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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

ACTION MEMORANDUM

SUBJECT:

FROM:

TO:

OFFICT OF

PREVENTION, PESTICIDES AND

TOXIC SUBSTANCES

Inert Reassessment — Members of the Sorbitan Fatty Acid Esters and the
Polysorbates (see tab

Dan Rgke

Mino

Lois A. Rossi, Director
Registration Division

I FQPA REASSESSMENT ACTION
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, Inerts,"an rgency Response Branch

Action:  Reassessment of six inert ingredient exemptions from the requirement of a
tolerance.
The six tolerance exemptions are to be maintained.
Chemicals:
CFR Reference
Number of | 49 CFR Tolerance Exemption Expression Limits Uses
exemptions *k
1 180.920 | Poly(oxyethylene)(5) sorbitan monooleate | (none) | Surfactants, related adjuvants
of surfactants
1 180.910 | Polyoxyethylene (20) sorbitan (none) | Surfactants, related adjuvants
monostearate » of surfactants
1 180.920 | Polysorbate 60, conforming to 21 CFR (none) | Surfactant
172.836
1 180.910 | Polysorbate 65, conforming to 21 CFR (none) | Emulsifier

172.838,




CFR Reference

Number of | 49 CFR Tolerance Exemption Expression Limits Uses
exemptions ok

180.910 | Sorbitan fatty acid esters (fatty acids (none) | Surfactants, related adjuvants
limited to C12, C14, C16, and C18 of surfactants

containing minor amounts of associated
1 fatty acids) and their derivatives; the
poly(oxyethylene) content averages 5-20
moles.

180.930 | Sorbitan fatty acid esters (fatty acids (none) | Buffering agent, corrosion
limited to C12, C14, C16, and C18 inhibition

containing minor amounts of associated
fatty acids) and their poly(oxyethylene)
derivatives of sorbitan fatty acid esters;
the poly(oxyethylene) content averages
16-20 moles.

**Residues listed in 40 CFR 180.910 (formerly 180.1001(c)) are exempt from the requirement of a tolerance when used in accordance
with good agricultural practice as inert (or occasionally active) ingredients in pesticide formulations applied to growing crops or to
raw agricultural commodities after harvest.
Residues listed in 40 CFR 180.920 (formerly 180.1001(d)) are exempt from the requirement of a tolerance when used in accordance
with good agricultural practice as inert (or occasionally active) ingredients in pesticide formulations applied to growing crops only.
Residues listed in 40 CFR 180.930 (formerly 180.1001(e)) are exempt from the requirement of a tolerance when used in accordance
with good agricultural practice as inert (or occasionally active) ingredients in pesticide formulations applied to animals.

Use Summary: The sorbitan fatty acid esters and polysorbates are inert ingredients used
as surfactants, related adjuvants of surfactants, emulsifiers, buffering agents, and
corrosion inhibitors in a variety of pesticide products. They also have extensive FDA
approved uses as emulsifiers, defoaming agents, synthetic flavorings, stabilizers and
thickeners in food, and are used in a wide variety of cosmetics, medical products,
lubricants and other applications applied up to several times a day to all areas of the skin,
hair, nails, and mucous membranes with daily and/or occasional use extending over many
years.

IL. MANAGEMENT CONCURRENCE

I concur with the reassessment of the six exemptions from the requirement of a
tolerance for the inert ingredients listed in the table above, I consider the six exemptions
established in the applicable 40 CFR parts 180.910, 180.920, and 180.930 [formerly 40
CFR180.1001 (c), (d), and (e)] reassessed for purposes of FFDCA'’s section 408(q) as of
the date of my signature, below. A Federal Register Notice regarding this tolerance
exemption reassessment decision will be published in the near future.




oo (. Froor

Lois A. Rossi, Director
Registration Division

Date:

CC: Debbie Edwards, SRRD
Joe Nevola, SRRD

Aorditaw ?at&/ A, Estors
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MEMORANDUM
SUBJECT: Reassessment of the Six Exemptions from the Requirement of a Tolerance for the
Sorbitan Fatty Acid Esters and the Polysorbates
FROM:  Keri Grinstead, Inerts Team mm
Minor Use, Inerts, and Emergency Response Branch
Registration Division (7505C)
THROUGH:

TO:

Background

Pauline Wagner, Special Assistant Q oo ) @
Registration Division (7505C) {“’”5\1‘5\0.5

Dan Rosenblatt, Chief
Minor Use, Inerts, and Emergency Response Branch
Registration Division (7505C)

Attached is the science assessment for the sorbitan fatty acid esters and the polysorbates; there
are six exemptions from the requirement of a tolerance for the inert ingredients listed in Table 1 below.
This assessment summarizes available information on the use, physical/chemical properties,
toxicological effects, exposure profile, and environmental fate and ecotoxicity of the sorbitan fatty acid
esters and polysorbates. The purpose of this document is to reassess the existing exemptions from the
requirement of a tolerance (as listed in Table 1) for residues of the sorbitan fatty acid esters and
polysorbates as required under the Food Quality Protection Act (FQPA).

Table 1 (see Appendix A for additional information on nomenclature, CAS Reg. Numbers, and
inert list classification)

Number of
exemptions

CFR Reference

40 CFR Tolerance Exemption Expression Limits Uses

*%

1

180.920 | Poly(oxyethylene)(5) sorbitan monooleate | (none) | Surfactants, related adjuvants
of surfactants
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CFR Reference

Number of | 49 CFR Tolerance Exemption Expression Limits Uses
exemptions *ek

1 180.910 | Polyoxyethylene (20) sorbitan (none) | Surfactants, related adjuvants
monostearate of surfactants

1 180.920 | Polysorbate 60, conforming to 21 CFR (none) | Surfactant
172.836

1 180.910 | Polysorbate 65, conforming to 21 CFR (none) | Emulsifier
172.838,

180.910 | Sorbitan fatty acid esters (fatty acids (none) | Surfactants, related adjuvants
limited to C12, C14, C16, and C18 of surfactants

containing minor amounts of associated
1 fatty acids) and their derivatives; the
poly(oxyethylene) content averages 5-20
moles.

180.930 | Sorbitan fatty acid esters (fatty acids (none) | Buffering agent, corrosion
limited to C12, C14, C16, and C18 inhibition

containing minor amounts of associated
fatty acids) and their poly(oxyethylene)
derivatives of sorbitan fatty acid esters;
the poly(oxyethylene) content averages
16-20 moles.

**Residues listed in 40 CFR 180.910 (formerly 180.1001(c)) are exempt from the requirement of a tolerance when used in accordance with good

agricultural practice as inert (or occasionally active) ingredients in pesticide formulations applied to growing crops or to raw agricultural commodities after
harvest.

Residues listed in 40 CFR 180.920 (formerly 180.1001(d)) are exempt from the requirement of a tolerance when used in accordance with good
agricultural practice as inert (or occasionally active) ingredients in pesticide formulations applied to growing crops only.

Residues listed in 40 CFR 180.930 (formerly 180.1001(e)) are exempt from the requirement of a tolerance when used in accordance with good
agricultural practice as inert (or occasionally active) ingredients in pesticide formulations applied to animals.

Executive Summary

This report evaluates the sorbitan fatty acid esters and the polysorbates. Members of these two
groups of chemicals have six exemptions from the requirement of a tolerance when used as inert
ingredients in pesticide formulations.

