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a b s t r a c t

The use of this material under current use conditions is supported by the existing information. This
material was evaluated for genotoxicity, repeated dose toxicity, developmental toxicity, reproductive
toxicity, local respiratory toxicity, phototoxicity, skin sensitization potential, as well as, environmental
safety. Reproductive toxicity was determined to have the most conservative systemic exposure derived
NO[A]EL of 230 mg/kg/day. A gavage multigenerational continuous breeding study conducted in rats on a
suitable read across analog resulted in a MOE of 12,105 while considering 22.6% absorption from skin
contact and 100% from inhalation. A MOE of >100 is deemed acceptable.

© 2015 Elsevier Ltd. All rights reserved.
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Version: 081915. This version replaces any previous versions.
Name: Eugenol
CAS Registry Number: 97-53-0

Abbreviation list:
2-Box model e a RIFM, Inc. proprietary in silico tool used to calculate fragrance air exposure concentration
97.5th percentile- The concentration of the fragrance ingredient is obtained from examination of several thousand

commercial fine fragrance formulations. The upper 97.5th percentile concentration is calculated from these data and is
then used to estimate the dermal systemic exposure in ten types of the most frequently used personal care and cosmetic
products. The dermal route is the major route in assessing the safety of fragrance ingredients. Further explanation of
how the data were obtained and of how exposures were determined has been previously reported by Cadby et al., 2002
and Ford et al., 2000.

AF- Assessment Factor
BCF- Bioconcentration Factor
Creme RIFMmodel- The Creme RIFMmodel uses probabilistic (Monte Carlo) simulations to allow full distributions of data

sets, providing a more realistic estimate of aggregate exposure to individuals across a population (Comiskey et al., 2015;
Safford et al., 2015) compared to a deterministic aggregate approach.

DEREK- Derek nexus is an in silico tool used to identify structural alerts
DST- Dermal Sensitization Threshold
ECHA-European Chemicals Agency
EU e Europe/European Union
GLP- Good Laboratory Practice
IFRA- The International Fragrance Association
LOEL- Lowest Observable Effect Level
MOE- Margin of Exposure
MPPD eMultiple-Path Particle Dosimetry. An in silicomodel for inhaled vapors used to simulate fragrance lung deposition
NA e North America
NESIL- No Expected Sensitization Induction Level
NOAEC- No Observed Adverse Effect Concentration
NOAEL- No Observed Adverse Effect Level
NOEC- No Observed Effect Concentration
OECD- Organisation for Economic Co-operation and Development
OECD TG- Organisation for Economic Co-operation and Development Testing Guidelines
PBT- Persistent, Bioaccumulative, and Toxic
PEC/PNEC- Predicted Environmental Concentration/Predicted No Effect Concentration
QRA- quantitative risk assessment
REACH- Registration, Evaluation, Authorisation, and Restriction of Chemicals
RIFM- Research Institute for Fragrance Materials
RQ- Risk Quotient
TTC- Threshold of Toxicological Concern
UV/Vis Spectra- Ultra Violet/Visible spectra
VCF- Volatile Compounds in Food
VoU- Volume of Use
vPvB- (very) Persistent, (very) Bioaccumulative
WOE e Weight of Evidence
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RIFM's Expert Panela concludes that this material is safe under the limits described in this safety assessment.
This safety assessment is based on the RIFM Criteria Document (Api et al., 2015) which should be referred to for clarifications.
Each endpoint discussed in this safety assessment reviews the relevant data that were available at the time of writing (version number in the top box is indicative of the

date of approval based on a two digit month/day/year), both in the RIFM database (consisting of publicly available and proprietary data) and through publicly available
information sources (i.e., SciFinder and PubMed). Studies selected for this safety assessment were based on appropriate test criteria, such as acceptable guidelines,
sample size, study duration, route of exposure, relevant animal species, most relevant testing endpoints, etc. A key study for each endpoint was selected based on the
most conservative end-point value (e.g., PNEC, NOAEL, LOEL, and NESIL).

Summary: The use of this material under current use conditions is supported by the existing information.
This material was evaluated for genotoxicity, repeated dose toxicity, developmental toxicity, reproductive toxicity, local respiratory toxicity, phototoxicity, skin

sensitization potential, as well as, environmental safety. Reproductive toxicity was determined to have the most conservative systemic exposure derived NO[A]EL of
230mg/kg/day. A gavage multigenerational continuous breeding study conducted in rats on a suitable read across analog resulted in a MOE of 12,105 while considering
22.6% absorption from skin contact and 100% from inhalation. A MOE of >100 is deemed acceptable.

