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Part A.

1. PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLIN G

1.1 Substance

Table 1: Substance identity

Substance name: Linalool

International chemical Linalool; 3,7-dimethyl-1,6-octadien-3-ad-
identifier: linalool [1]

Coriandrol; §-3,7-dimethyl-1,6-octadien-3
ol; d-linalool [2]

Licareol; [®)-3,7-dimethyl-1,6-octadien-3
ol; I-linalool [3]

EC number: 201-134-4 [1]
204-810-7 [2]
204-811-2 [3]

CAS number: 78-70-6 [1]
126-90-9 [2]
126-91-0 [3]

EC name: Linalool [1]

(9-3,7-dimethyl-1,6-octadien-3-ol [2]
(R)-3,7-dimethyl-1,6-octadien-3-ol [3]

CAS name: 1,6-octadien-3-ol, 3,7-dimethyl- [1]
1,6-Octadien-3-ol, 3,7-dimethyl-Sf [2]
1,6-Octadien-3-ol, 3,7-dimethylRJ- [3]

IUPAC name: 3,7-dimethylocta-1,6-dien-3-ol [1]
(39-3,7-dimethylocta-1,6-dien-3-ol [2]
(3R)-3,7-dimethylocta-1,6-dien-3-ol [3]

Molecular formula: CigH180

Molecular weight range: 154.2 g/mol




Structural formula:
OH
HO S
OH
Annex VI Index number: Not listed in Annex VI
Degree of purity: > 96.7-<98.2% (w/w)
Impurities: < 3.3% (w/w)

CAS no.78-70-6dll-linalool [1] refers to a substance which contdiesveen 10 and 80 % of each
isomer, [2] and [3].

“Linalool” will be used throughout this report wheo specification of isomers is given or needed,
denoting all possible mixtures of [2] and [3] ahé pure isomer, [2] or [3]. In clinical studies and
animal studies the composition of the individuahmers of linalool is not reported. It is also not
expected that the two possible steric positionth@fOH-group in the 3-position of linalool would
chemically influence the formation of hydroperoxdde 6- and 7-position and the subsequent
process of sensitization. Therefore this CLH prapoxludes both the individual isomers as well
as all mixtures of them. See also Part B, 2.1 iiberent isomeric compositions after biosynthesis
and chemical synthesis of linalool.

The CLH report shows that linalool is autoxidisedir and that mainly the subsequently formed
oxidation products are responsible for the semsgiproperties of linalool. Due to the autoxidation
in air, which is an intrinsic property of linalodl,is practical and reasonable to classify linaloo
itself for sensitisation. See also Part B, 4.4f@r3analogy with harmonized classification of
limonene and rosin.

Linalool, CAS no. 78-70-6, has been registeredjmirag submission to ECHA in 2010.



1.2 Harmonised classification and labelling proposal

Table 2: The current Annex VI entry and the propogd harmonised classification

CLP Regulation

Current entry in Annex VI, CLP Not included in Annex VI, Table 3.1 (CLP
Regulation

Current proposal for consideration | Skin Sensitizer 1A; H317
by RAC

Resulting harmonised classification | Skin Sensitizer 1A; H317
(future entry in Annex VI, CLP
Regulation)




1.3  Proposed harmonised classification and labelling Is®d on CLP Regulation criteria
Table 3: Proposed classification according to thELP Regulation
CLP Hazard class Proposed Proposed SCLs Current Reason for no
Annex | classification and/or M- classification® | classification?
ref factors

2.1 Explosives - - - n.e.

2.2, Flammable gases - - n.e.

2.3. Flammable aerosols - - - n.e.

2.4, Oxidizing gases - - - n.e.

