations were
revievwed.

The following ccnsol:.dated monograph 15 a compilation of studies
from the previcus mon and da and those reviewed
for the first time at the present meet.mg.

2. BIOLOGICAL DATA

2.1 Biochemical aspects

2.1.1 Absorption, distribution, and excretion
2.1.1.1 Mice )

A single oral dose of 4C-BHT given to male and female mice
resulted in rapid absorption and distribution of 14¢ to the tissues.
Excretion of 19C was mainly in the faeces {41-68%) and urine
{26-50%), with lesser amounts in expired air (6-9%). The half-life for
a single dose in the major tissues studied (stomach, intestines,
liver, and kidney) was 9-11 h. When daily doses were given for 10
days, the half-life for !4C in the tissues examined was 5-15 days.
Metabolism was characterized by oxidation at ome or both of the
tert-butyl groups, followed by formation of the glucuronide
conjugate, and excretion in the urine, or by excretion of the free
acid in the faeces. More than 43 metabolites were present in the urine
and faeces of mice (Matsuc et al., 1884).

2.1.1.2 Rats

When l%C-BHT was administered to rats, 80-90% of the %C was
excreted in the urine and faeces within 96 h, and less than 0.3% of
the 4C was in expired air. Most of the l4C~-BET was excreted as
the free acid in faeces with lesser amounts in the urine. More than 43
metabolites were present in the urine and faeces of rats
{Matsuo et al., 1984).

Male F344 rats were fed BHA/BAT mixtures at levels of 0/0,
0.5/0.05, 1.0/0.1, or 2.0/0.2% in the diet and the levels of the

ds were de ined in adipose tissue after 1, 2, oxr 4 months.
The BHT levels found in adipose tissue were 1.4, 2.9, or 7.8 mg/kg,
respectively, in the dosed animals. On an equivalent dose basis, BHT

accumulated to ten times the level of BHA. However, neither showed any -

progressive accumulation with time. Considering the rat adipose tissue
data, the mean intake of BHET by humans and the corresponding level of
BHET found in adipose tissue from 6 humans {0.12 mg/kg), previous
observations that accumulation of BHT in the adipeose tissue on a
dose/body weight basis is greater in humans than in rats were
confirmed {(Conacher et al., 1986}.

Groups of male and female rats were maintained on diets
containing 0 or 0.5% BHT for a period of 35 days, and then for a
period on diets free of BHT. During the period on the test diets,
groups of rats were killed at S-day intervals and fat and liver
removed for BHT analysis. During the pericd on BHT-free diets, rats
were killed at 2-day intervals to measure loss of BHT from the fat and
liver. There was ne clear evidence of progressive accumulation of BHT

in fat during the period of administration of the test compound. BHT
levels in the fat reached a maximum level (55 mg/kg in males, 65 mg/kg
in females) within 10 days of exposure to BHT. Thereafter there was
considerable fluctuation in the observed levels. The levels of BHT in
liver were very low, the maximum BHT levels being about 5 mg/kg in
males, and 1.5 mg/kg in females. The biclogical half-life of BHT in
fat and liver was estimated to be 7 to 10 days {(Gage, 1964).




killed 24 h after the final dose. The range of the total dose
accounted for was 92 to 104% in males and 93 to 99% in females. There
was an indication of sex difference in the route of excretion, females
excreting 19-43% of the radicactivity in urine and males only 3-15%.
Eight days after administration of § doses, 92% of the radiocactivity
had been excreted by males and 97% by females. Subcutaneous
administration of graded doses of BHT to female rats revealed
substantial faecal excretion but the rate of excretion deczreased with
increasing dose. There was no evidence of accumulation of 4C-BHT in
the body under the conditions of repeated oral dosage (Tye et al.,
1965) .

Rats were given single oral doses (1-100 mg/rat} of 4C-BET and
approximately 80 to 90% of the dose was recovered within four days in
the urine and faeces. Of the total radicactivity, 40% and 25% appeared
in the urine of females and males, respectively. After 4 days,
approximately 3.8% of the dose was retained, mainly in the alimentary
tract. A substantial portion of the radicactivity was found in the
bile collected from two rats {(one male, one female) over a period of
40 h. The relatively slow excretion of BHT is probably attributable to
enterohepatic circulation rather than to tissue retention (Daniel &
Gage, 1965).

The liver and body fat of rats fed a diet containing 0.5% BHT for
35 days were analyzed. The concentration of BHT in the liver never
Tose above 5 mg/kg in males and 1.5 mg/kg in females. In the body fat,
the level fluctuated around 36 mg/kg in males and 45 mg/kg in females.
Fat from rats returned to BHT-free diet showed a Progressive fall in
the concentration of BHT, the half-life being about 7 to 10 days.

The daily excretion of radioactivity in urine and faeces was
studied in rats given an oral dose of l4c-labelled BET (12 mg/kyg
bw). Excretion became negligible by the sixth day after administration
when about 70% of the injected dose had been recovered. Less than 1%
was excreted as carbon dioxide in the expired air. About 50% of the
radioactivity was excreted in the bile during the 24-hour period
following the oral dose ({Daniel & Gage, 1965}.

The BHT content of fat and liver of rats given diets containing
0.5 or 1% BH? for periods up to 35 and 50 days, respectively, were
apalyzed. With 0.5% BHY in the diet, a level of approximately 30 mg/kg
in the fat was reached in males and 45 mg/kg in females, with
approximately 1-3 mg/kg in the liver. With 1% BHT, the level in the
fat was 50 mg/ky in males and 20 mg/kg in females. On cessation of
treatment, the level of BET in fat fell with a half-life of 7 to 1o
days (Daniel & Gage, 1965).

The level of BHT in the fat reached a plateau at approximately
100 mg/kg after 3 to 4 days when daily doses of 500 mg/kg bw were
given by intubation. A daily dose of 200 mg/kg bw for one week
produced a level of about 50 mg/kg {(Gilbert & Golberyg, 1965).

Rats were given doses of 100 pg of “H-labelled BHT
intraperitoneally and the urinary output of radioactivity was measured
for 4 consecutive days, After 4 days of dosing, 34.5% of the injected
radicactivity was recovered in urine {Ladomery et al., 1963). The
same dose of BHT (100/ug) labelled with 34¢ was given to rats, and
34% of the radicactivity was excreted in the urine in the first four
days, in close agreement with the previous result using tritiated BRT
(Ladomery et al., 1967a).

After a single parenteral dose (100 pg) of 4c-BHT, rats
excreted 3235% of the radicactivity in the urine, and 35-37% in the
faeces, in a 4-day period. The intestinal contents together with the
gut wall contained most of the remaining activity. Biliary excretion
was rapid, and the radioactive material in bile was readily absorbed
from the gut, suggesting a rapid enterchepatic circulation
(Ladomery et al., 1967b).

White male Wistar rats (290-350 g) were administered
{}4¢)-1abelled BHT, or its alcohol {BET-CH,0H] or its aldehyde
{BHT-CHO] or acid {BHT-COOH] derivative by i.v. or i.p. injection. The
overall excretion of BHET and its related compounds excreted in urine
and faeces was studied for a 5-day period, and biliary excretion
monitored for 120426 h after i.p. injection. For the low doses of the
compounds tested (100 pg), there were no significant differences in
the total recovery of ¢ during the 5 days urinary and faecal
excretion and 120-126 h biliary excretion. However, there were
differences in ratio of urinary to faecal excretion of MC. The
major metabolite present in early bile after i.p. injection of the
labelled compounds was BHT-COOH or its ester glucuronide. Late bile
after acid hydrolysis showed BHT-COOH to be the major ¢ component
{Bolder et al., 1870a). ‘

Temporal concentration changes in BHT and BHT-quinone methide
were studied following a single oral dose of 800 mg BHT/kg bw in rats,
which were monitored in plasma, the GI tract, and some adipose tissues
over a 48-hour period using GLC. Groups of 4 or S5 male Sprague-Dawley
rats were sacrificed at 0.5, 1, 3, 6, 12, 18, 24, 30, 36 or 48 h after
administration of BHT. The amount of BHT in the gastric contents
stayed constant for 12 h, then declined rapidly to 24 h, followed by a
gradual decline to 48 h. BHT was not detected in the pilasma at any of
the time points, while BAT-quinone methide showed a rapid rise between
12 and 18 h after administration, followed by a gradual decline to
48 h. BHT was detected in epididymal, subcutaneous, perirenal and
brown dorsal adipose tissue soon after administration. A peak
concentration was noted in epididymal and subcutaneous fat at 18 &,
but did not show this trend in perirenal or brown dorsal fat.

In a second experiment, in which groups of 5 or 6 rats were
sacrificed 4-7 or 24-27 h after administration of BHT, a single oral
dose of 800 mg/kg bw resulted in a significant increase in the weight
of stomach contents in both fasted and non-fasted rats at 4-7 h. By
24~-27 b after administration, there was mo difference in the weight of
stomach contents between non-fasted treated animals and controls. This
study suggested that high single doses of BHT caused a delay in
gastric emptying which was reflected in the delay in plasma levels of
metabolite.

In another experiment, 800 mg/kg bw BHT was instilled
intraduodenally to 5 anaesthetized rats and 30 minutes later the
concentrations of BHT and its metabolites were measured in blood from
the portal wvein and descending aorta, and in liver and epididymal
adipose tissue. BHT and/or BBT radical was detected in all but the
descending aorta, while BHT-quinone methide was.not present in any of
the samples collected at 30 minutes after administration (Takahashi,
1990} .

2.1.1.3 Chickens

One-day old chicks were given 4C-BHT at a level of 200 ng/kg
in the feed for 10 weeks. At broiler age, edible portions had residues
amounting to 1-3 mg/kg of BHT and metabolites. Similar diets given to
laying hens produced residues in eggs of 2 mg/kg after 7 days, the
level thereafter remaining constant (Ffrawley et al., l96Saj.

When feed containing 500 or 100 mg/kg BHT was given to laying
hens, residues of 20 and <S5 mg/kg were found in the fat fraction of
eggs, respectively. In the broiler chicken, over a period of 21 weeks,
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1. EXPLANATION

Butylated hydroxytoluene (BHT) was previously evaluated by the
Committee at its sixth, eighth, ninth, seventeenth, twentieth,
twenty-fourth, twenty-seventh, thirtieth, and thirty-seventh meetings
{Annex 1, references 6, 8, 11, 32, 41, 53, €2, 73, and 94). At the
thirty-seventh meeting, the temporary ADI of 0 - 0.125 mg/kg bw,
established at the thirtieth meeting, was extended pending the results
of a study designed to elucidate the role of hepatic changes in the
development of hepatic carcinomas observed in Wistar rats following
in wtero and lifetime exposure to BEHT.

The results of the above study were reviewed at the present
meeting. In addition, new data relating to the previously-noted
effects of BHT on the lung, liver, kidney, clotting mechanisms and
promotion/inhibition of carcinogenesis, new long-term and reproductive
toxicity studies, genotoxicity assays and human observations were
reviewed.

The following consolidated monograph is a compilation of studies
from the previous monographs and monograph addenda and those reviewed
for the first time at the present meeting.

2. BIOLOGICAL DATA
2.1 Biochemical aspects
2.1.1 Absorption, distribution, and excretion

2.1.1.1 Mice

2 single oral dose of C-BHT given to ‘male and female mice
resulted in rapid absorption and distribution of 14C to the tissues.
Excretion of 19C was mainly in the faeces (41-65%) and urine
126-50%), with lesser amounts in expired air (6-9%}. The half-life for
a single dose in the major tissues studied (stomach, intestines,
liver, and kidney) was 9-11 h. When daily doses were given for 10
days, the half-life for 4c in the tissues examined was 5-15 days.
Metabolism was characterized by oxidation at one or both of the
tert-butyl groups, followed by formation of the glucuronide
conjugate, and excretion im the urine, or by excretion of the free
acid in the faeces. More than 43 metabolites were present in tha urine
and faeces of mice (Matsuo et al., 1984).

2.1.1.2 Rats

When 14C-BHT was administered to rats, 80-50% of the ¥C was
excreted in the urine and faeces within 96 h, and less than 0.3% of
the ¢ was in expired air. Most of the 4C-BHT was excreted as
the free acid in faeces with lesser amounts in the urine. More than 43
metabolites were present in the urine and faeces of rats
{Matsuo et al., 1984}.

Male F344 rats were fed BHA/BHT miztures at levels of 0/0,
0.5/0.05, 1.0/0.1, ox 2.0/0.2% in the diet and the levels of the
compounds were determined in adipose tissue after 1, 2, or 4 months.
The BHT levels found in adipose tissue were 1.4, 2.9, or 7.8 mg/kg,
respectively, in the dosed animals. On an equivalent dose basis, BHT
accumulated to ten times the level of BHA. However, neither showed any -
progressive eccumulation with time. Considering the rat adipose tissue
data, the mean intake of BHT by humans and the corresponding level of
BET found in adipose tissue from 6 humans (0.12 mg/kg), previous
observations that accumulation of BHT in the adipose tissue on a
dose/body weight basis is greater in humans than in rats were
confirmed (Conacher et al., 1986).

Groups of male and female rats were maintained on diets
containing ¢ or 0.5% BHT for a period of 35 days, and then for a
period on diets free of BET. During the periocd on the test diets,
groups of rats were killed at 5-day intervals and fat and liver
removed for BHT analysis. During the period on BHT-free diets, rats
were killed at 2-day intervals to measure loss of BET from the fat and
liver. There was no clear evidence of progressive accumulation of BHT

in fat during the period of administration of the test compound. BHT
levels in the fat reached a maximum level (55 mg/kg in males, 65 mg/kg
in females) within 10 days of exposure to BHT. Thereafter there was
considerable flnctuation in the observed levels. The levels of BHT in
liver were very low, the maximum BHT levels being about 5 mg/kg in
males, and 1.5 mg/kg in females. The biclogical half-1life of BHT in
fat and liver was estimated to be 7 to 10 days {Gage, 1964).




doses of 44 mg/kg bw BHT on alternate days and rats in each group were
killed 24 h after the final dose. The range of the total dose
accounted for was 92 to 104% in males and 93 to 99% in females. There
was an indication of sex difference in the route of excretion, females
excreting 19-43% of the radioactivity in urine and males only 3-15%.
Eight days after administration of § doses, 92% of the radicactivity
had been excreted by males and 97% by females. Subcutaneous
administration of graded doses of BHT to female rats revealed
substantial faecal excretion but the rate of excretion decreased with
increasing dose. There was no evidence of accumulation of MC-BHT in
the body under the conditions of repeated oral dosage (Tye et al.,
1965).

Rats were given single oral doses (1-100 mg/rat) of lYC-BET and
approximately 80 to 50% of the dose was recovered within four days in
the urine and faeces. Of the total radicactivity, 40% and 25% appeared
in the urine of females and males, respectively. After 4 days,
approximately 3.8% of the dose was retained, mainly in the alimentary
tract. A substantial portion of the radioactivity was found in the
bile collected from two rats {ome male, one female) over a period of
40 h. The relatively slow excretion of BHT is probably attributable to
enterohepatic circulation rather than to tissue retention (Daniel ¢
Gage, 1965).

The liver and body fat of rats fed a diet containing 0.5% BHT for
35 days were analyzed. The concentration of BHT in the liver never
rose above 5 mg/kg in males and 1.5 mg/kg in females. In the bogdy fat,
the level fluctuated around 30 mg/kg in males and 45 ng/kg in females.
Fat from rats returned to BHT-free diet showed a progressive fall in
the concentration of BHT, the half-life being about 7 to 10 days.

The daily excretion of radioactivity in urine and faeces was
studied in rats given an oral dose of lc-labelled BET (12 mg/ky
bw). Excretion became negligible by the sixth day after administration
when about 70% of the injected dose had been recovered. Less than 1%
was excreted as carbon dioxide in the expired air. About 50% of the
radioactivity was excreted in the bile during the 24-hour period
following the oral dose (Daniel & Gage, 1965).

The BET content of fat and liver of rats given diets containing
0.5 or 1% BHT for periods up to 35 and 50 days, respectively, were
analyzed. With 0.5% BHT in the diet, a level of approximately 30 mg/kg
in the fat was reached 4in males and 45 mg/kg in females, with
approximately 1-3 mg/kg in the liver. With 1% BHT, the level in the
fat was 50 mg/kg in males and 30 mg/kg in females. On cessation of
Lreatment, the level of BHT in fat fell with a half-life of 7 to 10
days {(Daniel & Gage, 1965).

The level of BET in the fat reached a plateau at approximately
100 mg/kg after 3 to 4 days when daily doses of 500 mg/kg bw were
given by intubation. A daily dose of 200 mg/kg bw for one week
Produced a level of about 50 mg/kg (Gilbert & Golberg, 19635).

Rats were given doses of 100 pg of 3H-labelled BHT
intraperitoneally and the urinary output of radiocactivity was measured
for 4 consecutive days. After 4 days of dosing, 34.5% of the injected
radicactivity was recovered in urine (Ladomery et al., 1962). The
same dose of BHT (100/pg) labelled with l4C was given to rats, and
34% of the radiocactivity was excreted in the urine in the first four
days, in close agreement with the previous result using tritiated BHT
{Ladomexy et al., 1967a}.

After a single parenteral dose (100 pg) of l4c-BHT, rats
excreted 3235% of the radioactivity in the urine, and 35-37% in the
faeces, in a 4-day period. The intestinal contents together with the
gut wall contained most of the remaining activity. Biliary excretion
was rapid, and the radiocactive material in bile was readily absorbed
from the gut, suggesting a rapid enterchepatic circulation
{Ladomery et al., 196Tb).

White male Wistar rats (290-350 g) were administered
[*¢)-labelled BHT, or its alcohol [BHT-CH,0H] or its aldehyde
{BET-CHO] or acid [BHT-COOH] derivative by i.v. or i.p. injection. The
overall ercretion of BHT and its related compournds excreted in urine
and fzeces was studied for a 5-day period, and biliary excretion
monitored for 120426 h after i.p. injection. For the low doses of the
compounds tested (100 pg), there were no significant differences in
the total recovery of 4C during the 5 days urinary and faecal
excretion and 120-126 h biliary excretion. However, there were
differences in ratio of urinary to faecal excretion of ic. The
majer metabolite present in early bile after i.p. injection of the
labelled compounds was BHT-COOH or its ester glucuronide. Late bile
after acid hydrolysis showed BHT-COOH to be the major l4c component
(Holder et al., 1970a).

D 1 ration ch in BHT and BHT-guinone methide
were studied following a single oral dose of 800 mg BHT/kg bw in rats,
vwhich were monitored in plasma, the &I tract, and some adipose tissues
over a 48-hour period using GLC. Groups of 4 or 5 male Sprague-Dawley
rats were sacrificed at 0.5, 1, 3, 6 12, 1B, 24, 30, 36 or 48 h after
administration of BHT. The amount of BHT in the gastric contents
stayed constant for 12 h, then declined rapidly to 24 h, followed by a
gradual decline to 48 h. BHT was not detected in the plasma at any of
the time points, while BHT-quinone methide showed a rapid rise between
12 and 18 h after administration, followed by a gradual decline to
48 h. BHT was detected in epididymal, subcutaneous, perirenal and
brown dorsal adipose tissue soon after administration. A peak
concentration was noted in epididymal and subcutaneous fat at 18 h,
but diqd not show this trend in perirenal or brown dorsal Ffat.

In a second experiment, in which groups of 5 or 6 rats weze
sacrificed 4-7 or 24-27 h after administration of BHT, a single oral
dose of B0O mg/kg bw resulted in a significant increase in the weight
of stomach contents in both fasted and non-fasted rats at 4-7 h. By
24-27 h after administration, there was no difference in the weight of
stomach contents between non-fasted treated apimals and controls. This
study suggested that high single doses of BHT caused a delay in
gastric emptying which was refiected in the delay in plasma levels of
metabolite.

In another experiment, 800 mg/kg bw BHT was instilled
intraducdenally to 5 anaesthetized rats and 30 minutes later the
concentrations of BHT and its metabolites were measured in blood from
the portal vein and descending aorta, and in liver and epididymal
adipose tissue. BHT and/or RHT radical was detected im all but the
descending aorta, while BHT-quinone methide was not present in any of
the samples collected at 30 minutes after administration (Takabhashi,
1980} .

2.1.1.3 Chickens

One-day old chicks were given liC-BRET at a level of 200 mg/kg
in the feed for 10 weeks. At broiler age, edible portions had residues
amounting to 1-3 mg/kg of BHT and metabolites. Similar diets given to
laying hens produced residues in eggs of 2 mg/kg after 7 days, the
level thereafter remaining constant {Frawley et al., 1965a).

When feed containing 500 oxr 100 mg/kg BHT was given to laying
hens, residues of 20 and <5 mg/kg were found in the fat fraction of
©ggs, respectively. In the broiler chicken, over a period of 21 weeks,




< 5 mg/kg on the 100 mg/kg diet (Van Stratum & Vos, 1965).
2.1.1.4 Humans

Four human male subjects were administered a single dose of
approximately 40 mg l‘c-labelled BHT. About 75% of the administered
radicactivity was excreted im the urine. About 50% of the dose
appeared in the urine in the first 24 h, followed by a slower phase
which probably represented the release of the compounds or their
metabolites stored in tissues. In humans, the bulk of the
radioactivity was excreted as the ether insoluble glucuronide of a
metabolite in which the ring methyl group and one tert-butyl methyl
group were oxidized to carboxyl groups, and a methyl group on the
other tert-butyl group was also oxidized, probably to an aldehyde
group. BHT-acid, free and conjugated, was a minor component of the
wrine and the mercapturic acid was virtually absent. The rapidity of
the first phase of the urinary excretion in humans suggested that
there was no considerable enterohepatic circulation as had been
observed in the rat (Daniel et al., 1967).

Reported values of BHT in body fat were 0.23 % 0.15 mg/kg
{11 individuals, residents of the United Kingdom} and 1.30 %
0.82 mg/kg (12 individuals, residents of the United States of America)
{Collings & Sharratt, 1970).

Based on reported BHT levels in human fat in Japan, United
Kingdom and USA and the calculated dietary intakes of BET, a
bioconcentration factor in humans (BCF, wet weight basis) of 0.36 was
calculated for BHT. This BCF was 45 times higher than that calculated
for the rat. In comparison, the BCF for total DDT was calculated at
1279 (Geyer et al., 1986).

The disposition of single oral doses of BHT was compared in
humans and rats. A single oral deose of 0.5 mg/kg bw of BHT was
ingested by 7 healthy male volunteers after fasting overnight. Blood
samples were taken after O, 15, 30, 45, 60, 75, 20, 120, 150, 180 and
249 minutes. Total urine and faeces were collected for 2 days. In
another experiment, 5 healthy female volunteers ingested 0.25 mg/kg bw
of BHA and one week later 0.25 mg/kg bw of BHT. After another week,
0.25 mg/kg bw of BHT plus 0.25 mg/kg bw of BHA were given
simultaneously. After each dosing, blocod samples were taken as
described above. Similar experiments were conducted in male Wistar
rats, except that the doses used were 20, 63, or 200 mg/kg bw of BAET.
In rats, peak plasma concentrations of BHT (0.2, 0.3, and 2.3 pg/ml}
were seen after 2.6 h. Simultaneous administration of BHA produced
significantly lower plasma concentrations between 0.5 and 3 h. Large
variations were seen in humans in plasma levels of BHT. The mean peak
plasma level was 0.09/ug/ml, reached after 1.5 h. The plasma
concentrations were not influenced by simultaneous administration of
BHA. In the rat, approxzimately 2% of the dose was excreted as BHT-COOR
in the urine (equal amounts of conjugated and unconjugated compound)

and 10% as BET in the faeces in 4 days. In humans, 2.8% of the dese
was found in the urine as BHT-COOH {mainly conjugated) and no BHT
could be detected in the faeces. On a comparative dose basis, it seems
that BHT in plasma reaches a higher level in humans than in rats
{(Verhagen et al., 1989).

2.1.2 Biotransformation
2.1.2.1 Mice

The oxidative metabolism of BHT by liver microsomes from 3 inbred
mouse strains, NGP/N, A/J and MA/MyJ was compared. The strain order
shown is the order of increasing susceptibility of these mice to BRT
lung tumour promotion which correlates with their increasing ability
to produce BHT-BuOH, by hydroxylation of BHT at one of the
tert-butyl groups. Four weekly i.p. injections of BHT selectively
ipnduced the BHT oxidation pathway leading to formation of BHT-BuOH
{Thompson et al., 1989).

The metabolism of BHTOOH was examined to assess the role of
reactive intermediates in mediating tumour promotion in mouse skin.
Incubation of BHETOOH with either isolated neonatal mouse keratinocytes
or a cell-free haematin system resulted in the generation of
the BHT-phenoxyl radical. Only one non-radical metabolite of
BETOOB-BHT~quinol was detected in keratinocytes, while incubation of
BETCOH with haematin produced several metabolites: oxacyclopentenone,
BHT-quinone, BHT, BHT-stilbene quinone, and BHET-quinone methide. In
coptrast to the action of BHTOOH, topical application of epidermal
doses of BHT-quinol, BHT-quinone, BHT-stilbene quinone, as well as BHT
itself to mouse skin, did not induce epidermal ornithine decarboxylase
activity (Taffe et al., 1989).

Co-administration of BHA (200 mg/kg bw) with a subtoxic dose of
BHT {200 mg/kg bw)} enhanced the lung toxicity of BHT in male mice. BHA
co~administration significantly increased the radiocactivity covalently
bound to lung macromolecules at 4-8 h after [}%C]-BET. fThe
pretreatment alsc reduced the rate of in vitre metabolism of BHT in
mouse liver supernatant. The co-administration of BHA and BHT caused a
decrease in metabolism of BET in the liver with the result that the
lung was exposed to a larger amount of BHT (Yamamoto et al., 1988).

