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6.1 Introduction

Clove oil is an essential oil frothe dried flower buds, leaves and stems of theSyeggium
aromaticum(Eastern Hemisphere) Bugenia caryopyllata andEugenia aromaticuniWestern
Hemisphere§.There are only small differences between these species and many consider them
to be essentially the same.

When applied to growing plants in sufficient quantities, clove oil rapidly desiccates geeen tis

by removing the waxy cuticle of the plant and disrupting the cell membrane. This results in
electrolyte leakage from plant cells, causing tissue death. Clove oil is not translocated in treated
plants and provides no residual weed coritibls only dfective as a postmergent herbicide

and provides burndown of both annual and perennial broadleaf and grass weeds. It is also used as
an insecticide and as a scent attractant in traps for Japanese beetles, wasps, and other insects.

Clove oil is a natully occurring food flavour and iextensively used in fragrance and flavor
formulations for its spicy aroma. Clove oil and it's primary ingredient eugenol have been in
widespread use as flavoring and fragrance agents in the United States since befdreel900.
soap and detergent industry is a major user of both materials, and eugenol is typically used in
such products at concentrations in the range 0f0.2%6 (v/v). The Environmental Working
Group’s cosmetics database lists 278 cosmetic and personpteduets available ovahe

counter that contain eugenol in low concentratfons.

The US Food and Drug Administration (FDA) has approved clove oil for use in food as a
flavoring agent, in dentistry as an analgesic and in dental cements, as a fragraensenal jgare
products and in aromatherapy oils, and in transdermal drug delivery systdons. oil has also

been found to possess antibacterial, antifungal, antiviral, antitumor, antioxidant and insecticidal
propertie$. The FDA categorizes clove oil generally recognized as safe (GRAS) for use in

dental cement or as a food additive, but neither clove oil nor any of its components are rated as
GRAS for use as an anesthetic for fish because of concerns about toxicity to fish and to humans
consuming fishreated with clove oil.

The US EPA has placed clove oil on the Section 25(b) list of Minimum Risk Pesticides.
Pesticides on this list are exempt from most pesticide registration requirements, including
extensive toxicity testing; thus, no Reregistratidigibility Decision document has been issued
for clove oil® Clove oil was first registered as a pesticide in 1972 and reregistered in 1993.
Herbicide products containing clove oil as the primary active ingredient have only become
available in the lasefv years. Products containing only Section 25(b) active ingredients and
minimal risk other ingredients on List 4A are exempt from registration and are not issued a
registration number. Because pesticide use in California is tracked by product registration
number, no use statistics are available for exempt clos@othining pesticide products.

Clove oil is comprised of many different compounds, with the primary ingredients being eugenol
(49-87%),! -caryophyllene (421%), and eugenyl acetate (824%).Smaller amounts of

" -humulene are also present, as well as trace amounts (<1%)3& @Her constituents. Figure

6-1 shows the chemical structures of the primary components of clove oil. Several factors govern
the relative quantities of the different cohgents in clove oil, including plant genetics, climate,

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
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soil and cultivation techniques, the part of the plant extracted, and the extraction hiethtsd.
6-1 summarizes the composition of clove oil from available studies.
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Figure 6-1: Primary chemial components of clove oil.

Interestingly, both FDAand EPA’ indicate that clove oil contains-55% methyl eugenol, but

none of the studies of clove oil composition support this statement (T-abld Bis is a

important distinction, since the US National Toxicology Program (NTP) determined that methyl
eugenol is “Reasonably Anticipated to be a Human Carcinogen” because of its carcinogenicity in
rodents’' The NTP als@valuated eugenol and found evidence oficagenicity in mice but not

rats. The data were equivocal and not sufficient to prompt a listing of eugenol as a carcinogen.

More important for the MMWD project is that Matran, the product under consideration for use in
the vegetation management prograamtains only eugenol as the active ingredient. The clove
leaf oil used in Matran is distilled to separate eugenol from the other constitudatsan is 50
percent eugenol; the remaining 50 percent is comprisethtdrgreeroil, butyl lactate,and

ledthin, all of which are classified by EPA as minimal risk other ingredients.

This chapter focuses on the human toxicity, ecotoxicity, and environmental &oeebil
extracts and eugenalrawing primarily fromthe World Health Organization JEFCA ce&fs on
eugenol** the US National Toxicology Program (NTP) review of the carcinogenicity of
eugenof?’ and the peereviewed literature for clove oil and eugenol.

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
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Table 6-1: The Composition of Clove Oil from Different Sources

Eugenyl Methyl
Clove Qil Extraction Eugenol Acetate ! -Caryophyllene  Eugenol Other Primary
Source Method? (%) (%) (%) (%) Constituents Reference
" -Humulene, 2.1%
Leaves NR 76.8 1.2 17.4 TR All others < 1% 16
" -Humulene, 2.11%
Budg SFE 55.41 21.06 16.22 ND All others < 1% 17

" -Humulene, 2.61%
Cadenine, 1.05%

Buds SD 58.2 13.84 20.59 ND All others < 1% 17
" -Humulene, 4.41%
Cadenine, 1.46%

Buds HD 48.82 3.89 36.94 ND All others < 1% 17
" -Humulene, 2.03%

Buds SO 57.24 19.37 175 ND All others < 1% 17

BudsTurkey | SD 87.00 8.01 3.56 <0.01 All < 1% 9

" -Humulene, 1.9%
" -Bergotamine, 1.3¢

Budslindia HD 70.0 2.1 19.5 ND All others < 1% 18
Buds " -Humulene, 0.8%
Madagascar | HD 82.6 6.0 7.2 <0.05 All others < 1% 18
Leaves " -Humulene, 1.5%
Madagascar | HD 82.0 0.4 13.0 ND All others < 1% 18
Buds SD 89.27 8.62 ND ND All < 1% 19
NR HD 88.58 5.62 1.39 <0.1 All < 1% 6
Leaves " -Humulene, 0.36%

India HD 94.41 ND 291 NR All others < 1% 20
Leaves " -Humulene, 1.75%
Indonesia NR 71.0 NR 14.0 NR All others NR 21
Leaves

India NR 95.2 15 TR NR NR 22
Sigma

Aldrich NR 78 NR 13 NR NR 23

TR =tra@. ND = not detected. NR = not reported.

NR = not reported; SD = steam distillation; SFE = supercritical fluid extraction wihHID= hydrodistillation; SO = soxhlet
extraction.

P Average of nine different SFE extractions.

6.2 Clove Oil and Eugenol Toxici ty to Humans and Levels of Concern

There are no studies of acute or chronic adverse effects from occupational exposure to clove leaf
oil or eugenol when used as a pesticide. Eugenol is not acutely toxic, with an graf LD

2,650mg/kg in the ratlt is amild skin and eye irritant (Category lIlove oil and eugenol are
classified by EPA as minimum risk pesticides, and products containing them are exempt from

the requirements of FIFRA. The state of California requires that exempt pesticide products
containing 8.5 percent or more of clove oil include the signal word “CAUTION” and the phrase
“Keep Out of Reach of Children,” appropriate precautionary language, and a requirement for
protective eyewear and gloves on the laB&ve oilis rapidly absorbedchtough the skin and is

used in patented systems for dermal drug delivery to enhance drug uptake from skin patch
delivery systems.

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
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There are no epidemiological studies of the effects of clovia bilmansThere are several case
reports of acute toxic eftts of clove oil exposure; The California Pesticide Incident
Surveillance Program (PISP) reported only two cases over a ten year period.

6.2.1 Health Effects

Clove oil is considered safe in small quantities (< 1,500 ppm) as a food additive. However, clove
oil is toxic to human cells. If ingested in sufficient quantity or injected, it has been shown to
cause lifethreatening complications, including Acute Respiratory Distress Syndrome, Fulminant
Hepatic (Liver) Failure, and Central Nervous System Depressiofethia oral dose is 3.75 g

per kg body weight.

There are no epidemiological studies of potential adverse human health effects related to
exposure to clove leave oil or eugenol from any human exposure scenarios. Nor are there any
studies of agricultural @s either in workers or those with bystander exposures from drift or other
applications. There are no occupational exposure standards for clove leaf oil or eugenol
including OSHA PEL (Permissible Exposure Limit) or AGIHA TLVs (Threshold Limit Value)

in air.

6.2.1.A Acute Effects—Sensitization

Traditional uses of clove leaf oil include treating burns and cuts, and it has also found use in
dental care as a pain reliever, and undiluted clove oil may be rubbed on the gums for treating
tooth infections and toothache. &k are studies from several decades ago that show eugenol to
be a contact allergen when used in dentfétty.

Although clove oil and eugenol are known sensitizers (cause allergic skin reactions) in
experimental animals, results from 11,632 patch téstarmus consumer products and

fragrance blends collected from fragrance and formulation companies found a very low potential
to elicit preexisting sensitization or to induce hypersensitivity. One instance of induced
hypersensitivity and one instanceppé-existing sensitization were observed at eugenol

patchtest concentrations of 5xt@nd 9x1G percent?®

Clove oil was also found to be a mosquito repellent when 0.1 mL was applied per &0 cm
exposed skin of human volunteéfs.

6.2.1.B Acute Effects—Skin, Eyes and Respiratory System

Matran is corrosive, and label warnings state that contact can cause severe eye irritation with
possible permanent damage, severe skin irritation and/or chemical burns, significant respiratory
irritation, and pulmonary edema fro prolonged inhalation, and that ingestion could cause burns
and destroy tissue in the mouth, throat, and digestive tract.

6.2.1.C Acute Effects—Systemic Poisoning

Clove oil is toxic to the liver and nervous system. In all case reports of acute illness oit death,
was ingested® ?° A two yearold child suffered hepatocellular necrosis following ingestion of
clove 0il*° A three montkold infant developed fulminant hepatic failure after ingesting less than
8 mL of clove 0il** A fifteen monthold boy developed fulmiant hepatic failure after ingesting

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
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10 ml of clove oil in an aromatherapy prodifcA 7-monthold child developed central nervous
system depression after the accidental oral administration of cla¥e oil.

A 32 year old woman developed severe dyspneadulif§ breathing) and pulmonary edema

(fluid in the lungs) after injecting clove oil intravenou&smoking clove cigarettes (&M

percent tobacco, 380 percent cloves) has been reported to cause respiratory effects including
bronchospasm, haemoptysspitting up blood), and pulmonary edefna.