The substances listed in Table 1 are collectively referred to as sorbitan fatty acid esters and
polysorbates. The sorbitan fatty acid esters are mono-, di-, and triesters of fatty acids (such as lauric,
stearic, palmitic and oleic acids) and sorbitan. Sorbitan is a generic name for anhydrides derived from
sorbitol, a naturally occurring crystalline hexahydric alcohol found in fruits, seaweed, and algae (CIR
2000). The polyoxyethylene derivatives of sorbitan fatty acid esters are known as polysorbates.

The sorbitan fatty acid esters and polysorbates are inert ingredients used as surfactants, related
adjuvants of surfactants, emulsifiers, buffering agents, and corrosion inhibitors in a variety of pesticide
products. They also have extensive FDA-approved uses as emulsifiers, defoaming agents, synthetic
flavorings, stabilizers and thickeners in food, and are used in a wide variety of cosmetics, medical
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products, lubricants and other applications applied up to several times a day to all areas of the skin,
hair, nails, and mucous membranes with daily and/or occasional use extending over many years.

This hazard assessment was developed using robust summaries of information and data that are
publicly available and most have been peer-reviewed. The individual studies have not been reviewed
by the Agency. The major sources of information used in this assessment include four safety
assessments published by the Cosmetic Ingredient Review (CIR) Expert Panel' (1984, 1985, 2000,
2002), evaluations by the Joint FAO/WHO (Food and Agriculture Organization/World Health
Organization)(JECFA), as well as The High Production Volume (HPV) Chemical Challenge Program’s
Test Plan for the Sorbitan Esters Category of the Aliphatic Esters Chemicals prepared by the American
Chemistry Council (ACC) in November, 2003.

Extensive information is available to address the toxicity of sorbitan fatty acid esters and
polysorbates. Sorbitan fatty acid esters and polysorbates show low acute toxicity by the oral and
dermal routes and, in general, their chronic and subchronic toxicity is also low. They show little
potential for reproductive or developmental effects, and are generally not considered mutagenic or
carcinogenic via oral exposure. They have shown tumor promotion and cocarcinogenic activity at high
concentrations in dermal studies following exposure with other known genotoxic/carcinogenic
compounds. There are no inhalation studies for the sorbitan fatty acid esters or the polysorbates,
however, due to their solid or viscous liquid state, large molecular weight, and low vapor pressure, they
are not volatile and, therefore, inhalation is not expected to be a major route of exposure from the use of
these chemicals as inert ingredients in pesticide products. Given the available information, as well as
their metabolism and excretion by the body, adverse effects from human exposure to sorbitan fatty acid
esters and polysorbates are only expected at concentrations well above those that would be expected
from normal use of products containing these chemicals. It is likely that the average dietary and dermal
exposure to these chemicals from their extensive use in consumer products and as direct and indirect
food additives is far greater than any exposure expected from normal uses of these chemicals as inert
ingredients in pesticide formulations. Given the lack of human health concerns associated with
exposure to residues of these chemicals used as inert ingredients in pesticide formulations, a qualitative
assessment for all pathways of human exposure (food, drinking water, and residential) is appropriate.

Reported aquatic toxicity data for sorbitan monolaurate and sorbitan monooleate indicate the
sorbitan esters are not acutely toxic to aquatic organisms. Most sorbitan esters have toxicity above the
water solubility of the compound, therefore, are unlikely to be present in the environment at
concentrations that would exceed the Agency’s levels of concern, including the endangered species
level of concern.

Taking into consideration all available information on the sorbitan fatty acid esters and the
polysorbates, as well as their long history of use in food, cosmetics, and personal care products, it has
been determined that there is a reasonable certainty that no harm to any population subgroup will result
from aggregate exposure to the sorbitan fatty acid esters and the polysorbates when considering dietary
exposure and all other non-occupational sources of pesticide exposure for which there is reliable

! The Cosmetic Ingredient Review (CIR) was established in 1976 by the Cosmetic, Toiletry, and Fragrance Association (CTFA) with the
support of the Food and Drug Administration and Consumer Federation of America. In order to review and assess the safety of cosmetic
ingredients openly and without bias, an Expert Panel was established. Results of the CIR Expert Panel’s reviews are published in
scientific, peer-reviewed literature.
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information. Therefore, it is recommended that the six exemptions from the requirement of a tolerance
established for residues of the sorbitan fatty acid esters and the polysorbates as listed in Table 1 can be
considered reassessed as safe under section 408(q) of the FFDCA.

L. Introduction

This report evaluates six exemptions from the requirement of a tolerance for members of the
sorbitan fatty acid esters and polysorbates as inert ingredients in pesticide formulations. The exact CFR
references are listed in Table 1 and the associated CAS numbers and chemical names are listed in
Appendix A.

Sorbitan fatty acid esters are mono-, di-, and tri-esters of fatty acids (such as lauric, stearic,
palmitic, and oleic) and sorbitan. Sorbitan is a generic name for anhydrides derived from sorbitol, a
crystalline hexahydric alcohol that occurs naturally in fruits, seaweed, and algae. Sorbitan fatty acid
esters are solids or viscous liquids that are generally insoluble in water. Water solubility for the
compounds decreases with increasing chain length of the fatty acid and increasing degree of
esterification. Five of the sorbitan fatty acid esters (sorbitan laurate, sorbitan stearate, sorbitan oleate,
sorbitan sesquioleate, and sorbitan trioleate) are sponsored by the American Chemistry Council’s
Aliphatic Esters Panel under the EPA High Production Volume (HPV) Chemical Challenge Program?.

Polysorbates are produced by partial esterification of sorbitan with a fatty acid followed by
polymerization with ethylene oxide. Polysorbates differ in the number of polymerized oxyethylene
subunits and the number and type of fatty acid moieties. Polysorbates are composed of 1 or 3 moles of
a fatty acid such as lauric, palmitic, stearic, or oleic and up to 20 moles of ethylene oxide per mole of
sorbitol and its anhydrides. They are viscous, oily liquids or waxy solids soluble or dispersable in
water and possessing a faint characteristic odor.

II. Use Information

Pesticide Uses

Sorbitan fatty acid esters and polysorbates are used as surfactants, related adjuvants of
surfactants, emulsifiers, buffering agents, and corrosion inhibitors in a variety of residential pesticide
products including yard, garden, and turf products as well as in agricultural crop products.

Other Uses

Sorbitan fatty acid esters and polysorbates are nonionic surfactants which have extensive use as
emulsifiers, stabilizers and thickeners in food, cosmetics, personal care and medical products, and
lubricants. They are used in a wide variety of cosmetic products applied to all areas of the skin, hair,
scalp, nails, and mucous membranes up to several times per day with daily and/or occasional use
extending over many years. The majority of cosmetic product concentrations range between 0.1% and
5% with a maximum of 25% (CIR 1984, 1985). They are also used as indirect food additives approved

2 HPV chemicals are those that are manufactured or imported into the United States in volumes greater than one million pounds per year.
The HPV Challenge Program is a voluntary partnership between industry, environmental groups, and the EPA which asks chemical
manufacturers and importers to provide basic hazard data on the HPV chemicals they produce/import. The goal of this program is to
facilitate the public’s right-to-know about the potential hazards of chemicals found in their environment, their homes, their workplace, and
in consumer products.
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for manufacturing articles or components of articles intended for use in producing, manufacturing,
packing, processing, preparing, treating, packaging, transporting, or holding food.