2.1.2.2 Rats

Examination of the biliary metabolites from i.v. and i.p. doses
of small amounts of C~BHT, showed the presence of four principal
metabolites. Some 34 to 53% of the l{c-label in the bile was
identified as 3-5-di- t-butyl-4-hydroxy-benzoic acid, which was
probably present as the ester glucuronide. The other metabolites
present were 3,5-di- t-butyl-4-hydroxybenzaldehyde, 3-5-di- t-butyl-
4-hydroxybenzyl alcohol, and 1,2-bis (3,5-di- t-butyl-4-hydroxyphenyl)
ethane (Ladomery et al., 1%67b}.

Rats were given a single dose of 14C-BET and urine and
bile collected for periods ranging from 48 to 96 h. Faeces were
also collected during this same period. BRbout 19% to 59% of the
radioactivity appeared in the urine during this period, and 26% to 36%
in the bile. The major metabolites in the urine were 3,5-di- tert-
butyl-4-hydroxybenzoic acid, both free (9% of the dose}, as well as
glucuronide (15%) and S-(3,5-di- tert-butyl-4-hydroxybenzyl)-
N-acetylcysteine. The ester glucuronide and mercaptic acid were also
the major metabolites in rat bile. Free 3,5-di- tert-butyl-4-
hydroxybenzoic acid was the major metabolite in faeces (Daniel
et al., 1%68).

Male Wistar rats were dosed intraperitoneally with 200 mg/kg bw
BET-acid or 2,6-di- tert-butyl phenol (DBP). Faeces and urine were
collected for 5 days after administration of BHT-acid and for 3 days
after administration of DBP. Bile was collected from rats treated with
BHT~acid for 24 h after administration. Following administration of
BET~acid, the metabolites DBP, 2,6-di- tert-butyl- p-benzoquinone
{BBQ}, 2,6-di- tert-butylhydroquinone (BHQ} g¢lucuronide and BHT-acid
glucuronide were identified in the faeces and bile. This suggested
that BHT-acid, considered as a main metabolic end-product of BHT,
was metabolized to the quinone and hydroquinone following its
decarboxylation tp form the di-substituted phenol, DBP. An alternative
route for formation of the gquinone, BBQ, was a homolysis reaction of
the 0-0 bond of the hydroperoxide which is catalyzed by rat liver
cytochrome P-450 ([Yamamoto et al., 1991).




Rabbits were given single or Irepeated doses of BHT in the range
of 400-800 mg/kg bw. About 16% of the dose was excreted as ester
glucuronide and 19% as ether glucuronide. Unconjugated phenol (8%},
ethereal sulfate (8%) and a glycine conjugate (2%) were also excreted.
Excretion of all detectable metabolites was essentially complete 3 to
4 days after administration of the compound and about 54% of the dose
was accounted for as identified metabolites (Dacre, 1961).

The metabolism of butylated hydroxytoluene (BHT) orally
administered to rabbits in single doses of 500 mg/kg bw was studied.
The metabolites 2, 6-di~ tert-butyl-4-hydroxymethylphenocl
{BHY-alcohol), 3,5-di- tert-butyl-4~hydroxy-benzoic acid (BHT-acid)
and 4,47-ethylene~ bis-(2,6-di-tert-butylphenol) were identified. The
urinary metabolites of BHT comprised 37,5% as glucuronides, 16.7%
as ethereal sulfates and 6.8% as free phenols; unchanged BHT was
present only in the faeces {Akagi & Aoki, 1962a); 3,5~di- tert-butyl-
4-hydroxyb ldehyde (BHT-aldehyde} was also isolated from rabbit
urine ({Aoki, 1962). The main metabolic bathway was confirmed by
administering BET-alcohol to rabbits and isolating BHT-aldehyde,
BET-acid, the ethylene- bis derivative and unchanged BHT-alcochol in
the urine (Rkagi & Acki, 1962b).

2.1.2.4 Ruminants

When [1‘CIBHT was activated 4n vitro by the prostaglandin H
synthase system in microsomes from ram seminal vesicles or by
horseradish peroxidase, significant covalent binding to protein could
be detected. BHT-quinone methide was detected at only minor

ations, th ¢ an intermediate free radical was suggested
as an active metabolite. Addition of BHA to the medium greatly
increased the formation of BHT-quinone methide and covalent binding to
proteins (Thompson et al., 1986).

2.1.2.5 Humans

A group of 8 men each received 100 mg of BHT on two occasions
separated by a 4-day interval. Urine was collected for 24 b after BHT
adninistration. The metabolites were identified as BHT~COOH and
benzoyl-glycine. In another study in which two adults were givem 1.0 q
of BHT, BHT-COOE and its ester glucuronide were the only major
metabolites identified in urine {Holder et al., 1970b).

2.1.2.6 Combinad species

The metabolism of BET was studied with liver and lung microsomes
from rats and mice. Two main metabolic processes occurred,
hydroxylation of alkyl substituents and oxidation of the aromatic 1-4
electron system. The former led to the 4-hydroxymethyl product
(BHT-CH,OH) and & primary alcohol resulting from hydroxylation of a
t-butyl group (BHT- tBuOH). Additional metabolites were produced by
oxidation of BHT-CH,OH to the corresponding benzaldehyde and benzoic
acid derivatives. Hydroxylation of BHT- tBuOH occurred at the
benzylic methyl position, and the resulting diol was oxidized further
to the hydroxybenzaldehyde derivative. Oxidation of the 1-4 system led
to BHT-quinol {2, 6-di- t-butyl—4—-hydroxy—4-methyl—2,5—cyclo-
hexadienone), BRET-quinone (2,6-di— t-butyl-4-benzoquinone), and
BET-quinone methide (2,6-di- t-butyl-4-methylene-2, 5~cyclohexa-
dienone) probably wvia the hydroperoxide (BHTQOE). Derivatives of the
quinol and quinone with a hydroxylated t-butyl group were also
formed. Quantitative data demonstrated that BHT-CH,OH was the
principal metabolite in rat liver and lung microsomes. The mouse
produced large amounts of both BHT-CH,OH and BHT- tBuOH in these
tissues. The metabolite profile was similar in rat liver and Jung.
Mouse lung, however, produced more quinone relative to other
metabolites than mouse liver (Thompson et al., 1887) .

The in vitro peroxidase-catalyzed covalent binding of BHT to
microsomal protein and the formation of BHT-quinone methide was
enhanced by addition of RHA. Several other phenolic compounds commonly
used in food also enhanced the metabolic activation of BHT. Microsomes

from lung, bladder, kidney medulla and small intestine of various
animal species, including bumans, were also able to support this
interaction of BHA and BHT using either hydrogen peroxide or
arachidonic acid as the substrate {Annex 1, reference 85).

Phenobarbital (PB) pretreatment of Sprague-Dawley rats and A/J
wmice had little or no effect on respective quinone methide formation
from BHT or BHT-BUOH in pulmonary microseme preparations, but resulted
in a 6-37 fold induction of this activity in hepatic microsomes from
these species. PB administration had little effect on the two-step
oxidation of BHT to OM-OH in pulmonary microsomes of the mouse, while
in hepatic microsomes, PB pre-treatment resulted in a greater than
100-fold increase in this activity. This was found to be mainly due to
a greater than 100-fold increase in the initial tert-butyl
hydroxylation step in mouse liver microsomes. The enhancement was
somewhat higher than for 7-pentoxyresorufin o-dealkylase activity,
demonstrating that tert-putyl hydroxylation could serve as a
specific marker for the enzyme. The results also showed that pulmonary
microsomes from mice, but not rats, bhad a relatively high constitutive
P-450 activity for tert-butyl hydroxylation of BHT, supporting
the proposal that this metabolite was involved in BHT-induced
pneumotoxicity. Two cytochrome P-450 inhibitors, SKF $25-A and
metapyrone, inhibited the conversions of BET to QM and QM-OH to a
similar extent in PB-treated mouse liver mi the id
alcohol cedrol was found to selectively inmhibit BHT conversion to
QM-OH. This compound has been found previously to inhibit
poeumotoxicity when administered to mice prior to treatment with BHT.
In untreated mouse liver microscmes, BHT hydroxylation to BHT-MeOH
showed the greatest activity, with oxidation to OM second and
hydroxylation to BHT-BuON last (Bolton & Thompson, 1991).

2.1.3 BEBffects on enzymes and other biochemical parameters

2.1.3.1 Mice

Mice (BALB/c strain) were maintained on a diet containing 7.5 g
BET/Xg of feed. After 3 weeks on the test diet, there was an enhanced
activity in plasma esterases which persisted throughout the
experimental period of 20 weeks. Following electrophoretic separation
of the esterases, the increased enzyme activity was shown to be
located in two specific bands (Tyndall et al., 1975).

Dietary administration of BHT to male Swiss Webster mice resulted
in a marked increase in epatic microsomal epoxide hydrolase and
glutathi tr, e ¢ & Ota, 1983).

2.1.3.2 Rats

Feeding experiments were carried out on 45 pairs of weanling male
rats for 5 to 8 weeks with diets containing 0, 10 or 20% lard
supplements to which 0.01, 1 or 5 g BHT/kg had been added. At
0.01 g/kg, no changes were observed in any of the serum comstituents
studied, while at 5 g/kg an increase in the serum cholesterol level
was seen within § weeks. Female rats fed for 9 months a diet
containing a 10% lard supplement with 1 g BHT/kg showed increased
serum cholesterol levels, but no other significant changes. bDiets
containing 5 g BHT/kg in 10% and 20% lard supplements fed to female
rats for the same period increased serum cholestercl, phospholipid and
mucoprotein levels (Day et al., 1959).




In further work with rats, it was found that increased onutput of
urinary ascorbic acid accompanied liver enlargement induced by BHA or
BHT in onset, degree and duration, being rapid but transient with BHA,
and slower in onset but more prolonged with BHT ([Gaunt et al.,
1965a). The simultaneous stimulation of processing enzyme activity,
increase in urinary ascorbic acid output, and increase in relative
liver weight brought about by BHT was unaffected by 14 days of dietary
restriction, and all these changes except liver weight were reversible
during 14 days' recovery on mnormal diet (Gaunt et al., 1965b).

Rats given BHT by daily intubation showed increased activity of
some liver microsomal enzymes. Stimulation of enzyme activity
correlated with an increase in relative liver weight. The threshold
dose for these changes in enzyme activity in female rats was below
25-75 mg BHT/Ry bw/day. The storage of BHT in fat appeared to be
influenced by the activity of the processing enzymes. In rats given
500 mg/kg bw/day, the level of BET im fat attained values of 230 my/kg
in females and 162 mg/kg in males by the second day, by which time the
relative liver weight and processing enzyme activities had become
elevated. Thereafter, liver weight and enzyme activity contimued to
rise but the BHT content of fat fell to a platean of about 100 mg/kg
in both sexes (Gilbert & Golbery, 1965).

Groups of 12 SPF Carworth rats equally divided by sex wexe
administered BHT dissolved in arachis oil daily for one week, at dose
levels of 50, 100, 200 or 500 mg/kg bw. A group of 8 rats served as
control. The animals were killed 24 h after the final dose, and
histological and biochemical studies {glucose-é-phosphatase: and
gh b h dehydr } made on the livers of all animals.
A hi cal of the livers of test animals was also
carried out. BHT caused an increase in liver weight in males at dose
levels of 100 mg/kg bw and greater, and in females at 200 mg/kg bw and
greater. BHT caused a decrease in glucose-6-phosphatase activity in
females at dose levels greater than 100 mg/kg bw, and an increase in
gl te dehydr in both males and females at the
highest dose tested. In another study, rats were dosed according to

the above schedule and then maintained for 14 to 28 days following the
final dosing. By day 28, no biochemical changes were observed, and
relative liver weights returned to normal by day 14 (Feuer et al.,
1965) .

Rats fed diets containing BET at levels of 100 te 5000 mg/kg for
12 days showed liver enlargement, as well as increased activity of
liver microsomal biphenyl-4-hydroxylase, at all levels except the
lowest level of 100 mg/kg. Enzyme activity was not significantly
altered at 5000 mg/kg BET fed for one day (Creaven et al., 1966).

Rats (male and female Carworth Farm SPF) were given an oral dose
of BHT equivalent to 500 mg/kg bw. Dosing was from 1 to 5 days, and
rats varying in size from 100-400 g body weight were used. Microsomal
Ppreparations from the livers of treated rats were assayed for BHT
oxidase, an enzyme that metabolizes BHT to the BHT alcohol
{2,6-di- tert-butyl-4-methylphenol to 2,6-di- tert-butyl-4-hydroxy
methylphenol). Treatment of female rats with BET (500 mg/kg bw/day for
5 days} caused a six fold increase in the activity of the enzyme/gram
of liver and a 35% increase in relative liver weight, both being
prevented by actinomycin D. The induction was more pronounced in males
than in females, and the induction of the enzyme, low in rats in the
100 g body-weight range, reached a maximum in rats in the 200 g
body-weight range, and fell in larger animals {300-400 g range)
{cilbert & Golberg, 1967).

Groups of female Alderly Park SPF rats were maintained on diets
containing 0%, 0.01%, 0.1%, 1% or 5% BET for periods up to 28 days,
and then on diets free of BHT for 56 days. Animals were killed in
groups of four, 2 being used for enzyme assay (aminopyrene
demethylase) and 2 for electron microscopy. The increase in enzyme
activity was directly related to the dietary level of BHT. No
detectable increase was observed at the lowest level over the 28-day
feeding period. Following withdrawal of BHT from the diet, the enzyme
level returned to normal in all test animals. The degree of
endoplasmic reticulum proliferation was proportional teo the amount of
BHT in the diet and the duration of feeding at the 5% and 1% level. At
the 0.1% level, there was a transient rise ir sSmooth endoplasmic
xeticulum. No proliferation was observed at the 0.0i% level. Following
removal of BHT from the diet, there was a rapid disappearance of the
proliferated smooth endoplasmic reticulum.

In a second study, gxoups of rats were fed diets containing 1%
BET for 10 days, and then for a second periocd of 10 days after an
interval of 20 days on a normal diet. The animals were killed in
groups of five at 10, 30, 40, 42 or 47 days. Livers were removed for
aminopyrene demethylase assay and electron microscopy. Enzyme activity
did not differ significantly following both 10-day periods of
adwinistration of BHT. Electron microscopy showed similar smooth
endoplasmic reticulum respomse during both these periods (Botham
et al., 1870).

Microsomal preparations from livers of rats, dosed daily with
450 mg/kg bw BHT for up to 7 days, showed an increased capacity to
incorporate labelled amino acids, when compared to preparations from
controls, BHT also stimulated the in vivo incorporation of amino
acids, mainly into the proteins of the endoplasmic reticulum
(Nievel, 19&9).

A group of 23 female SPF rats (Wistar strain) was administered
500 mg/kg BHT dissolved in rape-seed oil, for 11 days. The control
group was adwinistered rape-sced oil alone. Groups of 7 rats were
killed following administration of the final dosing. The remaining
rats were maintained without further exposure to BHT, and killed on
days 28 or 63 of the study. Livers of the rats were examined for
weight, DNR content and number of cell nuclei. Treatment with BHT
resulted in enlargement of the liver, with a concomitant increase in
its DNA content, and in the number and ploidy of its nuclei. The liver
mass returned to normal within two weeks. However, the DNA content of
the liver of BHT-treated animals remained elevated up to the time of
termination of this study, and there was no reduction in the total
number of nuclei or the degree of ploidy {Hermann et al., 1971).

Two groups of 10 male and 10 female rats (Alderly Park, SPF
Wistar strain) were dosed by stomach tube with 200 mg/kg bw/day of BHT
dissolved in maize oil for 7 days. Four rats/sex dosed with an
equivalent amount of maize oil served as controls. Urinary ascorbic
acid excretion was measured in urine samples collected following 5
days on the test compound. The animals were killed 24 h after the
final dose and the livers removed for biochemical assays (aminopyrine
demethylase-AMPM, hexobarbitone oxidase-HG, cytochrome P-450, and
glucose-6-phosphatase), and electron microscopy. Another group of
treated rats was maintained for a 7-day recovery period, and a similar
battery of liver studies was carried out. Administration of BET
resulted in an increase of urinary excretion of ascorbic acid which
remained constant throughout the treatment period. Following cessation
of BHT treatment there was a gradual return towards control values.
There were significant sex differences in some of the biochemical
responses to BHT, with the exception of the glucose-6-phosphatase
activity. Female rats showed a marked increase in APDM and HO
activity, which was not observed in male rats. Cytochrome P-450 levels
were increased in both males and females. The biochemical parameters,
with the exception of APDM activity in female rats, returned to normal
following the 7-day recovery period. Electron microscopy showed




{Burrows et al., 1972}.

BHT (500 mg/kg bw/day) was administered by gavage to groups of
young Wistar male and female rats for 7 days and the animals were
boused in metabolism cages. Control animals received corn oil vehicle
only. They were then sacrificed and liver enzymes (aniline-

4-hydroxylase, biphenyl-4-hydroxylase, ethyl morphine N-demethylase,
and 4-methyl umbelliferone glucuronyl transferase} were assayed and the
cytochrome P-450-CO interaction spectrum evaluated. Urinalysis using
6C was conducted to assay for D-glucarie acid, D-glucuronic acid,
l-gulonic acid, =xylitol and L-ascorbic acid. Administration of BHT
enhanced all the parameters measured with the exception of the hepatic
microsomal protein content. BHT was a more potent inducer of

xenobiotic metabolism in female rats (Lake et al., 1876).

BHT in the diet of Sprague-Dawley rats resulted in a marked
decrease in the NADPE-cytochrome P450 reductase activity of isolated
liver microsomal preparations. This effect was not observed when BHT
was added in vitro to liver microscmes (Rikans et al., 1881).

Dietary BHT was also shown to affect the carboxylation process in
the conversion of rat liver microsomal protein to prothrombin
{Takahashi & Hiraga, 198la).

Rats fed a diet containing 0.4% BHT showed an increase in GSH-S
transferase activity in the liver, but not in lungs and kidneys.
GSB-reductase levels were increased in liver and lungs
{Partridge et al., 1382).

BHT at 300-6000 mg/kg in the diet caused a dose-dependent
increase in gamma~glutamyl transpeptidase in normal F344 male rats.
However, cytosolic glutathione S-transferase was only enhbanced at
dietary concentrations of 3000 or 6000 mg/kg {Furukawa et al.,
1984).

Groups of 4 male F344 rats were pretreated with buthionine
sulfoximine, a glutathione-depleting agent (900 mg/kg bw}, and after
1 h given intraperitoneal injections of BHT (100, 250, 400, or
500 mg/ky bw). A dose-related elevation of serum GOT and [ch:4 4
activities was observed. BHT or buthionine sulfoximine alone had no
etfect. In contrast, pretreatment with cysteine ({100-200 mg/kg bw}
inhibited the elevation of serum enzyme activities at a toxic dose of
BHT (1000 mg/kg bw) (Nakagawa, 1987).

Supplementation of AAF-containing diets with 0.3% BHT, which
affords protection against AAF hepatocarcinogenesis in high-fat fed
Sprague-Dawley rats, protected and/or induced total hepatic nuclear
envelope cytochrome P-450 content. Short-term feeding with AAF without
BHT resulted in a marked loss of total hepatic nuclear envelope P-450
{Carubelli & McCay, 1987). Immanological studies showed that BHT

the ARF-d induction of P-450c, but not P-450d. BAT by
itself had no effect on these nuclear envelope enzymes
{Friedman et al., 1989).

Administration of 0.5% BHT in the diet of male Wistar rats for 2
weeks increased UDP-glucuronosyl transferase activity in liver
microsomes for several substrates to 236-269% of controls. The amounts
of UDP-glucuronosyl transferase protein and associated mRNA in liver
microsomes were also increased, paralleling the increases in enzyme
activity. In addition to induction of hepatic activity, BHT treatment
resulted in increased activity in microsomes from the kidney and small
intestine (Kashfi et al., 1994).

2.1.3.3 Rabbits

Acute effects on electrolyte excretion, similar to those
described for large doses of BHA were also obtained following
administration of BHT at doses of 500-~700 mg/kg bw. No such effects
were observed at lower dosage levels (Denz & Llaurade, 1957).

2.1.3.4 Monkeys

Groups of 2~4 juvenile rhesus monkeys (Macaca mulatta) were fed
BHT dissolved in corn oil at dose levels of 0, 50, or 500 mg/kg bw for
4 weeks. Blood samples were taken prior to treatment and then at
weekly intervals from the control and test animals in the high-dose
group, and from test animals in the low-dose group at the end of the
4-week period, for determination of total plasma cholesterol, lipid
phosphorus and triglyceride. Liver biopsies were taken from the test
animals in the high group at two weeks. At the end of the test period
all animals were fasted for 24 b and sacrificed, and 1liver and blood
samples obtained. Liver samples were analyzed for succinic
dehydrogenase and susceptibility to peroxidation. Extracted liver
lipids were analyzed for total cholesterol, lipid phosphorus and
triglycerides. Total cholestercl levels in plasma and liver were
significantly lowered. Lipid phosphorus levels in the plasma were
increased at the high-dose level, as were cholestercl:lipid phosphorus
ratios in the plasma and liver. The susceptibility of liver lipids to
oxidation was reduced in the high~dose group (Branen et al., 1373).

2.2 Toxicslogical studies
2.2.1 Acute toxicity studies

The results of acute toxicity studies with BHT are summarized in
Table 1.

Acute oral, intraperitoneal (mice) and eye irritation (rabbits)
and skin irritation (rats) were for 7 breakd P of
BHT. All compounds tested were less toxic than the parent compound
(Conning et al., 1969).

Table 1. RAcute toxicity studies with BET

Animal Route LDy, Approximate Reference
{mg/kg bw) lethal dose
(mg/kg bw)

Rat oral > 1700-1970 - Deichmann et al.,
Cat oral - 940-2100 Deichmann et al.,
Rabbit oral - 2100-3200 Deichmann et al.,
Guinea-pig oral - 16 790 Deichmann et al.,
Rat oral 2450 Karplyuk, 1959
Mouse oral 2000 Karplyuk, 1959

As shown in Table 2, the IDg (i.p.}) for BHT showed
considerable differences for strains of inbred and non~inbred male
mice. In all cases death occurred 4 to 6 days after administration of
BHT, and was accompanied by massive edema and haemorrhage in the lung
{Kawano et al., 1981).

Table 2. Variation in ID;, with strains of mice (Kawano et al., 1981)

1955
1958
1955
1955




U - e =

DBA/2N {inbred) 138
BALB/cNnN (inbred) 1739
CS7BL/6N (inbred) 917
ICR-JCL {non-inbred) 1243

2.2.2 Short-term toxicity studies
2.2.2.1 Mice

In order to estimate the MTD for BET in mice, groups of 5/sex
BEC3F,; mice, 6-week old, were fed diets containing 0, 3100, 6200,
12 500, 25 000 or 50 000 mg BHT/kg of feed for 7 weeks. Each animal was
weighed twice weekly. Gross necropsy was perxformed on all animals. One
female mouse in the 25 000 mg/kg group, and 1 male and 4 female mice
in the 50 000 mg/kg group died before the end of the study.

Body-weight decrements, mostly dose-related, were noted in all
treatment groups compared witk controls. Histopathologic examination
of male mice receiving 25 000 mg/kg revealed a very small amount of
centrilobular cytoplasmic vacuolization of hepatocytes which was not
observed in females receiving 12 500 mg/kg (high~dose females were mnot
examined) (NCI, 1979).

A similar study was conducted to establish the dose levels for a
subseguent carcinogenicity study. Groups of B6C3F, mice (10/sex)
received BET in the diet at concentrations of 0.25%, 0.5%, 1%, 2%, or
4% for 10 weeks. Twenty mice/sex were used for the control group. Both
male and female mice receiving the highest dose of BHT experienced a
retardation of body~weight gain which exceeded 10% of control values.
In addition, histopathological examination of mice in the 4% group,
revealed marked starvation atrophy of the spleen, heart and kidneys.
None of these changes were noted in mice at the next lower dose level
{2% diet}) or any of the other groups. The MID was considered to be 2%
diet (Inai et al., 1988).

Groups of male and female C,HE mice (17-39 mice/group), 6-10
weeks old, were maintained for 10 months on a semi-synthetic diet
containing 0.05 or 0.5% BHT. Control groups were maintained on
BET-free semi-synthetic diet or commercial lab chow. At the end of the
test period, the liver and lungs were excised and inspected grossly
for proliferative lesions. Of the proliferative lesions considered to
be clearly identifiable as tumours, approximately 50% were examined
microscopically. Mice maintained on diets containing BHT had lower
body weights than controls. Male mice fed BHT showed an increase in
liver tumours, compared to controls. Histologically, the tumours were
identified as hepatocellular adenomas. No increase was observed in
female mice. The reported incidence of liver tumours in male C,H

mice was 38% (10/26) in the 0.5% BHT group, 58% (15/26) in the 0.05%
BHT group, 5% (2/37) in the control semi-synthetic diet group, and 18%
{7/38) in the control lab chow group.

In a study in which C;H mice were maintained on diets
containing 0.5% BHT for one month followed by lak chow for 10 months,
or control diet (BHET-free) for one month followed by lab chow for 10
months, the incidence of liver tumours in the two groups of male mice
were 9% (3/35) and 17% (5/29}, respectively. Dietary BHT did not

result in an increased incidence of lung tumours in either male or
female mice.

In another study in which male BALB/¢ mice were maintained for
one year on a BHT-free diet, or diets containing 0.05% BHT or 0.5%
BHT, the incidence of liver tumours were 13% (4/30), 14% (6/43), and
7% {2/28) for the respective groups (Lindenschmidt et al., 1986).

It has previously been demonstrated that the incidence of
spontaneously-occurring hepatic tumours in C;H mice is modified by
sex, population density, level of dietary protein, and caloric intake.
Historical dam were not available for a 10-month study. The incidence
of hepatic tumours in a 12-month study in this strain ranged from
6-13% for females, and 41-68% for males (Peraino et al., 1973).

Thus, the reported incidence of hepatocellular tumours was not
significantly different from other controls of similar age in studies
with the same inbred strain.