2.5. Gases under pressure - - - n.e.

2.6. Flammable liquids - - n.e.

2.7. Flammable solids - - - n.e.

2.8. Se_zlf-reactive substances and - - n.e.
mixtures

2.9. Pyrophoric liquids - - - n.e.

2.10. Pyrophoric solids - - - n.e.

2.11. S(_elf—heating substances arld- - - n.e.
mixtures

2.12. Substances and mixtures | - - - n.e.
which in contact with water
emit flammable gases

2.13. Oxidizing liquids - - n.e.

2.14. Oxidizing solids - - - n.e.

2.15. Organic peroxides - - - n.e.

2.16. Substance and mixtures - - - n.e.
corrosive to metals

3.1 Acute toxicity — oral - - - n.e.
Acute toxicity - dermal - - - n.e.
Acute toxicity - inhalation - - - n.e.

3.2. Skin corrosion / irritation | - - - n.e.

3.3. Serious eye damage / eye | - - - n.e.
irritation

3.4. Respiratory - - n.e.
sensitization/irritation

3.4. Skin sensitization il;\l,anSef?smzer

3.5. Germ cell mutagenicity - - - n.e.

3.6. Carcinogenicity - - - n.e.

3.7. Reproductive toxicity - - - n.e.




3.8. Specific target organ toxicity - - n.e.
—single exposure

3.9. Specific target organ toxicity - - n.e.
— repeated exposure

3.10. | Aspiration hazard - - n.e.

4.1. Hazardous to the aquatic | - - n.e.
environment

5.1. Hazardous to the ozone layer - n.e.

Dincluding specific concentration limits (SCLs) andfattors
2 Data lacking, inconclusive, or conclusive but ndfisient for classification
n.e. = not evaluated

Labelling:  Signal word:

Hazard statements:
Precautionary statements:

Warning
H317
P261, P272, P280
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2. BACKGROUND TO THE CLH PROPOSAL

2.1  History of the previous classification and labellig

Linalool has not been previously discussed for twamimed classification and labelling. OECD
SIDS (2004) initiated an evaluation on linalool amshcluded that it was not considered to be a
sensitizer. Evidence showing that the oxidatiordpots of linalool are sensitizing in humans was
scarce at that time.

Nevertheless, Scientific Committee on Consumert@48CCS) has concluded linalool to be an
established contact allergen in humans. It beléad@sgrances of special concern due to the high
number of published cases of allergy in scientiferature, 100-1000 cases (Opinion of the SCCS,
2012).

2.2 Short summary of the scientific justificationfor the CLH proposal

Linalool is a ubiquitous fragrance found in variotypes of consumer products available on
European markets. It has been identified as onthedfmost used fragrances with concentration
levels varying between 10 and 3500 ppm. Its widdrithution in consumer products demonstrates
multiple possible exposure scenarios for the pufBackley, 2007; Wijnhoveret al., 2008;
Magnancet al., 2009; Yazakt al., 2010).

Pure linalool is a weak sensitizer; however, wudnerable to autoxidation in air which makes it a
potent sensitizer. It forms stable hydroperoxidegpamary oxidation products which have been
shown to be the main allergenic agents (Slablal., 2002; Skoldet al., 2004; Matureet al., 2005;
Christensson, 2009; Christenssaral., 2012). The autoxidation in air is an intrinsioperty of
linalool.

Both human and animal data are available that detraie the skin sensitizing properties of
oxidized linalool. Among dermatitis patients in Bpe the frequency of allergy to oxidized linalool
is high and varies between 1% and 7% (Ma#tia., 2005; Christensson, 2009; Christensstoa .,
2010; Buckely, 2011; Christenssetal., 2012). In LLNA (Local Lymph Node Assay) as wedl ia
FCAT (Freund’'s Complete Adjuvant Test) oxidisedalool was sensitising. The hydroperoxide
fraction of oxidised linalool was a strong sensitti;n LLNA (Skdldet al., 2002; Skoldet al., 2004).

Taken together, on the basis of high frequenciesosftive patch test reactions among dermatitis
patients in different European clinics, positivesuiés in animal studies and exposure to low
concentrations of linalool in consumer productsaentonized classification for skin sensitization in

sub-category 1A is proposed for linalool.