The sorbitan fatty acid esters are used as emulsifiers, stabilizers, rehydration aids, defoaming
agents, and synthetic flavors in foods and beverages (CIR 1985), and as lubricants or ingredients in
lubricants (CIR 2002).

The polysorbates have numerous uses in industry, research, pharmacy, and food production.
They have been approved by the Food and Drug Administration (FDA) as direct and indirect food
additives for human and animal consumption. They are used in a wide variety of specific food types as
surfactants, emulsifiers, adjuvants, solubilizers, dispersing agents, wetting agents, opacifiers, dough
conditioners, defoaming agents at concentrations ranging from 10 ppm to 4.5% of the finished product.
They are used in adhesives, components of coatings, adjuvants, production aids, and sanitizers, as food
additives for feed and drinking water of animals, and as diluents in color additive mixtures for food and
drug use (CIR, 1984).

I11. Physical and Chemical Properties

The chemical and structural similarities of the sorbitan fatty acid esters and the polysorbates are
being used to justify the assessment of these chemicals as a group. They have close commonalities in
their physicochemical properties, chemical characteristics, and biological/toxicological activities.
These same principles are used when evaluating data for structurally similar/related chemicals.

See Appendix B for details regarding the representative physical and chemical properties for
members of the sorbitan fatty acid esters and the polysorbates.

1Vv. Hazard Assessment

A. Hazard Profile

Extensive information is available defining the low toxicity of sorbitan fatty acid esters and
polysorbates. This hazard assessment was developed using robust summaries of information and data
that are publicly available and most have been peer reviewed. The individual studies have not been
reviewed by the Agency. The major sources of information used in this assessment include four safety
assessments published by the Cosmetic Ingredient Review (CIR) Expert Panel® (1984, 1985, 2000,
2002), evaluations by the Joint FAO/WHO (Food and Agriculture Organization/World Health
Organization)(JECFA), as well as The High Production Volume (HPV) Chemical Challenge Program’s
Test Plan for the Sorbitan Esters Category of the Aliphatic Esters Chemicals prepared by the American
Chemistry Council (ACC) in November, 2003. The HPV test plan has not been reviewed by the
Agency, however, its contents, including robust summaries of both publicly available and non-
published confidential business information, was used as supporting information for this assessment.

® The Cosmetic Ingredient Review (CIR) was established in 1976 by the Cosmetic, Toiletry, and Fragrance Association (CTFA) with the
support of the Food and Drug Administration and Consumer Federation of America. In order to review and assess the safety of cosmetic
ingredients openly and without bias, an Expert Panel was established. Results of the CIR Expert Panel’s reviews are published in
scientific, peer-reviewed literature.
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B. Metabolism and Pharmacokinetics

Sorbitan fatty acid esters

The parent esters are metabolized back to sorbitan and common fatty acids which both have low
orders of toxicity. Oral gavage studies in rats administered radio-labeled sorbitan monostearate
indicated that approximately 90% of the sorbitan dose was absorbed and hydrolyzed to sorbitan and
stearic acid. These results would suggest that other sorbitan fatty acid esters may undergo similar
enzymatic hydrolysis when orally ingested; metabolizing to sorbitan and the corresponding fatty acid.
Those resulting metabolites would then be expected to further metabolize via fatty acid beta oxidation
or carbohydrate metabolic pathways into either smaller and more polar water-soluble metabolites
excretable in the urine or as carbon dioxide exhaled in the lungs (ACC 2003). Dermal absorption on
intact skin is not likely based on the large molecular weights of the sorbitan fatty acid esters.

Polysorbates

The metabolism of Polysorbate 20 in rats is detailed in studies using C14 -label tracer
techniques. The ester link of the polysorbate molecule undergoes hydrolysis by pancreatic lipase
resulting in the fatty acid moiety and the polyoxyethylene moiety. The fatty acid moiety is rapidly
absorbed and oxidized followed by the following distribution: 80% as expired CO2, 12% in the
carcass, 4% unabsorbed in the gastrointestinal (GI) tract, 2.5% in the urine, and 1.2% in the liver. The
remaining polyoxyethylene sorbitan moiety is poorly absorbed in the GI tract with approximate
excretions of 90% in the feces and 8% in the urine for Polysorbate 20 and 91% in the feces, 2.1% in the
urine, and 1.6% in the carcass for Polysorbate 80 (CIR 1984). Dermal absorption on intact skin is not
likely based on the large molecular weights of the Polysorbates.

C. Toxicological Data

Sorbitan Fatty Acid Esters
Oral Toxicity — Results of oral toxicity studies for the sorbitan fatty acid esters indicate they are
relatively non-toxic at low doses via ingestion.

Acute - In 20 studies using sorbitan esters, the lowest rat LDso was 31,000 mg/kg for
sorbitan stearate. The rat LDs values from acute toxicity studies of sorbitan laurate ranged from
33,600 mg/kg to 41,500 mg/kg (CIR 2000).

Chronic/subchronic - In subchronic feeding studies of sorbitan laurate to several species
(chickens, rats, monkeys, and hamsters), no toxic effects were seen when the ester concentration in the
diet was <10% (CIR 1985). Chronic feeding studies conducted with sorbitans stearate, laurate, and
oleate at 5% dietary concentration had no adverse effects on rats over a 2-year period (CIR 1985).
Subchronic feeding of sorbitan oleate to rats produced no abnormalities at levels of less than 10% in the
diet. Chronic feeding studies with sorbitans laurate and oleate had no adverse effects on rats at 5% in
the diet over a two-year period and dogs fed 5% sorbitan stearate for 20 months had no compound
related changes (CIR 1985).

Dermal Irritation/Toxicity — Based on their large molecular weights, dermal absorption to
intact skin is expected to be very low.

Acute — In two acute dermal toxicity studies of sorbitan sesquioleate on rabbits dosed
with 6.8 g/kg or 10.2 g/kg for 24 hours, no abnormal behavior, adverse body weight changes, or gross
alterations were noted during the following 14-day observation period. Erythema was noted at the site
of application, however, it subsided by day 7 (CIR 1985). In Draize-type irritation testing, 100%
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sorbitan trioleate was mildly irritating, and 50% sorbitan palmitate, 30% sorbitan stearate, and 30%
sorbitan tristearate all produced no irritation after being applied to rabbit skin under occlusion for 24
hours. Test sites were scored at 24 and 72 hours. The primary skin irritation potential of 50% sorbitan
stearate on rabbit skin under occlusion for 24 hours was minimally irritating when graded at 2 and 24
hours after the dressing was removed (CIR 1985). Sorbitans stearate(60%, 10%, or 1%), laurate(100%,
60%, 10%, or 1%), oleate(100%, 60%, or 10%), and trioleate(100%, 10%, or 1%), when applied daily,
were each determined to be irritating to rabbit skin on day 10 of acute skin irritation studies. Sorbitans
laurate(100%, 60%, or 10%), oleate(100%), and trioleate(100%, 10%, or 1%) each were irritating on
day 3 of the studies and sorbitans stearate(60%, 10%, or 1%), laurate (1%), and oleate(60% or 10%)
each were non-irritating on day 3 of the studies (CIR 1985).