2.2.2.2 Rats

Feeding experiments conducted for 20 or 90 days indicated that
rats did not find food containing respectively 0.5 or 1% BET
palatable. However, the animals ingested food so treated more readily
if these concentrations were attained gradually. Paired feeding
experiments with groups of 5 or 10 rats for 25 days demonstrated that
diets containing 0.8 and 1% BHT reduced the daily intake of food below
control values, A level of 1% in the diet retarded weight gain
{Deichmann, 1955).

BHT {0.3%) in the diet of pregnant rats that had been kept for 5
weeks on a diet deficient in vitamin E produced no toxic symptoms,
while 1.6% caused drastic loss of weight and fetal death (Ames
et al., 1956).

BHT was fed to rats (12/group) for 7 weeks at a level of 0.1% BHT
in diets containing 20% or 10% lard supplement. With the 20% lard
supplement diet, significant reduction of the initial growth rate and
mature weight of male rats was observed. No effect was noted in female
or male rats receiving the 10% lard supplement diet. A paired feeding
experiment showed that this inhibition of growth was a direct toxic
effect of BHT and could not be explained by a reduction in the
palatability of the diet. At this level BHT produced a significant
increase in the weight of the liver, both absolute and relative to
body weight. Rats under increased stress showed significant loss of
hair from the top of the head. The toxic effect of BHT was greater if
the fat load in the diet was increased. Anophthalmia occurred in 10%
of the litters (Brown et al., 1959).

BHT administered to rats at 250 mg/kg bw/day for 68 to 82 days
caused fatty infiltration of the liver and reduction in body-weight
gain (Karplyuk, 1959).

Groups of 6 weanling rats (3/sex) were fed diets containing a 20%
lard supplement and BHT at levels of ¢, 0.1, 0.2, 0.3, 0.4 or 0.5% for
6 weeks. BHT reduced the growth rate, especially in males, the effect
becoming significant at 0.3% BRT. It also increased the absolute liver
weight and the ratic of liver weight to body weight in both sexes, the
latter effect becoming significant at 0.2% BHT. BET increased the

ratio of left adrenal weight to body weight in male rats but had no
consistent effect in females. There were no histological changes in
the adrenal attributable to treatment. All dietary levels of BHT
increased the serum cholesterol and the concentration of cholesterol
was directly proportional to the BRT level. There was also a
significant increase in the concentration of adrenal cholesterol. BHT
produced no significant in the ation of total or
percentage esterified liver cholesterol, total liver lipid or
concentration of total polyunsaturated fatty acids in the liver
{Johnson & Hewgill, 1961).

Rats fed diets supplemented with 20% lard, and containing 0, 0.2,




serum cholesterol that waas directly related to the level of dietary
BAT. BHT increased the relative weight of the male adrenal and also
caused a significantly greater decrease in growth rate of male as
compared to the female. Increased liver weight in test animals was
paralleled by increased absolute lipid content of the liver {Johnson &
Hewgill, 1961).

In another study, rats were maintained on diets containing ¢.5%
dietary BHT in the presence or absence of a 20% lard supplement. BET
increased the basic metabolic rate, the concentration of body
cholesterol and the rate of synthesis of body and liver cholesterol,
and reduced the total fatty acid content of the body, irrespective of
the presence or absence of dietary lard. In the animals fed BHT
without lard, BHT increased the rate of synthesis and turnover of body
and liver fatty acids and reduced the growth rate. These effect
occurred to a greater extent in apimals fed BHT with lard (Johnson &
Holdsworth, 1968).

Groups of 8 youny rats were fed diets containing 12.9% casein and
0, 0.02 or 0.2% BHT for 8 weeks. The experiment was repeated with
16.6% casein in the diet of further groups for 4 weeks and again with
9.6% casein (and no added choline) for 7 weeks. In all three instances
BHT caused stimulation of growth and improved protein efficiency. The
nitrogen content of the liver was, however, greatly reduced in
BHT-treated animals, except when the level of BHT was reduced to
0.02%. Recovery of hepatic protein after fasting (details not given)
was also impaired in rats on 0.2% BHT. Liver lipid content was
increased at 0.2%, but not at 0.02% BHT. A dietary level of 0.2% BHT
alse increased the adrenal weight and ascorbic acid content, although
if recalculated on the basis of weight of gland, there was no
significant difference. The increase in adrenal ascorbic acid was
interpreted as indicating a stress imposed on the organism by BRT
{Sporn & Schobesch, 1961).

Groups of 20 male and 20 female rats fed 1% BHT in the diet for
10 weeks showed recovery both in liver to body weight ratios and in
morphological appearance of the liver cells within a few weeks after
restoring the animals to a normal diet {Goater et al., 1964).

Groups of 48 weanling rats (24/sex) were given diets containing ¢
or 0.1% BHT for periods of up to 16 weeks. Measurements of growth
rate, food consumption, weight and micropathological examination of
organs at autopsy revealed no difference between treated and control
groups. However, increase in relative liver weight and in the weight
of the adrenals was produced without histopathological evidence of
damage. Biochemical measurements and histochemical assessments of
liver glucose phosphatase and glucose h hate dehydr
activities revealed no difference from the control group
{Gaunt et al., 1965a).

Groups of rats {16/sex} were fed diets containing 20% fat and BHT
levels of 0, 0, 0.03, 0.1 or 0.3% BHT for 10 weeks. No definite effect
on body weight was observed at any level in females and there was only
@ slight depression in males at the 0.3% level. There was no
significant effect on blood cholesterol level in either sex after
Teeding BHT at any of the levels. Four males at the 0.3% and two at
the 0.1% level died during the experiment. Two deaths occurred among
females at 0.3%. Only one male rat died in both control groups
{Frawley et al., 1965b).

In order to determine the MID for BHT in rats, groups of F344
rats (5/sex) were given diets containing 0, 62006, 12 500, 25 000 or
50 000 mg BHT/kg diet for 7 weeks. Body weights were determined twice
weekly. Gross necropsy was performed on all animals in the study. All
of the male and female rats in the 50 000 mg/kg group died before the
end of the study. With the exception of one male in the 12 500 mg/kg
group, all of the animals in the other treatment groups and control
groups survived to the end of the study, Body weights at week 7 of the
study showed a dose-related decrement, with animals in the 25000 mg/kg
group weighing only 38% to 44% of control values. At dietary levels of
12 500 mg/kg, there was a slight increase in haematopoiesis in both
sexes (NCI, 1979).

2.2.2.3 Dogs

Mild to moderately severe diarrhoea was induced in a group of
4 dogs fed BHT at doses of 1.4-4.7 9/kg bW every 2 to 4 days for
4 weeks. Postmortem examination revealed no significant gross
pathological changes. No signs of intoxication and no gross or
histopathological changes were observed in dogs fed doses of
0.17-0.94 g/kg bw, 5 days/week for a 12-month period (Deichmann
et al., 1955).

2.2.2.4 Monkeys

Groups of 3 infant or juvenile monkeys ({Macaca mulatta)
received BHT at doses of 0, 50 or 500 mg/kg bw/day for 4 weeks. Blood
analysis {complete cell count, serum sodium and potassium, bilirubin,
cholestercl and GOT) was carried out weekly, as was a complete

urinalysis. Liver biopsies were taken from the juvenile monkey at 2
weeks, following a 24-h fast. At the end of the test period, all
animals were fasted 24 h and sacrificed. Tissues from all major organs
were prepared for light and electron microscopy. Liver tissue was

also analyzed for protein, RNA and cytochrome P-450. Microsomal
preparations prepared from the livers were used to measure
nitroanisole demethylase and glucose-6-phosphatase activity. Urine and
blood values of test and control ani als were similar. Histological
evaluation of all organs other than the liver from either infant or
Jjuvenile monkeys did not indicate any P elated ch . Test
animals receiving BHT showed hepatocytomegaly and enlargement of
hepatic cell nuclei. The hepatocytes of treated animals showed
moderate proliferation of the endoplasmic reticulum. Iipid droplets
were also prominent in cytoplasm of these hepatic cells. There was
fragmentation of the nucleolus in 15% of the hepatic cells in the test
animals in the high-dose group. DNA, RNA and cytochrome P-450 levels
in the liver of test and control animals were similar. BHT-treated
juveniles showed an increase in nitroanisole demethylase activity
which increased with time. The enzyme activity was unaffected in
infant ys. Gl h hatase activity declined in Juvenile
monkeys but was unchanged in infant monkeys (Allen & Engblom, 1872).

2.2.3 Long-term toxicity/carcinogenicity studies
2.2.3.1 Mice

Groups of 60 FAF male mice were maintained on semi-synthetic
diets containing 0, 0.25 or 0.5% BHT. The mean life-span of the test
animals was significantly greater than controls, being 17.0 % 5.0 and
20.9 + 4.7 months respectively for the 0.25% and 0.5% BHT, as compared
to 14.5 + 4.6 months for controls (Harman, 1968).

A group of 18, 8-week old male BALB/C mice fed BHT at a level of
0.75% for a period of 12 months, developed marked hyperplasia of the
hepatic bile ducts with an associated subacute cholangitis (Clapp
et al., 1873).

Eleven mice (BALB/C strain} were maintained on a diet containing
0.75% BHT for a period of 16 months. The incidence of lung tumours in
the test group was 63.6%, compared with 24% in controls {Clapp
et al,, 1373). However, a repeat of this study using a larger group
of test animals, showed that BHT had no effect on the incidence of




Groups of 48 mice (CFI strain) equally divided by sex were
maintained on diets containing 1000 wmg/kg BHT. At week 4, one group
was then fed a diet containing 2500 mg/kg BHT, and at week 8, another
group was fed a diet containing 5000 mg/kg BHT. The animals were

maintained on these diets until 100 weeks of age. There was no
statistically significant reduction in survival of animals on the BHT
diet, although survival was poorer in males at the high-dose level
during the last quarter of the study. Animals dying or sacrificed
during the course of the study showed greater centrilobular cytomegaly
and karyomegaly than controls. Bile duct hyperplasia was only observed
in 3/141 test animals. There was no significant difference in the
incidence of malignant tumours in the high-dose group and control.
However, there was an increased incidence of lung neoplasia in treated
mice (75%, 74%, 53% and 47% in the 5000, 2500, 1000 mg/kg and control
groups, respectively). There were no morphological features to
distinguish the lung tumours in treated mice from those in controls.
There was also an apparent increase in benign ovarian tumours in
BHT-treated female mice, since none were observed in control animals
{Brooks et al., 1876}.

BHT was administered in the diet at levels of ¢, 3000, or

6000 mg/kg to groups of 20 (control) or 50 (treated) male and female
B6C3F; mice for 107108 weeks. The mice were observed twice daily for
signs of ill-health. Physical examinations were performed each month
and body weights were recorded at least once a month. Gross and
microscopic examination of 28 major organs, tissues and gross lesions
including the liver, thyroid and forestomach, was pexrformed on all
animals at the end of the study and all animals dying on test where
possible. Peripheral blood smears were made for all animals where
possible. The body weights of treated male and female mice were lower
than the control mice throughout the study [numerical data not
provided]. The magnitude of the body-weight decrements was
dose-related. Administration of BHT in the diet resulted in similar or
improved survival in the treated groups compared with controls. At
termination, survival in male mice was 60%, 86% and 92% and in females
85%, 82% and 90%, for the control, low-and high-dose groups,
respectively. There was a marked dose-related increase in the
incidence of hepatocytomegaly and non-neoplastic lestons of the liver
(peliosis, hepatocellular degeneration/necrosis and cytoplasmic
vacuolation} in males but not in females. The incidence of
hepatocellular adenoma or carcinoma was not significantly increased in
either treated male or femsle mice, although there was a small
increase in the incidence of combined adenomas and carcinomas in the
treated females (1/20, 4/46 and 5/49 for the control, low- and
high-dose females, respectively) which was not statistically
significant. The historical control incidence for hepatocellular
neoplasms was not provided. The incidence of alveolar/bronchiolar
carcinomas or adencmas in female mice was significantly higher than
controls (5%) in the low dose (35%), but not the high dose (14%). The
historical control incidence was 4.7% for alveolar/bronchiolar
adenomas or carcinomas. Chromic ingestion of BET in the diet was

related to a significant reduction in the incidence of sarcomas of
muitiple orgamns in female mice. Four adenomas of the eye/lacrimal
gland were obsexved in high-dose males (8%) and in 2 low-dose females
but not in corresponding contrels. The historical incidence of this
tumour in male mice was 1.2%. Since the lacrimal gland was only
examined microscopically ip animals with grossly apparent lesions, the
report states that the lacrimal gland tumours could not be clearly
related to BHT administration (NCI, 1879).

Groups of B6C3F; mice (100/sex), were fed diets containing 0,

200, 1000 or 5000 mg/kg BHT for 96 weeks, followed by a basal diet for
8 weeks. At the end of the test period the surviving animals were
killed. A complete autopsy was carried out, and the principal organs
and tissues were examined microscopically. Mice that died during the
course of the study were also autopsied. In addition, terminal blood
samples were collected for haematological examination and serum
clinical biochemistry. Urine samples were also examined. During the
course of the study, food consumption was similar for test and control
groups. Body weights of females in the 1000 and 5000 mg/kg groups were
lower than controls, as was the body weight of males in the 5000 mg/ky
group. There were minor changes in the absolute weight of some organs
in the high-dose groups (salivary glands, heart and kidney). In males,
the serum GOT and GPT levels in the 5000 mg/kg group were higher than
controls. No other compound-related effects were observed in the
haematological, serum and urine analysis. Neoplastic lesions were
reported in both test and conirol animals. The tumours that occurred
with greatest frequency were adenomas of the lungs, hyperplastic
nodules and hepatocellular carxcinomas of the liver and malignant
lymphomas. However, there was no statistically significant difference
between the BHT-treated and control groups for the incidence of any
type of tumour (Shirai et al., 1982).

BHT was administered in the diet at concentrations of 0, 1% or 2%
to groups of B6C3F; mice (50/sex) for 104 weeks. After the treatment
period, all the surviving mice were given basal diet for an additicnal
16 weeks. Treated animals underwent a 16-week recovery period prior to
pathological examination. Mean body weights of the treated male and
female mice were lower tham those of controls. The body-weight
decrements were dose-related in both sexes and were more marked in
female mice. Treatment with BHT was found to improve survival in a
dose~related manner in both males and females. At the end of treatment
(104 weeks), the percent survival for male/female mice was 40%/58%
{control), 64%/81% (1% diet) and 74%/89% (2% diet}. In male mice
administered BHT, there was a statistically significant increase in
the incidence of either a hepatocellular adenoma (19%, 38% and 53% in
control, low~ and high-dose groups, respectively) or a focus of
hepatocellular alteration, showing a clear dose-response relationship.
Wo increases in the number of female mice with hepatocellular adenomas
or foci of altered hepatocytes were noted. The incidence of male mice

with other tumours and the incidence of female mice with any

‘tumour were not significantly increased as a consequence of BHT
administration. There was a dose-related tendency to lower incidence
of lymphoma and leukemia in both males and females {Inai et al.,
1988} .

2.2.3.2 Rats

Groups of rats (15/sex) given diets containing 1% lard and
0.2, 0.5 or 0.8% BET for 24 months showed no specific signs of
intoxication, and micropathological studies were negative. For the
group given a diet containing 0.5% BHT, the BHT was dissolved in lard
and then heated for 30 minutes at 150°C before incorporation in the
diet. There were no effects on weight gain or blood constituents and
micropathological studies of the main organs were negative., The
feeding of 0.B% BHT was followed in both male and female rats by a
subnormal weight gain and by an increase in the weight of the brain
and liver and some other organs in relation to body weight.
Micropathological studies were negative in this group also. BET had no
specific effect on the number of erythrocytes and leucccytes, or on
the concentration of haemoglobin in the peripheral blood. A number of
rats of both sexes died during this experiment, but the fatalities
were not treatment-related. Micropathological studies supported this
observation. At 0.5%, BHT had no effect on the rat reproductive cycle,
the histology of the spleen, kidney, liver and skin, or on the weight
of the heart, spleen or kidney. There was no significant increase in




coconmut oil for a period of two years (Deichmann et al., 1955).

Groups of JCL strain rats (20/sex/group), reared under a barzier
system and 4 weeks of age at the start of the study, received BHT at
0, 0.005, 0.062 or 0.32% in the diet. Of each group of 40, 15 received
compound for a "lifetime”, 10 for 24 months, and 5 each for 3, 6 or 12
months. At the interim and final kills, liver, kidney, heart, spleen,
thyroid and caecum weight were determined as were haematology, serum
biochemistry, urinalysis, and histological investigation of the
tissues. At 24 months, heart, liver, kidney, spleen, pituitary,
thyroid, adrenal, testes, prostate and brain were weighed,
haematological ard biochemical measurements conducted, and
histopathology done. There was am increase in liver weight, serum
cholesterol, serum K' and histological changes in liver and kidney
at the 0.32% dietary level. There was no change in quantity of food
intake, body-weight gain, mortality during feeding or mean life span
and ne finding suspicious of tumour induction. There was no indication
of a dose-related trend in tumour prevalence in either 24-month or
"lifetime” groups. The tumours found were said to be typical of those
described in aged rats. It is to be noted that the pumber of surviving

rats was small and that tumour data included both lifetime groups and
animals dead or sacrificed moribund during the 6, 12 and 24-month
feeding. The available data do not list the numbexr of each of the
individual tissues examined, although the number of rats is listed.
The data show a tendency for a decreased number of tumours per rat at
higher BHT levels (Hiraga, 1978).

Groups of Fischer 344 rats (50/sex) received 3000 mg/kg or
6000 mg/ kg BHT in the diet for 105 weeks. The compound was mixed with
autoclaved lab meal containing 4% fat. A control group of 20
animals/sex received lab meal only. The animals were observed twice
daily for signs of ili-health. Physical examinations were pexformed
each month and body weights were recorded at least once a month. Gross
and microscopic examination of 28 major organs, tissues and gross
lesions including the liver, kidney, thyroid and forestomach, were
performed on all animals at the end of the study and all animals dying
on test where possible. Peripheral blood smears were made for all
animals where possible. There was a dose-related decrease in body
weights of treated male and female rats throughout the study. There
Was no significant effect of BET on mortality and no difference in the
dincidence of various neoplasms between treated and control groups. The
incidence of adenomas of the pituitary was significantly reduced in
female rats with BET administration. The incidence of focal alveolar
histiocytosis was elevated in treated male and female rats in a
dose-related manner compared with controls. The effect was more
pronounced in females than in males (NCI, 1978} .

Groups of 7-week old Wistar rats {57/sex/group) were maintained
on diets containing 0.25 or 1% of BHT for 104 weeks. Control groups
consisted of 36 rats/sex. At the end of the test period, the surviving
animals were killed and a complete autopsy was carried out and the
weights of liver, spleen and kidneys were taken. The principal organs
and tissues were examined microscopically. Terminal blood samples uwere
collected for haematological examination and serum clinical
biochemistry. Survival in test groups was between 40% and 68%, A
significant increase in the mortality of the high-dose males was noted
after week 96 of the study. Food intake was similar for test and
control animals, but body-weight gain was significantly reduced in
high-dose males up to week 60 and in high-dose females for most of the
study. Increases in the mean absolute and relative liver weights were
observed in all treated animals, and decreases in the absolute and
xelative spleen weights were observed in the treated females.
Dose-related changes in serum triglyceride (reduction) and GGT
{increase) in treated males and in total blood c¢holesterol (increase)
in treated females were noted. No significant morphological changes
were observed in the liver which were attributable to BHT treatment. A
variety of tumours were noted on histopathological examination at the
end of the study, with no dose-related response in either type of
tumour or total number as compared to contrals. The incidence of
hyperplastic nodules in the liver and of pancreatic caxcinomas in

female rats and of pituitary adenomas and adeno-carcincmas in both
sexes of test animals was higher than in controls. However, with the
exception of the incidence of pituitary adenomas in the low-dose
females, these differences were not significantly different from
controls. Since this effect was not dose-related, it was concluded
that BHT, under the conditions of this test. was not carcinogenic:
{shibata et al., 1979; Rirose et al., 1981).

Groups of 60, 40, 40, or 60 Wistar rats of each sex (F,

generation) were fed BHY in the diet at doses of 0, 25, 100, or

500 mg/kg bw/day, respectively. The F, rats were mated after 13
weeks of dosing. The F, groups consisted of 100, 80, 80, and 100

F; rats, respectively, of each sex from the offspring from each
group. Because of an adverse effect on the kidney in the parents, the
concentration of BHT in the highest dose group was lowered to

250 mg/kg bw/day in the F; generation. The study was terminated when
rats in the Fy; generation were 144 weeks of age. Parameters studied
were food consumption (weekly), body weight, appearance, and
mortality. Autopsy and complete histopathological examinations were
performed on all animals dying during the study, or sacrificed

in extremis or at termination.

All animals consuming BHT experienced a dose-related increase in
survival. In both sexes differences (p <0.00%) in longevity were
seen. The average body weights of the F; pPups at birth in the mid-
and high-dose groups were slightly lower than those in the control
group. Body weights of all dosed animals from weaning through the
entire experiment were lower than those of control animals. In the
low~, mid-, and high-dose groups, the reductions in body weight were
for males/females 7%/5%, 11%/10%, and 21%/16%. Food intake was
comparable for all groups. Clinical appearance and behaviour were
reported to be normal for all animals. The high~dose males voided a
slightly reddisk urine. Haematological parameters were reported to be
unchanged by BHT treatment, but no data were given. Serum triglycerides
were reduced in both sexes and cholesterol was somewhat elevated in
females only.

Bistological studies indicated an increase in hepatocellular
carcinomas in male rats and an increase in hepatocellular adencmas in
both male and female rats. Most liver tumours were found during
terminal sacrifice at 141-144 weeks. One hepatocellular carcinoma was
found in a control male at 117 weeks and one in a high~dose male at
132 weeks. The remainder of the carcinomas occurred at terminal
sacrifice. The first adenoma was noted in a high-dose male at 115
weeks. Tables 3 and 4 summarize the data on mortality and the
appearance of adenomas and carcinomas of the liver. Data on mortality
and tumour incidence in different groups were analyzed using the
procedure of Peto et al. (1980). The dose-related inereases in the
mumber of hepatocellular adenomas were statistically significant

{at p < 0.05) in male F; rats, when all groups were tested for
heterogenicity or analysis of trend. The increase in hepatocellular
adenomas and carcinomas in treated female F; rats was statistically
significant only for adenomas fat p <0.05) in the analysis for trend.
Reports on the spontaneous incidence of hepatocellular neoplasms in
Wistar rats from the laboratery performing this study, as well as




3% (Solleveld et al., 1984; Deerberg et al., 1980; Olsen et al.,
1984). The median life-span for animals in these studies ranged from
28-36 months for males and 28-33 months for females. Other sites
reported to have a slight but not statistically significant increase
in neoplastic lesions were as follows: thyroid, pancreas, ovary,
uterus, thymus, reticuloendothelium system, and mammary gland.

Non-neoplastic lesions occurred incidentally and showed no
relationship to BHT treatment, with the exception of lesions of the
liver, which showed a dose-related increased incidence of bile duct
proliferation and cysts in males, and focal cellular enlargement in
females. At the highest dose (250 mg/kg bw/day), there was no adverse
effect on the kidney (Olsen et al., 1986).

A long~term study was ipitiated in order to investigate the role
of hepatic changes in the development of hepatocellular carcinomas in
rats following in utero/lifetime exposure to BHT. The dosing regimen
of the study and strain of rat used were similar to those in the
two-generation study conducted by Olsen et al. (1986). Groups of
6 male and 48 female Wistar rats, aged 13 weeks and 9 weeks,
respectively, were fed BHT in the diet at doses of 0, 25, 100 or
500 mg/kg bw/day for 3 weeks prior to mating {13 weeks in Olsen
study). The rats were then mated or a 1:8 ratio for up to 21 days.
When pregnancy had been established by abdominal palpation, dams were
removed to individual cages. On day 20 of gestation, 5 pregnant rats
were sacrificed for assessment of body and liver weights and liver
histopathology. The pups were delivered by Caesarian section and
retained for assessment of a number of parameters. The remaining
females (20 dams in the control and high-dose groups; 24 dams in the
low- and mid-dose groups) were allowed to deliver normally. On day 6
post-partum, litters were either culled or augmented to comprise 8
pups, at the same time maximizing the number of robust males in each
litter. At weaning (3 weeks), 4 pups from each of 5 litters per group
were selected randomly, maximizing the pumbers of males, for
assessment of a number of parameters. The male pups from the remaining
litters (approximately 60/group) were selected to continue in the
study and were placed in one of 4 groups corresponding to the diets
fed to their parents, with the exception that the high dose was
reduced to 250 mg/kg bw/day as in the Olsen study. Interim kills were
conducted at 1, 6, 11, or 16 months. The study was terminated 22
months after the F; male rats were placed on test diets. All animals
were observed daily throughout the study for clinical or behavioural
signs of toxicity. F, females were palpated from pregnancy to

weaning and F, males were palpated from 15 months to termination.

Body weights were recorded approximately every 2 weeks and food
consumption monitored every few days. Animals dyiny during the study
or at scheduled sacrifices were subjected to gross necropsy. At each
of the scheduled sacrifices the following parameters were measured in
all groups of F; fetuses and weanlings and F; male rats: body and
liver weights; hepatic enzyme activities for glucose-é6-phosphatase,
epoxide hydrolase, glutathione-8-transferase, ethoxyresorufin
O-deethylase and pentoxyresorufin O-depentylase; hepatic content of
total cytochrome P-450, total glutathione, total microsomal and
cytosolic protein; and histopathological changes in the liver. In
addition, immunochemical staining of liver sections foxr cytochrome
P-450 1A and 2B and epoxide hydrolase was performed in the control and
high-dose groups at all scheduled sacrifices. Cellular proliferation
in the liver was measured in 5 animals per dose group at 4 weeks and
all subsequent sacrifices using pulse labelling techniques with
bromodeoxyuridine (only control and high-dose results were reported).
At the 11, 16 and 22-month sacrifices, a number of parameters in
addition to those listed above were monitored: histopathological
changes in the adrenal, kidney and thyroid; assessment of distribution
of hepatic gl h tase and g lutamyl transferase by
histochemical staining:; and serum thyroxine concentiration (presented
for 16 and 22 months only}.