2.3 Current harmonised classification and labelling

2.3.1  Current classification and labelling in AnnexVI, Table 3.1 in the CLP Regulation
Not included in Annex VI, Table 3.1.

11



2.3.2 Current classification and labelling in Annex VI, Table 3.2 in the CLP Regulation
Not included in Annex VI, Table 3.2.

2.4 Current self-classification and labelling

Linalool, CAS no 78-70-6, and its two isomeddjnalool, CAS no 126-90-9, anldlinalool, CAS
no 126-91-0, have been notified to the C&L Inventander the three different CAS numbers.

2.4.1 Current self-classification and labelling based otthe CLP Regulation criteria

In the registration dossier linalool has been sklésified for Skin Irritation 2 and Eye Irritati¢h
There was no self-classification for skin sensitisaas data were considered conclusive but not
sufficient for classification.

A total number of 1654 companies have notifiedlbog 80 companies have notifiedlinalool and
128 companies have notifiédinalool in the C&L Inventory (November 2013). Tieewere 23, 2
and 3 aggregated notifications, respectively. Gnhpotifiers classified linalool as a Skin sensitise
1.

Summary of self-classifications as presented irG&eé Inventory:

Self-classification Number of notifiers

CAS no 78-70-6 CAS no 126-90-9 CAS no 126-91-(
Skin sensitisation 1 9
Skin irritation 2 1588 80 128
Skin corrosion 1B 1
Eye irritation 2 1220 42 65
STOT SE 3 (respiratory 78 - 23
irritation)
Flammable liquid 3 1
Aquatic chronic 3 1
Aquatic chronic 2 1

Labelling for Skin sensitisation 1 has been nafifées follows.
Hazard statement: H317

Pictogram, signal word: GHSO07 (exclamation markgriihg

12



3. JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNIT Y LEVEL
Broad use at low concentration

Linalool is widely used in products on the Europeaarket as revealed by the over 1500
notifications in the C & L Inventory. The substansé&nown to be a common ingredient in various
types of consumer products with different functioibgs one of the most used fragrances in Europe
(SCCS, 2012). Therefore, there is a high risk afdpén contact with it, primarily via skin contact.

It is also well-established that linalool is praimeautoxidation when it is exposed to air, which is
very likely to occure in consumer products durit@yage or handling.

Linalool is one of the most common substances faoral wide variety of every-day-use products
(including detergents, household products, cosmettc.) because of its flowery and attractive
odour. Linalool commonly occurs in concentratioretween 10-3500 ppm in consumer products
(Rastogiet al., 1998; Rastoget al., 2001; Rastogi, 2002; Poulsen and Schmidt, 2068|sen and
Strandsen, 2011). It has also been found in 12df78.9%) air fresheners analyzed at a range of
970-39000 ppm (Ports and Fuhlendorff, 2003; Poubseth Schmidt, 2008). Eggert and Hansen
(1999) and Tran and Mariott (2007) have detectedldiol as a major component in both powder
and burning incensedirborn linalool maycontribute to skin exposure.n&lool, together with
limonene, has been identified as the most ubigsifragrance in cosmetics among the 26 fragrance
substances to be labelled in the EU (SCCS, 20b2jiflerent surveys of household products and
cosmetics on the market including children’s pradutinalool was found to be present in 25%-
93% of the products (Fenn, 1989; de Groot, 1994tdmet al., 1998; Rastoget al., 2001;
Rastogi, 2002; Buckley, 2007; Wijnhovehal., 2008; Magnanet al., 2009; Yazaset al., 2010).
Thus, due to its widespread use it is hard for soress to avoid exposure and apparently the low
concentration of linalool used in products doesprotect from sensitization.