Chronic/subchronic — Subchronic dermal toxicity testing of sorbitans stearate,
sesquioleate, palmitate, and trioleate on rabbit skin resulted in no systemic toxicity. Two studies of 2%
sorbitan stearate applied daily to rabbit skin for 3 months resulted in moderate erythema; slight edema
and desquamation. 1% sorbitan sesquioleate applied 5 days per week to rabbit skin for 13 weeks
produced minimal to slight skin irritation. 4% sorbitan palmitate applied 5 days per week for 4 weeks
to rabbits showed severe erythema and severe dermatitis at the end of the study. 5% sorbitan trioleate
applied for 93 days to rabbit skin showed slight erythema (CIR 1985).

Sensitization — When tested in four Magnusson-Kligman guinea pig maximization
studies, sorbitan isostearate had very low sensitization potential at 50-100% topical application (CIR
2002).

Ocular Irritation - Results of numerous ocular irritation studies showed no irritation to minimal
irritation with concentrations of sorbitan fatty acid esters ranging from 4% to 100%. “The sorbitan
fatty acid esters and fatty acids were generally not ocular irritants” (CIR 2002).

Reproductive/Developmental Toxicity — Results from a two-year, four-generation toxicity study
in rats administered sorbitan monostearate at dietary dose levels of 0%, 5%, 10%, or 20% showed no
observed effects on reproduction, gestation, growth, lactation, and mortality at 5 and 10% in the diet.
Slight effects on growth and impairment of lactation were reported at 20% in the diet and there were no
reports of developmental effects (ACC 2003). Additionally, subchronic toxicity studies of various
sorbitan esters and a structurally analogous surrogate, sorbitan, fatty acid C6-10 tetraester (CAS
228573-47-5), have been shown not to adversely affect the reproductive organs as determined by gross
observations and histopathology (ACC 2003). Feeding up to 10% sorbitol to rats had no significant
adverse reproductive effects in a 96 week multi-generation study. The safety of hydrogenated starch
hydrolysates (HSH), which are mixtures of polyhydric alcohols, did not produce reproductive or
developmental effects when investigated in a 2 year ingestion study of rats (CIR, 2002).

Mutagenicity - Sorbitan stearate, at concentrations of 0.01 to 300 pg/ml, did not induce in vitro
transformation of hamster ovary cells and was not mutagenic in S. typhimurium strains with or without
metabolic activation. There was an equivocal result of an unspecified sorbitan fatty acid ester
(maximum dose 0.3 mg/ml in DMSO) in the chromosomal aberration test using Chinese hamster
fibroblasts. The HPV Test Plan data showed no evidence of mutagenic or clastogenic activity, with or
without metabolic activation, based on bacterial or mammalian gene mutation assays or in-vitro
chromosomal aberration assays for the sorbitan esters and surrogate (ACC 2003).

Carcinogenicity — A carcinogenicity study performed by feeding mice sorbitan stearate in
dietary levels of 0%, 0.5%, 2.0%, or 4.0% for 80 weeks showed no difference in tumor type or
incidence from that of controls. No carcinogenic effects were seen after undiluted sorbitan laurate was
applied twice weekly to the clipped skin of male Swiss mice for 73 weeks. In a tumor promotion and
cocarcinogen study of sorbitans laurate, oleate, and trioleate, only sorbitan laurate was active as a tumor
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promoter after initiation by 150 pg DMBA (7,12-dimethylbenz(a)anthracene)(0.3% in paraffin).
Sorbitans oleate and trioleate were inactive as tumor promoters after initiation with DMBA. This same
study also investigated their cocarcinogenic activity by dissolving either 0.3%(150 pg), 0.03%(15 pg),
or 0.003%(1.5 pg) DMBA in the various sorbitans and applied three times per week to the shaved
backs of mice. The results showed sorbitans laurate and trioleate as active on mouse skin as
cocarcinogens when used as the solvent for 0.003% DMBA (CIR 2002).

Polysorbates
Oral Toxicity — The polysorbates had low oral toxicity in both acute and long-term animal

studies.

Acute - The LD 5, values for 33 acute oral toxicity studies in rats ranged between 5000
and 38,900 mg/kg (CIR 2000).

Chronic/subchronic — Numerous feeding studies of polysorbates at diet concentrations
of 0.1-25% have been performed on a variety of animal species for periods of 6 weeks to 2 years and
over several generations. The results of these studies concluded that effects were seen starting around
5% in the diet, but those effects were primarily related to diarrhea, likely resulting “from having high
concentrations of the unabsorbed polyoxyethylene sorbitan moiety within the intestinal lumen” (CIR
1984). The diarrhea itself could have been aggravated by use of a poor basal diet in early studies (CIR
1984). “Evaluations of these substances should be based on the levels causing no adverse effects
indicated by the results of more recent studies with considerably improved testing procedures” (JECFA,
1974). JECFA has also determined the estimate of acceptable daily intake for man is 0-25 mg/kg bw
and the level causing no toxicological effect in the rat is 2500 mg/kg bw (5% in the diet) with many
species tolerating much greater dietary quantities over extended periods of time (CIR, 1984).

Dermal — Based on their large molecular weights, dermal absorption on intact skin is expected
to be very low. The polysorbates showed little potential for rabbit and mouse skin irritation in acute
studies (CIR 2000).

Acute - Primary rabbit skin irritation studies using the Draize method were performed,
with 6 studies showing no signs of irritation, 3 studies showing minimal irritation, and one study
showing mild irritation. All of these studies used 100% concentrations of polysorbate, 20, 40, 60, or
80 (CIR 1984).

Chronic/subchronic - Polysorbates tested in subchronic skin irritation tests for up to 60
days produced minimal irritation to necrosis to local skin. These effects were attributable to damage of
the epidermal cell membrane by the emulsifying action of the polysorbates.

Sensitization — PEG-20 sorbitan oleate(Polysorbate 80) and PEG-20 sorbitan
Tristearate(Polysorbate 65) were non-sensitizers, and PEG-20 sorbitan laurate(Polysorbate 20) was a
moderate to strong sensitizer in a Magnusson-Kligman guinea pig maximization test (CIR 2000).

Ocular Toxicity — The polysorbates were non-irritating to mildly irritating in both in-vivo and
in-vitro ocular irritation assays (CIR 2000). Twenty-three Draize rabbit eye irritation studies of the
polysorbates showed either no irritation or minimal irritation using concentrations ranging between
30% w/v in distilled water and 100% polysorbate 20, 21, 40, 60, 61, 65, 80, 81, or 85 (CIR, 1984).

Reproductive/Developmental Toxicity — PEG-20 sorbitan laurate was given by gavage in doses
of 0, 500, or 5000 mg/kg/day in a volume of 5 ml/kg bw to time-mated Sprague-Dawley-derived rats
on gestational days 6 through 15 with termination on gestational day 20. The maternal LOAEL was
5000 mg/kg/day (based upon a 14% decrease in weight gain during treatment) and the maternal
NOAEL was 500 mg/kg/day. No adverse effects upon prenatal development were noted, therefore, the
developmental NOAEL was > 5000 mg/kg/day. An in-vivo teratology screening study of PEG-20
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sorbitan oleate did not cause developmental toxicity when administered by gavage (2500 mg/kg/day) to
pregnant mice on gestational days 8 to 12. There were no harmful effects on the prenatal development
in a teratogenicity study of PEG-20 sorbitan stearate(Polysorbate 60) which was fed to pregnant rats at
99 mg/kg/day(0.1%), 960 mg/kg/day(1.0%), or 7693 mg/kg/day(10%) from gestational days 7 to 14.