In the first 5 weeks of BHT administratjon, a reduction in
body-weight gain was noted in the high-dose males. This trend started
prior to BHT administration and continued after BHT administration was
initiated. Body-weight gain in all other treatment groups was similar
to that in controls. No treatment-related effects on the health of the
animals were noted. During pregnancy and lactation, there was no

. difference in food consumption between treated and control female
rats, and body weights of the dams were similar at weaning. At the
sacrifice on day 20 of gestation, both absolute and relative liver
weights of the dams were increased im a dose-related manner,
statistically significant at the high dose. The body weights of the
females, both including and excluding their litters, were similar in
2ll groups. Histopathological examination of the liver revealed mild
enlargement of centrilobular hepatocytes and eosinophilia in 4/5
high-dose (500 mg/ky buw/day) animals, and 1/5 low-dose (25 mg/kg
bw/day} animals, consistent with induction of mixed function oxidase
activity. A decrease in the mitotic index of hepatocytes from dams
receiving 100 and 500 mg/kg bw/day was noted; the significance of this
result was unclear.

Table 3. Moxtality (and combined adenomas and carcinomas of the. liver) in F; rats

BHET Effective

(mg/kg mmber Number of deaths during weeks?

bw/day) of rats

0~30 91-104 105-113 114-118 119-126 127-132 133-140

MALES

o 100 20 10 13 {1)/8 11 10 {1)/12
25 80 8 11 6 3 (1)/13 11 8

100 20 8 12 3 2 10 7 {23711
250 93 7 7 6 /4 {2)/8 (2)/13 {1)}/10
FEMALES

o 100 16 18 18 (2)/8 11 7 8

25 72 10 9 4 6 i3 {1}/10 {1)/8
100 80 5 17 5 5 (L) /7 {1)/9 {1)/11
250 99 9 5 11 12 8 5 (2)/10
a Figures in parenthesis are combined adenomas and carcinomas occurring during that period.

Table 4. Incidence of hepatocellular nodular hyperplasia, adenomas,
and carcinomas (Olsen et al., 1986)

BHT Effective No. Nodular
{mg/kg bw/day) of rats hyperplasia Adenomas Carcinomas
MALES
o 100 2 1 1
25 80 o] 1 0
100 90 2 H 1
250 29 2 1g® gb
FEMALES
0 100

on
w
oo

25 79

(Olsen et al., 1986}

141-144

16

20
(8)/27
{20) /44

17
(1)/13
(3)/21
(12)/39

Total

(2)/100
{1)/80
{6) /80
(26)/99

(2) /100
{3)/79
{6)/80
(14} /99




250 99 [ 1z¢ 24

2 Over-all test for heterogeneity, p< 0.001, chi-square
18.17, 3 df.
Test lot trend, p< 0.001, chi-square = 17.97, 1 df.

B Over-all test for heterogeneity, p < 0,05. chi-square
11,12, 3 af.
Test for tremd, p< 0.01, chi-square = $.40. 1 df.
< Over-alli test for heterogemeity, not significant, chi-square =
5.20, 3 df.
Test for trend, p< 0.05, chi-square = 4.99, 1 4f
d

Over-all test for heterogeneity, not significant, chi-square =
2.87, 3 4f.
Test for trend, not significant, chi-square = 2.59, 1 df.

Reproductive parameters were as follows: mating index was in the
range 54-65%; gestation index, 93-96%; viability index (birth to
day 6}, 93-96%. No effect of treatment was evident in these
parameters. The absolute numbers of resorptions/dam were also similar
in treated and control groups. There was a slight decrease in the
numbers of pups/litter in the low— and high~dose groups, but a
dose-related trend was not evident. Body weights of the pups from the
high-dose group were significantly lower than controls at birth {10%}),
and at days 6 (12%) and 21 {21%) of lactation. Mortality of the pups
remaining after culling, to day 21 of lactation was 2%, 8%, 12% and
15%, in order of ascending dose. Since the culling of pups at day 6
wWas non-random, these data could not be used for an wunbiased
evaluation of reproductive function in BHT-treated animals.

Body weights of the ¥, males which continued in the study were
lower in the high-dose group, compared with controls, throughout the
22-month treatment period. During the first year of the study, the
difference was in the range of 10-20%. Lower bedy weights which
differed from controls by about 5% were also noted in the nid-dose
animals during the first half of the treatment period. No adverse
reactions to treatment or effects on food consumption were noted.
Subjective assessment of the coats of rats indicated that there was
less age-related deterioration in the 100 and 250 mg/kg bw/day groups
thar in controls. At the scheduled sacrifices, consistent dose-related
increases in relative, but not absolute liver weights were observed,
which were statistically significanmt at the high dose.

A dose-related incidence of enlargement and eosinophilia of the
centrilobular hepatocytes was observed consistently at the scheduled
sacrifices, starting at 6 months. This was indicative of proliferation
of the SER, consistent with an iamduction of mixed function oxidases.
Immunohistochemical staining of liver sections from control and
high-dose rats revealed a marked .increase in hepatocellular content
and distribution of cytochrome P-450 2B with BHT treatment which
persisted throughout the study. No such alteration was seen in the
staining patterns for cytochrome P-450 1A or epoxide hydrolase.
Histochemical staining revealed a marked induction of gamma-glutamyl
trans-peptidase activity in the periportal hepatocytes of nearly all
of the high-dose rats, starting at 11 months of treatment. This effect
was noted to a lesser extent in the mid-dose group. The distribution
of glucose-6-phosphatase activity in the treated rats was normal.
There was no evidence of treatment-related bile duct hyperplasia or
inflammatory cell infiltrate in the portal tract. Some rats with
altered hepatocellular foci (AHF) were noted in treated groups at 11
months and in all groups at 16 and 22 months. There was no treatment
relationship in the incidence of specific types of foci. At 22 months,
there was a higher incidence of eosinophilic and basophilic foeci in
‘the high-dose group. Bistochemical staining of liver sections revealed
a small npumber of high-dose apimals with glucose-é-phosphatase-
deficient AHF which was statistically significant. No treatment~
related increase was noted in the incidence of ANF staining positive
for GGT At 22 months, there was also a significant increase in the
number of rats with hepatic nodules in the high-dose group {6/19
animals compared with none in the other groups) .

No increases in the rate of hepatocellular proliferation were
detected as a result of BHT administration at any point in the study
commencing from 4 weeks post-weaning. It is of interest to note that
Clayson et al. (1593) observed an increase in hepatocellular
proliferation between 2 and 4 days after initiation of treatment of
male Wistar rats with 0.5% dietary BET. Such a transient increase
would be difficult to detect with the widely spaced sampling times
used in this study.

A number of hepatic enzyme activities and other parameters
related to xemobiotic metabolism were altered as a result of BHT
treatment. Total cytochrome P~450 content was increased by 30-60% in
the high-dose animals starting at 21 days of age. Dose-related
increases were noted in epoxide hydrolase, glutathione-S-transferase
and pentoxyresorufin O-depentylase (PROD) activities, starting at 21
days of age, which were statistically significant in the mid- and
high-dose groups. The increases in PROD activity were very large,
10~25 fold in the mid-dose, and 20-80 fold in the high-dose groups.
Modest dose-related increases in ethoxyresomfin O-deethylase
activities were noted which were not statistically different from
controls. No effects on hepatic glutathione levels or glucose
6-phosphatase activity were noted throughout the study.

Histopathological examination of the kidneys revealed a reduction
in severity of chronic Progressive nephropathy which affected the rats
in all groups from 11 months. No effects on the adrenal were noted,
slthough in a nearly identical, but invalidated study conducted in the
same laboratory (Robens Institute, 1988) cytomegaly of cells of the
zona fasciculata was observed in the mid~ and high-dose groups at
weaning and at 4 weeks post-weaning, but not at subsequent time
points. In the present study, histopathology of the adrepal was
conducted starting at 11 months post-weaning. Evidence of thyroid
hyper-activity, characterized by reduction of follicular size, absence
or reduction of colloid, irregularities in the follicular outline,
hyperaemia and increase in the number of follicular cells was noted
starting at 11 months in both the mid-dose group {mild changes
affecting 75-82% of the rats} and the high-dose group {marked changes
affecting 100% of the rats). This effect was probably secondary to the
effects of BHT on the liver. Serum thyroxine levels in treated rats
did not differ from controls.

The demonstrated effects on hepatic enzyme induction and
consequent thyroid hyperactivity in the mid- and high-dose groups
together with the tumour data from the Olsen study suggested a NOEL of
25 mg/kg bw/day (Price, 1994).

BET was added to the diet of male F344 rats for perieds of up to
110 weeks. In the first experiment, a group of 36 male F344 rats
received basal NIH-07 diet only, while groups of 21 rats received
diets containing 300, 1000, 3000 or 6000 mg/kg BHT. Four animals were
randomly selected from each group for measurement of altered
hepatoceliular foci at 12, 36, 48 or 76 weeks.

The remaining animals were sacrificed at 76 weeks. In a second
experiment, groups of 27 male F344 rats were fed basal diet, or diets
containing 12 000 mg/kg BBT or 12 000 mg/kg BHA for 110 weeks, at
which time all surviving animals were sacrificed. In both experiments,
body weights were recorded every four weeks. Gross necropsy was
performed on all animals. The livers were weighed and submitted forx




All the rats in experiment 1 survived the entire treatment period
{76 weeks). In experiment 2, the survival of rats in control and
treated groups started to decline after 84 weeks, but ne
treatment-related trend was evident. At the end of the treatment
periods, rats fed 3000, 6000 or 12000 mg/kg BHT had significantly
lower body weights compared with respective controls. The body-weight
decrement for these three groups was approximately 10%. Rats fed
6000 mg/kg BHET for 76 weeks had significantly increased absolute and
relative liver weights compared with controls. In rats fed 12000 mg/kg
BHT for 110 weeks, the absolute liver weights were significantly
decreased and relative liver weights were comparable to controls. The
density of iron storage deficient hepatocellular foci in the one
affected rat per group was slightly but not significantly increased in
BHT-treated animals at 48 and 76 weeks; the incidence and size of foci
were slightly decreased at 110 weeks in rats receiving 12000 mg/kg
BHT. No hepatocellular carcinomas were detected in any of the groups.
Hepatocellular adenomas were detected in all groups, including
controls, with no treatment-related trend in incidence. There was also
no treatment-related effect of BHT on the incidence of grossly
observable tumours in specific organs {(Williams et al., 1990a).

2.2.4 Reproductive toxicity studies
2.2.4.1 Mice

Diets containing 0.1 or 0.5% BHT together with two dietary levels
of lard (10 or 20%) were given to mice. The 05% level of BHT produced
slight but significant reduction in mean pup weight and total litter
weight at 12 days of age. The 0.1% level of BHT had no such effect.
out of 7754 mice born throughout the reproductive life span of the
mothers, none showed anophthalmia, although 12 out of the 144 mothers
were selected from an established anophthalmic strain {(Johnsom, 1965).

The chronic ingestion of 05% BHT by pregnant mice and their
offspring resulted in a variety of behavioural changes. Compared to
controls, BHA-treated pregnant mice showed increased exploxation,
decreased sleeping, decreased self-grooming, slower learning, and a
decreased orientation reflex. BHT-treated offspring showed decreased
sleeping, increased social and isolation-ipduced aggression, and a
severe deficit in learning (Stokes & Scudder, 1974).

A 3-generation study was performed in mice for the evaluation of
reproductive, developmental, and behavioural effects. Groups of 10
Crj:CD-1 mice/sex received BHT in the diet at concentrations of 0,
0.015%, 0.045%, 0.135%, or 0.405% {eguivalent to 0, 20, 70, 200 or
610 mg/kg bw/day) starting at 5 weeks of age. At 2 weeks of age, the
mice were mated on a 1:1 basis for a period of 5 days. The pups
resulting from these matings were weaned at 4 weeks of age and 10
mice/sex/group were randomly selected to continue in the study. Males
and females were mated at 9 weeks as in the previous generation.

Reproductive parameters measured for each of the F, and F, groups
were: number of litters and pups, litter size and weight, sex ratio,
pup weights on lactation days 0, 4, 7, 14, and 21, and survival to day
21. Neurobehavioural parameters measured at various times during

the lactation period were: surface righting, negative geotaxis,

cliff avoidance, swimming behaviour and olfactory orientation.
Administration of BHT in the diet to mice adversely affected only

one of the measured reproductive parameters. Body-weight gain was
consistently reduced from day 7 to day 21 of lactation in the F,

high-dose pups, but no body weight differences were noted in the F,
pups compared with controls. In the F, males, lower scores were

assigned to the treated groups for the 180° turn in the open field
‘trial but this effect was not apparent in the F, female pups.

Consequently, no toxicologically significant effects ¢of treatment were
apparent with BHT at the dietary concentrations tested in this study
(Tanaka et al., 1983).

2.2.4.2 Rats

Weanling rats (16/sex) were fed a diet containing 20% lard and O,
300, 1000 or 3000 mg/kg BHT and mated at 100 days of age (79 days on
test). Ten days after weaning of the first litter, the animals were
again mated to produce a second litter. The offspring (16 females and
% males) were mated at 100 days of age. Numerous function and clinical
tests including serum cholesterols and lipids were performed on the
parents and the first filial generation up to 28 weeks and gross and
microscopical examination at 42 weeks. At the 3000 mg/kg dietary
level, 10-20% reduction in growth rate of parents and offspring was
observed. A 20% elevation of serum cholesterol levels was observed
after 28 weeks, but no cholesterol elevation after 10 weeks. A 10-20%
increase in relative liver weight was also observed upon killing after
42 weeks on diet. All other cbservations at 3000 mg/kg and all
observations at 1000 mg/kg and 300 mg/kg were comparable with control.
All criteria of reproduction were normal. No teratogenic effects were
detected (Frawley et al., 1%65b).

Similar results to those obtained with the parental and first
£ilial generations were also obtained with the second filial
generation. Examination of two litters obtained from the latter at 100
days of age revealed no effects except a reduction of mean body weight
at the 3000 mg/kg level. The offspring were examined for litter size,
mean body weight, occurrence of stillbirth, survival rate and gross
and microscopic pathology (Kennedy et al., 1866).

Breeding pairs of Sprague-Pawley rats {200-220 g) received Purina
chow supplemented with 0.125%, 0.25% or 0.5% BHT ad libitum
beginning from the week before mating and continuing in females
through lactation and weaning of the pups. Growth rates and survival
were adversely affected. Pre-weaning pups born of mothers at the

highest dose level weighed significantly less than controls at ages 7,
14 and 21 days. The total number of pups dying on study, born of dams
receiving 0.25 or 0.5% BHT, was significantly higher than controls.
Behavioural tests were conducted, consisting of righting reflex,
pivoting, cliff avoidance, startle response, swimming, open field,
running, wheel activity, roto-rod, active avoidance, position
discrimipnation and passive avoidance. For pre-weaning testing, no
differences were noted at the low- or mid-dose groups. At the
high-dose level, there was significant increase in surface righting
time, delayed forelimb swimming development and a trend to less
activity in open field tests. In post-weaning tests, males in the
0.25% BHT group showed an effect on passive avoidance, with more
partial re-entries into compartments where shocked. For all other
tests, there were no statistical differences, suggesting that BET had
no effect on basic motor coordimation, active avoidance acquisition,
or extinction performance {(Brunner et al., 19278).

Groups of 46 rats, 6-week old (Wistar outbred, SPF) were fed
diets containing 0, or 0.5 to 0.9% BHT so that the dietary intake of
BHY was equivalent to 500 mg/kg bw/day during the course of the study.
At week 19, the F, generation was mated. Twenty-four hours after
birth of F, rats, the size of the litters was reduced to 8, and
half of the litters were cross-fostered. The body weight of parents
and offspring and the developmental events of offspring were
monitored during the course of the study, as well as the reproductive
performance of the F, rats. Auditory and visuwal function and
locomotive coordination tests were carried out on tile F,




histological examination made of the brains. Body weights and weight
gain of test animals were reduced when compared to controls, and this
persisted during gestation. The duration of Pregnancy, average body
weight, and litter size were similar for test and contrel animals. The
average body weight and weight gain of the F, offspring were
significantly reduced in pups pursed by dosed mothers. Pups exposed
in utero to BBET also showed a relatively slower development than
controls when fostered with non-dosed mothers. Pups exposed to BHT
in aotero and/or mothers wilk showed alterations in the bebavioural
patterns examined as well as higher incidence in average number of
dead cells in the brain (Meyer & Hansen, 1980Q).

Detailed comments were submitted by the Chemical Manufacturers
Association (CMA) (1983) on studies of the effect of BHT on
reproduction and teratogemicity. The major were c
with the studies of Brunmer et al. {1978) and Vorhees et al.

{1981) previously reviewed by JECFA in 1980 (Annex 1, reference 54) as
well as the study by Meyer & Hansen (1980).

In the case of the Brunner et al. and Vorhees et al. studies,
it was concluded that the study showed normal pup survival and
development in pups raised by dams on diets containing 0.125% BRT.
Normal post-weaning development was observed in pups raised by dams
on diets containing 0.25% BET, although increased post-weaning
mortality occurred in pups raised by dams on the 0.25% and 0.5% diet;
developmental delays occurred in pups in the 0.5% group. In the case
of the Meyer and Hansen (1980) study, developmental delays were seen
in rats raised by dams on diets containing 0.5% BHT. At the 0.25% and
0.5% level, the effect may be due either to toxic effects of BHT on
the dam, or direct toxicity during lactation. A number of questions
were also raised about the design of the Brunner and Vorhees study.
These are: (i) the pup selection, in which all litters of fewer than 8
live pups were discarded: and (ii) the excess mortality was reported
in terms of pup count rather than affected litters. The data from this
study have been audited by the U.S. FDA (1983). It was concluded that
the raw data support the authors' observations of increased mortality
in the mid-dose and high-dose BHT offspring. Howevexr, excess mortality
occurred in a limited number of litters. For example, in the 0.5%
group, of the 60 deaths reported in 19 litters, 49 of the deaths
occurred in 5 litters; in the 0.25% group, of the 42 deaths, 21
oceurred in 2 litters, and at the 0.125% level, of the 12 deaths, 11
occurred in 1 litter. It was also noted that in the high dose-group,
there was an increased number of litters with 8 pups or less, and no
litters larger than 12 pups. In the other dose groups, the litter size
was comparable to controls.

In the case of the Meyer & Hansen (1980) study, the CMA comments
noted that the level of BHT used in the study caused toxicity in the
dams, which appeared to affect the pups directly or indirectly.
Reports of teratogenicity studies and/or 1-generation reproductive
toxicity studies in several strains of mice and rats as well as a
3-generation reproductive toxicity study in rats were also submitted
in the comments to support a "no effect" level of 0.1% BHT in the
diet.

Groups of 60, 40, 40, or 60 Wistar rats of each sex, 7 weeks of
age, were fed a semi-synthetic diet containing BHET so that the dietary
intake was equivalent to 0, 25, 100, or 500 mg/kg bw/day, respectively,
After 13 weeks on the test diet the rats were mated.

Food consumption was similar in all groups. Male and female rats
in the high-dose group showed a significant decrease in body weight
which persisted throughout the study. Gestation rate was similar fox
all test groups. The litter size and mmber of males per litter were
significantly lower in the 500 mg/kg bw/day group than in the
controls. Viability was similar in test groups and in the control

group during the lactation period. The average birth weight of the
pups in the 500 and 100 mg/kg bw/day groups was slightly lower than in
the controls. During the lactation period, BHT caused a significantly
lower dose-related body-weight gain (5%, 7%, and 41% lower body weight
for the 25, 100, and 500 mg/kg bw/day groups, respectively, as
compared to controls) (Olsen et al., 1986).

A study was initiated to determine the maximum dietary dose of
BHT tolerated by female rats exposed prior to and through pregnancy,
and by pups similarly exposed in utere and until weaning. Groups of
3 male and 16 female Wistar rats were administered BHT in the diet
corresponding to 0, 500, 750, or 1000 mg/kg bw/day for 3 weeks before
mating. At least 8 females per group were dosed during the pregnancy,
and until weaning (21 days after the delivery). After mating, the
males and the remaining females were autopsied. No effect of treatment
was seen on blood-clotting times in these animals. Food consumption of
treated females was considerably bhigher than controls from the fourth
week of the study onwards. No significant effect was seen on body
weight although a dose-related trend to reduction was apparent. No
effects were seen on general health except for fur discoloration in
treated animals.

Successful mating occurred less frequently in rats pretreated
with 1000 mg/kg bw/day of BHT than in the other groups. No major
differences were observed between the groups of pregnant females. The
weight gain in rats treated with the two highest doses appeared to be
inhibited in the last week of the pregnancy. There was no significant
difference between litter number or litter weight between pups born of
control or treated animals, although a dose-related trend towards
Treduction in litter size was seen. No evidence of teratogenic effects
of BHT was provided.

Litter sizes were standardized to 8 pups if possible. At weaning,
the dams treated with 1000 mg/kg bw/day of BET had lower body.weights
and very little body fat was observed at autopsy. Pups from the dams
treated with the lowest BHT dose were markedly stunted in their
growth, but appeared healthy. Pups from dams treated with the two
highest doses were severely stunted, showed poor fur condition, and
were less active. It was noted that in BHP-treated animals, where the
litter size was less than 8, the average pup weight was generally
considerably greater. This implies that the reduced weight gains ih
litters of normal size were associated with poor milk production
rather than BHT toxicity. Pups from two litters from each dose group
were maintained on control diet for 4 weeks after Weaning. Pups born
to dams receiving BHT-containing diets remained of lower body weight
than control pups. Pups from the two highest dose groups continued to
show poor condition. Treatment with BET caused a marked increase in
liver weight in all dams. The liver weights were almost 10% of the
body weights, the maximum degree of enlargement possible in rats. The
relative liver weights of pups from BHT treated dams were not
different from controls {(Robens Institute, 1989).

2.2.4.3 Chickens

When BET was fed at a level of 0.125% for 34 weeks to a group of
10 pullets, no differences in fertility, hatchability of eggs or
health of chicks in comparison with a similar control group were
found. The eggs of the antioxidant—-treated birds contained more
carotenoids and vitamin A than those of the controls {Shellenberger
et al., 1957}.

2.2.4.4 Monkeys

A group of € adult female rhesus monkeys were maintained on a




equivalent to 50 mg BHT/kg bw/day and 50 mg BHA/kg bw/day. Another
group of 6 adult female rhesus monkeys were used as controls. The
monkeys were fed the diet for one year prior to breeding and then for
an additional year, including a 165-day gestation period. Haematologic
studies inciuding haemoglobin, haematocrit, total and differential
WBC, cholesterol, Na*, X', total protein, sexum GPT, and GOT, were
carried out at monthly intervals. Body wWeights were taken at monthly
intervals. Records of menstrual cycles were maintained through the
test period.

After one year the females were bred te rhesus males not
receiving test diets. During pregnancy complete blood counts were done
on days 40, 80, 120 and 160 of gestation and on days 30 and 60
post-partum. A total of § infants were born to the experiment monkeys
and 6 to the control monkeys. Haematological evaluations were made on
infants of the test and control monkeys at days 1, 5, 15, 30 and 60,
and observations of the infants were continued through two years of
age. Two experimental and 2 control infants, 3 months of age, were
removed from their mothers for 1 month of psychological home cage
observations.

Wo clinical abnormalities were observed in parent or offspring
during the periocd of study. The gestation of test animals was free of
complications and normal infants were delivered. Adult females
continued to have normal infants. Infants born during the exposure
period remained healthy, with the exception of one infant that died
from unrelated causes. Home cage observations at the thixd month of
life did not reveal any behavioural abnormalities (Allen, 1976).

2.2.5 Special studies on teratogenicity

In a study on the embryotoxicity of BET, 3 dosing schedules were
employed: single doses (1000 mg/kg bw) on a specific day of gestation,
repeated daily doses (750 mg/kg bw} from the time of mating throughout
pregnancy, and daily doses (250-500 mg/kg bw for mice and 500 and
700 mg/kg bw for rats} during a 7- to 10-week period before mating,

continuing through mating and gestation up to the time the animals
were killed. No significant embryotoxic effects were cobhserved on
examination of the skeletal and soft tissues of the fully developed
fetuses as well as by other criteria. Reproduction and postnatal
development wWere also unaffected (Clegg, 1965).

2.2.6 Special studies on genotoxicity

The results of genotoxicity studies with BHT are summarized in
Table 5.

At a concentration as low as 10 pg/ml {optimal 50~100/pg/ml), BET
exerted a strong inhibitory effect on cell-to-cell dye transfer
(lucifer yellow transfer) in cultures of SV-40-transformed Djungarian
bamster fibroblasts. The effect was reversible. BET shared this effect
with a series of well known tumour promoters (Budunova et al.,

1389).

An extensive database of genotoxicity studies for BHT, including
those documented above, were reviewed in a paper by Bombard et al.
(1992). The authors conciuded that the majority of evidence indicated
a lack of potential for BHT to induce point mutations, chromosomal
aberrations, or to interact with or damage DNA, and that BHT does not
represent a genotoxic risk to humans.

The ability of BHT and its metabolites to induce cleavage of
supercoiled plasmid DNA was studied in pUC18 by agarose gel
electrophoresis. Dose-related cleavage of DNA was noted with
BHT-quinone in the range 105-1072M, and to a lesser extent using
higher doses of BHT-aldehyde and BHT-peroxyquinone. BHT, BHT- quinone
methide and other BHT metabolites had no effect on the plasmid DNA.
Free radical scavengers were effective against the effects of
BET-quinone and -peroxyquinone, but not against BHT-aldehyde.
Formation of superoxide radical as measured by a reduction in
cytochrome ¢, was noted only with BHT-quinone {(Nagai et al., 1993).