The International Fragrance Association (IFRA, 200&s set a standard to limit the peroxide level
to 20mmol/l. The Scientific Committee on Consumeafe8/ (SCCS, 2012) has given
recommendations on a general limit for the safe afsktagrances in cosmetics, 100 ppm. In the
case of linalool the hydroperoxide fraction is meoeended not to exceed 10 ppm. However, these
recommendations are not frequently followed as shby the studies of consumer products on
different European markets.

High frequency of sensitization in humans

Although linalool is not routinely included in pattesting of dermatitis patients, available clihica
studies in many member states have demonstratédotidized linalool is a common skin

sensitizer. The frequency of allergy to oxidizewhlool reported by different dermatological clinics
in Europe has been found to be between 1% and 7&bu(ilet al., 2005; Christensson, 2009;
Christenssomt al., 2010; Buckley, 2011; Christenssetral., 2012).

Animal data

In the last decade the sensitizing properties afibad linalool and the hydroperoxide fraction have
been demonstrated in animal studies and publishestientific literature. Accordingly, oxidised
linalool was sensitising in LLNA and FCAT. The hggeroxide fraction of oxidised linalool was a
strong sensitiser in LLNA (Skolet al., 2002; Skolcet al., 2004).

13



Many countries are affected

Studies in dermatitis patients in clinics in BelgiuDenmark, Germany, Spain, Sweden and the UK
as well as Australia and Singapore have demondtthte oxidized linalool is a common contact
allergen (Maturaet al., 2005; Christensson, 2009; Christenseal., 2010; Buckley, 2011; SCCS,
2012; Christenssodt al., 2012).

Costs of allergy

The consequences of allergic contact dermatitissarmus health and economic burdens to the
individual and the Community. The direct and indireosts due to allergens in EU are high.
According to Mugford (2004), cited in Wijnhoveat al., (2008), the direct cost incurred due to
contact dermatitis in 2003 in Europe was 2.3 hillBuros. Merket al., (2007) have reported the
annual expense in Germany for the treatment andception of allergic contact dermatitis to be ca.
3 billion Euros whereas in the Netherlands it wasneated to be ca. 2 billion Euros in 2003.
Further, it was stated that the share owed by conrmatitis in Western Europe was about 20%
of the total cost of all allergies (Wijnhovenal., 2008). The indirect costs are higher.

Self-classification not satisfactory

In the registration dossier for linalool no clagsifion for skin sensitization was reported. In @e

& L Inventory only nine of the more than 1600 nigi§ have notified linalool as a Skin sensitizer 1.
No notifications of the individual isomers as skensitisers have been reported. Therefore, due to
the high frequency of contact allergy caused bwldial in Europe and the unsatisfactory self-
classification of linalool by European industryithés a strong need for a harmonized classification

A harmonized classification of linalool as a skamsitizer in sub-category 1A means that consumer
products, as well as products not intended for wmass, will be classified and labelled when the
concentration of linalool iz 0.1%. The specific labelling for sensitizers om+otassified products
will apply from> 0.01%.

14



Part B.

SCIENTIFIC EVALUATION OF THE DATA
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1. IDENTITY OF THE SUBSTANCE

1.1 Name and other identifiers of the substance

Table 5: Substance identity

EC number:

201-134-4 [1]
204-810-7 [2]
204-811-2 [3]

EC name:

Linalool [1]
(9-3,7-dimethyl-1,6-octadien-3-ol [2]
(R)-3,7-dimethyl-1,6-octadien-3-ol [3]

CAS number:

78-70-6[1]
126-90-9 [2]
126-91-0 [3]

CAS name:

1,6-octadien-3-ol, 3,7-dimethyl- [1]
1,6-Octadien-3-ol, 3,7-dimethyl-Sf [2]
1,6-Octadien-3-ol, 3,7-dimethylRJ- [3]

IUPAC name:

3,7-dimethylocta-1,6-dien-3-ol [1]
(39-3,7-dimethylocta-1,6-dien-3-ol [2]
(3R)-3,7-dimethylocta-1,6-dien-3-ol [3]

Annex VI Index number:

Not listed in Annex V

Molecular formula:

Ci0H180

Molecular weight range:

154.2 g/mol

Structural formula:

OH
W M
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1.2 Composition of the substance

Table 6: Constituents (non-confidential informatian)
Constituent Typical concentration Concentration range Remarks
Linalool 97.5% (w/w) >96.7 -<98.2% (w/w) Ref. lead reg,

Current Annex VI entry: Not listed in Annex VI die CLP.