A five percent solution of a eugenol derivative studied for use as an intravenously anesthetic in
100 adults undergoing surgery produced a transient respiratory stimulation followed by a brief
period of apnea. Thiy-three patients developed venous thrombosis around the site of injection;
this incidence is too high to justify its use except in special circumsténces.

6.2.1.D Effects in Human Cells

Eugenol was found to be cytotoxic to the human osteoblastic cell line W2&hivitro study.

The inhibition of growth and proliferation was dasependent’ Clove oil was highly cytotoxic

to human skin cells at concentrations as low as 0.03 percent (v/v) with the effect attributable to
eugenof® This level is much lower thahé concentrations found in consumer products
containing eugenol sold owdne-counter.

Clove oil and eugenol were found to be spermicidal imaitro study of six male partners of
infertile couples?

Polymorphonuclear leukocytes (a type of white bloekd) celease inflammatory mediators such
as leukotrienes which are implicated in allergic and inflammatory disorders such as asthma,
allergic rhinitis, arthritis, inflammatory bowel disease and psoriasis. The activity of a key
enzyme in the biosynthetic thavay of leukotrienes-5-lipoxygenase (8.0)—is inhibited by
eugenol, which may have beneficial role in modulating leukotriene release in fimans.

Clove oil has also been shown to have antlintimbotic (decreases blood clotting) effect in
humans, due tits inhibition of platelet aggregation and thromboxane synthesis.

Eugenol is contained in various endodontic medications and applied directly to the teeth. Widely
used in dentistry, eugenol penetrates the dental pulp tissue and can enter the blogdstream.
recent study found that eugenol induced chromosome aberrations in human dental pulp cells, and
suggested it was a potential mutadfen.

A recent short review addresses the chemical composition and biological effects of clove
essential oil, and includes neesults from GC/MS analysis and a study of its antimicrobial
activity against a large number of mudtiug resistanStaphylococcus epidermidisicteria
isolated from dialysis biomateridls.

6.2.1.E Levels of Concern for Humans

Because eugenol is exempt from most EPA registration requirements because it is a Section
25(b) minimum risk pesticide, EPA has not developed an RfD. The WHO developed an
Acceptable Dietary Intake (ADI) value for eugenol of 2.5 mgilky, basedma rat study with a

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
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NOAEL-equivalent of 250 mg/kday. This value used as the RfD for the MMWD risk
assessment.

6.2.2 Pesticide lliness Reports

The California Pesticide Iliness Surveillance Program (PISP) reported only two clogkiad
poisonings, one ehdn 2001 and 2002 (see TablRp There were no fatalitiés.

Table 6-2: Clove Oil-related llinesses Reported by California Physicians to the
Pesticide Incident Surveillance Program (PISP), 2001 and 2002

Clove Oil Cases
Total Reported
Pesticide Cases Systemic/Respiratory Local/Topical
Year Definite/Probable Possible Definite/Probable Possible  Definite/Probable Possible| Total (%)
2002 1,025 291 1 0 0 0 1 (0.09)
2001 430 186 1 0 0 0 1 (0.23)

Toxic Exposure Surveillance System (TESSTable 63 summarizes clove eiklated TESS

data from 2003 to 2006. The data represent contact with a poison control center, usually by
telephone, regarding a potential poisoning problem, and does not mean that poisoning or illness
definitely occurredThis is reflected in the combined percentage of ‘None’ and ‘Minor’ adverse
outcomes shown in the table. For clove oil, major outcomes are those related to accidental and
suicidal ingestion. Outcomes are not known for all calls to the center, and the tti@taable are
based on cases for which follow up information was known, usually because of treatment in a
medical care facility.

Table 6-3: Calls to U.S. Poison Control Centers Related to Clove Oil Exposure

2003 to 2006**
Age Causation Adverse Outcome
None
Total 6- Uninten- Inten- +

Year Cases| <6 19 >19| tional tional Other | None Minor Minor Mod Major Death

2006 373 | 245 33 80 346 10 3 71 100 (46%) 7 0 0
2005 446 | 277 34 133 416 6 1 109 10 (26%) 7 0 0
2004 444 | 277 26 137 420 9 0 103 106 (47%) 8 0 0
2003 870 | 645 52 172 826 13 3 208 171 (44%) 12 1 0

* Source: http://www.aapcc.org/dnn/NPDS/AnnualReports/tabid/125/D ik

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
Herbicide Risk Assessment



Chapter 6Clove oil 6-10

6.3 Eugenol Toxicity to Animals and Plants and Levels of Concern

This section summarizes the toxicity of clove oil or its primary component eugenol to seven taxa
groups, including mammals, fish, amphibians, terrestrial and aquatic invertebratesiaierres

plants, and microorganisms. Clove oil is exempt from many EPA registration requirements and
is classified as GRAS for most purposes by the FDA. Because of the exemption from registration
requirements, few toxicological studies are available from BRANTP and WHO have both
evaluated eugenol toxicity. There are many studies on clove oil and its chemical components in
the academic literature, but determination of toxicological endpoints is often not the focus of
these studies.

Levels of concern foclove oil are also summarized in this section, Witlble 6-8 on page
presenting the toxicity reference values (TRVSs) selected for the MMWD risk assessment.

Acute and chronic clove oil tosity to mammals isow. Acute oral LQ,values in all species
tested were greater than 1,190 mg/kg. In subchronic toxicity hestgjverse effects were
observed in studies with laboratory animals up to dos88@Mmg/kgday. At higher doses, liver
dama@ has been observed. There is some equivocal evidence for carcinogenicity, but not
sufficient for a listing as a carcinogen.

Clove oil toxicity to birds and aquatic plants is not available; only one study, with no toxicology
endpoint, is available for gohibians. Clove oil toxicity to insects is highly variable, with some
insect orders being quite sensitive and others being quite tolerant. Clove oil is highly toxic to
microbes, altering the cell membranes of yeasts and bacteria. At application redes that
somewhat higher than conventional herbicides, clove oil is toxic to terrestrial plants. Clove oil is
classified as moderately to not acutely toxic to fish and is even used as an anesthetic for fish at
low doses. Exposure duration accounts for sombeofvide variability in clove oil toxicity to

fish.

Only studies with LI, or LC,, endpoints were available for the ecotoxicity data; thus, the TRVs
were adjusted downward to more accurately represene#fexd level. This approach uses EPA
methodologyfor assessing effects on endangered spétidwe adjustment employed was to

divide the LG, by six (or 20 in the case of salmonids), based on an extensive review of existing
ecotoxicological data on pesticidés he review noted that sublethal effects wiad typically

occur at concentrations below efwairth to onesixth of the LR}, when taking into account the
same percentages or numbers affected, test system, duration, species, and other factors. This
effect is termed the “6x hypothesis.” Howeverhiosld be noted that this review is almost 30
years oubf-date, and that the factor of six is meant to translate gntb@ NOECof the same
speciesThe use of a single NOEC for all species in a taxa group suggests that interspecies
variability may notbe fully accounted for by the factor of six. Further, the factor of six appears
to be too low for salmonids. As discussed in the EPA report, salmonids’ olfactory ability seems
to be particularly sensitive to pesticide concentrations 20 times lower the@4}fé Thus, for

fish, the LG, values are divided by 20 to obtain the TRV used in the MMWD risk assessment.

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
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6.3.1 Mammals

Comprehensive summaries of data on the toxicity of eugenol to mammals are contained in the
documents produced by WHG? and NTP:> Much of this research is pesviewed and

available in the scientific literaturBesults of toxicity studies in laboratory animals are
summarized in TablesBto 64.

Eugenol igapidly absorbed and metabolized in the liver when ingested, and 95% of the dose is
excreted within 24 hours. Acute toxicity is low by the oral route, with, Blues ranging from
1,196-3,000 mg/kgday.High oral doses of eugenol are acutelyic to the liver in dogs and
rats.Eugenol is a mild to moderate eye and skin irritant depending on the formulation.

Subchronic toxicity is low, with NOAELs ranging from 982,000 mg/kgday.No data are
available on endocrine disruption, reproductikeyelopmental, neurological, and
immunotoxicity.

The EPA has not evaluated the carcinogenicity of eugenol, but NTP did in®&$enol was

not carcinogenic in a lifetime study in the rat; however, aifetstudy with mice showed

evidence of an increased incidence of liver tumours. Statistical analysis of the results suggested a
positive trend in male mice. Although the incidence of tumours in the female mice was increased
at the low dose level, the effaghis not doseelated.Eugenol gave both positive and negative

results in tests for DNA damage in bacteria. It was not mutagenic in several studies in bacteria,
but chromosome aberrations were observed in mammalian tissue cUlheesgnificance of

thee mixed results is not clear, and the US National Toxicology Prodeaenmined that the

data were not sufficiently robust to prompt a listing of eugenol as a carcinogen. The International
Agency for Research on Cancer (IARC) lists eugenol as class &ddifielble.

6.3.1.A Metabolism and Pharmacokinetics of Eugenol

Eugenol is rapidly absorbed in the digestive tract and metabolized in the liver primarily to the
glucuronic acid or sulfate conjugate (see Figu®.6 In humans, 95% of ingested eugenol is
excreted in conjugated form in the urine within 24 hours, with the sulfate conjugates
predominating at low doses and the glucuronic acid conjugates at higher doses (>500 mg/kg
day).Concentrations of eugenol in blooddguiasma peak rapidly following oral ingestion, but
mean haHlives for eugenol in plasma and blood were 14.0 and 18.3 h, respettively.

Minor metabolic pathways include oxidation of the sité@in double bond to the epoxide,
followed by hydrolysis to thdiol and further oxidation; isomerization to form isoeugenol,
followed by allylic oxidation and then reduction; conjugation of an oxidation intermediate with
glutathione; and reduction of the sidieain double bond (see Figur&p All metabolites have

an aromatic hydroxyl group that reacts readily with glucuronic acid or sulfate to form the
conjugates, which are readily excreted in the urine. Rodent metabolism is similar to that in
humans. A number of studies have been done to elaborate the variouslimptdabways; these
are weltdescribed in referencel.