Human health safety assessment
Genotoxicity: Not genotoxic (Pool and Lin, 1982; Sekizawa and Shibamoto, 1982; Shelby et al., 1993)
Repeated dose toxicity: NOAEL ¼ 300 mg/kg/day (NTP, 1983)
Developmental and reproductive toxicity: NOAEL ¼ 230 mg/kg/day (NTP, 2002)
Skin sensitization: NESIL ¼ 5900 mg/cm2 (RIFM, 2001)
Phototoxicity/photoallergenicity: Not phototoxic/photoallergenic (UV Spectra, RIFM DB; RIFM, 1981)
Local respiratory toxicity: NOAEC ¼ 100 mg/m3 (0.1 mg/L) (RIFM, 2012)
Environmental safety assessment
Hazard assessment:
Persistence: Critical Measured Value: 100.4% (OECD 301B) (RIFM, 1994a)
Bioaccumulation: Screening Level: 14.6 L/Kg (EPISUITE ver 4.1)
Ecotoxicity: Critical Ecotoxicity Endpoint: 48 h Daphnia magna EC50: 1.13 mg/l (REACH dossier, 2013)
Conclusion: Not PBT or vPvB as per IFRA Environmental Standards

Risk assessment:
Screening-level: PEC/PNEC (North America and Europe) > 1 (RIFM Framework; Salvito et al., 2002)
Critical ecotoxicity endpoint: 48 h Daphnia magna EC50: 1.13 mg/l
RIFM PNEC is: 1.13 mg/l

� Revised PEC/PNECs (2011 IFRA VoU): North America and Europe <1

a RIFM's Expert Panel is an independent body that selects its own members and establishes its own operating procedures. The Expert Panel is comprised of internationally
known scientists that provide RIFM guidance relevant to human health and environmental protection.

A.M. Api et al. / Food and Chemical Toxicology 97 (2016) S25eS37 S27
1. Identification

1 Chemical Name: Eugenol
2 CAS Registry Number: 97-53-0
3 Synonyms: 4-Allylcatechol-2-methyl ether, 4-Allylguaiacol, 4-

Allyl-2-methoxyphenol, Eugenol, 1-Hydroxy-2-methoxy-4-
propenylbenzene, 4-Hydroxy-3-methoxy-1-allylbenzene, 2-
Methoxy-4-allylphenol, Phenol, 2-methoxy-4-(2-propenyl)-, 1-
Allyl-4-hydroxy-3-methoxybenzene, Eugenic acid, Caryophyllic
acid, Allylguaiacol, 2-Methoxy-4-(2-propenyl)phenol, 1-
Hydroxy-2-methoxy-4-allylbenzene, 2-Hydroxy-5-allylanisole,
o-ﾒﾄｷｼ-p-ﾌßﾛﾍßﾆﾙﾌｪﾉｰﾙ, Eugenol pure cosmos

4 Molecular Formula: C10H12O2

5 Molecular Weight: 164.2
6 RIFM Number: 123
1 Volume of Use (worldwide band): 100e1000 metric tons per year (IFRA, 2011)
2 Inhalation Exposurea: 0.0005 mg/kg/day (RIFM, 2013)
3 Total Systemic Exposure (Dermal, Oral and Inhalation)b: 0.0018 mg/kg/day (RIFM, 2013)

a 95th percentile calculated exposure derived from concentration survey data in the Creme RIFM exposure model (Comiskey
et al., 2015, Safford et al., 2015).

b 95th percentile calculated exposure; assumes 100% dermal absorption, derived from concentration survey data in the
Creme RIFM exposure model (Comiskey et al., 2015; Safford et al., 2015).
2. Physical data

1 Boiling Point: 255 �C [FMA], (calculated) 264.26 �C [EPI Suite]
2 Flash Point: >212 �F; CC [FMA]
3 Log KOW: 2.0 [RIFM, 2010a], 2.99 [Abraham and Rafols,1995], 2.4

[RIFM, 1996], 2.0 at 24 �C [RIFM, 1994b], 2.73 [EPI Suite]
4 Melting Point: 60.57 �C [EPI Suite]
5 Water Solubility: 754 mg/L [EPI Suite]
6 Specific Gravity: 1.07 g/ml [RIFM, 1994c], 1.066e1.072 [FMA],
1.064e1.070 [FMA]

7 Vapor Pressure: 0.00574 mm Hg @ 20 �C [EPI Suite 4.0],
0.009 mm Hg 20 �C [FMA], 0.00948 mm Hg @ 25 �C [EPI Suite]

8 UV Spectra: Minor absorbance between 290 and 700 nm; molar
absorption coefficient below the benchmark (1000 Lmol�1 cm�1)

9 Appearance/Organoleptic: A colorless or very pale straw-
colored, oily liquid. Powerful, warm-spicy, rather dry and
almost sharp odor, drier and harder than that of clove bud oil, less
peppery-woody than that of clover leaf oil. Warm-spicy taste,
somewhat burning unless highly diluted (Arctander, 1969).
3. Exposure
4. Derivation of systemic absorption