The addition of BHT (5 to 20 pg/plate) caused a two-fold increase
in the mutagenic potency of aflatoxin B, using Salmonella
typhimurivm strains TA98 and TAl00, with and without activation
(Shelef & Chin, 1980).

The addition of 50-250 pg of BHT/plate inhibited 3,2'-dimethyl-
4-aminobiphenyl-induced mutagenicity in Salmonella typhimvrium
strains TA98 and TA100 in the presence of rat liver S-9% fraction
{Reddy et al., 1983a}).

Table 5. Results of genotoxicity assays with BHT

Test System Test Object Concentration of Results Reference
BHT
Boint Mutation
Ames test? 8. typhimurium 0.015-0.6% Negative Brusick 1875
TA1535, TA1537
TA1538
Ames test! 8. typhimurium Negative Hagemsn et al.
TA97, TAl02 1988
TA104, TAL00
Ames test? S. typhimurium 100-10 000 Negative Williams et al.
TA98, TA100 ug/plate 1980b
TA153S, TA1537
TR1538
Ames testl S$. typhimurium 100-1000 ng/plate Negative Yoshida 1890
TA98, TAL00
Fmes testl 5. typhimurium 10 ng/plate Negative Detringer et al.
TA 98 1383
Host-mediated assay ICR Swiss mouse/ 30-1400 mg/kg - Negative SRI 1872
S. typhimurium acute
646, TA1530 30-500 mg/kg —
subacute
Mammalian cell rat liver epithelial 60-9¢ ng/mi Negative Williams et al.
gene mutation cell {line 18}, 1990b
BGERT locus
Table 5 {cont'd)
Test System Test Object Concentration of Results Reference
BHT
Sex-linked recessive Drosophila 2.0 X 1076 pg Negative? Prasad &
lethal melanogaster Kamra 1974
Sex-linked Drosophila 5% diet Negative Brusick 197%




Clastogenic effects and chromosomal aberrations

Chromosomal
aberration assay

Sex chromosome loss

Micronucleus assay

Dominant lethal assay

Dominant lethal assay

Table 5 (cont'd)

Test System

Heritable
translocation assay

DNA__interactions
Mitotic recombination

Mitotic nation

human WI-38
(embryonic lung
cells}

Drosophila
melanogaster

rat bone marrow

Sprague-Dawley rat

male Sprague-Dawley
rats

male mice

Test Object

male mice

Saccharomyces
cerevisiae D4

~ Host-mediated

Sister chromatid
exchange!

DNA excision tepair
synthesis

DNA repair test

yces
cerevisiae D3/ICR
Swiss mouse

CHO cells

Uv-irradiated human
lymphocytes

hepatocyte primary

2.5-250 ug/ml

2.0 X 1076

30, 90, 1400
mg/kg {acute and
subacute}

30, 900, 1400
mg/kg bw {acute)
30, 256, 500
wg/kyg bw/day
{subacute)

50, 150, 500

mg/kg bw/day
1% diet

Concentration of
SHT

1% diet

0.6-2.4%

3@, 900, 1400
ng/kg bw {acute
30, 250, 500
mg/kg bw/day
{subacute)

1 - 1000 pg/ml

"

0,01 - 10 pg/ml

culture

Both with and without rat liver S9 metabolic activation.
A discussion of this result is contained in Bombard et al. (1992).

The addition of 100-250/pg of BHT/plate was shown to inhibit
3, 2" ~dimethyl-4-aminobiphenyl-induced mutagenicity in  Salmonella
typhimurium strains TA98 and TAl00 Mutagenicity was further
inhibited by use of $§-8 preparations from rats fed dietary BHT (0.6%)
as compared to S-9 preparation from rats fed BHT-free diets
(Reddy et al., 1983b).

BET was a moderately effective inhibitor of benzidine-induced
mutagenicity in Salmonella typhimurivm strain TA98, activated with a
hamster liver S-95 fraction (Josephy et al., 198S).

BHT {(0.11-11 /pM) pxotected against DMA damage induced in rat
hepatocytes by AAF or N-hydroxy AAF as shown by a marked reduction of
‘unscheduled DNA synthesis. BHT also inhibited AAF-induced DNA damage
in human hepatocytes. In addition, rats pre-treated with 0.5% BHT in
the diet for 10 days provided hepatocytes which exhibited less
unscheduled DNA synthesis than did hepatocytes from control rats when
these cells were exposed to either ARF or N-hydroxy AAF (Chipman &
Davies, 1988).

2.2.7 Special studies on hepatotoxicity

2.2.7.1 Mice

Groups of male ddY mice treated perorally with BHT (200-800 mg/kg
bw) in combination with an inhibitor of GSH synthesis, buthionine
sulfoximine (BSO, 1 h before and 2 h after BHT, 4 mmol/kg bw/dose,
i.p.) developed hepatotoxicity characterized by an increase in SGPT
activity and centrilobular necrosis of hepatocytes. The hepatotoxic
Tesponse was both time- and dose~dependent. BHT {up to 800 mg/kg bw)
alone produced no evidence of liver injury. Drug metabolism inhibitors
such as SKF-525A, piperonyl butoxide, and carbon disulfide prevented
the hepatotoxic effect of BHY given in combipation with BSO while
inducers of drug metabolism such as phenobarbital tended to increase
hepatic injury. The results suggested that BHT was activated by a
cytochrome-P-450-dependent metabolic reaction and that the hepatotoxic
effect was caused by inadequate rates of detoxification of the
reactive metabolite in mice depleted of hepatic GSH by BSO
administration. Based on studies with structural BHT analogues, the
authors suggested that a BHT-quinone methide may play a role in the
hepatotoxicity in mice (Mizutani et al., 1987).

2.2.7.2 Rats

Female (albino Wistar) rats, initial body weight 120-130 g, were
maintained on a diet containing 0 or 0.4% BHT, for 80 weeks. After one
Week on the test diet, significant increases were observed in liver
weight, microscmal protein, cytochrome P-450, cytochrome bs,
NADPH-cytochrome ¢ reductase, biphenyl—d-hyd:oxylase and ethyl
morphine N-demethylase but not aniline-4-hydroxylase. Total liver

Pprotein, succinic dehydr and gluc 6-ph b se were
slightly decreased, There was little change in this Patterrn during the
period of the study. Rats removed from the BHT test diet at the end of
the test period and maintained on BHT free diet for 1B days, showed a
retuzn to normal for many liver parameters except for cytochrome bS,
cytochrome ¢ reductase and ethylmorphine N-demethylase. Histological
changes at the end of 80 weeks feeding consisted of centrilobular cell
enlargement, which was reversible following 18 days on a BHT-free
diet. The only ultrastructural change was a prolileration of smooth
endoplasmic reticulum (Gray et al., 1872).

Groups of female rats (80-100 9) received 0.4% BHT with corm oil
mixed in ground lab chow and were sacrificed at intervals of 1, 8, 16,
32, or 80 weeks, and compared with controls. Samples of liver were
taken for biochemical histochemical, and hological studies. To
examine for reversibility of hepatic changes, control diet was
administered for 18 days to a group of 4 rats following 80 weeks of
BET administration. After one week on BHT, there was a marked liver

increase in drug metabolizing activities and NADP cytochrome ¢
reductase activity. After 18 days of removal from the 80-week

Positive?

Negative?

Negative

Negative

Positive

Positive?

Negative

Results

Negative

Negative

Negative

Negative

Negative

Positive

Negative

SRI 1972

Prasad &
Kamra 1974

SRI 1972

Brusick 1875

Sheu et al.
1986

Reference

Sheu et al.
1986

Brusick 1975

SRI 1872

Williams et al.
1984

Daughe. rty
1978

Williams et al.
19900




effect was therefore reversible. Histolegically, after BET treatment
the liver was characterized by enlarged centrilcbular hepatocytes,
with a heterogenous appearance of this zone. Ultrastructurally, there
was a proliferation of smooth endoplasmic reticulum. The authors noted
that although the evidence of liver injury was equivocal, there were
two features that were also seen with many hepatotoxins and
hepatocarcinogens: depression of glucose-6-phosphatase activity and
cell enlargement. However, there were no lysosomal changes
characteristic of cytologic injury, and effects were reversible
{Crampton et al., 1977}.

Groups of 8 male Wistar rats were given diets containing 0, 0.1,
0.2%, 0.5, or 0.75% BHT for 30 days. BHT did not induce cellular
proliferation in the liver, urinary bladder or thyroid after 30 days
as measured by the [®H]thymidine labelling index or mitotic index.
In a second experiment, groups of 8 rats were treated with 0.5%
dietary BHT for 2, 4, B, 10, or 14 days. This treatment led to 2
time-limited increase in liver cell [%H]thymidine-labelling index
that subsided to control values within 8 days. This increase in
[Hithymidine labelling in the liver was accompanied by an
unexpectedly large increase in the mitotic index (Briggs et al.,
19839} .

Groups of female Sprague-Dawley rats were given 700 mg BHT/kg bw
and selected hepatic biochemical effects were determined after 4 and
21 h. Ornithine decarboxylase (ODC} activity and cytochrome 2-450
content were increased 190 and 30% respectively. No effect was seen on
hepatic glutathione content or serum alanine aminotransferase
activity. Indication of hepatic DNA damage was obtained as measured by
an increased alkaline DNA elution. No effects on these parameters
could be detected when the BHT dose was 140 mg/kg bw. It was concluded
that BHT in high doses may have a DNA damaging effect (Kitchin &
Brown, 1987}).

BHT was administered to male Wistar rats by savage at doses of
0, 25, 250 or 500 mg/kg bw/day for 7 days {5 rats/group), or 28 days
{10/group) and also at daily doses of 1000 or 1250 mg BHT/kg bw/day
{5 rats/group) for up to 4 days (sublethal doses). The sublethal doses
induced centrilobular necrosis within 48 h, whereas administration of
250 or 500 mg/kg bw/day BHT for 7 or 28 days caused dose-related
hepatomegaly and, at the highest dose level, induced progressive
periportal hepatocyte necrosis. The periportal lesions were associated
with proliferation of bile ducts, persistent fibrous and inflammatory
cell reactions, hepatocyte hyperplasia and hepatocellular and nuclear
hypertrophy. Evidence of mild cell damage was also obtained at
250 mg/kg bw/day, while there was no evidence that BHT caused liver
damage at 25 mg/kg bw/day. Biochemical changes consisted of
dose-related induction of epoxide hydrolase, dose-related changes in
the ratio of cytochrome P-450 iscenzymes and depression of
glucose-6-phosphatase. Measurement of BHT demonstrated a dose-related
accumulation in fat but not in the liver (Powell et al., 1986).

The acute effects of a single oral administration of 500 mg/kg bw
BHT to rats were investigated in combination with phenobarbitone (PB),
a microsomal enzyme inducing agent, and buthionine sulfoximine (BSO),
a glutathione-depleting agent. Groups of 10 male Sprague-Dawley rats
received BHT in corn oil by gavage, BHT with 3 days prior
administration of 80 mg/kg bw/day PB in saline i.p., BHT with 1 h
prior administration of 900 mg/kg bw BSO in saline i.p., or corn
oil/saline alone. Thirty-six hours after administration of BHT, the
animals were sacrificed and blood was collected for assay of serum
enzyme activities (ALT, AST, alkaline phosphatase, lactate
dehydrogenase), albumin, APTT and clotting factors II, VII, X and
IX¥. Samples of liver {from each of 4 lobes), lung and kidney were
processed for histopathological examination which included
immunochemical staining of liver lot visualization of cytochrome P-450
1A and 2B distribution. Liver homogenates were also assayed for
reduced glutathione concentration, microsomal cytochrome P-450,
ethoxyresorufin- O-deethylase (EROD} activity, ethoxycoumarin- O-
deethylase (ECOD} activiiy, epoxide hydrolase activity and malondi-
aldehyde.

The results showed that a single oral dose of 500 mg/kg bw BHT
was below the threshold for acute hepatotoxicity. BHT administration
had no effect on any of the serum parameters, with the exception of a
slight reduction in the levels of clotting factor IX. There was no
evidence that BHET induced hepato-cellular necrosis, and hepatic
malondialdehyde concentration, an indicator of 1lipid peroxidation, was
reduced from controls. A single dose of BHT was also associated with
an increase in mitotic activity of hepatocytes in 8/10 animals,
increased hepatic activity of ECOD without affecting microsomal
protein content or EROD activity, and a marked increase in hepatic
epoxide hydrolase activity. The last was postulated to be related to
BHT~induced inhibition of phylloquinone epoxide reductase activity.
There was no effect on hepatic GSH levels, no clear treatment-related
change in immunochemical staining of hepatocytes for the cytochrome
P~450 1A or 2B isoenzyme families and no histopathological changes in
the lung or kidney. Prior administration of PB or BSO resulted in
unequivocal liver damage (hepatocyte degeneration or coagulative
necrosis), mostly in the centrilobular areas, in about half the rats,
without affecting serum parameters which are commonly used indices for
tissue damage (ALT, AST, lactate dehydrogenase). Since neither of
these treatments duplicated the periportal cell damage observed with
repeated administration of BHT, the results could not be used as a
model for investigation of alterations in enzyme profiles induced by
repeated administration of BET (Powell & Cononolly 1591).

2.2.8 Special studies on mnephrotoxicity

A single large dose of BHT (1000 mg/kg bw) in male F344 rats
produced some repal damage, as measured by reduced accumulation of
p-aminchippuric acid in remal slices, proteinuria and enzymuria, in
addition to hepatic damage. Administration of phenobarbital (80 mg/kg
bw, i.p., daily for 4 days) prior to BHT treatment of male rats
produced renal damage accompanied by slight tubular necrosis and more
pronounced biochemical changes. Female rats were less susceptible to
BHT-induced renal and hepatic damage than male rats (Nakagawa &
Tayama. 1988).

The nephrocalcinogenic effect of BHT was studied in groups of
10-20 female Wistar rats (5 weeks old} fed 1% BHT for 13-48 days in
semi purified diets using sodium caseinate or lactalbumin as the only
protein source. BHT induced nephropathy in female rats irrespective of
the diet used. Pronounced nephrocalcinosis was only found in rats fed
the sodium caseinate diet. Thus a connection between the development
of pathy and lcinosis after BHT was not established
(Meyer et al., 1889).

Groups of 10 male ddY mice received 0, 1.35%, 1.75%, 2.28%,
2.96%, 3.85% or 5.00% BHT in a purified diet, {equal to 0, 1570, 1980,
2630, 3370, 4980 or 5470 mg/kg bw/day, respectively} for 30 days.
Texminal body weights in all groups of treated mice were lower than
those of controls, the difference ranging from 15% at the lowest dose
to 30% at the highest dose, statistically significant at the highest
three doses. Absclute and relative kidney weights exhibited
dose-related decreases and increases, respectively, which were related
to reduced body-weight gain. Results from gross pathology of the
kidney showed 7/10 of the high-dose animals with "misshapen kidney"
compared with none in any of the other treated or control groups.
Histopatbology of the kidney revealed a dramatic dose-related increase




and 10 out of 10 mice/group} as indicated by a number of tubular
lesions {distal and proximal tubular degeneration, distal tubular
necrosis, distal tubular regeneration, tubular dilatation and cysts).
Ne pathological changes were noted in the liver of these same mice
which could be related to treatment. The EDg, for toxic nephrosis in

the tidy male mouse following 30 days of administration of BHT in the
diet was calculated to be 2300 mg/kg bw/day (Takahashi, 1992).

2.2.3 Special studies on pulmonary toxicity

Young male Swiss Webster mice were injected i.p. with BHT at dose
levels ranging from 63 to 500 mg/kg bw BET. The animals were killed 1,
3 or 5 days after BHT administration. Bistopathological changes were
well-developed 3 days after administration of 500 mg/kg bw, and
consisted of a proliferation of many alveolar cells, formation of
giant cells and macrophage proliferation. These changes were
accompanied by an increase in lung weight and total amounts of DNA and
RNA. The changes were dose dependent, the smaller effective dose being
250 mg/kg bw (Saheb & Witschi, 1975).

Sixty male Swiss mice were given i.p. injections of 400 mg/kg bw
BHT dissolved in corn oil., Six experimental animals and 6 controls
were sacrificed daily for 9 days. Two hours before sacrifice, each
animal received 2 pCi/g of tritiated thymidine. No animals died during
the study and none showed signs of respiratory distress. Two days
after dosing, cellular lesions were noticed in the type I alveolar
epithelium. Abnormal giant type II cells were observed in mitosis and
many had an accumulation of tritiated thymidine. Labelled endothelial
cells were seen after day 6 in small vessels and capillaries, and
there was an increase in fibroblastic cells in the interstitium and
capillaries. There was an increase in thymidine-labelled pulmonary
cells from days 2 through 5, after which labelling dropped off and
approached control levels by day 9. Levels of lung thymidine kinase
activity rose sharply on days 1-4 after dosing and then dropped off
rapidly (Adamson et al., 1977).

Groups of NMRI mice (25-35 g) and Wistar rats {160~320 g}
received BHT as a single dose of 500 mg/kg bw dissolved in soya bean
oil, either i.p. ox by gavage. Four days later, radiolabelled lic
thymidine was given. After 90 minutes, the animals were sacrificed,
lungs removed and DNA levels were measured. In mice, DNA synthesis was
equally increased in males and females by oral or i.p. administration.
Although lung weight was increased, the concentration of DNA was not
affected. No effect was seen in male rats and only a slight increase
in females (Larsen & Tarding, 1978).

Groups of 16-24 Swiss male mice (25-30 g} received a single i.p.
injection of BHT im corn oil {63, 215, or 500 mg/kg bw} or corn oil
only (Tocopherol stripped 0.5 ml). Three days later the mice were
sacrificed. After BHT treatment, wet lung weights were increased to
120% of control, as were dry lung weights. There were significant
in in DNA and level of non-protein sulfhydryl (133-156%
of control). Superoxide dismutase and other oxidative enzyme levels
were increased. The aathors concluded that BET apparently increased
inflammatory and reparative-proliferative processes of the lung
{Omaye et al., 1977).

Following acute exposure to BHI, the initial sequence of events
involved infiltration of type I (squamous) epithelial cells followed
by multifocal necrosis and destruction of the blood barrier. R
detailed discussion of the sequence of tissue changes and repair
mechanisms was given. It was stated that the susceptibility of the
squamous epithelium to injury was similar to that seen after oxygen
exposure, radiation P e, and tr with blood-borne
bleomycin, but the recovery pattern was quite different. BHT was
thought to cause cell lysis and death as a result of interaction with
the cell membrane (BIBRA, 1977).

The increase in lung weight and increase in thymidine
incorporation into lung DNA observed in mice following BHT injection
was inhibited by treatment with cedar terpenes., No increase in lung
weight was observed in animals treated with BHT alone if they were
less than 3-week old. This may result from the inability of infant
mice to metabolize BHT (Malkimson, 1979).

In a study of lung toxicity of BHT analogues in mice, it was
established that the structural feature essential for toxic activity
is a phenolic ring structure having a methyl group at the 4-position
and  ortho-alkyl group(s) which can result in a moderate hindering
effect of the hydroxyl group (Mizutani et al., 1982).

In another study, the toxic potency of BHT in mice was decreased
by deuteration of the 4-methyl group, suggesting that lung damage
following administration of BHT was caused by the metabolite
2, 6~di- tert-butyl-4-methylene-2, 5-cyclohexadienone {Mizutani et al.,
1983).

Male mice given a single dose of BHT showed ultrastructural
changes of the lung, which were characterized by selective destruction
©of type I epithelial cells, which were replaced by type II cuboidal
cells. These ch were ied by a marked decrease in the
number of peroxisomes, as well as catalase activity (Hirai et al.,
1983) .

Subcutanecus injections of BHA significantly enhanced the
lung/body weight ratio of mice given intraperitoneal injections of
subthresholid doses of BHT (Thompson et al., 1986).

The ability of BHA to modify BRT-induced changes in lung weight
was studied in male CD-1 mice. BHA alone had no effect on lung weight
up to a dose of 500 mg/kg bw (s.c.). When injected 30 minutes prior to
sub-threshold doses of BHT (0-250 mg/kg bw, J.p.}, BHA significantly
enhanced lung weight in a dose-dependent manner. The ability of BHA to
enhance BET-induced changes in lung weight was dependent on both the
time and the route of administration of BuA relative to BHT (Thompson
& Trush, 1988a).

In experiments with mouse lung slices, BHA enhanced the covalent
binding of BHT to protein. Subcutaneous administration of either BHA
{250 mg/kg bw) or diethyl maleate {DEM, 1 mi/kg bw) to male CD-1 mice
produced a similar enhancement of BHT-induced lung toxicity. In
contrast to DEM, the administration of BHA {250 or 1500 mg/kg bw) did
not decrease mouse lung glutathitne levels. In vitre results
suggested that BHA facilitates the activation of BHT in the lung as a
zesult of increased formation of hydrogen peroxide and subsequent
perozidase-dependent formation of BHT-quinone methide (Thompson &
Trush, 1988b). .

BET administration lowered cytosolic Ca** -activated neutral
protease (calpain} activity in the lungs of male and female A/J mice,
The altered proteolytic activity occurred earlier {day 1) and at a
close lower than that which caused observable lung toxicity as
assessed by the lung weight/body weight ratio (day 4) (Blumenthal &
Malkinson, 1987).

A range of doses from 10~200 mg/kg bw of BHT or BHT-BuOH, a
metabolite of BHT, were administered i.p. to groups of 2-3 inbred,
C57BL/6J mice. BHT-BuCH had a 4- to 20-fold greater potency than
BHT in increasing the relative lung weight, decreasing lung
cytosclic Ca**~dependent protease activity, and causing pulmonary
histopathology. Nature of damage (type I cell death) and regenerative




with the two compounds. BET-BuOH alse caused damage to liver, kidney
©ox heart. The aunthors suggested that BHT-BuOE formation may be an
essential step in the conversion of BEY to the ultimate pneumotoxin,
which might be the corresponding BHT-BuOE-quinone methide (Maikinson
et al., 1983).

The synthetic corticosteroid methylprednisolone (MP; 30 mg/kg bw,
s.c. given twice daily for 3 days) partially protected male CS57BL/6N
mice from the pulmonary toxicity of BET when administered 0, 24 or
48 h after BHT treatment (Okine et al., 1986).

The activity of a metabolite of BHT hydroxylated on one
tert-butyl group, (BEHT-BuO#)} in inducing pneumotoxicity was
investigated in the mouse on the basis that pneumotoxicity had been
observed following administration of BHT in all inbred strains of mice
tested, but not in rats, and BHT-BuOH was a major product of mouse
liver and lung microsomes and formed only in traces in rat microsomes.
Lung damage was assessed by determining lung/body weight ratios,
Ca?’-dependent protease (calpain) activity and by histopathological
examinations of the lungs. The liver, heart and kidneys were
investigated for histopathological changes resulting from i.p.
injection of BET-BuOH. BHT-BuOH induced nearly a doubling of lung/body
weight ratios 4 days after an i.p. injection of 50 mg/kg bw. By
comparison, doses of 200 mg/kg bw BET or greater were required to
produce consistent increases in this parameter. Other BHT metabolites,
DBQ, BHT-MeOH, BHT-OCH and BET-OH, had no effect at i.p. doses of
200 mg/kg bw. Pulmonary c¢alpain activity was significantly decreased
in mice which received 50 mg/kg bw BRT-BuOH, reaching a maximal loss
at 3-4 days after administration. This effect was similar in time
course and extent to that induced by 400 mg/kg bw BHT. A dose of
10 mg/kg bw BHT-BuOH also resulted in a significant decrease in
calpain activity which was less marked than the higher dose. Alveolar
deterioration and compensatory Type II cell hyperplasia, inflammatory
k4 and br olar cell hyperplasia were observed in response to
i.p. doses of 50 mg/kg bw BHT-BuOH. lLess extensive effects were noted
with doses of 10 mg/kg bw and these effects were considered comparable
to those induced with doses of 400 mg/kg bw BHT. On the basis of the
qualitative similarity in the effects of BHT and BHT-BuOH on the
mouse lung, the higher potency of the metabolite, and the species
correlation of formation of BHT-BuOH and pneumotoxicity, the authors
concluded that BHI-BuOH was an intermediate in the biotransformation
of BHT to a toxic metabolite in the mouse (Malkinson et al., 1988%}).

A gquinone methide metabolite of BHT which is formed subseguent to
hydroxylation of the tert-butyl side group (QM-OH) was investigated
as the metabolite responsible for pulmopary toxicity in mice. OM-OH
‘was more strongly electrophilic than BHT-quinone methide as indicated
by a reaction time with GSE which was 6 times faster. Liver and lung
microsomes from both rats and mice produced quinone methide from BHT,
but only microsomes from the mouse produced QM-OH readily from BET.
Microsomes from rat liver produced traces of QM-OH and lung microsomes
produced none. These results were used to reconcile previous results
linking pulmonary toxicity in the mouse to guinone methide formation
with species specificity of this effect. The authors postulated that
the organ specificity of BHT toxicity in mice was due to lower
concentrations of GSH in the lung compared with the liver for
inactivation of toxic metabolites (Bolton et al., 1990).

The time course for repair of BHT-induced lung injuxry was
investigated in four strains of mice with i.p. IDgos ranging from
359~1700 mg/kg bw. The four strains of mice tested developed similar
levels of injury at equivalent doses and no correlation could be made
between lung injury and lethality (Kehrer & DiGiovanni, 1990).