The various enzymes responsible for the metabolism of eugenol function efficiently up to doses
of approximately 408600 mg/kg in rats and mice and in some cases higheve these doses,
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these metabolic pathways start to become saturated and liver toxicity is observed. A toxic
response may also result when there is simultaneous exposure to eugenol and another chemical
that utilizes the same metabolic pathways or in teegnce of another chemical that inhibits the
enzymes necessary for the degradation of eugenol. Eugenol also has been found to decrease
DNA damage from known carcinogens by inhibiting the enzymes responsible for adduct
formation with electrophilic substied and by induction of the enzymes responsible for
detoxification®

S S » &

cis-/trans-1soeugenol
3-Hydroxy-3—(4-hydroxy— 3-(6-Mercapto-4-hydroxy-3-
3-methoxy)allylbenzene methoxyphenyl)propane
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1-Hydroxy-3-(4-hydroxy- 3;?'F:::;":‘;3(;;'::;“"""‘9“"')‘
3-methoxyphenyl)propane propy !
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Major urinary 4-Hydroxy-3-methoxy- 3-(4-Hydroxy-3-methoxy-
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phenyl)propionic acid
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H
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2-Hydroxy-3-(4-hydroxy-3-
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Figure 6-2: Metabolic pathways of eugenol in humans. Abstracted from refefighce

6.3.1.B Acute Toxicity of Eugenol

The acute oral, dermal and inhalation toxigitynammals of eugenol is low (see Tabié)6
Acute toxic effects at high doses include destruction of the gastric nicaga)ary
hemorrhaging in dog¥,gastric inflammation and depression of secretory capaditgr
discoloration and mottling in t&>* and liver congestion in dogs.

Dermal and ocular exposure:No dermal or ocular exposure toxicity tests are available, but
eugenol has been patented as an enhancement agent in transdermal drug delivery systems,

Marin Municipal Water Disict Vegetation Management Plan DRAFT-8/28/08
Herbicide Risk Assessment



Chapter 6Clove oil 6-13

which indicates that eugenol is readily absorbed through the skin. Products containing eugenol or
clove oil may cause irritation to the skin and eyes.

Inhalation exposure: The vapor pressure of eugenol is moderately high (0.0226 mm Hg at

25°C), indicating that inhalation may contribute substantially to exposure, especially for
workers. No inhalation toxicity studies were available.

Table 6-4: Acute Toxicity of Eugenol and Clove Oil in Experimental Animals

EPA Toxicity
Mode Formulation LD+, (mg/kg) Category
Rat orat® Eugenol 1,930 n
Rat orat* Eugenol 2,680 n
Rat orat® Eugenol 1,190 n
Mouse, oral’ Eugenol 3,000 n
Mouse, intaperitoneaf Eugenol 500 Il
Mouse, intraperitone®l Eugenol 630 1]
Guinea pig, ordl Eugenol 2,130 n

Anesthetic effectsEEugenol has been found to produce reversible,-dependent anesthetic
effects n rats at moderate doses4d mg/kg)>

Cardiovascular effects:Eugenol has vasorelaxant propertiHse relaxant effects of eugenol at

300 micromoles per litepuM) were comparable to those induced by nifedipine, a selectile Ca
channel blocker, at 0.QiM, producing similar relaxant effectsThe authors concluded that

eugenol produces smooth muscle relaxation resulting from the blockade of both voltagesensitive
and receptepperated channels that are modulated by endotiyeliarated nitric oxide.

A second study evaluated the effectinggctions of £10 mg eugenol/kg on vascular relaxation.
Dosedependent hypotension and bradycardia were obs&Vée. authors indicate th&khe
bradycardia appears dependent upon the presence of an intact amh&lipetiasympathetic

nerve drive to the heart while the hypotension is due to an active vascular relaxation rather than
withdrawal of sympathetic tone.” These authors concluded that nitric oxide from vascular
endothelial cells wasotinvolved in the medi#on of eugencinduced hypotension.

Anti-fever effects:Eugenol was found to reduce fever in rabbits when given intravenously in
low doses$? Eugenol was more effective in reducing fever than acetaminophen.

6.3.1.C Subchronic Toxicity of Eugenol

The subchronitoxicity of eugenol is low, with most studies showing no effects until a very high
dose regime is entered. Up to 1.0% eugenol in the diet did not cause adverse effects. At
intermediate doses by gavage, reduced weight gains, erosion of the epitheliustomiheh,

and liver damage were observed. At the highest dose$Z%®of the diet), most of the test
animals died. The available studies are summarized in Tehle 6
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Singledose studies in rats were used to determine the level at which no toxic effeets w

observed, and 250 mg/kg was selected as the N@&jtivalent by WHO. This dose was used
to develop the acceptable daily intake (ADI) of 2.5 mgllg for humans, dividing the NOAEL
by the intra and interspecies factors of 10.

Table 6-5: Subchronic Toxicity of Eugenol

Study Dose
Duration Doses Tested (endpoint)

Test animal (days) (mg/kg-day) (mg/kg-day) Observed Effects

Rats, 10 M, 10 & 90 89.7 >89.7 No adverse effects observed.

Rats, 5 M® 28 NR >2,000 NR

Rats, 20 M? 34 1,400-4,000, gavage <1,400 Considerable mortality was observed;

(increasing doses over the also slight liver enlargement and adrene

time period) enlargement. Histology showed enlarge
liver cells. The forestomach showed
moderately severe hyperplasia and
hyperkeratosis of the stified squamous
epithelium with focal ulceration.

Rats, 10 M, 10 & 133 0.1 and 1.0% in the diet >1,000 No adverse effects on growth rate,
hematology, organ weights and histolog
of major tissues.

Rats, F344 14 0.6, 1.25,2.5,50r 10% in NR One high dose male and all high dose

5M,5 F® thediet females died during the study. There

(6,000, 12 500, 25,000, appeared to be a desdated reduction in
50,000 or 100,000 ppm in weight gain.
the diet). No concurrent
controls.
Rats, F344 90 0.08, 0.15, 0.3, 0.6 or 1.259 >1,250 No compounetelated effects reported.
10 M, 10 F8 in the diet No mortality or gross or microscopic
(800, 1,500, 3,000, 6,000 ol pathology. Relative to controls,
12,500 ppm in the diet) weight gain was reduced 12% in the hig
dose males.
Mice, B6C3F1 14 0.6, 1.25,2.5,50r 10% in NR Doserelaied decrease in weight gain in
5F, 5 M® the diet both males and females. All 5 of the
(6,000, 12 500, 25,000, males in the 100 000 ppm (10%) group
50,000 or 100,000 ppm in died before the end of the study. In the
the diet). No concurrent females, all of the 100 000 ppm (10%)
controls. group died before the end of the study.
Mice, B6C3F1 91 0, 0.04, 0.08, 0.15, 0.3 0or = >900 No mortality or compound
10 M, 10 F8 0.6% in the diet related gross or microscopic pathology
(400,
800, 1,500, 3,000 or 6,000
ppm in the diet).
Mice, 114 unspe® 35dosing = 410 2x/wk, gavage 410 NR
days
420 total
days
Mice, 30 unspeé 365 NR, diet >750 NR

M = male; F = female; NR = not reported
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6.3.1.D Chronic Toxicity and Carcinogenicity of Eugenol

The carcinogenicity of eugenol has been the subfesveral reviews by WHO’s Joint

FAO/WHO Expert Committee on Food Additives (JECFA) and NTP. The International Agency

for Research on Cancer (IARC) ranks eugenol as Unclassifiable for carcinogenicity, based on the
equivocal results obtained in animal sasd® Eugenol was not carcinogenic to rats; in mice,
significant increases in liver tumors were observed. Eugenol gave both positive and negative
results in mutagenesis tests, induced chromosomal aberrations and increased sister chromatid
exchanges im vitro tests. Based on the limited and conflicting evidence of carcinogenicity,

neither IARC nor NTP listed eugenol as a carcinogen. The chronic animal studies are
summarized in Table-6.

Eugenol was reported to inhibit the carcinogenicity of benzo(a)pymien the compounds were
applied together in a carcinogenic skiainting study’ In a limited study in mice, eugenol did
not potentiate the tumorigenic effects of methylcholanthfene.

The mutagenic and chromosomal effects of eugenol have also bedigatedsnin vitro

studies. Findings are contradictory, reflecting the results ahthigo studies. Mutagenesis
assays usin§almonellaboth with and without activation with the S9 fraction of the liver were
negativet> "3

A 2005 assay usingyrian hamster embryo (SHE) céitaind that eugenol induceeromosome
aberrations® Similar results were observed in V79 cells at higher d63dse S9 fraction of the
liver increased the induction of chromosomeredi®ns in a dosdependent manner. The results
confirm that eugenol is genotoxic and raises the possibility of it having topoisomerase |
inhibiting activity. Topoisomerases are involved in the unwinding of the DNA helix during the
replication process.

Eugenol has been found to inhibit the inducible cyclooxygenase (COX2) enzyme that has been
implicated in the processes of inflammation and carcinogefidigential COX2 inhibitors
have been considered as antiinflammatory or cancer chemopreventive agents.