1 Dermal: 22.6%

Liu and Hotchkiss, 1997a,b: An in vitro skin absorption studywas
conducted using human skin with radiolabelled eugenol under
unoccluded conditions for 72 h in diffusion cells. The mean ab-
sorption through the skinwas 18.5 ± 1.5% of the applied dose, while
4.1 ± 0.4% remained in the skin. The total uptake was 22.6 ± 1.2%.
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2 Oral: Data considered in Creme model.
3 Inhalation: Assumed 100%
4 Total: Dermal (22.6%) þ Inhalation (100%)

absorbed ¼ 0.0018 mg/kg/day
5. Computational toxicology evaluation

1 Cramer Classification: Class I, Low
Expert judgment Toxtree 2.6 OECD QSAR Toolbox 3.2

I I I

Acerola (Malpighia)
Agastache species
Anise (Pimpinella anisum L.)
Anise brandy
Apple brandy (Calvados)
Apple fresh (Malus species)
Apricot (Prunus armeniaca L.)
Arctic bramble (Rubus arcticus L.)
Artichoke
Calamus (sweet flag) (Acorus calamus L.)
Capsicum species
Carrot (Daucus carota L.)
Celery (Apium graveolens L.)
Cherry
Chervil (Anthriscus cerefolium L.)
Chinese quince (Pseudocydonia sinensis Schneid)
Cider (apple wine)
Cinnamomum species
Citrus fruits
Cloudberry (Rubus chamaemorus L.)
Cloves (Eugenia caryophyllata Thunberg)
Cocoa category
Coffee
Crispbread
Cuttlefish
Date (Phoenix dactylifera L.)
Dill (Anethum species)
Elderberry (Sambucus nigra L.)
Fenugreek (Trigonella foenum-graecum L.)
Fig (Ficus carica L.)
Fish
Ginger (Zingiber species)
Passion fruit (Passiflora species)
Pepper (Piper nigrum L.)
Pimento (allspice) (Pimenta dioica L. Merr.)
Piper betle L. cultivars
Plum (Prunus species)
Plum brandy
Plum wine
Pork
Quince, marmelo (Cydonia oblonga Mill.)
Raspberry, blackberry and boysenberry
Rhubarb
Rooibos tea (Aspalathus linearis)
Rosemary (Rosmarinus officinalis L.)
Rum
Salvia species
Satureja species
Sea buckthorn (Hippopha€e rhamnoides L.)

Ashanti pepper (Piper guineense Schum and Thom)
Banana (Musa sapientum L.)
BeerBeli, bael (Aegle marmelos Correa)
Black choke berry (Aronia melanocarpa Ell.)
Black currants (Ribes nigrum L.)
Buchu oil
Buckwheat
Grape brandy
Guava and feyoa
Guava wine
Honey
Katsuobushi (dried bonito)
Kumazasa (Sasa albo-marginata)
Lamb's lettuce (Valerianella locusta)
Laurel (Laurus nobilis L.)
Lemon balm (Melissa officinalis L.)
Licorice (Glycyrrhiza glabra L.)
Macadamia nut (Macadamia integrifolia)
Mace (Myristica fragrans Houttuyn)
Mangifera species
Mastic (Pistacia lentiscus)
Mate (Ilex paraguayensis)
Melon
Mentha oils
Mushroom
Myrtle (Myrtus communis L.)
Nutmeg (Myristica fragrans Houttuyn)
Ocimum species
Okra (Hibiscus esculentus L.)
Origanum (Spanish) (Coridothymus cap.(L.) Rchb.)
Sherry
Strawberry (Fragaria species)
Sweet grass oil (Hierochloe odorata)
Sweet marjoram (Origanum majorana L.)
Syzygium species
Tamarind (Tamarindus indica L.)
Tapereba, caja fruit (Spondias lutea L.)
Tarragon (Artemisia dracunculus L.)
Tequila (Agave tequilana)
Thyme (Thymus species)
Tomato (Lycopersicon esculentum Mill.)
Vaccinium species
Vanilla
Whisky
Wine
Wormwood oil (Artemisia absinthium L.)

1 VCF Volatile Compounds in Food: database/Nijssen, L.M.; Ingen-Visscher, C.A.
van; Donders, J.J.H. [eds]. e Version 15.1 e Zeist (The Netherlands): TNO Triskelion,
1963e2014. A continually updated database, contains information on published
volatile compounds which have been found in natural (processed) food products.
Includes FEMA GRAS and EU-Flavis data.
2 Analogues Selected:
a Genotoxicity: None
b Repeated Dose Toxicity: None
c Developmental and Reproductive Toxicity: Isoeugenol (CAS
# 97-54-1)
d Skin Sensitization: None
e Phototoxicity/Photoallergenicity: None
f Local Respiratory Toxicity: Isoeugenol (CAS # 97-54-1)
g Environmental Toxicity: None

3 Read across justification: See Appendix below
6. Natural occurrence (discrete chemical) or composition
(NCS)

Eugenol is reported to occur in the following foods1 and in some
natural complex substances (NCS):
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7. IFRA standard

None.

8. REACH dossier

Available; accessed on 9/12/2013.

9. Summary

9.1. Human health endpoint summaries

9.1.1. Genotoxicity
Based on the current existing data and use levels, eugenol does

not present a concern for genetic toxicity.

9.1.1.1. Risk assessment. The mutagenic potential of eugenol was
tested in an Ames assay conducted equivalent to OECD TG 471 using
the standard plate incorporation method (Pool and Lin, 1982;
Sekizawa and Shibamoto, 1982). Salmonella typhimurium strains
TA1535, TA1537, TA1538, TA98, and TA100 were tested with
eugenol in DMSO (dimethyl sulfoxide) at concentrations up to
5000 mg/plate and eugenol was considered not mutagenic.