In subchronic and chronic oral toxicity studies, the PEGs did not cause adverse reproductive effects”
(CIR 2000).

Mutagenicity/Genotoxicity — “The polysorbates were nonmutagenic in a number of bacterial
and mammalian systems, with the exception of PEG-20 sorbitan stearate which produced both positive
and negative results in genotoxicity assays” (CIR 2000).

Carcinogenicity — Generally, the polysorbates were considered weak tumor promoters in
numerous oral and dermal initiation-promotion studies, however, they are not generally not considered
oral or dermal carcinogens by themselves.

Oral — No increase in the incidence of neoplasms was observed in male or female mice
or female rats fed 25,000 ppm or 50,000 ppm Peg-20 sorbitan oleate daily in a 2-year study, however,
there was “equivocal evidence of carcinogenicity for the male rat in the high-dose group based upon the
increased incidence of pheochromocytomas of the adrenal medulla (equivocal evidence = marginal
increase of neoplasms that may be chemical related). PEG-20-sorbitan stearate did not increase the
incidence of tumors in a gastric carcinogenesis study in the male rat. Numerous oral studies performed
on the Polysorbates showed no evidence of carcinogenicity by this route (CIR 1984). No tumors were
seen in 11 studies of various animals (rats, hamsters, dogs, mice, rabbits) at 1-25% in the diet over
periods of 59 days — 13 months (CIR 1984).

Skin — While topical application of high concentrations of polysorbates to the skin did
produce skin tumors in some studies, most tumors were benign with a tendency to regression, and
subsequent review of the studies concluded the polysorbates are not carcinogenic when applied to the
skin (CIR 1984).

Extensive information is available to address the toxicity of sorbitan fatty acid esters and
polysorbates. Sorbitan fatty acid esters and polysorbates show low acute toxicity by the oral and
dermal routes and, in general, their chronic and subchronic toxicity is also low. They show little
potential for reproductive or developmental effects, and are generally not considered mutagenic or
carcinogenic via oral exposure. They have shown tumor promotion and cocarcinogenic activity at high
concentrations in dermal studies following exposure with other known genotoxic/carcinogenic
compounds. There are no inhalation studies for the sorbitan fatty acid esters or the polysorbates,
however, due to their solid or viscous liquid state, large molecular weight, and low vapor pressure, they
are not volatile and, therefore, inhalation is not expected to be a major route of exposure from the use of
these chemicals as inert ingredients in pesticide products.

D. Special Consideration for Infants and Children

There is no evidence indicating sorbitan fatty acid esters or polysorbates adversely interfere
with reproduction. Sorbitol, the parent compound of sorbitan, showed no adverse effects in a
multigeneration reproductive study. A 4-generation reproductive toxicity study of sorbitan
monostearate saw increased sensitivity to pups (effects on growth and lactation); however, these effects
were only seen at the highest dietary dose of 20%. While polysorbates have shown reproductive and
developmental effects in some studies, the effects were also only seen at exposure levels that were
maternally toxic and above the limit dose. A 1992 NTP developmental toxicity study of
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polyoxyethylene sorbitan monooleate (Polysorbate 80) yielded a maternal LOAEL of 500 mg/kg/day
(based upon an increase in maternal relative liver weight) with no definitive developmental adverse
effects noted(developmental NOAEL > 5000 mg/kg/day) (CIR 2000). Based on this information there
is no concern, at this time, for increased sensitivity to infants and children. For these same reasons a
safety factor analysis has not been used to assess risk and therefore the additional tenfold safety factor
for the protection of infants and children is also unnecessary.

V. Environmental Fate Characterization/Drinking Water Considerations

**See Appendix C for the Summary Table of Physicochemical Properties and Environmental Fate
Data for the Sorbitan Esters from the HPV Sorbitan Esters Report

There are limited studies characterizing the environmental fate of the sorbitan fatty acid esters
and the polysorbates. Although there is no available fate data on the polysorbates, they are expected to
have similar characteristics in the environment. These chemicals appear to be non-volatile and have
low vapor pressures. The sorbitan fatty acid esters are insoluble in water. Both the sorbitan fatty acid
esters and the polysorbates are unlikely to hydrolyze or photolyze in soil or water in the environment
and, as a group, are unlikely to be very mobile, based on their log Kow values.

Biodegradation data have been reported for sorbitan monolaurate, sorbitan monooleate, and a
surrogate material sorbitan, fatty acid C6-C10 tetraester (CAS 228573-47-5) (Table 2). These
chemicals undergo moderate biodegradation in the environment (60-83% in 28-days). “Calculated
data for environmental fate endpoints using EPIWIN and EQC (Level III) modeling programs also
support the biodegradation conclusions for the sorbitan esters. The resulting high biodegradation of the
poorly water-soluble surrogate, sorbitan tetraester, indicates that enzymatic cleavage of the multiple
ester linkage must be taking place in order to achieve the observed level of biodegradation. This is
consistent with the fact that the fatty acids arising from the enzymatic ester bond cleavage of the
sorbitan esters would also be expected to rapidly degrade” (ACC 2003). Although no data were
identified in the open literature, by analogy, the polysorbates would be expected to have similar
characteristics in the environment. Considering the available data and physical/chemical properties,
neither the sorbitan fatty acid esters nor the polysorbates would be likely to be present in the
environment at any appreciable levels when used as pesticide inert ingredients.

Table 2. Biodegradation Data from the HPV Sorbitan Esters Report (ACC 2003)

Sorbitan Monolaurate | Not readily Biodeg.
1338-39-2 60% in 28 days
OECD 301D (BOD)
Sorbitan monooleate | Not readily Biodeg.
1338-43-8 62% in 28 days
OECD 301D (BOD)
Sorbitans, fatty acids | Not readily Biodeg.
C6-10, tetraester 70% in 28 days
228573-47-5 OECD 301D (BOD)
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VI Exposure Assessment

Sorbitan fatty acid esters and polysorbates are used as surfactants, related adjuvants of
surfactants, emulsifiers, buffering agents, and corrosion inhibitors in a variety of residential pesticide
products including yard, garden, and turf products, as well as in agricultural crop products, applied to
growing crops, raw agricultural commodities after harvest, and/or to animals. Additionally, they are
used extensively as emulsifiers, stabilizers and thickeners in food, cosmetics, personal care and medical
products, and lubricants. The JECFA estimate of acceptable daily intake (ADI*) for man for the
sorbitan fatty acid esters and the polysorbates is 0-25 mg/kg bw each (JECFA 1974).