Eugenol produced a positive recombinagenic response in the somatic mutation and
recombination test (SMART) assay usiDgpsophilia, which is related to a high cytochrome
P450dependent activation capacifyThe authors suggest that this family of enzgrise
involved in the activation of eugenol rather than in its detoxification.
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Table 6-6: Chronic Toxicity of Eugenol to Mammals—Cancer

6-16

Study
Duration Doses Tested Dose (endpoint)
Test animal (months) (mg/kg-day) (mg/kg-day) Observed Effects
Mice, CD-17° 12 dosed 0, 0.5% in diet + 0.05% NR In the groups given only phenobarbitol, 3/2
30F 6 not dosed phenobarbitol, 0.05% mice developed liver tumours, while no live
phenobarbitol only tumours were found in the other 3 groups.
Only the liver was examineaf tumors.
Mice, CD-1 Dosed for | 0, 2.5umol (gavage) NR No effects of treatment
40-60 M, 40-60 F*° 31 days, on the incidence of liver tumours was notel
starting at in either sex.
4 days of
age. No
dosing for
13 months.
Mice, CD-1 0.63,1.26,2.52 and 5.04 NR As compared to concurrent controls receiv
40-50 M®® pmol (i.p. injection) at days the trioctaoin solvent only, neither treatme
of age of 1, 8, 15, and 22 group had an increased incidence of liver
with eugenol and eugenol tumors
epoxide.
Mice, ICR/HA Swiss | 63 wks 3x weekly doses No carcinoma were found in either group
20 per dos®@ Group 1: 0 and no papillomas were found in the anime
Group 2: DMBA + 5 mg receiving only eugenol. Three animals
eugenol developed papillomas in the group initiated
Group 3: 5 mg eugenol with DMBA and also treated with eugenol.
Group 4: DMBA + DMSO Two papillomas and 1 carcinoma develope
(solvent control) in control animalsnitiated with DMBA and
then treated 3 times weekly with DMSO, the
solvent control.
Mice, B6C3F1 103 weeks | 0, 3,000, 6,000 ppm Small doserelateddecrease in weight gain
50 M, 50 B® dosed (0, 0.3 and 0.6% in diet) was noted for both males and females
2 weeks no throughout the study. No compounélated
dosing clinical signs were reported; however,
survival was somewhat lower in high dose
males and low dose females but not
statistically significant. Increasedcidence
of hepatocellular carcinoma & adenoma in
& F rats.A significant increase in hepatic
neoplasms was not observed in high dose
animals. No single liver tumor type was
observed in female mice with a statistically.
significant increased incidend®@verall,
evidence that eugenol increased liver
tumours in B6C3F1 mice; however, the
results were judged to be equivocal becau:
of the limited weight of this evidence.
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Table 6-6 (cont): Chronic Toxicity of Eugenol to Mammals—Cancer

Study

Duration Doses Tested Dose (endpoint)
Test animal (months) (mg/kg-day) (mg/kg-day) Observed Effects
Rats, F344 103 weeks | 0, 3,000, 6,000 ppm (M) Doserelated effects on weight gain (F).
40-50 M per dosg dosed (0, 0.3 and 0.6% in diet) Reduction in food consumption. No

1-2 weeks significant compoundelated effects on

no dosing = 0, 6,00, 12,500 ppm (F) survival. Increased incidence of endometrii

(0, 0.6, 1.25%) stromal polyps of the uterus (F). Some
alveolarbronchiolaradenomas of the lungs
were observed, but not statistically
significant. Gcell adenomas of the thyroid
gland observed in F rats, statistically
significant in low dose animals, but not higl
dose animals. There was no increased
incidence of this tumour atther dose in the
males Fibroadenomas of the mammary
gland were decreased in dosed groups of
female rats compared with control$ie
conclusion of the report stated that eugenc
was not carcinogenic to rats.

NR = not reported; DMBA = 7,tdimethylbenz(a)athracene, a mutagen used to initiate a tumorigenic response.

6.3.1.E Reproductive and Developmental Toxicity of Eugenol
There are no studies available on the reproductive and developmental toxicity of eugenol.

6.3.1.F Neurotoxicity of Eugenol

There are no studies spieally designed to detect potential adverse effects on the central or
peripheral nervous system in mammals exposed to eugenoin @itre study evaluated the

potential of eugenol in the treatment of Parkinson’s disease, finding that eugenol prewvented th
reduction of dopamine and its metabolites, reduced lipid peroxidation, and increased glutathione
and L-ascorbate (both antioxidants) in mouse ¢&le authors concluded that eugenol may be
useful in the treatment of Parkinsons’s disease.

6.3.1.G Immunotoxicity of Eugenol
There are no data available to assess the potential immunotoxic effects of eugenol.

6.3.1.H Endocrine Disruption

There are no studies of eugenol’s potential to interact or interfere with estrogen, androgen,
thyroid or other endocrine systerdsEuropean Union survey of the scientific literature on
endocrine effects of pesticides does not list eugenol or clove oil as a chemical of &omaern,
do other sources of information on endocrine disrupting efféetlswever, no comprehensive
evaluation of eugnol or clove oil has been undertaken, and no final conclusions on the
endocrine disrupting ability of this compound can be drawn at this Hogenol is not one of
the first set of chemicals slated for testing of endocrine disrupting effects by thé ER#ot
clear when testing on this herbicide will be done.
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6.3.1.1 Levels of Concern for Mammals

The ADI of 2.5 mg/keday proposed by WHO for eugenol is based on a rat study with a NOAEL
of 250 mg/kgday. This rat NOAEL is used as the mammalian TRV for the MMNER
assessment.

6.3.2 Other Terrestrial Organisms

This section summarizes information on clove oil or eugenol toxicity to terrestrial animals other
than mammalsTable 67 provides a summary of available toxicity information and Tai8le 6
presents the TRVs ed in the risk assessmeRew of the studies provide typical toxicological
endpoints, such as an Lfor a NOEL. Often, only qualitative endpoints are available. No
information is available for clove oil toxicity to birds or honeybees. There are mixdtsres
concerning clove oil toxicity to insects and microorganisms.

6.3.2.A Birds
No studies were available describing clove oil toxicity to birds.

Levels of concern for birds: Because there were no bird toxicity studies available, the mammal
TRV of 250 mg/kg formcute and chronic exposures was used in the MMWD risk assessment.

6.3.2.B Insects

The insecticidal properties of clove oil have been studied since the %@6se oil toxicity to
different types of insects varies considerably. Very high application rates dezriee

effectively control Coleoptera (weevils and beetles), moth caterpillars, lice and cockroaches.
Other studies indicate that clove oil and eugenol can be effective at controlling mites, termites
and mosquitoes at lower application rates. There werpantitative studies on honeybeAs.
summary of available toxicity studies isTable G2 in Appendix G.

Because of its importance in pollination, the honeybee is the representative insect used in risk
assessments. Although there are multiple studig¢kentoxicity of clove oil to other insects,

there is little information on clove oil toxicity to honeybe&single study reports that clove oil

fed directly to honeybees was considered to betoxio.®* The specifics of the study are
unavailable.

Application of clove oil reduces oviposition and adult emergence of the cowpea weeuvil
(Callosobruchus maculatyusn a variety of seeds. The exact percent reduction depends on the
texture of the seed coat and the type of seed. On bambaranut seeds, ovipasitioced by
roughly 70%6°° Eugenol also prevents oviposition of the cattle ticlB@ophilus microplusat

doses of 1.0 mg/g of seéd.

Eugenol, isoeugenol and methyleugenol are not acutely toxic to ColeSptgrhilus zeamais
andTribolium castaneuntor S zeamaisall compounds were equally toxic witlb., values
approximately 30 !g/mg insect (or 30,000 mg/kg). Focastaneumthe order of potency of

these chemicals was isoeugenol {=21.6 !g/mg insect) > eugenol (LE=30.7 !g/mg insect) >
methyleugenol (LR=85.3 !g/mg insectf® Chemicals were topicallapplied once to insects and
insects were observed for a week. These studies suggest that a high application rate is necessary
for insecticidal ability. However, in combination with plant oils (mustard, coconut, seasame or
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sunflower), eugenol was effeatiat killing grain beetleSitophilus granariusSitophilus
zeamaisTribolium castaneurandProstephanus truncatust concentrations of 1 !L/kg graffi.
The LD, of eugenol for click beetle&ateridag was 516.5 !g/larva’

Noctuid (owlet moth) caterpillarg (ichoplusia niandPseudaletia unipuncjalo not appear to
be sensitive to clove oil. The Ealues for rduced growth in caterpillars were 400 ppm and
690 ppm, for the two insects respectively. Theli€63,000 and 54,000 ppm for direct sprays
of T. niandP. unipunctarespectively, and 3,700 and 4,900 ppm for feetfi@iove oil was
administered twice tafvae at 24 hours and 168 hours maergence. Feeding trials were
performed in Petri dishes with contaminated leaves as the food source.

Eugenol is not particularly effective against li€&¢iculus capitis The LD was 0.25 mg/chn
(or 25 kg/ha) fofemales and 1.0 mg/cérfor eggs’?

Eugenol and mixtures of eugenol with algbgpineol and cinnamic alcohol can be effective
insecticides against American cockroach®ariplaneta americana carpenter ants

(Camponotus pennsylvaniguand German cockroaes Blattella germanica LC,, values were
0.047 mg/crh(or 4.7 kg/ha) for American cockroaches, 0.012 mgfomcarpenter ants, and

0.021 mg/crhfor German cockroaché$.Exposed American cockroaches demonstrated
hyperactivity followed by hyperextensiaf the legs and abdomen, then fast immobilization
followed by death. The above application rates are fairly low compared to other eugenol studies
on cockroaches. One study found that 0.206 nfgééraugenol rendered 50% of tested

American cockroaches imroibe, and 0.148 mg/chkilled 50% of test organisni$ A follow-up

study found that eugenol disrupts cell binding of octopamine in American cockroaches and fruit
flies (Drosophila melongastgr>°

Eugenol is useful as an acaricide against dust-milEsmatophagoidespp® andTyrophagus
spp?’ The LD, of eugenol foDermatophagoides farinagdults was 4.8g/cnt (0.48 kg/ha).
For Dermatophagoides pteronyssinadults, the L, was 3.7ug/cnt (0.37 kg/ha). For adult
mites of the speci€Byrophagus putresogiae the LD, value for eugenol is 12g/cnt
(1.2kg/ha).

Eugenol is an effective termiticide. Termit€optotermes formosanuaere deterred from
tunneling through eugentileated sand barriers for at least five days. Eugenol was not a feeding
deterent when applied directly to blocks of wo§dAnother study found that clove bud oil

killed 100% of termites. formosanusin 2 days at 50 pg/ch{2 kg/ha)®® In fumigation
experiments, clove oil produced 100% mortality in Japanese termites at 0.5 alivt°df

A number of studies evaluated the effectiveness of clove oil as a mosquito repellent and
insecticide. The data suggest that clove oil is particularly toxic to mosquitoes. Eugenol kills
mosquito larvae (specificall@chlerotatus caspigswith an LG, values of 7.53 mg/L for 24
hours and 5.57 mg/L for 48 houfsin Aedes aegyptithe LG, was 33 mg/L (unspecified
exposure duratiorf* However, another study found higher mortality rates at marginallyehigh
doses. Eugenol induced 100 percent mortality in mosgéaitopheles stephengiedes aegypti
andCulex quinquefasciatust a dose of 7 L/ha in 386 minutes??
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Levels of concern for insects: There were no honeybee studies available with a specific
toxicological endpoint. An L¢; of 30,000 mg/kg for the beet&tophilus zeamais used
instead. This value was divided by 6 to adjust the value for the fact that a NOAEL is not
available. The TRV used in the MMWD assessment is 5,000 mg/kg.