The clastogenic potential of eugenol was assessed in an in vivo
micronucleus assay headed by the National Toxicology Program
(NTP) and conducted equivalent to OECD TG 464 with minor de-
viation. No genotoxic activity was observed, as the percentage of
micronucleated PCEs in all treated animals was less than that of the
controls (Shelby et al., 1993).

Based on all the data, eugenol does not present a concern for
genotoxic potential.

Additional references: NTP, 1983; Swanson, 1979; To, 1982;
Rockwell, 1979; Florin, 1980; Ishidate, 1984; Nestmann, 1980;
Hayashi, 1984; Stich, 1981a; Nestmann, 1983; Phillips, 1984; Eder,
1980; Eder1982a; Randerath, 1984; Rapson, 1980; Yoshimura,
1981; Stich, 1981b; Green, 1978; Dorange, 1976; Haworth, 1983;
Eder, 1982b; Douglas, 1980; Amonkar, 1986; Jansson, 1986; Jansson,
1985; Ishidate, 1982; Fukuda, 1987; Woolverton, 1986a; Tsutsui,
1987; Hayashi, 1988; Galloway, 1987; Ohshima, 1989; Miller,
1986; Orstavik, 1985; Schunk, 1988; Maura, 1989; Schiestl, 1989;
Howes, 1990a; Phillips, 1990; Sasaki, 1989; Armstrong, 1992;
Tennant, 1987; Elmore, 1989; Allavena, 1992; Howes, 1990b; Bean,
1992; Bean, 1993; Schiestl, 1993; Ellahuene, 1994; Myhr, 1991;
Azizan, 1995; Rompelberg et al., 1995a, 1996a, 1996b; Sukumaran,
1995; Storer, 1996; Rompelberg, 1996c; Burkey, 1998; Bodell,
1998; Rompelberg et al., 1995b, 1995c, 1995d, 1995e; Mulky,
1987; Lewis-Burkey, 2000; Abraham, 2001; Fahim, 2001; RIFM,
1980; Yasunaga, 2004; Oda, 1978; Foureman, 1994; Iida, 2007;
Hikiba, 2005; Maralhas, 2006; Woolverton, 1986b; Someya, 2008;
Kono, 1995; Martins, 2011; Hughes, 2012; Reus, 2012; Fowler, 2012

LiteratureSearchandRiskAssessmentCompletedon: 09/16/13.

9.1.2. Repeated dose toxicity
The margin of exposure for eugenol is adequate for the repeated

dose toxicity endpoint at the current level of use.

9.1.2.1. Risk assessment. The NOAEL for repeated dose toxicity of
eugenol was determined to be 300 mg/kg/day from a dietary 13-
week subchronic toxicity study conducted in rats, based on
reduced body weights (NTP, 1983).

RIFM's Expert Panel2 has reviewed the carcinogenicity data on
2 RIFM's Expert Panel is composed of scientific and technical experts in their
respective fields. This group provides advice and guidance.
eugenol. The US NTP concluded that hepatocellular tumors
observed following eugenol administration were considered to be
associated with the dietary administration of eugenol, but because
of the lack of a doseeresponse effect in male mice and the marginal
combined increases in female mice, there was equivocal evidence
of carcinogenicity (NTP, 1983). It was not carcinogenic to rats (NTP,
1983). Hepatotoxicity might have played a role in the development
of the hepatic tumors in B6C3F1 mice, which are sensitive to the
development of liver tumors by non-genotoxic mechanisms. The
total systemic exposure to eugenol is 0.019 mg/kg/day, which is
more than 23,600 times lower than the lowest dose level in the
mouse NTP study. Therefore, the MOE is equal to the NOAEL for
eugenol in mg/kg/day divided by the total systemic exposure,
300/0.019 or 15789.

Additional references: Vishteh et al., 1986; Taylor et al., 1964;
Breidenbach et al., 1952; Boonchird and Flegel, 1982; Lauber and
Hollander, 1950; Cambel and Conroy, 1952; Rompelberg et al.,
1995a; Hirose et al., 1987; Hagan et al., 1965; 1967; Rompelberg
et al., 1995b; Ward et al., 1989; RIFM, 1958; RIFM, 1954; Bar and
Griepentrog, 1967; Van Duuren et al., 1966, VanDuuren and
Goldschmidt, 1976; Miller et al., 1983; Koujitani et al., 2001;
Hitchcock, 1952; Amini et al., 2002; Howes et al., 2002; Blair
et al., 2000; Nishihara et al., 2000; Miller; 2001; Fischer et al.,
1990; Sutton, 1986; Caldwell et al., 1985; Delaforge et al., 1980,
1976; Weinberg et al., 1972; Green and Tephly, 1996; Thompson
et al., 1989; Meredith et al., 2009; Boutin et al., 1981; 1985;
Thompson et al., 1990; Delaforge et al., 1978; Boutin et al., 1984;
Leclerc et al., 2002; Swanson et al., 1981; Dahl and Hadley, 1983;
Golberg, 1978; Thompson et al., 1991; Gardner et al., 1995; Sutton
et al., 1985; Swanson et al., 1978; Fischer et al., 1990; Laekeman
et al., 1990; Schroder and Vollmer, 1932; Thompson et al., 1998;
Meyer and Meyer, 1959; Meyer, 1965; Jimbo, 1983; Liu and
Hotchkiss, 1996; Liu and Hotchkiss, 1997a,b; RIFM, 1996;
Hotchkiss, 1998; Zhao and Singh, 1998; Schmitt et al., 2009, 2010;
Clegg, 1965; Hansen and Meyer, 1978, Hansen et al., 1982;
Wurtzen and Olsen, 1986; Telford et al., 1962; Vorhees et al.,
1981; Allen, 1976; Jeong et al., 2005; Kavlock, 1990; RIFM, 2010b;
RIFM, 2012; Singal et al., 2013; Fang et al., 2003, 2001; Nishihara
et al., 2000; Badger et al., 1999; Badger et al., 2002; Liu and
Hotchkiss, 1998; Petridou-Fischer et al., 1987; Fuciarelli et al.,
2000; 2001; Seto and Keup, 1969; Jimbo et al., 1983; Liu and
Hotchkiss, 1996; Liu and Hotchkiss, 1997a,b; Madsen et al., 2011.