A number of compounds which modify the activity of specific
cytochrome P-450 isoenzymes were used to identify the iscenzymes
involved in bioactivation of some compounds, including BHT, to
pulmenary toxins. Pretreatment of mice with 0,0, S~trimethylphosphoro-
dithicate, bromophos, p-zylene, B-naphthoflavone or pyrazole all
produced a reduction of pneumotoxicity in MF1 outbred mice induced by
a single i.p. dose of 400 mg/ kg bw BHT as indicated by a lowering of
lung/body weight ratios measured 3 days after administration of BHT.
The first three agents greatly reduced lethality of BHT in mice as
indicated by an increase in LD°® values. The prevention of lung
toxicity by these agents was proportional to the reduction in
lethality of BHP. These three agents also markedly inhibited
pentoxyresomfin (PROD) activity, an action attributed te CYP 2Bl in
rat lung microsomes. B-Naphthofiavone exerted a less marked effect on
these 1D values and PROD activity, and pyrazole-induced PROD
activity. The authors concluded that since the three agents which
prevented the pneumotoxicity of BHT in mice also inhibited PROD
activity in rat lung microsomes, CYP 2Bl was the most likely candidate
for the bioactivation of BHT in mouse lung. However, since BHT is not
toxic to the rat lung, results obtained with rat lung microsomes would
not necessarily be relevant to the mouse. In addition, the authors did
not mention that pretreatment of mice with pyrazole, while reducing
the lung/body weight ratio imcrease induced by BHT, also induced PROD
activity in rat lung microsomes (Verschoyle et al., 1993).

The ability of isolated Clara (non-ciliated bronchiolar
epithelial) cells from mouse lung to metabolize BHT to the putative
toxic quinone methide QM-OH was investigated as well as comparison of
the toxic effects of BHT and BHT-BuOE on these cells. These cells
contain most of the moncoxygenase activity of the lung, mainly as CYP
2B1/2B2. Analysis of guantitative metabolite data revealed that
hydroxylation of BHT occurred 5 times more readily at a tert-butyl
group, producing BHT-BuOH, than at the 4-methyl position to produce
BHT-MeOH in mouse Clara cells. The data also suggested that OM-OH was
more readily produced from BET-BuOH than was BHT-QM from BHT. BHT-BuOE
more effectively reduced the viability of Clara cells in culture than
did BET. Concentrations of 5 and 10 pM BHT-BuOE reduced viability in a
comparable manner to 75 and 100 pM BHT. Inhibition of cytochrome P-450
with SKF 525-A reduced damage to Clara cells induced by both BHT and
BHT-BuOH. The authors concluded that BHT-BuOE is an intermediate in
P-450-catalyzed oxidation of BHT to a cytotoxic species which they
propose is OM~OH (Bolton et al., 1993).

Groups of 20 male Swiss albino mice received BET in olive oil or
olive oil alone by a single i.p. injection at doses of 0, 200, 400 or
800 mg/kg bw. Five animals from each group were sacrificed at 24 b,
48 h or 7 days after exposure. Lavage fluid was collected from the
lungs and assayed for total protein content and lactate dehydrogenase
(LDH) activity. Cells in the sediment were counted. Histopathological
examination of the lungs was performed. A time- and dose-dependent
increase in the number of cells im the bronchoalveolar lavage fluid
and in the total protein content and LDE activity was noted at 48 h
and 7 days. The severity of histopathological lesions, described as
congestion of capillaries and small blood vessels, and increased
cellularity and diffuse thickening of alveolar septa, was also .
increased in a time- and dose-dependent manmer (Waseem & Kaw, 1994}.

2.2.10 Special studies on haemorrhagic effects
2.2.10.1 Mice
See Combined species, section 2.2.10.3
2.2.10.2 Rats

Groups of male Sprague-Dawley rats (6 weeks of age) received BHT
in a semi-synthetic diet at concentrations ranging from 0.6% to 1.4%




0.7% or greater. Spontaneous massive bleeding te the pleural and
peritoneal cavities, or as external haemorrhage, was observed in all
dead or dying animals. The prothrombin index was decreased as the
daily dose of BHT was increased. Mild diarrhoea was noted after 4
days. Rough hair coat, and redness of urine was noted. Death was due
to haemorrhage and was classified by the authors as a secondary type
of toxicity, probably due to a decrease in prothrombin concentration.
According to the authors, the effect seemed to depend on strain of
Tats and dietary concentration (Takahashi & Hiraga, 1978aj.

Groups of 10 male Sprague-Dawley CLEA rats were fed diets
containing 0.6, 0.7, 0.8, 1.0, 1.2, or 1.4% BAET for 49 days. A
dose-related effect on mortality (21 death/50 rats) was observed with
rats given 0.7% or more BHT during the period from 9 to 37 days.
Spontaneous massive haemoxrhages were observed in these animals. The
prothrombin index of survivers was decreased, which was dependent on
the BHT dose. At the lowest level, the decrease was approximately 65%
(Takahashi § Hiraga, 1978b}.

Male Sprague~Dawley CLEA rats were maintained on diets containing
levels of 85, 170, 330, €50, 1300, 2500, or 5000 wg/kg BHT for 1 to 4
weeks. A significant decrease in the prothrombin index was observed at
week 1 in all groups fed BHT at levels of 170 mg/kg or higher.
However, when the rats were maintained on the test diets for 4 weeks,

a significant decrease in the prothrombin index was observed only in
the 5000 mg/kg group. This was the only group which showed an increase
in relative liver weights compared to those of the control group. In
another study, haemorrhagic death, haemorrhage, and a decrease in
prothrompin index in male Sprague-Dawley rats caused by 1.2% BHT were
prevented by the simultaneous addition of 0.68 mole phylloquinone/kg
bw/day. Phylloguinone oxide also prevented hypoprothrombinemia due to
BHT (Takahashi & Hiraga, 1979).

Male Sprague-Dawley rats were fed diets containing 0 or 1.2% BHT
for one week. BHT-treated rats showed haemorrhages in most organs.
There was a significantly increased leakage of Evans Blue into the
epididymis. In addition, inhibition of ADP~induced platelet

9. ion and d platelet factor 3 availability were
observed. Plasma prothrombin factors were decreased, but fibrinolytic
activity was unchanged (Takahashi & Hiraga, 1981b).

Male albino rats (CRL COB CD(SD) BR) given 3 consecutive daily
doses of 380, 760, or 1520 mg BHT/kg bw/day showed no evidence of
haemorrhage. However, BHT produced a dose~dependent increase in
prothrombin time, with no effect on prothrombin time seen in the
380 mg/kg bw/day group (Krasavage, 1984).

Male rats receiving 0.25% dietary BHT for 2 weeks showed
decreased concentrations of vitamin K in the liver and increased
faecal excretion of vitamin K (Suzuki et al., 1983).

Dietary BHT at a level of 1.2% was shown to affect platelet
morphology (distribution width), and to cause changes in the fatty
acid composition of the platelet lipids {Takahashi & Hiraga, 1984).

Groups of 4-5 male Sprague-Dawley rats (5-6 weeks old) were fed a
diet containing 1.2% BHT for 1i-7 days, and blood coagulation factors
II{prothrombin), VII, VIII, IX and X, and platelet aggregation were
measured. The average dose of BHT was about 1000 mg/kg bw/day. The
plasma concentrations of factors II, VII, IX and X were significantly
reduced in a time-dependent fashion when BHT was administered for 2-7
days and haemorrhages in epididymis were found in rats given BHT for
4-7 days. On the contrary, thrombin-induced and calcium-required
aggregation of washed platelets was unchanged throughout the
experiment. These results suggest that factors IX, VII, IX and X
rapidly decrease immediately after the administration of BHT, but
hypoaggregability of platelets may be a secondary effect caused by
bleeding (Takahashi, 1966).

Groups of 4-10 male Sprague-Dawley rats (5-6 weeks old) were
given single oral doses of 800 mg BET/kg bw and 0.5-72 h latex, plasma
concentrations of blood coagulation factors II (prothrombin}, vii, IX
and X and hepatic levels of BHET and BHET-quinone methide were
determined. Levels of the coagulation factors were reduced 36-60 h

after BHT treatment, but by 72 h some recovery had occurred. Hepatic
levels of BHT reached maxima at 3 h (a major peak) and 24 h after BET
dosing and BHY-quinone methide reached maxima at 6 and 24 h (a major
peak). When BHT was given in doses of 200, 400 or 800 mg/kg bw,
factors II, VI and X decreased after 48 h only in rats given the
highest dose, but factor IX was more susceptible to BHT and showed a
dose-dependent decrease. Neither pretreatment with phenobarbital for 3
days nor the feeding of 1% cysteine in the diet throughout the
experiment prevented the decrease in vitemin-K-dependent factors at
800 mg/kg bw. In contrast, pretreatment with cobaltous chloride or SKF
525A partially prevented the decrease in the blood coagulation
factors. The results indicate that the anticoagulant effect may
require the metabolic activation of BHT {Takahashi, 1987).

The diets used in the above mentioned studies, and in previous
studies from the same laboratory contained no added vitamin K, and the
animals apparently were marginally vitamin K deficient {Faber, 1990).

BET was less efficient than synthetic retinoids in elevating
the prothrombin times and causing haemorrhagic deaths in male
Sprague-Dawley rats maintained on a diet devoid of vitamin K (McCarthy
et al., 1989;.,

The effects of BHT on platelet aggregation were examined.
In vitro experiments indicated that BHT, at concentrations greater
than about 107°M, inhibited both ADP- and collagen-induced platelet
aggregations, but not those induced by arachidonic acid. BHT-quinone
methide also inhibited ADP- and collagen-induced aggregations to a
lesser extent. In another experiment, male Sprague-Dawley rats were
fed a diet containing 1.2% BHT (650-740 mg/ky bw/day) for 4 or 7 days.
The treated animals showed marked decreases in body-weight gain
compared with controls. Haemorrhage was detected in epididymal adipose
tissues of all apimals receiving BET in the diet. Platelet aggregation
Tapacity induced by ADP or collagen in platelet-rich plasma collected
from these rats was considered to be normal. Although aggregation
induced by 3.9 mM arachidonic acid was markedly inhibited in platelets
from the rats fed 1.2% BET for 7 days, platelet aggregation induced by
the optimal concentration of arachidonate (2.0 mM) was normal. These
results suggested a difference in plasma or platelet properties
between the BHT-treated and control rats. The authors concluded that
BET-induced haemorrthage in rats was not due to a direct effect of BHT
on platelet aggregation. The differences between in vitro and
in vivo results were attributed to the low plasma concentrations of
BHT or BET-quinone methide which were present in wive (Takahashi,
1991).

This study reported on the effect of BHT on vitamin K-—dependent
clotting factors in rats receiving vitamin K-sufficient andg vitamin
K-supplemented diets. Sroups of 5-6 male Wistar rats received diets
with BHT added to give a nominal intake of: (1) 0, 3000 mg/kg bw/day
or 3000 mg/kg bw/day pius 250 mg vitamin Ky/kg of feed for 7, 14 or
21 days:; (2) the same .regimen for 7 or 14 days with a 250 mg/kg
Vitamin K contrel group added; {3} 0, 12.5, 125 or €00 mg/kg bw/day or
600 mg/kg bw/day plus 3 =g/kg vitamin K, for 28 days. The basic diet
{SDS Ltd., Witham, Essex, UK) was found to contain a minimum of




- - a . .
the recommended intake of this vitamin. In the first experiment,
prothrombin time (PT) was measured as well as specific vitamin
K-dependent factor deficiencies. The results showed that 3000 mg/kg
bw/day BET had no effect on PT, but specifically decreased the levels
of vitamin K-dependent clotting factors II, VII, X and IX in rats
receiving a diet containing adequate vitamin XK. In experiments 2 and
3, a Thrombotest optimized for rodents was used in addition to
different assay methods for PT and APTT. Serum fibrinogen levels were
measured in experiment 2 only. Thrombotest time, PT and APIT were
significantly increased from controls within 7 days at a close of
3000 mg/kg bw/day. Vitamin K3 supplementation at 250 mg/kg in the
diet prevented the BHT-induced increases in Thrombotest time and APTT
and reduced the effects of BET on PT. BHT administration had no effect
on serum fibrinogen concentrations. Thrombotest time, but not PT or
APTT, wWas significantly increased from controls after administration
of 600 mg BHT/kg bw/day for 28 days. The effect was prevented by
concurrent dietary supplementation with 3 mg vitamin K3/kg of feed.
This study confirmed an antagonistic effect of BHT on vitamin K in
rats, which resulted in a reduction in blood-clotting factors even
when the diets contained adequate vitamin K. The authors pointed out
that this was a high-dose phenomenon with a threshold and a steep
dose-response curve (Cottrell et al., 1994}).

2.2.10.3 Combined species

A number of strains of rats (Sprague-Dawley, Wistar, Doaryu and
Fischer), mice OCR, ddY, DBA/c, C;B/HBe, BALB/CaAn and CS57BL/6), New
Zealand White-Sat rabbits, beagle dogs, and Japanese quail were fed
diets containing BHT (1.2% in the diet for rats and mice; 1% for
quail; 170 or 700¢ mg/kg bw/day for rabbits; and 173,400, or 760 mg/kg
bw/day for dogs) for a period of 14-17 days. Haemorrbagic deaths
occurred among male rats of all strains and female rats of the Fischer
strain. Female rats of the Donryu and Sprague-Dawley strains showed no
obvious h ing. No h ic effects were noted in quails,
rabbits or dogs {Takahashi et al., 1980).

Administration of 0.5%, 1.0% or 2.0% BHT in a purified diet
{equal to 660, 139C or 2860 mg/kg bw/day} for 21 days xesulted in a
dose-related increase in the mortality due to massive haemorrhage of
the lungs in male ddY mice housed in wire-bottomed cages. The
surviving animals exhibited a dose-related increase in both absolute
and relative Iung and liver weights at termination. Haemorrhagic
deaths and increased absolute lung and liver weights were not observed
in ddY male mice fed diets containing 1.35% 5.0% BHY for 30 days and
housed in cages with soft-wood chip bedding, or in Hartley guinea-pigs
fed 0.125% - 2.0% BHT in the diet for 14-17 days. The protbhrombin
times were significantly increased in all groups of ddY mice receiving
BET in the diet at levels of 1.0% or higher (with the exception of the
2.0% wire-caged group). The effect was of a similar magnitude
(approximately 25%) in treated groups housed on soft-wood bedding,
regardless of the dose. Results for kaolin-activated partial
thromboplastin time were similar. Effects on coagulation in
guinea-pigs were equivocal. The authors suggested that the coagulation
defect in mice in the ab of a dose: relationship might be
due to minor damage to hepatobiliary function and/or fatty liver and
the haemorrhages in the lungs to injury to that organ. The haenorrhage
and coagulation defect would consequently not have the same cause as
that observed in rats. BHT was detected in the livers of mice and
guinea~pigs in dose~related concentrations (0.2-4/pg/g tissue).
BHT-quinone methide was not detected in these species although it has
been detected in the livers of rats (7-40 pg/g tissue) in a study by
Takahashi et al. (1960) (Takahashi, 1992).

2.2.11 Special studies on effects on the thyroid

Male MOL/WIST SPF rats, outbred strain {approximately 200 g) wetre
used for the study. BHT was added to a semi-synthetic diet in which
the iodine content was controlled at about 12/ug/100 g (nutritional
requirement for the rat is 15 ug/100 g). In one study, rats were fed
0, 500 or 5000 mg BHT/kg of feed for 8, 26 or 90 days, and the uptake
of 125r by the thyroid was determined. The presence of BHT in the
diet resulted in a marked increase in the uptake of 1251 at all time
periods studied. When rats were fed BHT in diets containing varying
amounts of iodine (12, 150 or 300/ug/100 g) for 30 days, there was a
significant increase in thyroid weight in BHT-treated animals when
compared to controls. BHT in the diet of rats increased liver and
‘thyroid weights at 5000 mg/kg of the diet, but only thyroid weight at
500 mg/kg. BHT did not change levels of T, and T, in the blood.

The biclogical half-life of thyroxine was increased after 13 days on a
BET diet but returned to normal after 75 days. Electron microscopy of
the thyroid glands of rats exposed to 5000 mg/kg BHT for 28 days
showed ar increase in the number of follicle cells (Sondergaard &
Clsen, 1882).

2.2.12 Special studies on effects on the immune system

In vitro, BHT (50 /pg/culture} suppressed the plague~forming cell
response of mouse spleen cell cultures as measured by the method of
Mishell & Dulton (Archer et al., 1978).

Addition of cyclic GMP (cGMP added as the dibutyl or S-bromo
form} to BHT suppressed Mishell-Dulton cultures and effected a
reversal of the BHT suppression of antibody production (Wess & Archer,
1982).

2.2.13 special studies on potentiation or inhibition of cancer

Male Strain A mice were injected i.p. with 500 mg/kg bw urethan,
then one week later received repeated injections {l1/week for 8 weeks}
of either 300 mg/kg bw BHT, or 500 mg/kg bw BHA, or 1000 my/kg bw
Vitamin E all dissolved in corn oil. At the termination of the study,
only BHT was shown to produce a significant increase in tumour yield.
Although the number of tumours produced by BHA treatment was greater
than usual, it was not statistically significant. A/J mice treated
with 3-methylcholanthrene or dimethylnitrosamine, followed by
treatment with BHT (i.p.), resulted in an increase in tumour yield
{Witschi et al., 1981).

Groups of Charles River rats (20/sex) were fed diets (males 24
weeks, females 36 weeks) containing 6600 mg BHT/kg of feed and/or
carcinogen (N-2-fluorenylacetamide or N-hydroxy-N-2-fluorenyl-
acetamide) in the molar ratio of 30:1, then continued on control diets
for another 12 weeks. The N-2-fluorenylacetamide alone resulted in
hepatomas in 70% of the male rats, and mammary adenccarcinoma in 20%
of the females. With N-hydroxy-N-2-fluorenylacetamide, 60% of the
males had hepatomas and 70% of the females had mammary adencocarcinoma.
BET reduced the incidence of hepatomas in males to 20% when the
carcinogen was N-2-fluorenylacetamide, and to 15% when N-~hydroxyl-
N-2-fluorenylacetamide was the test compound. Similar results were
obtained with Fischer straim rats. Liver and ocesophageal tumour
production with diethylnitrosamines at 55 mg/litre in drinking-water
for 24 weeks was not affected by BHT (Ulland et al., 1873).

Groups of 20 male F344 rats were given a single intragastric
administration of 100 mg/kg bw MNNG or 750 mg/kg bw EHEN, 2 s.c.
injections of 0.5 mg/ky bw MBN or 4 s.c. injections of 40 ng/kyg bw
DME. At the same time, the rats received 0.1% DBN for 4 weeks,
fellowed by 0.1% DEPN for 2 weeks in drinking-water for a total
carcinogen exposure period of & weeks. Three days after completion of
these treatments, the rats received ¢ or 0.7% BHT in the diet for 36




basal diet alon;. Final body weights of both BHT-treated groups wer
significantly lower than those of respective controls (by 7% compared

with carcinogen-treated control and by 13% compared with basal diet
control} and this was reflected in higher relative kidney weights.
Relative liver weights were increased by about 60-75%. Dietary BHT
following carcinogen treatment eliminated the appearance of colon
carcinomas and reduced the incidence and multiplicity of some
preneoplastic and neoplastic lesions of the kidney. BHT administration
increased the incidence of hyperplasia, adenomas and carcinomas of the
thyroid gland and had no effect on tongue, oesophagus, forestomach,
glandular stomach, duodenum, small intestine, liver, lung or urinary
bladder (Hirose et al., 1993).

2.2.13.1 Bladder

Male F344 rats were treated with 0.01 or 0.05% N-butyl-N
{4~hydroxy-butyl} nitrosamine (BBN) in drinking-water for 4 weeks, then
fed diets containing 0 or 1% BHT for 32 weeks. BHT in the diet was
associated with a significant increase in the incidence of cancer and
papilloma of the bladder of rats treated with 005%, but not 0.01% BBN
(Imaida et al., 1983).

Rats were administered 200 mg/ky N-2-fluorenylacetamide (FAR) in
the diet alone or with 6000 mg/kg BET for 25 weeks. No bladder
necplasms resulted from feeding FAR alone, but the combination of FAA
and BAT resulted in 17/4% papillomas and 3/41 carcinomas in the
bladder (Williams et al., 1983).

Four dietary levels of BHT (300, 1000, 3000, or 6000 ng/kg)
were simultaneously fed with 200 mg/kg FAR for 25 weeks. Fam
feeding alone produced ne neoplasms, but when combined with BHT at
3000 or 6000 mg/kg, the incidence of bladder tumours were 18% and
44%, respectively. The incidence of bladder tumours in the 300 and
1000 mg/kg BHT groups was low and not significantly different from the
incidence with FAA alone {see also effects on liver) {(Maeura &
Williams, 1984).

Male F344 rats were given injections of methylnitrosourea (Mwiy)
tuwice a week for 4 weeks, and then a basal diet containing 1% BHT for
32 weeks. BET significantly increased the incidence of papilloma and
papillary or nodular hyperplasia of the urinary bladder, and the
incidence of adenoma (but not adenocarcinoma) of the thyroid (Imaida
et al., 1984).

Groups of 20 male F344 rats {6~week o0ld) were pretreated with
0.05% N—butyl—N«(4-hydroxybutyl)nitrosamine in the drinking-water for
2 weeks and thereafter given diets containing 0, 0.25, 0.5, or 1% BHT.
On day 22 of the experiment, the lower section of the left ureter of
each rat was ligated. Animals were killed at week 24 of the
experiment. BHT increased dose-dependently the incidence and number of
prencoplastic lesions, papillary or nodular hyperplasia of the urinary
bladder. The incidence of bladder lesions was increased particularly
at 1% BAT (Fukushima et al., 1s887a).

Groups of 2C male F344 rats (6-week old} were given 0.05%
N,N-dibutylnitrosamine in their drinking-water for 16 weeks,
and simultaneously administered 0 or 0.7% BHT in the diet. The
simultaneous administration of BHT led to increased incidence in liver
lesions. The incidence of transitional c¢ell carcinomas or papillary
or nodular hyperplasia of the urinary bladder and papillomas or
carcinomas of oesophagus was not altered. A decrease in hyperplastic
nodules in the forestomach was observed (Imaida et al., 1988).

Groups of 20 male F344 rats (6-week old) were pretreated with
0.05% N—butyl—}h(4—hyd:oxybutyl)nitxosamine in the drinking-water for
4 weeks and thereafter maintained on diets containing 0, 0.4% BEA +
0.4% BHT + 0.4% TBHQ, or 0.8% BET. The study was terminated after 36
weeks. An increase in urinary crystals and incidence and density of
papillary or nodular hyperplasia of urinary bladder epithelium was
observed in all groups fed BHT-containing diets. The incidence of
Papillomas and carcinomas of the bladder was not increased and
no proliferative changes were seen in renal pelvis. Hepatocyte
hypertrophy was induced in the group administered 0.8% BHT (Bagiwara
et al., 1989).

Ten male F344 rats (6-week old) were given a diet containing 1%
BRT with 7 mg/kg vitamin K. A decrease in body weight was observed.
DRA synthesis in the urinary bladder epithelium was increased after 2
weeks while no morphological changes were seen after 8 weeks using
light microscopy. Using electron microscopy, morphologic surface
alterations such as formation of pleomorphic or short, uniform
microvilli and ropy or leafy microridges were seen {shibata et ai.,
1989} .

A study was performed to investigate early proliferation-related
responses of the renal pelvic epithelium in response to bladder Tumour
promoters. Groups of 10 male F344 rats received 0 or 1% BHT. At week
4, the DNA-labelling jindex of the renal pelvic epithelial cells was
determined from 1000 cells in 5 rats/group. At week 8, kidney sections
were prepared for SEM examination. Body weights of the treated animals
were significantly lower than for controls, 18% at 4 weeks and 25% at
8 weeks (Shibata et al., 1969). The mean DNA labelling index in the
renal pelvic epithelium after 4 weeks treatment was slightly higher
than in controls, but without statistical significance. No cell
surface alterations were observed by SEM after B weeks of treatment
{Shibata et al., 1991}.

Groups of 20 F344 rats, 4 or 54 weeks of age, were injected s.c.
with 50 mg/kg bw of 3,2'-dimethyl—&-aminobiophenyl {DMAB), a
multi-organ carcinogen, once a week for 10 weeks, At the same time,
the animals received 1% BHT in the diet for 11 weeks. The study was
terminated 55 weeks after initiation of treatment. Combined treatment
with DMAB and BHT resuited in the development of urinary bladder
papillomas and carcinomas in more than 95% of both young and old rats.

The induction of liver foe¢i and pancreatic acinar cell foci by DMAB
was inhibited by concurrent treatment with BHT. Increased formation of
DMAB-DNA adducts, detected by immunchistochemical staining was
demonstrated in urinary bladder epithelial cells from the BHT-treated
rats. BHT treatment suppressed the formation of these adducts in the
liver and had no effect on formation of adducts in the colon, pancreas
©or prostate. The authors suggested that these effects of BHT were
related to its ability to induce a number of drug-metabolizing
enzymes, thus altering the quantity of active metabolites in a
particular tissue (Shirai et al., 1991).

Simultaneous feeding for 76 weeks of 6000 mg/kg BHT with 50 ng/kg
ARF, a minimally effective carcinogenic dose of this compound in F344
Tats, resulted in an increase in the incidence and multiplicity of
urinary bladder neoplasms, including carcinomas. Feeding of both 3000
and 6000 mg/kg BET in conjunction with AAF resulted in an increase in
the incidence of nodular hyperplasia of the urinary bladder, and a
Positive trend in the incidence of this lesion was noted down to
dietary levels of 300 ng/kg BHT. In the same study, dietary
administration of 100 - 6000 mg/kg BHT resulted in a dose-related
decrease in inductiom of altered hepatic foeci {iron-storage deficient
and GGT-positive) and a decrease in the multiplicity of AAF-induced
adenomas and carcinomas of the liver and the incidence of carcinomas
(Williams et aZ., 1991).

2.2.13.2  6I tract




Mice

Groups of male BALB/c mice treated intrarectally with
methyl-nitrosurea, and then maintained on diets containing BET, showed
a marked increase in the incidence and multiplicity of 6I tract
tumours when compared to treated mice maintained on BHT-free diets. In
another study, BALB/c mice were injected with dimethylhydrazine {6
vweekly injections) and thenr maintained on control (BHT-free) diets or
on diets containing 0.05% or 0.5% BHT. The colon tumour incidence were
10%, 0%, and 32%, in the respective groups (Lindenschmidt et al.,
1986) .