Table 7: Impurities (non-confidential information)
Impurity Typical concentration Concentration range Remarks
Confidential <2.5% (w/w) The impurities are not

considered crucial for
classification.

Current Annex VI entry: None of the impurities istéd in Annex VI of the CLP.

Table 8: Additives (non-confidential information)
Additive Function Typical concentration | Concentration range | Remarks

. Stabilizer The additive is not
Confidential considered crucial

for classification.
See 4.4.1.3 of CLH
report.

Current Annex VI entry: Not listed in Annex VI die CLP.

1.2.1 Composition of test material

In Table 10 available information on the compositaf the test material is given for each study.
Commercial grade linalool is usually 97%. In sontedies it has been used as such or after
redistillation without any information on possibseibsequent degree of autoxidation. In other
studies linalool has been stabilised to protecimfrautoxidation. However, the addition of

antioxidants has a questionable effect, see 4.4li.8ome studies linalool has autoxidised under

17



controlled conditions and oxidation products haeerbidentified as well as the concentrations of
the oxidation products and the remaining linalool.

Regarding the isomeric composition of linalool tm&rmation is seldom given. It is not expected
to influence the sensitising properties of linajesde Part A, section 1.1.

Linalool is also a major component of lavender bil.studies on lavender oil where the linalool
concentration was reported it varied from 20% t&40

18



1.3

Physico-chemical properties

Table 9: Summary of physico - chemical properties

Property Value Reference Comment (e.g.
measured or
estimated)

State of the substance at Clear liquid, colourless with floral Registrant Measured

20°C and 101,3 kPa odour

Melting/freezing point < -74°C at 993 mbar Registrant Key study.

Measured. GLP
study according to
OECD Guideline 103

<-20C www.wikipedia.org
<20C OECD SIDS
Boiling point 198 — 199 °C (760 mmHg):; OECD SIDS Measured
98 — 98.3 °C (25 mmHg) NTP Measured
86 °C (13 mmHg)
Relative density 0.858 -0.868 g/ml (25°C) OECD SIDS Measured
Vapour pressure ~0.2 hPa (23.5°C) OECD SIDS | Measured
Surface tension 20.969 mN/m (20 °C) OECD SIDS Measured
Water solubility 854 mg/l (23.5 °C) — 1589 mg/l (25 °C) OECD SIDS Measured
Partition coefficient log Pow=2.97 (23.5 °C) OECD SIDS Calculated
n-octanol/water (log value)
Flash point 77.2°C at 101.3kPa Registrant Measured. G_LP
study according to
ISO standard
2719:2002, Pensky-
Martens closed cup
method.
55°C OECD SIDS
Flammability n.e. n.e. n.e.
Explosive properties n.e. n.e. n.e.
Self-ignition temperature 260 °C (994 mbar) Registrant Referred
Oxidising properties n.e. n.e. n.e.
Granulometry n.e. n.e. n.e.
Stability in organic solvents | N-€- n.e. n.e.
and identity of relevant
degradation products
Dissociation constant n.e. n.e. n.e.
Viscosity 4.465 mPa.s (298.15K) Registrant Referred

NTP, National Toxicology Program, USA
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RAC general comments

Substance Identification

According to the Dossier Submitter (DS), the substance linalool consists of the individual d-
and /- isomers together with the racemate (Table 1 of Part A of the CLH report) and may be
stabilised with an antioxidant identified as d,/-alpha-tocopherol (see Annex 2). The degree
of purity is = 96.7 and < 98.2% (w/w) and the antioxidant stabiliser may or may not be
present in concentrations of 200 to 300 ppm. This is the substance evaluated by RAC for
harmonised classification and labelling purposes.