For the general population, the majority of exposure to the sorbitan fatty acid esters and the
polysorbates occurs from their extensive use in consumer products and as FDA-approved direct and
indirect food additives. The dietary exposure to these chemicals as components of pesticide inert
ingredients is expected to be much less than that from their use in consumer products, particularly as
direct and indirect food additives, and they are easily metabolized and/or excreted by the body,
therefore, no further dietary exposure assessment is necessary. The potential for surfactant lung effects
resulting from inhalation of respirable particles of either sorbitan fatty acid esters and/or polysorbates
would be more commonly associated with exposures to high concentrations of the neat solid material, a
scenario that would not be realized in conjunction with the use of sorbitan fatty acid esters or
polysorbates as inert ingredients in pesticide products where inhalation exposures would be negligible,
therefore no further inhalation exposure assessment is necessary. The most likely exposure to these
chemicals in pesticide formulations is by the dermal route; however, a low concern for human health
effects is anticipated based on their low potential for irritation and dermal absorption on intact skin.

VII. Aggregate Exposure

In examining aggregate exposure, FFDCA section 408 directs EPA to consider available
information concerning exposures from the pesticide residue in food and all other non-occupational
exposures, including drinking water from ground water or surface water and exposure through pesticide
use in garden, lawns, or buildings (residential and other indoor uses).

For sorbitan fatty acid esters and polysorbates, a qualitative assessment for all pathways of
human exposure (food, drinking water, and residential) is appropriate given the lack of human health
concerns associated with exposure to sorbitan fatty acid esters and polysorbates.

VIII. Cumulative Exposure

Section 408(b)(2)(D)(v) of the FFDCA requires that, when considering whether to establish,
modify, or revoke a tolerance, the Agency consider “available information” concerning the cumulative
effects of a particular pesticide’s residues and “other substances that have a common mechanism of
toxicity.”

Unlike other pesticides for which EPA has followed a cumulative risk approach based on a
common mechanism or toxicity, EPA has not made a common mechanism of safety finding as to

* ADI (Acceptable Daily Intake): An estimate by JECFA of the amount of a food additive, expressed on a body weight basis that can be
ingested daily over a lifetime without appreciable health risk.
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sorbitan fatty acid esters, polysorbates, and any other substances, and sorbitan fatty acid esters and
polysorbates do not appear to produce toxic metabolites produced by other substances. For the purpose
of these tolerance actions, therefore, EPA has not assumed that the sorbitan fatty acid esters and
polysorbates have a common mechanism of toxicity with other substances. For information regarding
EPA’s efforts to determine which chemicals have a common mechanism of toxicity and to evaluate the
cumulative effects of such chemicals, see the policy statements released by EPA’s Office of Pesticide
Programs concerning common mechanism determinations and procedures for cumulating effects from
substances found to have a common mechanism on EPA’s website at
http://www.epa.gov/pesticides/cumulative/.

IX. Human Health Risk Characterization

Sorbitan fatty acid esters and polysorbates show low acute toxicity by the oral and dermal
routes and, in general, their chronic and subchronic toxicity is also low. They show little potential for
reproductive or developmental effects, and are generally not considered mutagenic or carcinogenic via
oral exposure. They have shown tumor promotion and cocarcinogenic activity at high concentrations
in dermal studies following exposure with other known genotoxic/carcinogenic compounds. They are
metabolized and excreted by the body. They are unlikely to hydrolyze or photolyze in soil or water in
the environment and they are unlikely to be very mobile based on their lo g Kow resulting in low
concern for high exposure to these chemicals in drinking water. Given the available information,
adverse effects from human exposure to sorbitan fatty acid esters and polysorbates are only expected at
concentrations well above those that would be expected from normal use of products containing these
chemicals. It is likely that the average dietary and dermal exposure to these chemicals from their
extensive use in consumer products and as direct and indirect food additives is far greater than any
exposure expected from normal uses of these chemicals as inert ingredients in pesticide formulations.

Taking into consideration all available information on sorbitan fatty acid esters and
polysorbates, EPA has determined that there is a reasonable certainty that no harm to any population
subgroup will result from aggregate exposure to sorbitan fatty acid esters and polysorbates used as inert
ingredients when considering the dietary exposure and all other non-occupational sources of pesticide
exposure for which there is reliable information. Therefore, it is recommended that the 6 exemptions
from the requirement of a tolerance established for residues of sorbitan fatty acid esters and

polysorbates as detailed in Table 1 be maintained and considered reassessed as safe under section
408(q) of the FFDCA.

X. Ecotoxicity and Ecological Risk Characterization

There are limited measured toxicity data to characterize the effects of the sorbitan fatty acid
esters or the polysorbates on aquatic and terrestrial organisms. The available information is shown in
the table below. Reported aquatic toxicity data for sorbitan monolaurate and sorbitan monooleate
indicate the sorbitan esters are not acutely toxic to aquatic organisms. Most sorbitan esters have
toxicity above the water solubility of the compound, therefore, are unlikely to be present in the
environment at concentrations that would exceed the Agency’s levels of concern, including the
endangered species level of concern.
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Table 3. Aquatic Toxicity Data

Chemical/CAS/Refer | Acute FishLCsoor | Daphnia LCsoor LLso | Algal LCso or LLso

ence : pLLso e
Sorbitan Monolaurate | 75 mg/L T
1338-39-2
Sorbitan monooleate | >1000 mg/L
1338-43-8
Sorbitans, fatty acids | >1000 mg/L >1000 mg/L >1000 mg/L
C6-10, tetraester
228573-47-5
References:

American Chemistry Council; Test Plan for the Sorbitan Esters Category of the Aliphatic Esters Panel,
201-14869A, 201-14869B, November 26, 2003.

CIR (Cosmetic Ingredient Review); Final Report on the Safety Assessment of Polysorbates 20, 21, 40,
60, 61, 65, 80, 81, and 85; Journal of the American College of Toxicology; 3(5): 1-82, 1984.

CIR; Final Report on the Safety Assessment of Sorbitan Stearate, Sorbitan Laurate, Sorbitan
Sesquioleate, Sorbitan Oleate, Sorbitan Tristearate, Sorbitan Palmitate, and Sorbitan Trioleate; Journal
of the American College of Toxicology; 4(3): 65-121, 1985.

CIR; Final Report on the Safety Assessment of PEG-20 Sorbitan Cocoate; PEG-40 Sorbitan
Diisostearate; etc.; International Journal of Toxicology, 19(Suppl 2): 43-89, 2000.

CIR; Final Report on the Safety Assessment of Sorbitan Caprylate, Sorbitan Cocoate, Sorbitan
Diisostearate, etc.; International Journal of Toxicology; 21 (Suppl 1): 93-112, 2002.

JECFA - Joint FAO/WHO (Food and Agriculture Organization/World Health Organization); Sorbitan
Monoesters of Palmitic and Stearic Acids and Triesters of Stearic Acid; 17" Report of the Joint
FAO/WHO Expert Committee on Food Additives; Wid Hlth Org. techn. Rep. Ser., 1974, No. 539;
FAOQO Nutrition Meetings Report Series, 1974, No. 53; 1974a.

JECFA - Joint FAO/WHO (Food and Agriculture Organization/World Health Organization);
Polyoxyethylene (20) Sorbitan Monoesters of Lauric, Oleic, Palmitic and Stearic Acids and Triester of
Stearic Acid; 17™ Report of the Joint FAO/WHO Expert Committee on Food Additives, Wld Hith Org.
techn. Rep. Ser., 1974, No. 539; FAO Nutrition Meetings Report Series, 1974, No. 53; 1974b.