6.3.2.C Terrestrial Plants

Clove oil causes electrolyte leakage by disrupting the waxy cuticle on the leaves of the plant,
eventually causing plant dedfiHigh application rates (approximately 10 kg/ha) are typically
needed to achieve herbicidal activity.

Solutions of 1, 5 ah10% clove oil (in addition to 0.2% adjuvant and water) were applied to
plants at a rate of 100 mL#pcorresponding to an application rate of 10, 50 and 100 Kj/ima.
these studies, clove oil caused visible damage to common ragireedo§ia artemisiiftia),
common lambsquarter€kenopodium albujnand JohnsongrasSqrghum halepensesing a
5% solution (see Figure 5 in refererid®). Curves fit to the measured doses suggest that
application rates betwee®-B0 kg/ha would be sufficient to kill 50% of the study plants.

Leaf injury can be measured by electrolyte leakage, where electrolyte leakage is quantified by
the conductivity of a leaf submerged in deionized water. At application rates of 20 kg/ha (of a
2% solution) 80% electrolyte leakage was obsetVed.

Another study evaluated the herbicidal activity of clove oil and eugenol on brd@@ssica
nupg, lambsquartersq. album) and redroot pigweedMmararthus retroflexus At

concentrations equivalent to 7.5 kg/ha for eugenol and 12.5 kg/ha for clove oil, considerable
electrolyte leakage occurred. Nettldrijca ureng experienced 90% foliar damage at application
rates of 1261 L/ha, whereas 238 L/ha wee required for 90% foliar damage to purslane
(Portulaca oleracep'®

There were no studies on the effects of clove oil on seed germination. It is not expected that
clove oil will injure seeds since the methaidaction of clove oil is to cause electrolyte leakage
from the leaves of a growing plant. However, some essential oils (clove oil was not tested) have
proven effective in inhibiting seed germination in whéat.

Levels of concern for terrestrial plants: The lowest clove oil concentration at which 50% of
foliar plant damage was observed was 10 kg/ha for Johnsongrass and burningeuettise
seedling emergence will likely not be affected by clove oil or eugenol, no TRV was selected for
this effect.

6.3.2.D Microbes

Clove oil and eugenol are toxic to fungi and bacteria. Products containing clove oil have been
used as antifungal, antibacterial and antiviral treatments for many°years.

Various types of fungi are sens#ivo clove oil. Although the details of the studies are not
available, pest funghspergillus parasiticusandFusarium moniliform&® and pecan scab fungus,
or Fusicladium effusutff were reported to be controlled with clove oil. Eugenol inhibited
Candida albcansandCrytococcus neoformangith minimal inhibitory concentrations (MIC) of
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0.625 and 0.293 mg/L respectivé® The eugenetontaining oil of the tropical plarf@roton
argyrophylloides also inhibitedCandida albicansit concentrations of99 mg/L**°

In a study designed to look at the mechanism of eugenol toxicity to bacteria, the authors found
that eugenol structurally alters the cell walEsicherichia coli Staphylococcus aureus

Salmonella enterigePseudomonas fluorescemmdBrochothris thermsphacta''® Although

details are unavailable, one study reports that eugenol is lethal to neiMatodigyne

incognita***

Levels of concern for microbesRisks were not evaluated for microbes due to the absence of
guantitative data on which to base a TRV.

6.3.3 Aquatic Organisms

Clove oil is frequently used at low doses as an anesthetic to fish. Higher doses can cause
mortality. Clove oil toxicity to fish varies substantially between species. Exposure duration also
affects toxicity, with longer exposures causteath instead of sedation. There are fewer studies
for aquatic invertebrates, and considerable variation exists within the studies. There is no clove
oil or eugenol toxicity information available for amphibians. Toxicity reference values derived
from theavailable aquatic toxicity studies are highly uncertain given the paucity of data.

6.33.A Fish

Clove oil is used as an anesthesia for fish. Efficient anesthetization is needed when fish are
handled, transported or stunned. Numerous studies discuss clove silthide anesthetize fish

and minimize handlingelated stress without causing undue side effects. The studies suggest that
there is an abrupt timelated transition between exposures that cause effective anesthesia and
exposures which cause mortality (isedose which causes anesthesia at 15 minutes may cause
death after more than one hour). However, this effect is highly sppapesdentTable G4 in
Appendix G summarizes the available data.

For a variety of saltwater fishes, a small dose of clovis @ih effective anesthesia that does not
cause significant accidental death. At 40 ppt clove oil in seawater, total anesthesia is observed
after 36 minutes for Mediterranean yellowt&eriola dumerili sea basBicentrarchus labrax
gilthead seabrea®@parus aurata dentexDentex dentexand shargsnouted seabreaBiplodus
puntazzoTotal recovery occurred after®minutes with no adverse effects obsert/éd.

The freshwater fish tambaqui was tolerant to much larger doses of eugenol. Exposure to 65 mg/L
eugenol was adequate to induce a surgical anesthetic state for tan@Eqesdéma

macropomur)y) and recovery time was similar for dosages up to 100 mg/L. Exposure to 65 mg/L
for up to 30 min did not cause fish mortalfity There was no mortality in tambaaatidoses of

135 mg/L (exposure duration was not reported).

Not all fish species are as tolerant as tambaqui, and some studies indicate that concentrations
<70mg/L eugenol can cause mortality in salmonids. One study found 100% mortality in rainbow
troutand cherry salmon at exposures of 63 mg/L eugenol for 20 minutes. For exposure durations
of 10 minutes, survival was 90% in rainbow trout, but still 0% in cherry salff\dime study

found that interspecies differences could be substantial; gol@fasfagsus auratu} suffered no
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mortality after 120 minutes at 63 mg/L. Another study found roughly similgs Ya&ues for

clove oil: The LG for rainbow trout was 81.1 mg/L for 10 minutes and 14.1 mg/L for 96
hours!*® Another study on rainbow trout found k¢aues between 9 and 65 mg/L clove oil for
exposure durations of 96 hours and 30 minutes, respectieythird study noted arrested
breathing in Atlantic salmon at 100 mg/L of clove oil after 6 mintiteshe study also found

that clove oil doses above 2@ reduced stress related with anesthesia. Acute toxicity values
of clove oil for carp were 74.3 mg/L for a-b@inute LGo and 18.10 mg/L for a 98our LGs.*®
Acute toxicity values of clove oil for European catfish were 76.70 mg/L forraitiQte LGy
and18.40 mg/L for a 9&our LG *?

Clove oil anesthesia was found to have-aabte effects. The blood profile (erthyrocyte count
and volume, haemoglobin concentration, haematocrit, erythrocyte haemoglobin and leukocyte
count) of rainbow trout was unaffect after anesthesia with 30 mg/L clove oil for 10 mindtes.
Blood tests were taken directly following exposure and also 24 hours after exposure. A
significant increase in the concentration of glucose and amamand a significant decrease in
aspartate aminotransferase activity were founblo histopathological changes were
demonstrated in the liver, spleen, cranial and caudal kidhefnother detailed
pharmacokinetic study showed that eugenol has a 12 hodiféaif rainbow trout tissue and
may accumulate after repeated administratfdithe study used 75 mg/L for 10 minutes to
anesthetize fish after a prelimigastudy found that 5éhg/L provided only brief (approximately
5 minute) anesthesia; 100 mg/L caused some deaths.

In summary, clove oil can serve as an anesthesia for a variety of fish; however, lengthy
exposures can cause mortality and-aabte morbidif to a variety of fish species. Figure36
demonstrates the dependence ofddb the exposure duration for Atlantic salmon. Regardless

of the acute toxicity of clove oil, the anesthetic effects are likely to decrease fish survival in the
wild.
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Figure 6-3: LCg, values for Atlantic salmon as a function of exposure duration. Each point
represents the mean value for ten fi3hta source’Referencel 16.
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Levels of concern for fish:For the MMWD risk assessmethe LG, of 9 mg/L for rainbow

trout was selected as both the acute and the chronic toxicity endpoint. This value was divided by
20 so the dose more closely approximated a N@Ef@ctor of 20 was used instead of a factor

of six becausa study done on baon suggests that adverse effects on olfaction occurred at
pesticideconcentrations that were 20 times lower than thg.?GThe acute and chronic TRV for

fish used in the MMWD risk assessment is 0.45 mg/L.

6.3.3.B Amphibians

No amphibian studies specifically evaluating toxic effects were encountered for clove oil or
eugenol. However, one study was found that investigated the physiological effects of eugenol on
frogs. The study describes eugenol’s ability to stimutatiscle contraction iRana catesbeiana

by inducing C# releasé?! This was not a traditional toxicity study and nosk.6r NOELs were
determined.

Levels of concern for amphibiansNo amphibian risk assessments were performed because
there were no quanditive data on which to base a TRV.

6.3.3.C Aquatic Invertebrates

Clove oil has also been used to anesthetize shellfish and octupuses for transport and handling.
Similar to the observations for fish, the length of the exposure period can be important in
distinguisling between effective, but not lethal, anesthesia. Clove oil toxicity to aquatic
pathogensvas slight to moderaté& summary of clove oil toxicity to aquatic invertebrates can

be found in Appendix G, Table-&

Shellfish sensitivity to clove oil varies tgpecies. Pearl oysters,Rinctada albinacan be
anesthetized with 1.5 mL/L of clove off However, some species are much more sensitive.
Using clove oil at concentrations of 0.125 mL/L is considered a humane way to kill the
Australian giant craPseudearcinus gigas?®

Dose and time duration are both important for effective anesthesia in octopus and prawn. Clove
oil’s ability to anesthetize the octopOstopus minowas tested at concentrations of 50, 100,

150, 200, 250 and 300 mg/t* There was no matity at any of these concentrations. A
concentration of 200 mg/L clove oil was found to be optimum: rapid anesthé&tim{dute) and
recovery (1223 minute) times were observed in the common octopus. Higher water
temperatures induced quicker anesthesthracovery. Acute toxicity and anesthetic effects of
clove oil were studied in the tiger praWenaeus semisulcat® The thour LGy and 24hour

LCses were determined to be 130 and 30 mg/L, respectively. Clove oil can also be used as an
anesthetic to thgiant freshwater prawiacrobrachium rosenbergi® At clove oil

concentrations of 300 mg/L, prawns were anesthetized, but no mortality was observed.