Literature Search and Risk Assessment Completed on: 09/16/
13.

9.1.3. Developmental and reproductive toxicity
The margin of exposure for eugenol is adequate for the devel-

opmental and reproductive toxicity endpoints at the current level
of use.

9.1.3.1. Risk assessment. The developmental toxicity data on
eugenol are insufficient. Read acrossmaterial isoeugenol (CAS # 97-
54-1; see Section V) has a gavage developmental toxicity study
conducted in rats which determined the NOAEL for developmental
toxicity to be 500 mg/kg/day, based on intrauterine growth retar-
dation and delayed skeletal ossification. These effects occurred at
maternally toxic dosages (George et al., 2001; NTP, 1999). There-
fore, the MOE is equal to the NOAEL in mg/kg/day divided by the
total systemic exposure, 500/0.019 or 26316.

There are no reproductive toxicity data on eugenol. Read across
material isoeugenol (CAS # 97-54-1) has a gavage multigenera-
tional continuous breeding study conducted in rats which deter-
mined the NOAEL for reproductive toxicity to be 230 mg/kg/day,
based on a decreased number of male pups per litter during the F0
cohabitation and decreased male and female pup weights during



Table 1
Eugenol e data summary.

LLNA weighted mean EC3 value [No.
Studies]

Potency classification based on animal
dataa

Human data

NOEL-HRIPT (induction)
mg/cmb

NOEL-HMT (induction) mg/
cmb

LOELb (induction) mg/
cmb

WoE
NESILc

2703 [6] Weak 5906 NA NA 5900

NOEL ¼ No observed effect level; HRIPT ¼ Human Repeat Insult Patch Test; HMT ¼ Human Maximization Test; LOEL ¼ lowest observed effect level; NA ¼ Not Available.
a Based on animal data using classification defined in ECETOC, Technical Report No. 87, 2003.
b Data derived from HRIPT or HMT.
c WoE NESIL.

Table 2
Eugenol e Acceptable exposure limits.

QRA Categorya Examples of product type Calculated QRA

1 Lip Products 0.17%
2 Deodorant/Antiperspirant 0.22%
3 Hydroalc., Shaved Skin 0.89%
4 Hydroalc., Unshaved Skin 2.67%
5 Women Facial Cream 1.40%
6 Mouthwash 4.28%
7 Intimate Wipes 0.45%
8 Hair Styling Aids Non-Spray 5.96%
9 Conditioners, Rinse-off 29.50%
10 Hard Surface Cleaners 49.17%
11 Candle (Non-Skin/Incidental Skin) Not restricted

a Note: For a description of the categories, refer to the QRA Informational Booklet.
(www.rifm.org/doc/QRAInfoJuly201.pdf).

3 Respiratory Core Team is composed of scientific and technical experts in their
respective fields. This group provides advice and guidance.
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the F1 cohabitation (NTP, 2002; Layton et al., 2001). Therefore, the
MOE is equal to the NOAEL in mg/kg/day divided by the total
systemic exposure, 230/0.019 or 12105.