JECFA - Joint FAO/WHO (Food and Agriculture Organization/World Health Organization); Sorbitan
Monoesters of Palmitic, Stearic, Oleic and Lauric Acids and Triesters of Stearic Acid; 26th Report of
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the Joint FAO/WHO Expert Committee on Food Additives, Geneva, W1d Hith Org. techn. Rep. Ser.,
683, 1982,

Acknowledgment: The Agency was assisted in the preparation of this document by Versar, Inc. Under
GSA Contract Number EP-05-W-000253.
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APPENDIX A

CAS numbers and chemical names

Polysorbates:
-~ 9005-65-6(LIST 4B): Glycol (polysorbate 80), PEG-3 Sorbitan oleate, PEG-6 Sorbitan oleate, Polyethylene glycol (3)

sorbitan monooleate, Polyethylene glycol 300 sorbitan monooleate, Polyoxyethylene (20) sorbitan monooleate,
Polyoxyethylene (3) sorbitan monooleate, Polyoxyethylene (5) sorbitan monooleate, Polysorbate 80, Polysorbate 80,
Polysorbate 81, Sorbimacrogol oleate 300, Sorbitan, mono-9-octadecenoate, poly(oxy-1,2-ethanediyl) derivs
- 9005-67-8: PEG-3 Sorbitan stearate, PEG-40 Sorbitan stearate, PEG-6 Sorbitan stearate, PEG-60 Sorbitan stearate,
Polyethylene glycol (3) sorbitan monostearate, Polyethylene glycol 2000 sorbitan stearate, Polyethylene glycol 300 sorbitan
monostearate, Polyethylene glycol 3000 sorbitan monostearate, Polyoxyethylene (20) sorbitan monostearate,
Polyoxyethylene (3) sorbitan monostearate, Polyoxyethylene (4) sorbitan monostearate, Polyoxyethylene (40) sorbitan
stearate, Polyoxyethylene (6) sorbitan monostearate, Polyoxyethylene (60) sorbitan monostearate, Polysorbate 60,
Polysorbate 61, Sorbimacrogol stearate 300, Sorbitan, monooctadecanoate, poly(oxy-1,2-ethanediyl) derives
9005-71-4: Polyoxyethylene (20) sorbitan Tristearate, Polysorbate 65, Sorbimacrogol tristearate 300, Sorbitan,
trioctadecanoate, poly(oxy-1,2-ethanediyl) derivs.
Sorbitan fatty acid esters (fatty acids limited to C12, C14, C16, and C18 containing minor amounts of associated
fatty acids) and their derivatives; the poly(oxyethylene) content averages 5-20 moles:
- 8007-43-0(LIST 3): sorbitan sesquioleate
* 9005-64-5(LIST 4B): PEG-10 Sorbitan laurate, PEG-40 Sorbitan laurate, PEG-44 Sorbitan laurate, PEG-75 Sorbitan
laurate, PEG-80 Sorbitan laurate, Polyethylene glycol (44) sorbitan Monolaurate, Polyethylene glycol (80),
sorbitan Monolaurate, Polyethylene glycol 2000 sorbitan laurate, Polyethylene glycol 4000 sorbitan
Monolaurate, Polyethylene glycol 500 sorbitan Monolaurate, Polyoxyethylene (10) sorbitan Monolaurate,
Polyoxyethylene (20) sorbitan Monolaurate, Polyoxyethylene (4) sorbitan Monolaurate, Polyoxyethylene (40)
sorbitan laurate, Polyoxyethylene (44) sorbitan Monolaurate, Polyoxyethylene (75) sorbitan Monolaurate,
Polyoxyethylene (80) sorbitan Monolaurate, Polysorbate 20, Polysorbate 21, Sorbimacrogol laurate 300,
Sorbitan, monododecanoate, poly(oxy-1,2-ethanediyl) derivs.
~.9005-66-7: Polyethylene glycol (80) sorbitan monopalmitate, Polyoxyethylene (20) sorbitan monopalmitate,
Polyoxyethylene (80) sorbitan monopalmitate, Polyoxyethylene sorbitan monopalmitate, Polysorbate 40,
Sorbimacrogol palmitate 300, Sorbitan, monohexadecanoate, poly(oxy-1,2-ethanediyl) derivs.
9005-67-8(LIST 4B): see above
-+9005-70-3: Polyoxyethylene (20) sorbitan trioleate, Polysorbate 85, Sorbimacrogol trioleate 300, Sorbitan, tri-
9-octadecenoate, poly(oxy-1,2-ethanediyl) derivs
~9005-71-4(LIST 4B): see above
~1338-39-2(LIST 3): 1,4-Anhydro-D-glucitol, 6-dodecanoate, Anhydrosorbitol monolaurate, Sorbitan laurate, Sorbitan
Monolaurate, Sorbitan, monododecanoate
~ 1338-41-6(LIST 4B): 1,4-Anhydro-D-glucitol, 6-octadecanoate, Anhydrosorbitol monostearate, D-Glucitol, 1,4-anhydro-,
6-octadecanoate, Sorbitan monostearate, Sorbitan stearate, Sorbitan, monooctadecanoate
~~1338-43-8(LIST 3): 1,4-Anhydro-D-glucitol, 6-(9-octadecenoate), Anhydrosorbitol monooleate, D-Glucitol, 1,4-
anhydro-, 6-(9-octadecenoate), Sorbitan monooleate, Sorbitan oleate, Sorbitan, mono-9-octadecenoate
-9005-65-6: see above
~~26266-57-9(LIST 4B): 4-Anhydro-D-glucitol, 6-hexadecanoate, D-Glucitol, 1,4-anhydro-, 6-hexadecanoate, Sorbitan
monopalmitate, Sorbitan palmitate
~~26266-58-0(LIST 3): Anhydrosorbitol trioleate, Sorbitan trioleate, Sorbitan, tri-9-octadecenoate
" 20658-19-5(LIST 3): Anhydrosorbitol Tristearate, Sorbitan tristearate, Sorbitan, trioctadecanoate
~29116-98-1(LIST 3): Anhydrosorbitol dioleate, Sorbide dioleate, Sorbitan dioleate, Sorbitan, di-9-octadecenoate
*-61790-88-3(LIST 3): Fatty acids, tall-oil, triesters with sorbitan, ethoxylated
- 61790-90-7(LIST 4B): Fatty acids, tall-oil, hexaesters with sorbitol, ethoxylated
~.01791-48-8(LIST 3): Fatty acids, tall-oil, monoesters with sorbitan
- 68648-20-4(LIST 4B): Fatty acids, tall-oil, sesquiesters with sorbitol, ethoxylated

15 of 20



0T Jo 91

saged g 1xou ) Uo samyonns sAneIudsaIdal 29G,

(1007 ‘[rouno) Anstuay) ueouswy) s10)sy deydiyy 10§ SoLEWIUING JSRA0Y [007 oy ut payrodar se NIMIJT Aq parewnss anjep = g