According to the DS “impurities and additives are not considered crucial for the purpose of
classification” (Tables 7, 8 of Part B of the CLH report). Nevertheless, it is the view of RAC
that the presence of an antioxidant stabiliser (i.e. d,/-alpha-tocopherol) needs to be
considered, since the auto-oxidation properties of linalool are one of the concerns leading
the DS to propose classification of linalool.

The test materials used for testing this substance in human volunteers, animal studies and
in vitro tests referred to in the CLH report are a critical issue to this opinion. The test
material used is not always the same as the substance being evaluated for classification
and labelling and in some studies the exact composition of the test material is not well
defined. Thus, other forms, often research materials created for a specific purpose, or
indeed other linalool containing materials are also discussed throughout the CLH dossier by
the DS. More specifically, the following test materials are mentioned in the report and used
in the various studies:

« pure (or non-oxidised) linalool (commercially available, purified or re-
distilled)

« oxidised linalool (prepared in the laboratory, of partially known composition)

« linalool hydroperoxides (commercially available)

« lavender oil (a plant extract containing linalool)

+ oxidised lavender oil

It is the view of RAC that some of these are not directly relevant to the classification of
linalool.

Auto-oxidation

Linalool is a naturally occurring alcohol that belongs to the terpene family. Terpenes are
known to auto-oxidize in the presence of air at ambient temperature. Nevertheless, as
shown in detail in the Background Document, auto-oxidation in the presence of tocopherol,
which is the antioxidant commonly present as an additive and referred to in the CLH
dossier, takes place slowly and cannot be regarded as an intrinsic property of the substance
to be classified. RACs conclusions on the oxidation of linalool are therefore as follows:

« The presence of the additive tocopherol (antioxidant) needs to be considered for
classification purposes, as it has been shown by industry, all be it using a semi-
quantitative colorimetric method, that in the presence of 200-300 ppm alpha-
tocopherol, the concentration of linalool hydroperoxides is > 30 times less than that
observed in the absence of tocopherol at ambient temperature after 23 days.

« RAC is of the opinion that the experimental conditions (ambient temperature, 10-80
weeks, periodically stirred, air-exposed) for the preparation of oxidised linalool used
as research test material both in human and animal studies referred to in the CLH
report, do not represent the expected conditions of use and storage of products
containing linalool in the market and are not realistic case scenarios for expected
use and storage of commercial products containing linalool. This opinion is also
based on the fact that according to Kern et al. (2014), the average concentration of
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linalool oxides on aged (at least two years) commercial products did not exceed
1.8%, while in an average test material used in oxidised linalool studies the relevant
concentration reaches even 19%. The average value for linalool hydroperoxide
content in aged commercial products was found to be about 0.6%, which is more
than 30 times less than the respective values in the oxidised linalool used human
and animal studies.

+ Neither stabilised nor non-stabilised linalool will eventually become the oxidised
linalool described above, which is an artificial research material rather than a
commercially available substance.

2. MANUFACTURE AND USES

2.1 Manufacture

Linalool may be produced by plants or may be chaltyicsynthesised. In the first case over 200
species of plants are known to produdtdinalool, d-linalool or I-linalool. Chemical synthesis
usually gives the racemidt-linalool (OECD SIDS, 2004). The global productifam the year 2000
was estimated to be 12000 t where 5400 t were agtfafrom synthesizing plants and the
remaining 6600 t were synthetically produced byitfuistry. It was estimated that more than 95%
of the global production of linalool was used ft& fragrance and odorant properties (OECD SIDS,
2004).