Additional references: Vishteh et al., 1986; Taylor et al., 1964;
Breidenbach et al., 1952; Boonchird and Flegel, 1982; Lauber and
Hollander, 1950; Cambel and Conroy, 1952; Rompelberg et al.,
1995a; Hirose et al., 1987; Hagan et al., 1965; 1967; Rompelberg
et al., 1995b; Ward et al., 1989; RIFM, 1958; RIFM, 1954; Bar and
Griepentrog, 1967; Van Duuren et al., 1966, VanDuuren and
Goldschmidt, 1976; Miller et al., 1983; Koujitani et al., 2001;
Hitchcock, 1952; Amini et al., 2002; Howes et al., 2002; Blair
et al., 2000; Nishihara et al., 2000; Miller; 2001; Fischer et al.,
1990; Sutton, 1986; Caldwell et al., 1985; Delaforge et al., 1980,
1976; Weinberg et al., 1972; Green and Tephly, 1996; Thompson
et al., 1989; Meredith et al., 2009; Boutin et al., 1981, 1985;
Thompson et al., 1990; Delaforge et al., 1978; Boutin et al., 1984;
Leclerc et al., 2002; Swanson et al., 1981; Dahl and Hadley, 1983;
Golberg, 1978; Thompson et al., 1991; Gardner et al., 1995; Sutton
et al., 1985; Swanson et al., 1978; Fischer et al., 1990; Laekeman
et al., 1990; Schroder and Vollmer, 1932; Thompson et al., 1998;
Meyer and Meyer, 1959; Meyer, 1965; Jimbo, 1983; Liu and
Hotchkiss, 1996, Liu and Hotchkiss, 1997a,b; RIFM, 1996;
Hotchkiss, 1998; Zhao and Singh, 1998; Schmitt et al., 2009, 2010;
Clegg, 1965; Hansen and Meyer, 1978, Hansen et al., 1982;
Wurtzen and Olsen, 1986; Telford et al., 1962; Vorhees et al.,
1981; Allen, 1976; Jeong et al., 2005; Kavlock, 1990; RIFM, 2010b;
RIFM, 2012; Singal et al., 2013; Fang et al., 2003, 2001; Nishihara
et al., 2000; Badger et al., 1999; Badger et al., 2002; Liu and
Hotchkiss, 1998; Petridou-Fischer et al., 1987; Fuciarelli et al.,
2000; 2001; Seto and Keup, 1969; Jimbo et al., 1983; Liu and
Hotchkiss, 1996; Liu and Hotchkiss, 1997a,b; Madsen et al., 2011.

LiteratureSearchandRiskAssessmentCompletedon: 09/16/13.

9.1.4. Skin Sensitization
Based on the existing data, summarized in the existing IFRA

Standard, eugenol is considered to be a weak skin sensitizer with a
defined NESIL of 5900 mg/cm2.

9.1.4.1. Risk assessment. The available data demonstrate that
eugenol is aweak sensitizer with aWeight of Evidence No Expected
Sensitization Induction Level (WoE NESIL) of 5900 mg/cm2 (Table 1)
(Gerberick et al., 2009; RIFM, 2001). Utilizing the available NESIL,
the application of the Quantitative Risk Assessment (QRA)
described by Api and Vey (2008) results in the acceptable exposure
limits summarized in Table 2.

Additional references: None.
Literature Search and Risk Assessment Completed on: 09/16/

13.

9.1.5. Phototoxicity/photoallergenicity
Based on UV/Vis absorption spectra and existing data, eugenol

would not be expected to present a concern for phototoxicity or
photoallergenicity.
9.1.5.1. Risk assessment. UV/Vis absorption spectra indicate minor
absorbance between 290 and 700 nm. Corresponding molar ab-
sorption coefficient is below the benchmark, 1000 L mol�1 ∙ cm�1,
of concern for phototoxicity and photoallergenicity (Henry et al.,
2009). In a rat phototoxicity study, topical application of a 30%
solution of eugenol followed by UV exposure did not result in
phototoxic reactions (RIFM, 1981). Based on lack of significant
absorbance in the critical range and in vivo study data, Eugenol does
not present a concern for phototoxicity or photoallergenicity.

Additional references: None.
LiteratureSearchandRiskAssessmentCompletedon: 08/26/15.

9.1.6. Local respiratory toxicity
The margin of exposure for eugenol is adequate for the respi-

ratory endpoint at the current level of use.

9.1.6.1. Risk assessment. An inhalation study on read across mate-
rial, isoeugenol, was evaluated by the Respiratory Core Team3 (RIFM,
2012). Neither a no-observed-adverse-effect concentration
(NOAEC), nor a no-observed-effect concentration (NOEC) could be
determined for this study regarding upper airway irritation. For the
lower airway, the NOEC was considered to be 100 mg/m3 (0.1 mg/L).

Additional references: Beroza, 1975; Clark, 1988; RIFM, 1977;
RIFM, 1997; Miyazaki, 1992; Buchbauer, 1993; Regnault-Roger,
1995; Perrucci, 1995; Robin, 1998; Isola, 2003; RIFM, 2003a;
Rogers, 2003; Leclerc et al., 2002; RIFM, 2003b; Isola, 2003a; Isola,
2004; Smith, 2004; RIFM, 2004; Isola, 2004b; Rogers, 2005;
Vethanayagam, 2013.

Literature SearchandRiskAssessmentCompletedon:09/16/13.

9.2. Environmental endpoint summary

9.2.1. Screening-level assessment
A screening level risk assessment of eugenol was performed

http://www.rifm.org/doc/QRAInfoJuly201.pdf
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following the RIFM Environmental Framework (Salvito et al., 2002)
which provides for 3 levels of screening for aquatic risk. In Tier 1,
only the material's volume of use in a region, its log Kow and mo-
lecular weight are needed to estimate a conservative risk quotient
(RQ; Predicted Environmental Concentration/Predicted No Effect
Concentration or PEC/PNEC). In Tier 1, a general QSAR for fish
toxicity is usedwith a high uncertainty factor as discussed in Salvito
et al., 2002. At Tier 2, the model ECOSAR (providing chemical class
specific ecotoxicity estimates) is used and a lower uncertainty
factor is applied. Finally, if needed, at Tier 3, measured biodegra-
dation and ecotoxicity data are used to refine the RQ (again, with
lower uncertainty factors applied to calculate the PNEC). Following
the RIFM Environmental Framework, eugenol was identified as a
fragrance material with the potential to present a possible risk to
the aquatic environment (i.e., its screening level PEC/PNEC >1).