Rats

The observed increase in tumour-specific antigen activity in the
colon chromatin of rats treated with 1,2-dimethylhydrazine was
eliminated by simultaneous treatment with BET (Gabryelak et al.,
1981}).

Male F344 rats were treated with a single dose of N-methyl-~
N*-nitro-N-nitrosoguanidine, and then maintained on diets containing
no BHET, 1.0% BHT, 5% NaCl, or 5% MaCl + 1.0% BHT for 51 weeks. The
incidence of squamous cell carcinomas of the forestomach were 11%,
16%, 3%, and 53% in the respective groups (Shirai et al., 1984).

When rats were given 0.5% BHT in the diet for 36 weeks following
4 injections (1 per week) of 1,2-dimethylhydrazine, BHT did not affect
the number of rats witk colon tumours, but the number of tumours per
rat occurring in the distal colon was significantly decreased (Shirai
et al., 1985). .

Wistar rats fed 1.0% BHT in the diet during treatment with
N-methyl-N'-nitro-N-nitrosoguanidine (administered in drinking-water
at a concentration of 1.0 mg/ml} for 25 weeks, and then maintained on
the test diet for another 14 weeks, showed a significant reduction in
the incidence of gastric cancer, when compared to rats receiving
BHT-free diets (B2% versus 37%) (Tatsuta et al., 1983).

Seven-week old male Wistar rats {20/group) were given
N-methyl-N'-nitro-N-nitrosoguanidine in the drinking-water
{100 mg/litre) for 8 weeks, and were also fed a diet supplemented with
10% sodium chloride. Thereafter, they were maintained on a diet
containing 1% BH? for 32 weeks. A carcinogen control group was fed the
basal diet without BHET supplementation. The experiment was terminated
40 weeks after the beginning of administration of MNNG. BHT did not
increase the incidence of tumours in the glandular stomach or in the
forestomach (Takabashi et al., 1986}.

Groups of 21 male ¥344 rats were given 0.5 g/litre N,N-dibutyl-
nitrosamine in drinking-water for 4 weeks and then treated with a
basal diet containing 1% BET with 7 mg/kg vitamin K for 32 weeks. BHT

h d ph 1 carcinog is (papillomas: 16/21 versus 3/21;
carcinomas 9/21 versus 0/21) but did not enhance forestomach
carci is. BHT i an increased incidence of papillary or
nodular hyperplasia and papilloma in the bladder, while no
statistically significant increase was seen in liver lesions
(Fukushima et al., 1887b).

Groups of 5 male F344 rats were given diets containing 0 or 0.7%
BHT for 4 weeks. Histological examination of the forestomach showed
that BHT id not induce hyperplasia in the forestomach epithelium
(Hirose et al., 1987).

When male Fischer 344 rats were fed diets containing 0, 0.5% or
1.0% BET for 5 or 6 months immediately following initiation with 2 or
4 s.c. injections of DMH (40 mg/kg bw), a significantly higher
incidence of colon tumours {S-month study} and a significantly
increased incidence of small intestinal tumours (duodenum, jejunum,
and ileum) were seen in the BHT-treated animals than in the animals
fed a BET-free control diet. Administration of N-nitrosc-N-methylurea
(¥MJ; 90 mg/kg bw given orally) produced stomach and colon tumours;
0.5% BHT in the diet did not affect tumour incidence. It was concluded
that dietary BHT may enhance development of gastrointestinal tumours
produced by DMH, but not by NMU, provided exposure to BHT occurs after
exposure to the carcinogen (Lindemschmidt et al., 1987).

Hamsters

Male Syrian golden hamstetrs were given a diet containing 1% BHT.
Induction of hyperplasia and neoplastic lesions of the forestomach
were examined histopathologically and autoradiographically at weeks 1,
r 3, 4, and 16. Mild hyperplasia occurred slightly more often in
hamsters fed the BHT diet than in the control group, BHT induced no
severe hyperplasia or papillomatous lesions, No significant increase
in the labelling index was observed at any time during the experiment
{Hirose et al., 1986).

2.2.13.3 Liver

Groups of 93 rats (22-day old) received 0 or 0.5% BHT diets for
407 days following 18 days of administration of AAF (0.02%), Prolonged
feeding of BHT diet after AAF produced a significant increase of liver
tumours (Peraino et al., 1977).

Rats were administered 200 mg/kg ARF in the diet, alone or with
6000 mg/kg BHT for 25 weeks. RAF alone induced a 100% incidence of
liver neoplasms. Simultaneous administration of BHT resulted in a
decreased frequency of benign neoplasms, neoplastic nodules and
malignant neoplasms, and hepatocellular carcinomas (Williams et al.,
1983}.

BET at concentrations of 300, 1000, 3000, or 6000 mg/kg was fed
simultaneously with 200 mg/kg AAF for 6, 12, 18, or 25 weeks. BHT
produced a reduction in the incidence of tumours in a dose-dependent
manner (100% incidence in the absence of BET to 56% at €000 mg/kg BHT)
(see also effects on the bladder) (Maeura et al., 1984},

Rats were fed 200 mg/kg AAF for B8 weeks, then diets containing
BHT at levels of 300, 1000, 3000, or 6000 mg/kg for up to 22 weeks.
The area of altered hepatocellular foci, identified by iron exclusion
and g Iutamyl tr {GGT) activity, that was induced by
feeding the AAF, showed increased development at the highest level of

BH? (the number of foci, the area occupied by GGT-positive
prenecplastic and neoplastic lesions, and the necplasm incidence were
increased). These parameters were unaffected at the lower BHT levels
{Maeura & Williams, 19841.

Rats were given a single i.p. injection of 2006 mg/kg bw of
diethylnitrosamine, and then maintained on a diet centaining 1% BHT
for 6 weeks. At week 3 the rats were subjected to partial hepatectomy.
The number of gamma~glutamyl transpeptidase positive foci in the liver
of BHT-fed rats was significantly decreased when compared to controls
{Imaida et al., 1983}.

BHT was compared to phencbarbital (PB} and DDT with respect to
its effect on liver carcinogenesis in male Wistar rats using an
initiation-selection-promotion protocol. The rats were imitiated with
2 single dose of diethylnitrosamine (DEN; 200 ng/kg bw). Two weeks
later, selection was carried out by feeding AAF for 2 weeks and giving
a2 necrogenic dose of carbon tetrachloride after 1 week. After another
week the rats were maintained on a diet with the promoters, or BHT at
a level of 0.5%. Groups of 8-10 animals were examined after 3, 6, 14,




the frequency of 66T-positive lesions in the liver at week 14, but in
contrast to PB and DDT, BET did not enhance the development of
hepatoceliulax carcinomas at week 22. It was suggested that BHT was
not a promoter of liver carcinomas in male Wistar rats when given
after initiation (Préat et al., 1986) .

Initiation of liver carcinogenesis - with a single dose of
diethylnitrosamine (DEN}, and selection with AAF combined with a
proliferative stimulus (CC1, administration), was followed by a

treatment with PB or BET (0.5% in the diet) for periods up to 22
weeks. Control animals received no treatment after the initiation and
selection procedure. An increase in the amount of 2N nuclei was found
in the putative preneoplastic lesions of animals that received
initiation and selection (I-S] and 3 weeks basal diet. When the diet
wWas supplemented with PB {after 1I-5}, the increase in diploid nuclei
started earlier. At the time carcinomas appeared {22 weeks PB
treatment) a decrease in the frequency of 2N nuclei was found.
BHT-treated animals which develop no carcinoma within the considered
time span showed a clear increased amount of 2N nuclei in the
precancerous lesions only after 14 weeks treatment (Haesen et al.,
1988).

Dietary administration of 1% BHT for 26 weeks was commenced
during or immediately after 2 weekly i.p. injections of azaserine
(30 mg/kg bw) to male Wistar rats. Administration of BHT after
azaserine enhanced the frequency of GST-A positive focal pancreatic

acinar lesions, while GST-P positive hepatocellular lesions were
significantly reduced. When BHY wasz given together with azaserine, no
effect was seen in the liver, while the frequency of preneoplastic
lesions in the pancreas was significantly reduced (Thornton et al.,
1988) .

A study was conducted to establish whether the modulating effect
of dietary fats and BHT on AAF-induced hepatocarcinogenesis was
related to the levels of cytochrome P~450 in the nuclear envelope
(NE) . Treatment of weanling rats with 0.3% dietary BHT for 2 weeks was
followed by up to 16 weeks of treatment with 0.05% AAF in the diet.
Prior treatment with BHT protected against the AAF-induced reduction
in the NE cytochrome P-450 content of liver cells for 9 weeks in rats
fed a diet with a high saturated fat content, compared with 3 weeks in
rats fed a diet with a high polyunsaturated fat content. The magnitude
of this effect of BHT on cytochrome P-450 content was apparently
correlated with its tumour reduction effect in rats fed AAF in
high-fat diets. The results from rats fed low-fat diets, in which BHT
apparently does not exert a significant effect on AAFP-induced
carcinogenesis, were different from those in rats fed the high~dose
diets. In rats fed low-fat diets, AAF did not reduce cytochrome P-450
content until 5 weeks of feeding, at which point prior treatment with
BHT resulted in a partial reversal of this effect. In the first 3
weeks when ARF-treated rats had cytochrome P-450 content similar to
control animals, prior treatment with BHT resulted in its induction in
the AAF-treated animals (Carubelli & McCay 1988).

BHT at concentrations of 1-14 mM in the presence of a rat liver
microsomal preparation reduced the binding of AAF to calf thymus DNA
to 20% of control values. When N-hydroxylated 2-AAF, a cytochrome
P~450 activated oxidation product of AAF was used, BHT (0.1-8.0 mM)
Teduced its binding to DNA to only 80% of control levels. In rat
hepatocyte cultures, BHT concentrations of 0.01-0.10 mM resulted in a
reduction of AAF binding to DNA te about B85% of control levels. These
Tesults showed that mechanisms in addition to those demonstrated
in wive (i.e. induction of detoxifying -enzymes) may be involved in
the anticarcinogenic effects of BHT ({Richer et al., 1989).

Male B6C3F; mice were injected i.p. with 100 or 200 wmol/kg bw
of diethylnitrosamine {DEN} once a week for 10 weeks. After a recovery
interval of 4 weeks, the mice were fed diets containing 5000 mg/kg BET
or 500 mg/kg phencbarbital (positive control) for 24 weeks. At the end
of this time, DEN alone induced a dose-related incidence of altered
hepatic foci and hepatocellular adenomas. Treatment with BAT following
DEN administration had no effect on the incidence or multiplicity of
these lesions, whereas phencbarbital administration potentiated the
effects of DEN 2 to 3 fold (Tokumo et al., 1991).

Dietary administration of 50 mg/kg AAF was found to induce a 100%
incidence of liver neoplasms after 76 weeks. Concurrent administration
of BHT at levels of 100 - 6000 mg/kg of feed inhibited the induction
of altered hepatic foci and reduced the multiplicity of hepatocellular
adenomas and carcinomas and the incidence of carcinomas (Williams
et al., 1991).

Concurrent administration of BH? in the diet at 5, 25 or
125 mg/kg of feed for 42 weeks with gavage administration of aflatogin
B; {5 ng/kg bw, 3 times a week) for the final 40 weeks resulted in a
reduction in the density of hepatic foci staining positive for the
placental form of glutathione S-transferase at the highest dose of BHT
{Iatropoulos et al., 1994).

2.2.13.4 Lung

The tumorigenic potency of a single i.p. injection of 1000 mg/kg
bw of urethane to male Swiss-Webster mice was significantly increased
if followed by repeated weekly injections with 250 mg/kg bw BAT. The
nunber of animals/group ranged from 9 to 22 and the animals were
treated for 9 to 13 weeks. Only tumours on the lung surface itself
were counted. About 90% of the animals treated with urethane alone
developed lung tumours. There was a significant increase in the number
of tumours/mouse after 11 or more weeks of treatment with BHT. Animals
treated with BHY alone did not develop lung tumours., A/J strain mice
were also given the same treatment with 10 weekly injections of BRT
The number of lung tumours/mouse significantly increased in those
receiving' BHT in addition to urethane in comparison with those
receiving urethane alone. With both strains of mice, repeated
injection of BHET without prior urethane treatment did not result in an
increased number of animals with lung tumours or tumours/mouse as
compared to controls dosed with corn oil. With both mouse strains,
there were fewer lung tumours in the animals given BHT as compared to
the corn oil controls. In contrast te the above results, injection of
animals with BHT for 0-7 days before urethane injection did not
increase the number of animals with tumours or number of tumours/mouse
{Witschi & Cote. 1976).

Groups of Swiss mice were given 50, 250, or 1000 ng/kg bw
urethane or 0.9% NaCl. After 7 days, half the urethane-treated
animals and half the controls received 300 mg/kg bw BET i.p., the
remaining animals receiving corn oil alone. The animals received 13
injections/week. The number of tumours/lung found 14-24 weeks after
the initial urethane doses was significantly increased in the
BHI-treated animals.

In another study, when the interval between injection of the
urethane and the first treatment with BET was delayed for 6 weeks, BHT
treatment produced more tumours. When the mumber of BHT injections
commencing 1 week after urethane treatment was reduced from 13 to 4,
the same significant increase in tumour yield was observed as in the

13-dose study. However, 1 or 2 doses of BHT had no significant effect.
When the mice were pretreated with 13 injections of BHT, and then
treated with urethane 1 week later, there was no enhancement of tumour
yield. Sinultaneous administration of BHT and urethane resulted in




mouse strains (C57BL, C3H and BALB/C) which have a low naturally
occurring incidence of lung adenoma were treated with urethane and
then with multiple injections of BHT, the BHT treatment did not
significantly increase tumour incidence or average numbers of lung
tumours (Witschi & Lock, 1979).

Male A/J mice were injected i.p. with a single dose of urethane
and then fed 0.75% of either BHT, BHA, or ethoxyquin in the diet, once
a week or continuously for B weeks. Lung tumour yield was scored 4
months after the urethane treatment. Dietary BHT, but not BHA or
ethoxyquin, under both test conditions, enhanced lung tumour
fomation.

Mice were fed diets containing BHA or BHT for 2 weeks prior to
urethane treatment, and then maintained on conventional laboratory
diets for 4 months. The BHT diet had no effect on tumour yield, but
the BHA treatment significantly decreased the average number of
tumours (Witschi, 1981}.

A/J mice were given a single dose of BHT i.p. (400 ng/kg bw),
sufficient to cause acute Jlung damage and produce cell proliferation
in the lung for § to 7 days. Urethane was administered continuously by
implanted mini pumps during this period. Continuous presence of
urethare during the period of cell division did not result in an
enhanced number of the tumours. When urethane-injected mice were dosed
i.p. with SKF525a (2~diethylamincethyl-2-,2-di-phenyivalerate
hydrochloride) and BET (SKF inhibits lung cell division normally seen
following BHT administration), or BHT alone, both treatment gave a
very significant increase in lung tumour yleld compared to
urethane-treated controls. Repeated pulmonary cell division brought
about by other treatment e.g., $5-100% oxygen, were alsc shown not to
enhance tumour development ({Witschi & Kehrer, 1982).

BHT was shown to enhance the lung tumour incidence in mice
treated with doses of urethane greater than 50 mg/kg bw. At lower
doses of urethane (subcarcinegenic doses) BHT? did mot enhance tumour
development. In another study, it was shown that following treatment
of mice with urethane, a two-week exposure to 0.75% BHT in the diet
was sufficient to enhance tumour development, and that 0.1% BHT was an
effective enhancer when fed for 8 weeks.

BHT, administered within 24 h post-treatment and fed for 8
weeks, enbanced tumour development in mice treated once with
3-methylcholanthrene, benzo{a)pyrene, or N-nitrosodimethylamine.

When mice were injected weekly with BHT, there was a rapid
increase in cell proliferation, and in both the cummlative labelling
index {incorporation of ’H-thymidine) and the number of labelled
type II cells. These effects were smaller after each injection, and by
the fifth injection, no increase was observed (Witschi & Morse, 1985).

A single i.p. injectjon of BHT {200 mg/kg bw) 6 h before a single
urethane injection (1000 mg/kg bw) had varying effects on lung
tumorigenesis in mice of different strains and ages. Strains
exhibiting both high {(A/J, SWR/J) and low (BALB/cByd, 129/3, C57BL/6J)
susceptibility to urethane tumorigenesis were tested. BHT treatment
decreased tumour multiplicity by an average of 32% in adult A/J mice
but acted as a cocarcinogen by increasing tumour mmber 48% in adult
SWR/J mice, 240% in adult C57BL/6J mice, 655% in adult 129/3 mice, and
38% in i4-day old A/J mice. The numbers of both alveolar type 2
cell-derived and bronchiolar Clara cell-derived lung adenomas were
similarly affected by these BET treatments. BHT pre-treatment had no
effect on adenoma multiplicity in either young or adult BALB/cByJ
mice. Multiplicity in young BALB cByJ mice was also unaffected by
chropic BHY administration (6 injections/week) following urethane,
while multiplicities increased several-~fold with such treatment in
adult mice of this strain {Malkinson & Thaete, 1986).

A/J mice given 1000 mg/kg bw urethane followed by 400 mg/kg bw
BHT by injection, developed 40% more lung tumours than mice treated
with urethane alone. In mice treated with 3-methylcholanthrene,
repeated injections of BHT (300 mg/kg bw) increased tumour
multiplicity by a much larger factor (500-800). Pretreatment of mice
with BHT reduced the number of tumours produced by methylcholanthrene.
The enhancing effect of BHT on lung tumour development was not due to
the production of diffuse alveolar cell hyperplasia (Witschi, 1986).

Lung tumour promotion by BHT and 3 of its metabolites was
compared in the inbred mouse strain MA/MyJ. MA/MyJ mice were given a
single injection of urethane (50 mg/kg bw) followed by € weekly i.p.
injections of 50 or 200 mg/kg bw BHT, BHT-BuOH, 2,6-di- tert-butyl-
4-hydroxymethyl phenol (BHT-MeOH} or 2,6-di- tert-butyl~1, 4~benzo-
quinone (DBQ). The only metabolite that enhanced lung tumour formation
Was BHT-BuOH, and it was effective at one-fourth the effective dose of
BHT. The study implicates BET-BuOH formation as an important step in
the chain of events leading to promotion of lung tumours (Thompson
et al., 1989}. .

The susceptibility of different strains of mouse to the lung
tumour-promoting effects of BET was correlated with ability of hepatic
microsomal preparations from each strain to produce a metabolite of
BET, BHT-BuOH, which is hydroxylated on one tert-butyl group. No
correlation existed between tumour promotion and microsomal production
of BHT-MeOH (hydroxylated on the methyl group) or DBQ (the gquinone
metabolite}. In the MA/MyJ strain, which was found to be the most

sensitive to promotion of urethane-induced lung tumours by BHT, 6
weekly i.p. injections of 50 mg/kg bw of the BHT metabolite, BHT-BuoH,
resulted in a similar promotional effect to 200 mg/kg bw BHT, while
200 mg/ky bw of the BHT wmetabolites, BHT-MeOH or DBQ, had no
promotional effect. The authors cited other evidence which implicated
the tert-putyl hydroxylation pathway in lung-tumour promotion by
BHT: preferential in vitro formation of this metabolite relative to
other metabolic products of BHT was correlated with species (rat
versus mouse) and strain susceptibility to lung tumour promotion by
BHY} the repeat-dose administration regimen of BHT associated with
lung tumour formation was also associated with induction of
hydroxylation on the tert-butyl group; and this pathway is a major
route of metabolism in the mouse lung (Thompson et al., 1889).

Evidence was cited to show that the genes which regulate
sensitivity to the lung tumour-promoting effects of BHT are distinct
from the pas (pu Yy ad ptibility} genes which
Ppredispose some inbred strains of mice to the development of lung
tumours. It was suggested that strain differences in response to the
effects of BHY are mediated through genes which regulate the ability
to metabolize BRT along specific pathways (Malkinson, 19591}.

2.2.13.5 Mammary gland

Groups of female Sprague-Dawley rats were treated with
7,12-dimethylbenz{a}anthracene {PMBA) or nitrosomethylurea (NMU), and
then fed diets containing 0 oz 0.3% BET for 30 weeks. Rats treated
with DMBA and maintained on the control diet developed 100% tumour
incidence (mammary gland) by week 27, whereas those maintained on the
BET suppimnented diet had an incidence of 54% by the end of the study.
Dietary BHT had no effect on the incidence of tumours induced by NMU
treatment (King et al., 1981).

Female rats were fed diets containing 0, 0.25, or 0.5% BHT. The
test diets were administered either {a) 2 weeks before until 1 week
after DMBA administration or (b) 1 week after DMBA administratien to
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dose of 8 mg. BHT was an effective inhibit: rcinogenesis
vwhen administered during either of these time frames (20% inhibition
by regime (a) and 50% by regime (b)) (McCormick et al., 1984).

Dietary BHT was shown to decrease the incidence of mammary
tumours induced in female Sprague-Dawley rats by DMBA but had no
effect on animals treated with MNU (King et al., 1981).

The inhibitory effect of BHT was strongly influenced by the dose
of initiating carcinogen and the type of diet in which BET was fed.
Administration of BET in the AIN-76A diet, showed a markedly different
effect from BHT in the NIE-07 diet. In the AIN-76A diet, 6000 mg/kg
BHT had no effect on the incidence of mammary tumours induced by 15 mg
DMBA, whereas a similar level of BET in the NIH-07 diet resulted in a
40% ighibition of tumour development (Cohen et al., 1984).

A dose-related inhibition of DMBA-induced memmary tumorigenesis
in female Sprague~Dawley rats was seen after long-term exposure to
dietary BHT. BET was given from 14 days before carcinogen
administration to termination at 210 days. In animals fed the
cereal-based NIH-07 diet and receiving a low dose (5 mg/rat) of DMBEA,
there was a significant overall inhibitory trend in tumour incidence
observed among those receiving 300, 1000, 3000, or 6000 mg BET/kg of
feed, Maximal inhibition was approximately 50% at the highest
concentration of BHT. The inhibitory effect of BHT on mammary tumour
incidence was less pronounced when BET was administered to rats
initiated with a high carcinogen dose. At 15 mg DMBA/rat, maximal
inhibition was only 20% at the highest concentration of BHT. sSimilar
Tesults were obtained when BHT was. fed in the casein~based AIN-T6A
diet. The inhibition seen in this study was less pronounced than that
seen in an earlier study using short-term exposure to BHT (Cohen
et al., 1%86).

Retinyl acetate (RA} and BHT bad additive effects in inhibiting
mammary carcinogenesis in female Sprague-Dawley rats. Chronic exposure
to RA plus BHT induced a hbigh incidence of hepatic fibrosis and bile
duct hyperplasia; these changes were not observed in controls apd were
Seen in low incidence in animals exposed to RA only ar BHT only
{McCormick et al., 1986).

The effect of dietary administration of BET on the formation of
DNA adducts in the mammary gland by DMBA was investigated in female
Sprague-Dawley rats using 2P post-labelling techniques. Diets
containing 0.4% or 0.8% BHT were fed to 3%-day old rats for 2 weeks
followed by oral administration of 32 mg/kg bw DMBA. BHT treatment
resulted in a 42% or 236% reduction in the formation of all types of
DMBA-~derived DNA adducts 22 h later compared with DMRA-treated
controls. Dietary BHT selectively inhibited the formation of adducts
derived from the anti diastereomer of DMBA as opposed to the syn
diastereomer. Dietary concentrations of BHT within the range used in
this study have been reported to significantly inhibit the initiation
of DMBR-induced carcinogenesis {Singletary & Nelshoppen, 1991).

In this study, the effects of BHT and its metabolites BHT-MeOH
and DBQ (BHT-quinone} on DMBA-induced rat mammary carcinogenesis and
the in vivo formation of rat mammary DMBA~DNA adducts were tested.
The selection of these metabolites was based on the observation that
they were the major metabolites detected following incubation of BHP

with rat liver microsomes and that no metabolites were detected
following inhibition with rat mammary microsomes. Each of the
compounds were administered 2 weeks before and 1 week after oral
administration of 33 mg/kg bw DMBA. The i.p. administration of

200 mg/kg bw BHT and DBQ (but not BHT-MeOH)} resulted in 39%-and 25%
inhibition of mammary tumour formation, respectively. There was a good
quantitative correlation between inhibition of mawmmary tumorigenesis
by BHT and DBQ and the inhibition of DMBA-DNA adduct formation. Doses
©of 100 and 200 mg/kg bw BHT inhibited DMBA-DNA binding to a similar
degree. BET and DBQ differed in their selectivity of inhibition of
specific adducts. A decrease in the formation of the ‘anti-dihydro-
diolepoxide adduct of DMBA to deoxyguancsine was most closely
correlated with the abilities of BHT and DBQ to inhibit mammary
tumorigenesis {Singletary et al., 1982).

2.2.13.6 Pancreas

Male LEW inbred rats were given an injection of 30 mg azaserine
once a week for 3 weeks, and then maintained or diets containing
0 or 0.45% BET for 4 months. BHT treatment reduced the mmber of
acidophilic foci per pancreas by 32%, but was without effect on focal
size. BHT had no effect on the occurrence of basophilic foci (Roebuck
et al., 1984).

2.2.13.7 S8kin

BHT had no tumour-initiating activity when tested in a two-stage
mouse skin carcinogenesis model using 12-O-tetradecanoyl phorbol-13-
acetate (TPA) as a promoter. BHT was applied twice weekly for 5 weeks
at a total dose of 100 mg {Sato et al, 1987a}.

The hydroperoxide metabolite of BET, BHTOOH (2,6-di~ tert-butyl-
4-hydrcperoxyl-2,5-cyclohexadienone), was an effective inducer of
epidermal ODC activity in SENCAR mice. Maximal induction of opC
activity was observed 12 h after a single application of BHTOOH.
Papilloma and carcinoma formation was observed when BETOOE was applied
twice weekly for 50 weeks to mice previously initiated with pMBA.
Doses of 2, 8, and 20 ymol BHTOOH gave maximal papilloma responses.
Progression of papillomas to carcinomas occurred after 60 weeks. The
data suggest that BHTOOH, unlike BH?, is an effective tumour promotex
in mouse skin. No papillomas or carcinomas were observed in
uninitiasted mice treated with BHTOOH only (Taffe & Kensler, 1988).