Although eugenol can kill the garden snalil, it was not a particularly effective molluscicide to the
freshwater snaiBiomphalaria alexandrind?’ The LGy for eugenol in the schistosomiasis

carrying aquatic snaBiomphalaria alexandrinavas 28 mg/L, foBulinus truncatughe LG

was 24 mg/L and forymneae natalensiswas 22 mg/L:?® The chemical exposurepod was
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Table 6-7: Summary of Clove Oil and Eugenol Ecotoxicity Data

Number Dose
Taxa Endpoint of Studies Min Median Max
Insects (mg/kg) LD, 5 0.37 1.2 kg/ha 25
LD, 3 5,560 30,000 31,000
LCsq 5 5.6 33 ppm 4,900
Microbes (mg/L) MICP 2 293 mg/L ¢ 625 mg/L
Fish (mg/L) 10 min4 day 8 9 42 81
LCsq’
Aquatic Invertebrates 1-24 hr LG, 6 22 29 300
(mg/L)

aThis particular value was 53@/insect larvae. Assuming the larvae weighed the same as a bee (0.000093 kg), the LD
becomes 5,560 mg/kg.

PMIC = Minimum inhibitory concentration, the lowesincentratiorof an antimicrobialthat will inhibit the visiblegrowth of a
microorganismafter overnight incubation.

°No median is reported because there were only two studies.

4 Different study durations (as short as 10 minutes and as long as 4 days) are grouped. See Appendix H fiicgh€lspec
oil and eugenol toxicity are particularly exposure dependent (see Fi@irénethe table above, the 9 mg/L dose is for daar

exposure and the 81 mg/L dose is for 10 minutes of exposure to eugenol and clove oil, respectively.
¢ Averagedfrom two LG, values: 18 mg/L (9®our, clove oil) and 65 mg/L (30 minutes, eugenol).

" Averaged from two Lg, values: 30 mg/L (24our, clove oil) and 28 mg/L (unreported exposure duration, eugenol).

Table 6-8: Clove Oil/Eugenol Toxicity Reference Values Used in MMWD Risk
Assessments
MMWD
TRV Used in
Selected Adjustments  MMWD Risk
Taxa Exposure Type Endpoint Dose to Dose Assessment
Humans
acute RfD NOAEL (rat) 250 mg/kg +100 25
chronic RfD NOAEL (rat) 250 mg/kg +100% 2.5
Mammals
acute NOAEL (rat) 250 mg/kg None 250 mg/kg
chronic NOAEL (rat) 250 mg/kg None 250 mg/kg
Insects
honeybees LC, 30,000 mg/kg +6° 5,000 mg/kgday
(Coleoptera)
Fish
acute LCy, 9 mg/L =20 0.45 mg/L
chronic LC,, 9 mg/L =20 0.45 mgL
Aquatic Invertebrates
acute LCy, 130 mg/L +6 22 mg/L
chronic LC,, 130 mg/L +6 22 mg/L

USFS and EPA have not completed a risk assessment for clove oil. There are no TRVs to compare to the values in this Table.
#The animal NOAEL was dividebly an interspecies uncertainty factor of 10 and an intraspecies factor of 10, equivalent to

dividing by 100.

® The factor of six or 20 is used when there is only ag, bDLC,, value available, not a NOAEL or NOEC, because the

endpoint of killing 50% oftte organisms is not acceptable in most cases. The factor of six is used by the US EPA in evaluation of

endangered species effects and is based on a review of literature studies in which,poth.C[} and NOAEL or NOEC

values were available for compamis The factor of 20 is used for especially sensitive species such as salmonids. Seé.Section

for more discussion of this concept.
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not discussed. The authors report a significant reduction in total trematode larvae pnqurctio
snail treated with eugenol.

Levels of Concern: For the MMWD risk assessment, thdadur LG of 130 mg/L for the tiger
prawn was divided by a factor of six to obtain a TRV for aquatic invertebrates of 22 mg/L.

6.33.D Aquatic Plants
No clove oil or eugeristudies were found for aquatic plants.

6.3.4 Data Gaps

The available data suggest that clove oil is likely to be minimally toxic to mammals, but highly
toxic to some insects and microbes. Given the variability in the insect data,-amaltsis of

insect studks for a variety of species would be helpful in determining patterns in clove oil’s
toxicity to insects. There are no data on the toxicity of clove oil or eugenol to amphibians. In
general, conclusions for acute toxicity are drawn from a very few stadies;fewer studies

exist for subchronic and chronic effects.

Fish and aquatic invertebrates are clearly affected by clove oil, and the FDA has expressed some
concerns about using clove oil as a fish anesthetic because of potential toxicity to hum@ns eat
fish treated with clove oil An assessment of the bioaccumulation potential for eugenol is needed
to clarify this issue.

The Matran product contains 50% eugenol and 50% of a mixture of wintergreenybilatiate
and lecithin, all listed by EPA as minimal risk compounds. The toxicity of this mixture of
chemicals is unknown.

6.4 Environmental Fate of Eugenol

6.4.1 Overview

Eugenol (CAS numbed7-53-0) is an essential olierbicide with empirical formula of,¢H,,0,,

derived from clove oil, an extract Blugenia caryophyllataa type of myrtle. Clove olil is

comprised of around 35 different compounds that have been identified, with the primary
constituent being eugenol. Pure eugenol is distilled out of the cloméxbilre for use in the

Matran product, thus this section on environmental fate focuses exclusively on eugenol. See the
introduction to this chapter for additional information on the composition of clove oil. The
chemical structure of eugenol is shown keldable6-9 summarizes the chemical and physical

properties of eugenol.
OH

CHj

= ‘e

Eugenol

Eugenol is a very weak organic acid, with pKa of 16?4t agueous solution, the acid is not
substantially dissociated.
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6.4.2 Water Solubility and Soil Binding of Eugenol

Eugenol is avolatile liquid at room temperature and has moderate water solubility (2,463 mg/L
at 25°C)*° The octanowater partition coefficient, K, for eugenol is 188? indicating low
solubility in water relative to organic solvents and low to moderate potential for
bioaccumulation, with an estimated bioconcentration factor ¥31.

The organiecarboradijusted soil adsorpticzpefficient (K of eugenol is 409 mL/¢° a value

that indicates that, in a mix of soil and water, eugenol is distributed in both media, with a slight
preference for binding to soil. As a result, eugensladerate mobility in soils, adsorbing to
soils and sediments to some extent.

Table 6-9: Chemical and Physical Properties of Eugenol

Property Eugenol
CAS number 97-53-0
EPA PC code 102701
Molecular weight (g/mol) "164.20
Water solubility (mg/L at ~25°) 2,460
Half-life (days)

Hydrolysis --

Anaerobic --

Aerobic --

Atmospheric
Field dissipation (soil) --
Field dissipation (water) --
Vapor pressure (mm Hg at ~25°C) 0.0226

Koc (ML/Q) 409
K., (20°C) 186
K, (atm-m%mol at ~25°C) 2.0x 10°

Datasource:Reference 29,
NA = not available.

6.4.3 Persistence of Eugenol

Eugenol is anticipated to be shéivied in the environment, and is rapidly dissipated and
degraded via volatilization and atmospheric decomposifioit.and wéer biodegradation data
are not availabl&® Photolysis is not anticipated to be a major degradation pativaygenol
does not hydrolyze readily in water, butlwolatilize from water over time if microbial
degradation or adsorption to sediments does not occur. Ntveslfare available for eugenol in
soil or water; howevedata on the haliife of the related compound methyl eugenol is
available®*® The studyfound that methyl eugenol has a dissipation-litafof 4-4.5 days from
cigarette filters placed in or on top of the soil. Shorter-lhaf were found for methyl eugenol
in soil (0.330.5 days) and water (3B5 days).

Eugenol can be degraded or tiamsed away from an application site through a number of
different processe3.he most important known processes for dissipation of eugenol are
volatilization and degradation by reaction with ozone and hydroxyl radicals in the atmosphere,
and adsorption teoils and sediments.
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6.4.3.A Microbial Degradation

Eugenol is degraded by microbes, although specific data for microbial degradation in soils is not
available. One laboratory study found tRaeudomonas fluorescebacteria degraded eugenol;

the responsible egme was isolated and characteriz&d his same reaction has been used
commercially to transform eugenol into the flavor molecule variffiiransformation is

relatively rapid, with the process being used commercially to produce vanillin. Since
Pseudomonasp.is a common soil bacterium, it is anticipated that microbial degradation of
eugenol will be relatively rapid in soils.

6.4.3.B Transport by Air

Air transport of eugenol away from the application site can occur through spray drift during and
for a short time d@ér an application. Spray drift can contaminate soil and surface waters, damage
nontarget plants, and expose humans and wildlife through inhalation and dermal exposure. Post
application volatilization drift is also a significant source ofsifé transpd for eugenol because

of its high vapor pressur®.0226mm Hg at 28C).** When dissolved in water, eugenol

volatilizes slowly to the air, as dictated by its low Henry’s law constadtOox 1¢° atm:

m*/mol.** The modeled volatilization halife from a river was calculated to be 24 days;
volatilization from a lake was estimated to occur with a-da&y halflife.** Volatilization is also
expected to occur from wet soils, although the rate of microbial degradation may be competitive.
Vapor phase eugenol reacts rapidly with hydroxyl radicals and ozone in the atmosphere, with
estimated haffives of six hours and 23 hou@ependent on ozone concentration), respectivly.

6.4.3.C Transport by Water

Eugenol volatilizes rapidly and is anticipated to be degraded rapidly in soils by microbial
activity, thus it is not considered to be depdial groundwater contaminant, nor is substantial
surface water runoff anticipated, except through preferential flow pathways such as cracks and
crevices or gravelly soils, if rain were to occur soon after an application.

6.4.3.D Uptake by Plants

Plants treatedith eugenol do not translocate the chemical though foliage or roots of the plant.
There is no information available on the persistence of eugenol residues in dead plant tissue.

6.4.3.E Field Studies on the Environmental Fate of Eugenol
No field studies are avaible on the environmental fate and transport of eugenol.