A screening-level hazard assessment using EPISUITE ver 4.1 did
identify eugenol as being possibly persistent but not bio-
accumulative based on its structure and physicalechemical prop-
erties. This screening level hazard assessment is a weight of
evidence review of a material's physicalechemical properties,
available data on environmental fate (e.g., OECD Guideline biodeg-
radation studies or die-away studies) and fish bioaccumulation, and
review ofmodel outputs (e.g., USEPA's BIOWIN and BCFBAF found in
EPISUITE ver.4.1). Specific key data on biodegradation and fate and
bioaccumulation are reported below and summarized in the Envi-
ronmental Safety Assessment section prior to Section I.

9.2.2. Risk assessment
Based on current VoU (2011), eugenol presents a risk to the

aquatic compartment.

9.2.3. Key studies
9.2.3.1. Biodegradation. RIFM, 1997: Biodegradation of the test
material was evaluated by a modified MITI test according to OECD
Guideline 301C. A closed flask containing mineral medium inocu-
lated with activated sludge and 100 mg/l of eugenol was incubated
for 28 days. The biodegradation rate was 79% after 7 days and 97%
after 28 days.

RIFM, 1994: Biodegradation was evaluated by the sealed vessel
test based on OECD Guideline 301B. 10 mg/l of eugenol was incu-
bated for 28 days. The biodegradation rate was 65.7% at day 10 and
100.4% at day 28.

RIFM, 1999: The biodegradability of the test material was
determined using the Closed Bottle Test according to 92/69/EEC,
Method C.4-E method. Within the test period of 28 days, a degra-
dation of 82% was observed.

9.2.3.2. Ecotoxicity. RIFM, 1999: A 48 h Daphnia magna acute
toxicity study was conducted according to the 92/69/EEC C.1
method. The geometric mean of EC0/EC100 was 1.05 mg/l.

9.2.4. Other available data
Eugenol has been registered under REACH and additional data is

available (accessed 09/30/2013): A96hfish (Danio rerio) acute study
according to OECD 203 method was conducted and the LC50 was
reported to be 13mg/l. D. magna acute toxicity test according to the
OECD 202 method was conducted, and the 48 h EC50 was reported
to be 1.13 mg/l 72 h algae inhibition test according to the OECD 201
method was conducted. The EC50 was 23mg/l, 36mg/l and 24mg/l
based on cell number, biomass and growth rate, respectively.

9.3. Risk assessment refinement

Ecotoxicological data and PNEC derivation (all endpoints re-
ported in mg/L; PNECs in mg/L)

Endpoints used to calculate PNEC are underlined.
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Exposure information and PEC calculation (following RIFM
Framework: Salvito et al., 2002)
Exposure Europe (EU) North America (NA)

Log Kow used 2.0 2.0
Biodegradation Factor Used 1 1
Dilution Factor 3 3
Regional Volume of Use Tonnage Band 100e1000 100e1000

Risk Characterization: PEC/PNEC <1 <1
Based on available data, the RQ for this material is < 1. No
additional assessment is necessary.

The RIFM PNEC is 1.13 mg/L. The revised PEC/PNECs for EU and
NA are <1 and therefore, do not present a risk to the aquatic
environment at the current reported volumes of use.

Literature Search and Risk Assessment Completed on: 09/16/
13.
10. Literature search4

� RIFM database: target, Fragrance Structure Activity Group ma-
terials, other references, JECFA, CIR, SIDS

� ECHA: http://echa.europa.eu/
� NTP: http://tools.niehs.nih.gov/ntp_tox/index.cfm
� OECD Toolbox
� SciFinder: https://scifinder.cas.org/scifinder/view/scifinder/
scifinderExplore.jsf

� PUBMED: http://www.ncbi.nlm.nih.gov/pubmed
� TOXNET: http://toxnet.nlm.nih.gov/
� IARC: (http://monographs.iarc.fr)
� OECD SIDS: http://www.chem.unep.ch/irptc/sids/oecdsids/
sidspub.html

� EPA Actor: http://actor.epa.gov/actor/faces/ACToRHome.jsp;
jsessionid¼0EF5C212B7906229F477472A9A4D05B7

� US EPA HPVIS: http://www.epa.gov/hpv/hpvis/index.html
� US EPA Robust Summary: http://cfpub.epa.gov/hpv-s/
� Japanese NITE: http://www.safe.nite.go.jp/english/db.html
� Japan Existing Chemical Data Base: http://dra4.nihs.go.jp/
mhlw_data/jsp/SearchPageENG.jsp

� Google: https://www.google.com/webhp?
tab¼ww&ei¼KMSoUpiQK-arsQS324GwBg&ved¼0CBQQ1S4