. ) . ) ) (s1h)
@650 @) 060 @z @ LL DT ren siskiomA
. ) j } ) (sAep) oy11-31eH
@ 200 @) v0'0 @) 00 @ L10 @) o0zo wonEpeISopoloy
Io)em torem I9jem Ul 9[qNIOsSU] | IS)em UI [qnjosu I9)em UT J[qn[osu Torem ( e T/3w)
worguosa | WS | o aguonuy | LTI | S GG | SRS TAO | gy | O ST TAW)
. () 61-d L6S @ 61°¢€l i
@iLie @ 1101 (@) 63° @) 019 @ S1°¢ Moy 307
ot e e . o e (O sziweey)
@ e61-d T @) L1-a €89 @ v1-3 €0'1 @) v1-a 81 @ er-avee amssorg sode
@916 (3 609 (3) s¢¢ 3 1€8 (D) z9¢ (O ) juiod Jurjlog
po~ @) 0s¢ o~ @) sve @) g2z Ammvom.mw @oL1| (O )rurod Sunpepy
01~ SO1-01 001 -560 01~ €0'1-860 90°1-01 © <
1e) L1ae1n) ofjioadg
96 856 €0t 695 0ch §3% 9p¢ IS M TR[MOS[OIN
8OYITH09D 80801H09D 90TYHTTO 90VYHYTD 909¥HYT) 90VEHS1D P[IULIO, JE[NIS[OJA
pmbry pros
PIOS Y M pmbiy moqo 5 PIIOS A3y M pmby morp 4 1oquIE 01 MOJ[ax | Axem ues o1 oM pmby moja aje)g [edIsAyd
0-85-9979¢ 6-.5-9979C 0-€¥-L008 8-€H-8€€] 9-1p-8€€1 T-6€-8€€1 "ON SVD
- p e 2V

SIS PIoY Aie,] ue)IqIog Jo santadoly [ednuay)/[edisAyd 7 S[qel

sanadoag [edruray )/ [edsAyg

4 XIANAddV



0C Jo L1

(rway) woiy aonys)
C-6£-8¢¢€1
JjeIne| ue}1IqIos

HG

o

- S

HO OH



HD

0 Jo 81

(ruay) wory amjonns)

9-1¥-8¢el
9)BIRI)ISOUOUI UR}IQIOS




0C Jo 61

pmbiy AJ10 ‘SnOOSIA

pIjOS AXe M

ONI[-QUI[aSB A ‘Xem
‘[981was 1o pmbiy A110

pinbiy A]10 ‘SNOOSIA

TS [eoISAYg

payioadsun

mNO:g ﬁmuoo I D

cmouom_mnvoo

ONOLL ﬁmnwmo

B[NWI0,]

9-69-5006

v-1L-5006

8-L9-5006

$-¥9-5006

SVD

08 91eqI0sA[0d

G9 9)8qI0SA[0d

09 91eqiosAjod

0T 21eqiosAjod

[eonnay )

SALVEIOSATOd



0T Jo 0¢

“assydsoune suo 0} pajejodeljxs usaq aney Aew SONJEA SWOS puE aInssaid paonpal Japun paulwlalsp sjuiod Buliog 8ABl saoueisqns ay jo Auew = ,,

'ssouBISqNS asau) Joj sjulod Bunew joapal Aj9ieinsoe jou Aew €jep pajspo “sjusuodwod aind jo asoy) mojeq sjulod Bunjow 8ABY 0] pajoadxe a1e saImXIp BIoN = ,

'S82IN0S aunjesay)|

Aiepuodss ‘syooqpuey aouaJstal ‘SGSW ‘SluaLINOOp ‘spodas AuBdLIOD WOY PBUIEIqO BJEP JO SjusLISINSESW WO4 paAlsp aie S|qe) Ul SanjeA Jauo (e (NIMIJI Buisn ejep pajenojes = 5

"S18)$9 UE)IqIOS SB SalLeIwIS [BINJONS/[BoILaYD
J1I8y) 03 anp sesodind Buibpugq 10§ 10 uoyenjeas dnolb SJE}Ioe) 0} 3|qe)} Ut papnjoul sem jey) ing AloBa)es si1s)s3 UBNGIOS Ay} 104 381| AdH 9y} UO JOU sem ey} 8dUBISqNS $J0UBP MOJ paybIybiH

2
)
o169 | 95 | 200 | ¥2Z 9650 9200 961-3.6'G oLL'le o61-32¢°L 916 o0s¢ 8jes|ou} ‘UeliqIOg 0-85-9929Z 866 09
» , opL-3/8°1 :
5 5 60-2LE°L LG o8¢ 29g9 ~0092 699 1. 8
o198 | 201 | g0 | 1z %6L0 %610 ©Toe> Li< 1€ Bd L0327 | O%62< | DSZ-> Jojseeia] 0} S-2b-619822 . -
, -92 PRV Aned ‘ueyqiog
5 2
oLv9 | ozL | o10 | 98z 2060 %00 0/0-3€6°G 2LL0L 0/1-3€8°9 609 o8ve g)esjoinbsas ‘uepqiog 0-£4-2008 695 €e
) 2 ) o vz
2605 | 921 | o¢0 | zoe oL, 310 922100 o019 oFL-38€°L LES 022e 9)eJes}SOUOW ‘UBNQIOS o-Lr-gEEt (%4
0 ° . vz
oLy | 961 | ato | zie oge 9600 L6100 268°G oyL-3€0°L Ges RN AA 9]E9[00UOW ‘UB}IQIOS g-Cp-8ee L 62v
2 2 5 o161 (spioe onsukw pue ouney
vee | 20 | 289 ale spioe Apey urew) 6-9¢-¥5189
2g'1€0 | e | -vo0 | -opg | FTVE-LL 902°0-6L°0 oTeL6TL | dPLPSLE oZ1-3€°6-L°L S8Y-29Y -9/1 UBLIQIOS UM SJ8)S80UoL ¢ 1 72% 0Z-91
‘0200 ‘spioe Aje4 -ove
° ° 0 ) . . ) ) ° Z-6E-8EE1 gl
o260 v'le | ¥00 | 289 A 4" 2020 o6L°EL o6Le oZL-3PE6 [4)4 09/1 sjeinejouou ‘UBHQIOS 9vE
% % % % ) (mod Boy)
juswipag  Jaje %o s
S M % a-eH (shep) (0,52071/Bw) | 1UBPWR07 (0,
sisAloIpAH ayi-ieH Ananjog :Mﬁwa SZO@BH wuw) (2, Aw“,v_ JaquinN 18383 Ul
{opop Anoebng-sjuswpedwor u J91EM ainssaud »dd * aweN [ediws uoqien
[EJUSWIUONAUT UIYIM oepeibag -joue0 Jodep N [ed! ud SvO MW |10
(podsues 1) uonnqusiq |eoiWBy ) -0joud

£007 ‘9T JoquiaAoN ‘[oued 519357 oneydijy s, [rouno)) Ansiuay)) ueoLWry oy Aq paredsid sjesruayyy s1osg oneydiyy a1 Jo A1033918)
SI2SH UB)GIOS 3y} 10§ Ueld 153, We1301d a5us(jey)) [eonusy) (AdH) SWN[0A Uononpold YSIy oY) Ul punoy d[qe} J0exX siy) woy paonpoidar sem d[qe) sWL,,,
*xxSI9)SY UEIIQI0S 3y) 10] BIE( 9)E ] [(IUSWUONAUY PUE SON10d01] [EITUIYI00ISAT JO I[qEL ATemung

J XIANAddV