6.4.4 Matran Product Profile

TheMatranproduct has been selected as one of the herbicides to be considered by MMWD for
possible use in its Vegetation Management Plan (VIMRJran is certified by the Orgi&

Materials Review Institute (OMRI) for use on organic cropsofttains eugenol from clove leaf

oil as the active ingredient (a.i.) at 50% weight percent. The remaining 50% of the product is
comprised of wintergreen oil, butyl lactate, and lecifi#dl. of these additional ingredients are
listed as minimal risk inerts by EPALhe product containg.0lbs/gal of eugenol. When applied

as a foliar sprayMatranis mixed at 58% by volume in aqueous solution. Probable application
rates that may be used by MMWD are anticipated to-t6 #bs/acre.
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EPA has given this product an acute hazard warning label of “Caution”, placing it in Caéegory
or 4. This rating meangat the product is considered to be “Slightly toxic.” Exposure to skin or
eyes may cause mild eye or skin irritation, dizziness, headache or Husea.

6.5 Exposure Assessment and Risk Characterization for Eugenol

Assessment of risk requires knowledge of boghitimerent toxicity of a chemical and the
amount of exposure that is anticipated based on intended uses. Risk characterization combines
the hazard and exposure data to provide a picture of risks associated with herbicide use.

This exposure analysis is died into four categories: workers, the general public, terrestrial
wildlife, and aquatic life. Only foliar applications are modelEdae modeled foliar application

rate of clove oil is 4.0, 8.0 and 10.0 pounds per acre for Lower, Central and Upperessfiihat
Central exposure estimate provides the most likely exposure scenario and the Upper estimate
represents a loygrobability, worstcase eveniMore information about the types of exposure
scenarios considered in this risk assessmenaable in setion 2.4. Toxicity reference values
and dietary reference values fdove oilused in the analisare discussed in Secti6ér

(humans) and Sectidh2.2(animals and other organisms)

The USFS Bs not yet created an exposure worksheet for eugenol; thus, a new spreadsheet was
developed by PRI for the MMWD analysis. All chemisgkcific parameters are from the

available literature. Peak runoff was not modeled because there are no aeailgibi@l nor
modeledwater contamination rates. Loitgrm runoff was not modeldzecause eugenol

dissipates rapidly in the environment and is not expected to persist into the rainy Meason.
chronic exposures were evaluated for the same reason: clove oWdrgsshort dissipation half

life (1-7 days) and is not expected to persist in the environi8ebstantial bioconcentration in

fish is not anticipated.

As with the other herbicides evaluated for the MMWD project, several additional exposure
scenarios wer evaluated that were not in the SERA/USFS worksheets, including drinking water
exposure for birds and large mammals and all exposures for a large carnivore. Because eugenol
is quite volatile, a worker inhalation exposure worksheet was also added. For wate
contamination, scenarios for accidental spills of concentrated and diluted clove oil product to a
small, thermally stratified pond and Bon Tempe reservoir were evaluated.

An additional worksheet was developed to sum the dermal and ingestion exposuiétife

to give aggregate dosesggregate worker exposures from multiple exposure events were also
estimatedNo aggregate exposures were estimated for the general public because of the low
probability of multiple exposures.

Exposure scenarios werategorized qualitatively asfighly Probable,” “ Probable,”

“Possible” “Improbable” and “Highly Improbable.” These five categories are used

throughout the exposure estimates to designate the likelihood of each scenario occurring.
Common scenarios and theirobabilities are summarized in Table8 through 211, starting

on page2-28. Assigned probabilities are based on the assumption that the application guidelines
are followed.
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For all of the different exposure scenarioswer, Central andUpper estimags were
calculatedUpper exposure estimates were calculated by changing all parameters to values that
increase estimates; Lower estimates were obtained by changing all parameters to values that
decrease estimates; and Central estimates used parameterthatuare perceived as most
realistic.See Section 2.4 for a complete description of parameter values used in the calculations.

Exposure estimates for the humans and wildlife are presented and compared to toxicity reference
values (TRVSs) to give hazagliotients (HQs) that provide an estimate of risk for different

exposure scenarioslazard quotients above one indicate that exposure exceeds the level of
concern, and humans or wildlife may be at risk of adverse effeotmarios with HQ > 1.0 are
flaggedas potentially problematic and recommendations are made for how to avoid them.

Hazard quotients between 0.1 and 1.0 suggesthtbig may b@articularly sensitive individuals

or species that may be affected. Hazard quotients below 0.1 indicate losvderisk for the

effects that have been studied and are represented by the TRVs.

No risk assessments were performed for the other ingredients in the Matran-product
wintergreen oil, butyl lactate, and lecithitor the product mixture. All of the other irgglients
areclassified by EPA as minimal risk other ingredients. Addition of a surfactant to application
mixtures is not suggested on the Matran label, and exposures to added surfactants would not be
anticipated from use of Matran.

6.5.1 Chemical-Specific Exposure Parameters for Eugenol

Many of the parameters used to estimate exposure are constant from chemical to chemical, e.qg.,
typical amounts of food consumed, surface area of a child and body weight, among others. These
parameters and the values used in thmsdre models are discussed in Section 2.4. Other
parameters, such as absorption coefficients and water contamination rates, are-spegifaal

and are based on physical properties such as water solufjfjtwapor pressurés, . and half

life, as wel as experimental data.

Table6-10 presents the eugenspecific parameters used in the calculations, includargal
absorption rates, halives, and air concentration estimatas.discussed in Section 2.4.3,
USFSSERA developed an estimate of dermbsorption rates and dermal permeability based on
K, and molecular weight his calculation was also used to estimate dermal absorption for
glyphosate, triclopyr and clopyralid. For these chemicals, experimental data on dermal
absorption rates were awaile for comparison to the estimated absorption rates. Although there
are no dermal absorption data available for eugenol, the calculation utilizing,theckthe
molecular weight is the best available estimate and was used in the risk assessment.

Estimates of airborne concentrations of eugenol at the application site due to volatilization were
calculated using data from the California Air Resources Board (ARB) and Department of
Pesticide Regulation (DPR) monitoring reports of pesticide applicafibfise calculatiorused

to estimatenhalation exposure is based on the vapor pressure of eugenol and is described in
detail in Section 2.4.3.A.
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Table 6-10: Clove Oil-Specific Exposure Parameters

Parameter Lower Value Central Value = Upper Value
Firstorder cermal absorption rate () 0.0037 0.011 0.035
Dermal permeability (cm/hr) | 0.0044 0.0066 0.0098
Concentration in air at application site (md/m | 0.00264 0.0264 0.264

Data sourceReferenes130, and134.

Brenton VMS listed the following techniques as potential strategies for MMWD for controlling
invasive species with clove oil:

» High volume foliar applications to control broom seedlings at-8.28 pounds per aer

» Spot foliar applications to control thistle at 4.36 pounds per acre

» Foliar applications to control annual grasses at 4.36 pounds per acre

The application rates and volumes listed in Tabld Gvere used to calculate Lower, Central and
Upper exposure dstates for workers, the general public, and terrestrial and aquatic wildlife.

The foliar scenarios provide an estimate of exposures fromrvoigime (36-60 gallons per acre)
applicationsThe anticipated application rates of clove oil would b&:Mlbsa.i./acre. A range

of volumes from 31 to 67 gallons per acre is modeled, resulting in concentratici@ot®ve

oil (by volume). Exposures from egtump applications are not calculated because clove oil will
not be used for ctgtump applications. Hower, workers may transport concentrated material to
the site before foliar applications. Therefore, exposures from the-vamstscenario of an
accidental spill of undiluted Matran (4 Ib a.i./gallon) were estimated for workers, the general
public, terregial wildlife, and aquatic wildlife.

Table 6-11: Application Rate and Application Volume Model Inputs for Matran

Scenario Parameter Lower Central Upper

High-volume foliar Application rate (Ib a.i./acre) 4 8 10
Percent a.i. (volume %) 3 3 8
Application volume (gallons) 33 67 31

6.5.2 Application Methods for Clove Oil (Eugenol)

Because Matran is a burndown, reystemic herbicide, application methods that may be used
on MMWD lands for clove oil are limited to directed foliar spraygmund sprays of

cotyledons and seedlings not more than 12 inches in héigdirected foliar applications, the
herbicide sprayer or container is carried by backpack and the herbicide is applied to selected
target vegetatiorChemical contact with the arms, hands, or facegblM Improbable because

of the low height of the vegetation treated. To oedilne likelihood of significant exposure to
legs, application crews should not walk through treated vegetbtsaally, a worker treats
approximately 0.5 acre/hour with a pléalsirange of 0.251.0 acre/hour.

Ground sprays are usually conducted with a truck or traetamted boom that applies the
herbicide to a swath the width of the boom. Ground spray application methods typically treat
approximately 16 acres/hour with ayméble range of 221 acres/hour.
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6.5.3 Water Contamination Estimates

Concentration estimates for eight accidental spill scenarios were calculated. The eight spill
scenarios included three spill volumes (one, 20 and 200 gallons) for a spill of the diluted produc
to a thermally stratified small pond and Bon Tempe reservoir. The 200 gallon spill of diluted
product was added specifically for clove oil/eugenol because work crews may transport more
diluted product because of the higher application rate used foralfegenol compared to the
the three conventional herbicides. Two additionagalon spill scenarios were calculated for
water contamination from a spill of concentrated product to a small pond and Bon Tempe
reservoir. The spills of concentrated prodaie designed to represent a spill that might occur on
site during mixing, since Matran is not applied in concentrated form. All of these scenarios are
considered Highly Improbable. See Section 2.4.2 for a detailed discussion of these scenarios.
Results ge shown in Table-82.

Throughout this document, the word “contaminated” is used to meaanhamount of a
chemical residue is present. “Contaminated” does not necessarily equate to hazardous, but
indicates only that the compound is present at sens. |

Exposures from peak runoff and leteym runoff scenarios were not calculated because of the
short dissipation halife of clove oil (less than a few days) as a result of the high vapor pressure
of clove oil. Clove oil quickly volatilizes and isrceed away from the application site with
prevailing winds. Thus, it is unlikely that significant quantities of clove oil would remain at an
application site long enough to be washed away in the fall/winter rainy season. The microbial
degradation halfife of clove oil is not available, but is also anticipated to be quite rapid.
Therefore, only concentrations from accidental spill scenarios were modeled.