This is not an exhaustive list.
Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.fct.2015.12.013.
Transparency document

Transparency document related to this article can be found
online at http://dx.doi.org/10.1016/j.fct.2015.12.013.
Appendix
4 Information sources outside of RIFM's database are noted as appropriate in the
safety assessment.
Summary

There are insufficient toxicity data on Eugenol (RIFM # 123, CAS
# 97-53-0). Hence, in silico evaluation was conducted to determine
suitable read-across material. Based on structural similarity, reac-
tivity, metabolism data, physicochemical properties and expert
judgment, the above shown read-across materials were identified
as proper read across for their respective toxicity endpoints.
Methods

� The identified read-across analogs were confirmed by using
expert judgment

� The physicochemical properties of target and analog were
calculated using EPI Suite™ v4.11 developed by US EPA (USEPA,
2012)

� The Jmax were calculated using RIFM skin absorption model
(SAM), the parameters were calculated using consensus model
(Shen et al., 2014)

� DNA binding, mutagenicity, genotoxicity alerts and oncologic
classification were estimated using OECD QSAR Toolbox (v3.1)
(OECD, 2012)

� Repeat dose categorization were estimated using OECD QSAR
Toolbox (v3.1) (OECD, 2012)

� Skin sensitization were estimated using CAESAR (v.2.1.6)
(Cassano et al., 2010)

� Protein bindingwere estimated using OECDQSAR Toolbox (v3.1)
(OECD, 2012)

� The major metabolites for the target and read-across analogs
were determined and evaluated using OECD QSAR Toolbox
(v3.1) (OECD, 2012)
Conclusion/rationale

� Isoeugenol (analog) was used as a read-across for eugenol
(target) based on:
� The target and analog both belong to the generic class of
phenols. Both are p-alkyl phenols.

� They are structural isomers with common structures of o-
methoxy-phenol and an alkene chain.

� The only difference is in the position of the double bond in
alkene chain, which is terminal in target and internal in
analog. The differences between structures do not essentially
change the physicochemical properties nor raise any addi-
tional structural alerts and therefore, the toxicity profiles are
expected to be similar.

� The target and analog show similar alerts for ER Binding. ER
Binding is molecular initiating event analogous to protein
binding. ER binding is not necessarily predictive of endocrine
disruption given the complex pre- and post-receptor events
that determine activity.

� The target and analog show similar alerts for protein binding.
� The target and analog are expected to be metabolized simi-
larly. As per the OECD Toolbox, they are predicted to have
similar metabolites.

http://echa.europa.eu/
http://tools.niehs.nih.gov/ntp_tox/index.cfm
https://scifinder.cas.org/scifinder/view/scifinder/scifinderExplore.jsf
https://scifinder.cas.org/scifinder/view/scifinder/scifinderExplore.jsf
http://www.ncbi.nlm.nih.gov/pubmed
http://toxnet.nlm.nih.gov/
http://monographs.iarc.fr
http://www.chem.unep.ch/irptc/sids/oecdsids/sidspub.html
http://www.chem.unep.ch/irptc/sids/oecdsids/sidspub.html
http://actor.epa.gov/actor/faces/ACToRHome.jsp;jsessionid=0EF5C212B7906229F477472A9A4D05B7
http://actor.epa.gov/actor/faces/ACToRHome.jsp;jsessionid=0EF5C212B7906229F477472A9A4D05B7
http://actor.epa.gov/actor/faces/ACToRHome.jsp;jsessionid=0EF5C212B7906229F477472A9A4D05B7
http://www.epa.gov/hpv/hpvis/index.html
http://cfpub.epa.gov/hpv-s/
http://www.safe.nite.go.jp/english/db.html
http://dra4.nihs.go.jp/mhlw_data/jsp/SearchPageENG.jsp
http://dra4.nihs.go.jp/mhlw_data/jsp/SearchPageENG.jsp
https://www.google.com/webhp?tab=ww&amp;ei=KMSoUpiQK-arsQS324GwBg&amp;ved=0CBQQ1S4
https://www.google.com/webhp?tab=ww&amp;ei=KMSoUpiQK-arsQS324GwBg&amp;ved=0CBQQ1S4
https://www.google.com/webhp?tab=ww&amp;ei=KMSoUpiQK-arsQS324GwBg&amp;ved=0CBQQ1S4
https://www.google.com/webhp?tab=ww&amp;ei=KMSoUpiQK-arsQS324GwBg&amp;ved=0CBQQ1S4
https://www.google.com/webhp?tab=ww&amp;ei=KMSoUpiQK-arsQS324GwBg&amp;ved=0CBQQ1S4
https://www.google.com/webhp?tab=ww&amp;ei=KMSoUpiQK-arsQS324GwBg&amp;ved=0CBQQ1S4
https://www.google.com/webhp?tab=ww&amp;ei=KMSoUpiQK-arsQS324GwBg&amp;ved=0CBQQ1S4
http://dx.doi.org/10.1016/j.fct.2015.12.013
http://dx.doi.org/10.1016/j.fct.2015.12.013
http://dx.doi.org/10.1016/j.fct.2015.12.013
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