2.2.14 Special studies on other effects

Young adult BALB/c mice of both sexes were maintained on diets
containing 0.75% BHT for 1 month, and then irradiated with 525-750 R
©of X-ray. Radiation protection was observed at all doses below that
which produced 100% lethality (Clapp & Satterfield, 1975).

Hybrid (C31F, male mice, 10-12 weeks of age, were maintained
on diets containing 0 or ©.75% BET, for a period of 30 days, and then
injected i.p. with alkylating materials. There was a marked reduction
in the 30~day mortality in mice fed BHT Males were protected against
ethyl methane-sulphonate, n-propyl or isopropyl methanesulphonate,
ethyl dibromide, diethylnitrosamine and cyclephosphamide, but not
against methyl methane-sulphonate, N-methyl-N'-nitro-N-nitroso-
guaridine or dipropyinitrosamine {Cumming & Walton, 1973).

Rats dosed with !C-aflatoxin B, and fed BHT (0.5% in the
diet) showed an enhanced excretion of water-soluble metabolites of
l4¢-aflatoxin B; in the urine and faeces. In addition, BHT

Pretreatment was shown to decrease the amount of iC bound to
hepatic nuclear DNA (Fukayama & Hsieh, 1985).

2.3 oObservations in humans

Double-blind, placebo-controlled challenge tests with a 1:1
mixture of BHT and BEA (50 mg) were carried out in 44 cases of chronic
urticaria, 91 cases of atopic dermatitis, and 123 cases of contact
dermatitis. No positive reactions were seen (Hannuksela & Lahti,
1386} .




Support bandages containing BET were found to induce allergic
contact dermatitis in two leg ulcer patients. The lesions showed
improvement when use of the bandages in question was discontinued.
Both patients gave a positive response to skin patch testing with BET
{Dissanayake & Powell, 1983).

A study was conducted to evaluate the sensitizing risk of BHT
based on patch testing of 1336 eczema patients and estimates of
exposure derived from a data base on chemical products. During a
2-year period in which the patients were tested, BET produced no
positive reactions. It was concluded that these results, together with
the fregquent use of BRT in industrial settings and consumer products,
suggested that concentrations of BHT encountered in normal use would
not induce allergic contact dermatitis (Flyvholm & Menné, 1890).

Two patients with chronic idiopathic urticaria were subjected to
double-blind, placebo-contrelled, oral challenges with a series of
food additives. During testing, BHT and BHA were identified as
causative agents. Avoidance of foods containing BHT and BHA resulted
in long-term reduction in severity and frequency of urticarial
episodes (Goodman et al., 1990).

Using platelets from healthy volunteers, the basis for the
inhibitory effects of BHT on thrombin-induced platelet activation was
investigated. Concentrations of 20~300 pM BHT in incubation mixtures
of platelets resulted in a dose-dependent activation of protein kinase
CT. The authors indicated that this action desensitizes platelets
against q h: holipase C activation associated with platelet
activation by the physiological agonists thrombin and collagen
{Ruzzene et al., 1991).

BHT copcentrations of 100 jug/ml were cytotoxic to human
peripheral lymphocytes in culture. Concentrations up to 60 pg/ml had
no effect on tritiated thymidine uptake in phytohaemagglutinin-
stimulated lymphocytes, although a dose-related synergistic inhibition
with cortisol or prednisolone was noted. The mixed lymphocyte reaction
{MILR} was suppressed by concentrations of 50 pg/ml BHT. There was a
linear relationship between the stimulation ratio fox lymphocytes from
each pair of subjects and the extent of inhibition of the MLR by
50 ug/ml BHT. The concentrations of BET used in lymphocyte cultures in
this study were not considered by the authors to be relevant to plasma
concentrations achieved with dietary exposures (Klein & Bruser, 1892).

3. COMMENTS

The effects of long-term BHT adwinistration have been adequately
documented im a number of rodent studies, in only one of these
studies (Olsen et &#l., 1986) conducted in the Wistar rat, was a
hepatocarcinogenic effect evident. This study differed from those
conducted previously in that the rats were exposed te BHT in utero,
during the lactation period, and for a further 40 weeks after the
standard 2-year exposure period. The dose levels employed were 25, 100
or 500 mg/kg bw/day. It was necessary to reduce the highest dose from
500 mg/kg bw/day in the reproduction segment to 250 mg/kg bw/day in the
long-tern feeding portiom of the study. A statistically significant
increase in the survival-adjusted incidence of hepatocellular
neoplasms was observed in both male and female rats at the highest
dose tested. The majority of these tumours were not malignant:
however, the incidence of hepatocarcinomas was significantly higher in
male rats in the high-dose group than in untreated males. The tumours
were detected very late in the study, in most cases when the animals
were killed following 141-~144 weeks of treatment. The NOEL was
25 mg/kg bw/day, based on effects on litter size, sex ratio, and pup
bedy-weight gain during the lactation period in the reproduction
segment of the study.

The Committee was aware that the above study had been reviewed by
the International Agency for Research on Cancer (IARC, 13%86), and
concluded that it was difficult to draw conclusions about the observed
incidence of liver lesions in the treated groups because of the large
differences in survival between treatment and control groups. The
¢arcinogenicity of BHT to humans could not be evaluated.

The protocol employed in the new study (Price, 1994}, the purpose
of which was to investigate the hepatic changes in male Wistar rats
that occur following in wterc and lifetime exposure to BAT for up to
22 months, was almost identical tc that of the Olsen et al., 1986
study. In the new study, hepatomegaly was observed in the F, dams
receiving the highest dose (500 mg/kg bw/day}, while toxicologically
significant liver enlargement was not observed in any F, dose group
up to 250 mg/kg bw/day, the highest dose tested. The body weights of
the pups from the highest dose group were significantly lower than
those of control pups throughout the lactation period, and mortality
Was increased in the treated pups in a dose-related manner between
days 6 and 21 of lactation. In the ¥! males, BRT administration
resulted in a persistent, marked induction of cytochrome P-450 2B and
gamma-glutamyl transpeptidase activity in the centrilobular and
periportal hepatocytes in the highest dose group throughout the study,
commencing at a very early stage (21 days of age); gamma—-glutamyl
transpeptidase attivity was also increased, but to a lesser extent, at
the middle dose {cytochrome P-450 2B activity was not determined).
Total cy P450 and epoxide hydrolase, ethoxyresorufin

O-deethylase, and glutathione S-transferase activities were

also consistently elevated in a dose-related manner in the mid- and
highest dose groups. In a separate study, uridine diphosphate

{UDP) -glucuronosyl transferase activity was induced in the liver of
wale Wistar rats receiving BET at a dose level of 5 g/kg (equivalent
to 500 mg/kg bw/day). Consistent enlargement of the centrilobular
hepatocytes was evident starting at 6 months in rats receiving the
highest dose of 250 mg/kg bw/day, indicative of proliferation of the
smooth endoplasmic reticulum consistent with the induction of
mixed-function oxidases. However, histopathological examination failed
to reveal any signs of hepatocellular necrosis in this group. In
addition, no evidence of hepatoxicity as indicated by a decrease in
glucose &-phosphatase activity and intracellular glutathione content
in the treated groups, was seen. There was no indication of sustained
hepatocellular proliferation during the study. A small, but
significant, number of altered hepatic foci deficient in glucose-6~
phosphatase were found in the highest dose group (250 mg/kg bw/day) at
22 months., In this same group, lesions described as hepatic nodules
were detected in 6/19 animals as compared with none in the lower-dose
groups and controls. Evidence of thyroid enlargement with follicular
hyperplasia, in the absence of elevated serum thyroxine levels, was
noted in the groups zeceiving 100 and 250 mg/kg bw/day. There was
evidence in the mid- ana highest dose groups of an early, transient
effect on the adrenal cortex before sexual maturation of the ¥y
males, which took the form of cytomegaly of the cells of the zona
fasciculata.

BHT has been shown to induce hepatocellular necrosis and
proliferation in male Wistar rats at doses higher than those used in
either of these long-term studies and which exceeded the maximum
tolerated dose. Sublethal oral doses of 1000 or 1250 mg/kg bw/day for
4 days induced hepatocellular necrosis in the centrlichular xegion
within 48 hours. When a lower dose of BHT (500 mg/kg bw/day) was
administered for periods of 1 to 4 weeks, allowing for enzyme
induction to occur, bile duct proliferation, hepatocellular
hyperplasia, and persistent fibrous and inflammatory cell reactions
were observed in the periportal region. The shift in the localization




involvement of inducible hepatic drug-metabolizing enzymes in the
production of reactive metabolites.

5. EVALUATION

In view of the probable involvement of hepatic enzyme induction
in the development of the hepatocellular damage associated with
repeated doses of BET, the Committee concluded that, in this case,
enzyme induction was the most senmsitive index of effects on the liver.
A well-defined threshold was demonstrated at 100 mg/kg bw/day in the
long-term study reviewed for the first time at this meeting, giving a
NOEL of 25 mg/kg bw/day. Effects observed in the reproduction segments
of the in utero/lifetime exposure studies were also taken into
account in the derivation of this NOEL. The Committee used a safety
factor of 100 to allocate an ADI of 0-0.3 mg/kg bw for BHT.
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1. INTRODUCTION

The Committee assessed the intake of butylated hydroxytoluene
(BHT), for which maximum limits have been proposed in a wide range of
solid foods in the draft General Standard for Food Additives (GSFA)
being developed by the Codex Committee on Food Additives and
Contaminants (CCFAC). An ADI of 0-0.3 mg/kg bw has been allocated to
BHT (Annex 1, reference 116).

BHT is generally used as an antioxidant in products containing
fats or oils. It can be use in conjunction with butylated
hydroxyanisole, tert-butylated hydroguinone, and propyl gallate,
providing a synergistic combination of antioxidants.

Information was provided by 10 countries: Australia, Brazil,
China, Finland, France, Japan, New Zealand, Spain, the United Kingdom,
and the United States. A combined assessment was provided by RAustralia
and New Zealand (Aus-N2). The submitted intake assessments were based
on 'poundage', household economic surveys, sales data, model diets, or
individual dietary records. Table 1 summarizes the submissions.

Table 1. Summary of submissions on butylated hydroxytoluene

Country Budget: Poundage FBS/HES/ Model Individual dietary
method data sales data diets records

Australia-New Zealand x b4 X

Brazil X b4

China X X x

Finland b4

Prance X X

Japan x

Spain b:4 x -

United Kingdom x X x

United States X x

FBS, food balance sheet; HES, household economic survey; sales, retail stores

2. SCREENING OF BUTYLATED HYDROXYTOLUENE BY THE BUDGET METHOD

National submissions of intakes derived by the budget method
indicate whether BHT is used in solid foods. The Codex GSFA proposes
that BHT be permitted in a wide range of solid foods. Table 2
summarizes data for each country on the permitted patterns of BHT use,
the proportion of the solid food supply likely to contain BHT, the
maximum levels of BHT permitted, and a comparison of the levels with
the theoretical maximum level calculated by the budget method for that
country.
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The theoretical maximum level of use for BHT in solid foods was
less than the national maximum permitted level of use in the four
countries that submitted data and was also less than the GSFA level of
1000 mg/kg. Detailed assessments of the intake of BHT from its use in
solid foods are therefore required.

3. ASSESSMENTS OF INTAKE OF BUTYLATED HYDROXYTOLUENE -
3.1 BAssessments based on data on poundage (disappearance)

Estimates of the amount of BHT available per capita based on
poundage data are given in Table 3 for five countries and compared
with the JECFA ADI of 0-0.3 mg/kg bw for BHT. The estimated intakes
are all lower than the ADI but vary from 0.003 to 0.11 mg/kg bw per
day (1-40% of the ADI) in recent studies. Results obtained by the
poundage method show a large decrease in use of this additive in the
United States between 1987 and 1995.

3.2 BAssessments based on data from household economic surveys or
sales

Four countries submitted data based on household surveys or
sales, in which national maximum levels of use were assumed national
in each country. The data are summarized in Table 4. The estimated
intakes are all lower than the ADI, ranging from 0.052 mg/kg bw per
day in Brazil to 0.1 mg/kg bw per day in Spain (17 and 33% of the ADX,
respectively). Although high consumers generally cannct be identified
from household economic surveys or sales data, the submission from
France included estimates of high consumption derived by dividing
household consumption by the number of members and then estimating
high intake for individual consumers.

3.3 Assessments based on data from model diets

Five countries submitted data based on model diets, details of
which are summarized in Table 5. The results cannot be compared
directly because different assumptions were made. The model diets used
in Aus-NZ and the United Kingdom were constructed to estimate the BHT
intake of a high consumer, assuming a maximum permitted level of
additive. The United States model diet was constructed to predict the
BHT intake of a long-term consumer by using food consumption data
derived from food frequency data for 1982-88 from the Market Research

Corporation of America and average portion sizes from a three-day
national food consumption survey conducted in 1987-88 by the US
Department of Agriculture. Maximum additive levels were assumed. The
Japanese model diet (based on a total diet survey) included analysed
concentrations of food additives with national food consumption data
to derive an estimate of the actual BHT intake of the average
consumer.

The estimates of BHT intake based on the models of Aus-NZ and the
United Kingdom do not exceed the ADI when additive levels at the
national standards are assumed (0.02 and 0.09 mg/kg bw per day and 10
and 30% of the ADI, respectively), but largely exceed the ADI if GSFA
levels of use are assumed (5.3 and 6.0 mg/kg bw per day, respectively,
corresponding to 1800 and 2000% of the ADI). The last result is
consistent with estimates of BHT intake based on the Chinese and
United States models with the GSFA standard, which are 0.7 mg/kg bw
per day {230% of the ADI)} and 0.99 mg/kg bw per day (330% of the ADT)
for average consumers and 4.4 mg/kg bw per day (1600% of the ADI} and
2.0 mg/kg bw per day (660% of the ADI} for high consumers,
respectively. When national standards for BHT are used in the United
States model, the ADI is also exceeded. The Japanese estimate of BHT
intake is much lower than those from other model diets because the
actual concentrations of BHT detected are used, which are much lower
than the maximum permitted levels.

3.3 Assessments based on individual dietary records

Estimates of the intake of BHT based on individual dietary
records were submitted by three countries. In each case, means and
percentiles were derived from individual intake estimates adjusted for
individual body weight (except in the United Kingdom). The assumptions
made in deriving these estimates and the estimates themselves are
summarized in Table 6. The estimates show that the intakes are lower
than the API for both mean and high consumers in all countries. The
estimates based on GSFA levels in Aus-NZ are higher than those based
on national levels of use and exceed the ADI for both mean (0.7 mg/kg
bw per day and 240% of the ADI) and high consumers (1.8 mg/kg bw per
day and 580% of the ADI).

Table 7 summarizes the results of intake assessments based on the
levels of use of the GSFA. The results for Aus-NZ, China, and the
United Kingdom are consistent in showing a potential to exceed the
ADI.

3.5  Food groups that are major sources of butylated hydroxytoluene

Assessment of intake based on GSFA levels of BHT, in conjunction
with the data on food consumption supplied by countries, points to
certain foods as major contributors to the overall intake of BHT. The
ADI would be exceeded when 90 g/day of any food containing more than
200 mg/kg BHT, 45 g/day of any food containing more than 400 mg/kg
BHT, or 18 g/day of any food containing more than 1000 mg/kg BHT was
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ingested. Some of the GSFA levels are the result of a high permission

for one type of food within a food grouping which drives the permitted
use level for the whole group to an unlikely high level. This is the
case for edible fats and oils (75-200 mg/kg), confectionery (200-750
mg/kg), and frozen fish, fish fillets, and fish products (100-1000
rg/kg) .

4. EVALUATION OF ESTIMATES OF INTAKE OF BUTYLATED HYDROXYTOLUENE

Screening of BHT by the budget method indicated that use of BHT
as an additive requires further assessment. Inclusion of national
proportions of the food supply that may contain BHT in the budget
method of screening did not change this decision.

Estimates of the intake of BHT were submitted by 10 countries.
All of the estimates based on model diets or individual consumption
data combined with GSFA levels of use show that the ADI is
consistently exceeded. The mean intake is estimated to be between 0.70
and 0.99 mg/kg bw (230 and 240% of the ADI for China and the United
States), and the intake of high consumers is estimated to be 2.0-6.0
mg/kg bw (690-2000% of the ADI).

Intake estimates based on national levels of use are relatively
consistent, ranging from 0 to 0.11 mg/kg bw per day (0-30% of the ADI)
on the basis of poundage, 0.052-0.1 mg/kg bw per day (20-40% of the
ADI) on the basis of household surveys or sales data, 0.02-0.09 ng/kg
bw per day (10-30% of the ADI} on the basis of model diets and
national levels of use {except for the United States), and 0.02-0.1
mg/kg bw per day (0.1-30% of the ADI) on the basis of individual
consumption data.

Two exceptions must be noted. The first is estimates for mean and
high consumption based on a model diet and authorized levels of use in
the United States (0.39 and 0.78 mg/kg bw per day and 130 and 260% of
the ADI, respectively). This result can be explained by the high
levels of BHT authorized in that country. The second is the low
estimate (0.00089 mg/kg bw per day or 0.003% of the ADI) in the study
provided by Japan, which is based on the concentrations of BHT found
in a total diet survey.

5. CONCLUSIONS AND RECOMMENDATIONS

The Committee recognized that the ADI for BHT is unlikely to be
exceeded on the basis of the estimated intakes in the 10 countries for
which data were available but that it might be exceeded when the
proposed maximum limits in the GSFA are assumed.

The Committee recognized that BHT is likely to be used in
conjunction with other antioxidants, such as tert-butylated
hydroquinone and butylated hydroxyanisole, which act synergistically
with BHT. Conseguently, the amount of BHT used in practice will be
lower and it will be used in fewer foods than assumed in the

estimates. All of the estimates except that from Japan are based on
the assumption that BHT is the only antioxidant in foods where use is
permitted and that all such foods contain it at maximum permitted
levels. The actual intakes of BHT will depend on the relative
proportions of antioxidants used in foods and on the proportion of
foods in any one category that contains the additive.

Recommendations to the Codex Committee om Food Additives and
Contaminants

The Committee identified certain food groups that could
potentially contribute to a high intake of BHT. The Codex Committee
may wish to review the appropriate levels of BHT in the following food
groups: category 2.1, ‘'edible oils and fats'; category 9.2, 'fish and
fish products'; and category 5.3, 'chewing gum'.
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Table 2. Estimation of theoretical maximum level for butylated hydroxytiluene (BHT) by the budget method

Country 3 food supply
containing BHT

Australia-New Zealand 50
Brazil 25
China 20
Spain 5

GSFA, General Standard for Food Additives

® Maximum use level proposed is 1000 mg/kg for 9.2.1,

National maximum GSFA maximum Theoretical maximum
level (mg/kg} level® (mg/kg) level (mg/kg)

70 1000 24

200 1000 48

200 1000 60

400 1000 240

including molluscs, crustacea and echinoderms®.

Table 3. Estimates of intake of butylated hydroxytoluene (BHT) based on

poundage data

Country Date Consumers
(millions)
China 1992 1200
Finland 1980 4.9
1994 5.1
Spain ? 0.07

United Kingdom 1984-86 56
United States? 1987 240

1995 260

2 JECFA ADI, 0-0.3 mg/kg bw

Estimated intake of % ADI?
BHT (mg/kg bw per day)

0.016 5

70% of total population

4] 0

0 0

23

85% of total population

0.003 1

0.056 (mean) 19
0.11 (90th percentile) 37
0.023 (mean) 7

0.046 (90th percentile) 14

P Assuming that 100% of consumers ingest BHT and that the intake for 90th

percentile consumers is twice the mean

Table 4. Bstimates of intake of butylated hydroxytoluene (BHT) based on household economic surveys and

Country Date Survey

Brazil? 199296 AC Nielsan Brazil;
sales data

1984-94 Datamark
France Sales data
Spain 1933 Household survey

& JECFA ADI, 0-0.5 mg/kg bw

? Assumed maximal level in final coconut and chewin
content and that in chewing gum is based on 20%

Assumptions

Maximum national use levels for all foods

Maximum national use levels for all foods

Maximum European Union levels of use
Adjustment for catering outside the home

All foods in permitted groups contain BHT

Table 5. Model diets used to estimate intake of butylated hydroxytoluene (BHT)

Country Date Survey

Aus-NzZ 1983 National, 24-h recall;
adults, 25-64 years;

prlivww inchem,

042jc24. htm

Assumptions

Two models: Aus-NZ/GSFA
~- maximum levels (Aus-NZ or GSFA)

'frozen fish, fish fillet and fish products,

Estimated intake

of BHT (mg/kg bw

per day)

0.052 17
0.08 26
0.089 30
0.1 33

Model

High consumer®/
Aus~NZ permissions
b

sales data

% ADI®

g gum products even though the use level in coconut is based on 60% fat
gum content, resulting in overestimates of BHT intake

BHT intake
(mg/kg bw
per day}

0.02

% ADI®

10
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sample, 6254

China 1992 National household survey,
24-h recall; 30 provinces;
sample, 91 818

Japan 1994 National nutrition intake
survey

United 1986-87 National; 7-day weighed

Kingdom record; adults, 16-64 years

1992 National; 7-day weighed

record; children, 1.5-4.5
years

United 1982-88 l4-day menu obtained

States from MRCA food

frequency data (1982-87)
combined with portion
sizes from USDA/NFCS
{1987-88); > 2 years

Table 5 (continued)

-~ 95th percentile high consumption level
-- modified GSFA classification system

One model
-- maximum GSFA levels

One model: Japan
-- Analysed food additive concentrations
{zero values when not detected)

Three models: UK adult/child, GSFA

~~ maximum additive levels (EU)

~~- unit quantity diet (Codex model with
GSFA levels)

-- 97.5th percentile high consumption
level (UK adult/child models)

-~ GSFA classification system

Two models: US and GSFA

-- maximum additive levels (US or GSFA)
—-- 90th percentile high consumption level
twice mean consumption

-- all respondents are consumers

-- GSFA classification system

High consumer /
Aus-NZ permissions

Average consumer/
GSFA permissions
High consumer/

GSFA permissions

Average consumer
levels/measured BHT

High consumer®/

UK permissions/adult
High consumer®/

UK permissions/child
High consumer®/

GSFA permissions

Long-term consumer/USA
permissions/mean
Long-term consumer/USA
permissions/90th
percentile

Long-term consumer/GSFA
permissions/mean
Long-term consumer/GSFA
permissions/90th
percentile

2.0

1800

1600

0.003

30

60

2000

130

260

0.99330

660

Aus-NZ, Rustralia-New Zealand; GSFA, General Standard for Food Additives; EU, European Union; MRCA, Market Research Corporation of America;
USDA/NFCS, US Department of Agriculture/National Food Consumption Survey

@ JECFA ADI, 0-0.3 mg/kg bw

b Assumed to consume one food with potentially highest BHT intake from two major food groups at the 97.5th percentile (United Kingdonm) or
95th percentile (Aus-NZ) and from one food with potentially highest BHT intake from each of the other major food groups at a mean level

for all respondents

Table 6. Estimates of intake of butylated hydroxytoluene

Country Date Survey

Aus-NZ 1983 National survey;
24-h recall;

adults,
sample, 6254

France 1993-94 National survey;
7-day record;
5-75 years;
sample, 1116
United Kingdom 1986-87 National survey;
7-day weighed
record; adults,
16~64 years;

sample, 3000

Aus-NZ, Bustralia-New Zealand; GSFA, General Standard for Food Additives; EU,

% JECFA ADI, 0-0.3 mg/kg bw

Table 7. Summary of estimates of intake of butylated hydroxytoluene (BHT)

the General Standard for Food Additives

Country Model

Australia-New Zealand

25-64 years;

(BHT) based on individual records

Model

Mean intake (population = consumers) Aus-NZ
Mean {population = consumers) GSFA
95th percentile (consumers) Aus-NZ
95th percentile (consumers) GSFA

Mean intake (population) EU

90th percentile EU

95th percentile EU

Corrected mean intake (population) EU

Mean intake (population = consumers) EU
97.5th percentile (consumers}) EU

European Union

BHT intake % ADI?
(mg/kg bw

per day)

0.02 7
0.7 240
0 0
1.8 580
0.033 11
0.071 24
0.089 30
0.001 00.3
0.04 13
0.1 33

based on additive levels permitted within

China

United States

Individual records, mean intake

Individual records, 95th percentile consumers

Model diet, mean intake
Model diet, high consumers

MRCA, mean intake
MRCA, pseudo-90th percentile consumers

MRCA, Market Research Corporation of Bmerica

® JECFA ADI,

p:fwrww.inchem. /d

0-0.3 mg/kg bw

je24 htm

Intake of BHT % ADI?
mg/person per day mg/kg bw per day

51 0.85 240
125 2.1 690

41 0.7 230
290 4.9 1600
59 0.99 330
120 2.0 660
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Abstract

Cereals in general, and particularly oatmeals, are considered rather sensitive to oxidation owing to
their relatively high fat content. The addition of antioxidants can sometimes prolong the shelf-life of
products. The aim of the present study was to investigate how the rate of lipid oxidation of a
packaged oatmeal product was affected by the nature and level of antioxidants incorporated in an
LDPE film structure. The stability of the product, which was determined by hexanal analysis using
GC-MS and by electronic nose analysis, showed very small variations over the chosen storage
period. No oxidation, as determined by hexanal levels in the oatmeal, was initiated during storage,
but small variations in volatile profile were seen among the samples analysed by the electronic nose.
'The product stored in the BHT-impregnated LDPE film had undergone the least change during 10
weeks of storage at 20 degrees C. alpha-Tocopherol-impregnated LDPE film did not appear to
prolong the shelf-life of the oatmeal at all.
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