Table 6-12: Calculated Eugenol Concentrations for Water Contamination Scenarios

Concentrations (mg/L)
Scenario Central Lower Upper
Thermally -stratified pond
Accidental spill of diluted product lgal ]0.21 0.23 0.59
20gal | 4.2 4.5 12
200 gal | 42 45 120
Accidental spill of concentrated product 20 gal | 145 2 2
Well-mixed reservoir
Accidentalspill of diluted product lgal |0.000011 0.000012 0.000030
20 gal | 0.00021 0.00023  0.00060
200 gal | 0.0021 0.0023 0.0060
Accidental spill of concentrated product 20 gal | 0.0074 2 2

2 Only a single, worstase estimate of concentration was calculatedfilis of concentrated Matran
product.

For the three conventional herbicides, an additional calculation was developed to determine the
maximumvolume of herbicide that could be used in the MMWD watershed without exceeding
herbicide concentrations thatggluce an HQ > 0.1, 0.5 and 1.0 for a child drinking water from

the reservoir, assuming 5% and 100% loexgn runoff of applied herbicide. This calculation

was not done for clove oil, since since no kbegn runoff is anticipated.
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6.5.4 Risks to Humans

Exposue estimates were performed for both workers and members of the general public.
Accidental/incidental and general handling exposures were considered for herbicide applicators
for ground spray, and backpack foliar applicatidfs.exposures for clove oil cgtump

applications were calculated because this type of application is not proposed for the MMWD
project.Exposure estimates for the general public were developed for the scenarios of people
contacting contaminated vegetation on or near an applicatgreating contaminated fruit, or
drinking contaminated wate@nly acute exposure scenarios were evaluated to obtain a range of
exposure estimates for both wecstse and more probable scenarios.

6.54.A Workers

Risks from accidental and general exposure scenasoe calculated for workers. Accidental
exposures include wearing contaminated gloves for one minute and one hour, direct spray onto
hands, and direct spray to lower legs. General exposures for backpack spraying and ground
spraying were also calculatelesults are shown in Tablelg.

The highest Central worker exposure estimateWasmnesthe RfD for the Improbablevent of
wearingglovescontaminated by concentrated prodiactone hourThe highprobability
exposuresrom general handling of the emical in backpack spraying agdund spraying had
HQs equal to 4.2%nd7.2% of the RfD respectively

Exposure estimates from the scenarios that are the most likely to occur for workers are
highlighted below:

1. General exposure due to backpack sprayinfHighly Probable). The Central dose
estimate for general backpack spraying is 4.2% of the RfD. The Upper estimate is 32% of the
RfD.

2. General exposure due to ground spraying (Highly Probable)The Central dose estimate
for general ground spraying is 7.2%tloe RfD. The Upper estimate is 60% of the RfD.

3. Inhalation from general exposure (Highly Probable) The Central dose estimate for
inhalation due to general exposure is 0.14% of the RfD. The Upper estimate is 4.1% of the
RfD.

4. Wearing contaminated gloves foone minute (Probable) The Upper dose estimate for
wearing gloves contaminated by diluted product for one min@&9% of the RfD For the
concentrated product, the dose estimate is 43% of the RfD.The Central estiredtsver:
0.83% and 28% of thefBR for diluted and concentrated products respectively

5. Wearing contaminated gloves without washing for one hour (Improbable)The Upper
dose estimate for wearing gloves contaminated with diluted product for one Bdutirees
the RfD. For concentratedqgauct the same scenario yields a dose that is 26 times the RfD
The Central estimates are lower: 50% and 17 times the RfD for diluted and concentrated
product, respectively.

6. Accidental spill to the hands that is left unwashed for one hour (Improbable)rhe
Central dose estimate for a spill of diluted product on workers’ hands and leaving it for one
hour is 068% of the RfD The Upper estimate is 6% of the RfD. The Central dose estimate
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for a spill of concentrated product on workers’ hands and leavingant hour is 2% of

the RfD The Upper estimate is 74% of the RfD.

7. Accidental spill to the lower legs that is left unwashed for one hour (Improbable)he
Central dose estimate for a spill of diluted product to workers’ lower legs for one hour is
1.7 of the RfD. The Upper estimate is 15% of the RfD. The Central dose estimate for a
spill of concentrated product on workers’ lower legs and leaving it for one hoiehihe

RfD. The Upper estimate is 1.8 times the RfD.

If accidental worker exposures occthe dose from that scenario must be added to the general
exposure to obtain an aggregate dose. For example, if a worker sprays vegetation with a
backpack sprayer for seven hours, inhales the chemical and also wears a glove contaminated
with diluted prodict for one hour, the combined Central exposure estimate is 0.11366.Q02

= 1.31 mg/kgday. In this case, wearing contaminated gloves for one hour yields an exposure that
is 11 times the general exposure estimate3@ddimes larger than the inhatat exposure. For

this chemical, it is important to avoid the accidental scenarios since they are the highest
exposures on a mg/kadpy basis. Confidence in these assessments is low, as dermal absorption

and general exposure data for clove oil are notavail

These exposure estimates do not include splashes into the eyes, as there are no quantitative,
systemic exposure estimates for this scenario. Clove oil is a mild eye frbtatrititle systemic

absorpion would be expected from such an event.

Table 6-13: Estimated Eugenol Exposures and Hazard Quotients for Workers

. Calculated Dose (mg/kg) RfD Hazard Quotient (HQ)

Scenario
Central Lower Upper | (mg/kg-day) | cCentral Lower Upper

Foliar Worker Accidental/l ncidental Exposures (dose in mg/kgvent)
Contaminated gloves, 1 min 0.021 0.015 0.087 25 0.0083 0.0059 0.035
Contaminated gloves, 1 h 12 0.88 5.2 2.5 0.50 0.35 21
Spill on hands, 1 h 0.015 0.0054 0.13 25 0.0068 0.0023 0.060
Spill on lower legs] h 0.038 0.013 0.32 25 0.017 0.0056 0.15
Worker Accidental/Incidental Exposures with Concentrated (no dilution) Product (dose in mg/kgvent)
Contaminated g|0\/esy 1 min 0.71 0.47 1.1 25 0.28 0.19 0.43
Contaminated gloves, 1 h 43 28 64 2.5 17 11 26
Spill on hands, 1 h 0.58 0.18 1.8 25 0.23 0.073 0.74
Sp||| on lower |egs, 1h 1.4 0.45 4.5 25 0.57 0.18 1.8
Foliar Worker General Exposures (mg/kgday)
General exposure, backpack sprayir 0.11 0.0018 0.80 25 0.042 0.00072 0.32
General exposurground spraying 0.18 0.0026 1.51 2.5 0.072 0.0011 0.60
Inhalation 0.0036 0.00012 0.10 25 0.0014 0.000050 0.041

RfD = Reference doselazard Quotients greater than 0.1 siadedHazard Quotients greater than onelzokled.

6.54.B General Public

Acuteclove al exposure scenarios for the general public were evaluated for direct spray onto a
person, contact with contaminated vegetation, and consumption of contaminated fruit and water.
No runoff or fish consumption scenarios were evaluated because clove aibtypkrsist until

the rainy season and it does not bioaccumulate significddlghronic scenarios were

evaluated because clove oil has a very short half life (7 days) and is not expected to persist in the
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environment. Egosure estimates for the gengrablic arelower than for workersThe only

Central exposure estimate exceeding the RfD was for the Highly Improbable scenario of a child
drinking contaminated pond water after an accidental spill of concentrated product. The results
are summarized in T&b6-14 below.

No exposurescenarios are considered to be Probable or Possible for pelargonitiadtill

useful to consider the scenarios that yield the highest exposures, regardless of their probability,
to evaluate the potential need for addiéibprecautions to protect the public. For clove oil, two
scenarios result in Central HQs above 0.1:

1. Direct spray of a child over its entire body (Highly Improbable).The Upper and
Central dose estimates for a child sprayed with clove oil over its botigeare 2.3 times
and 26% of the RfD, respectively.

2. A child drinking from a thermally stratified, small pond (Highly Improbable) . The
Upper dose estimates for a-géllon spill of diluted and concentrated clove oil to a pond
are 53% and 6.4 times the Rfi2spectively.

3. A woman consuming contaminated berries (Improbable)The Upper and Central
acute dose estimates for a woman eating berries that had been sprayed with clove oil are
14% and 0.10% of the RfNo chronic exposures were calculated.

4. A woman brushing against contaminated vegetation (Improbable)The Upper dose
estimate for a woman brushing against contaminated vegetation is 32% of the RfD. The
Central estimate was 11%.

The scenario of eating contaminated berries is Improbable if the applicaiietirggs are

followed. In order to reduce the probability of exposures, the public should be made aware of
application timing and locations, and berry bushes or other edible plants should be trimmed or
mowed before herbicide treatments. Conducting appitaiduring the week instead of on the
weekend, limiting access to application sites, ammilding off-target direct sprays to blackberry,
blueberry (huckleberry), thimbleberry, hazelnut, and manzanita plantsahglensure public

safety.

The likelihoodof exposures from brushing against contaminated vegetation can be reduced to
Improbable by trimming or mowing vegetation prior to treatment.

Water Consumption Scenarios:Only the Highly Improbable scenario in which a child drinks
from a thermally stratiéd pond contaminated with concentrated product resulted in Central HQs
greater than 1.0 (2@allon spill, HQ=4.4 times the RfD). A spill of 200 gallons of diluted

Matran product results in a smaller Central HQ of 1.3 times the RfD.

Concentrations of clavoil from spills into a reservoir like Bon Tempe were lower than those for
spills into a small pond by a factor of 20,000, and HQsalbstantiallyless tharone—0.033%

of the RfD for the Upper exposure estimate for child drinking out of Bon Tempeoesster a
20-gallon spill of concentrated produétdherence to the MMWD application guidelines would
make a highvolume spill of concentrated product into a reservoir Highly Improbable, and with a
plan in place to notify water treatment plants if sucpidl were to occur, we conclude that it is
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Highly Improbable that drinking water quality in MMWD reservoirs will be compromised by
spills of clove oil into the reservoirs.

Contamination by longerm runoff will not occur with clove obbecause it dispates rapidly in
the environment and is not expected to persist into the rainy season.
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