Linalool, CAS no 78-70-6, has been registered joird submission to ECHA in the tonnage band
10000 — 100000 tons per annum.

2.2 ldentified uses

The following product categories (PC) were repoitethe registration dossier:
PC1: Adhesives and sealants

PC3: Air care

PC5: Artists supply, hobby preparations

PC8: Biocidal products (e.g. antibacterial/antiroial/preservative, disinfectants, pest control)
PC9a: Coatings and paints, thinners, paint removers

PC9b: Fillers, putties, plasters, modelling clay

PC9c: Finger paints

PC18: Ink and toners

PC31: Polishes and wax blends

PC28: Perfumes, fragrances

PC35: Washing and cleaning products (includingeaibased products)

PC39: Cosmetics, personal care products
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Apart from these uses linalool has been in usecamted clothes, eraser, toys, paper articles and
CD.

Linalool was one of the active substances to benex&d under the EU review programme for
biocidal products (Commission Regulation (EC) 12807). However, later on it was removed
from this programme (Commission Decision 2009/324/Ehus linalool can no longer be used as
an active ingredient in biocidal products.

In a recent Danish survey it was documented thatdol concentrations in some cosmetic products
have exceeded the recommended limits, being comupdill a range of 130-2800 ppm of product
(Poulsen and Strandsen, 2011). Linalool has beendfon 91% and 90% of the cosmetic and
toiletry products in the Netherlands and the US&pectively (de Groadt al., 1994; Fenn, 1989)
and it was in “The Top 107 list of fragrances intthgtudies. It was found in 135 (92.5%) of the 146
cosmetic products at a concentration range of 223pm (in sprays) and 9-1927 ppm (in
deodorants ) in products purchased from market®enmark, England, France, Germany and
Sweden (Rastoget al., 1998). In successive studies it was identified361 (61%) of the 59
household products analysed in Denmark at condemisaup to 439 ppm (Rastogi al., 2001);
later on it was found in 17 (40%) of 43 detergerddpicts analysed (Rastogi, 2002) and in 190
(63%) of the 300 consumer products sold in the BKckley, 2007). According to Poulsen and
Schmidt (2008) analyses of 47 deodorants in Denmslagkved that 53.4% of the products contain
linalool between 8.2-3447 ppm whereas out of 43dodm’s cosmetics 21.6% were known to
contain the substance at a range of 7-1100 ppntudy 9y Glensvig and Ports (2006) of children’s
articles such as paper, eraser and yellow speekemfaund linalool up to a concentration of 3800
ppm. Likewise, in the Netherlands it was quantified0% of 16 children’s cosmetic products, the
content ranging from 63 to 1534 ppm (Wijnhowtrl., 2008). In liquid hand soaps in Denmark it
has been found in concentrations over 0.01% (100@prd was the most frequently encountered
fragrance, being common in 39.5% of the productalyaed (Larsen and Andersen, 2006).
Furthermore, based on labels, it was found to bkidied in 74 (25.4%) of the 291 liquid household
detergents in Italy (Magnanet al., 2009) and in 87 (29%) of the 301 cosmetic andrdetd
products surveyed in Sweden (Yaetml., 2010). Moreover, apart from its fragrance function
consumer products linalool is included in cosmedis® preservative as identified and quantified in
Danish markets (Poulsen and Strandsen, 2011).

3. CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Not evaluated.

4. HUMAN HEALTH HAZARD ASSESSMENT

4.1  Toxicokinetics (absorption, distribution, metabolisn and elimination)

Monoterpene fragrances are small chemicals whi@h lkarown as excellent skin penetrants
(Kitaharaet al., 1993). They may be used as effective skin petetr&nhancers for transdermal
drug delivery. This has been extensively documefdetinalool in bothin vitro andin vivo studies
on human volunteers (Cd al., 2001; Cal, 2006b; Cal and Krzyzaniak, 20Q6halool has been
found to be fastly absorbed into the stratum cameund epidermis irrespective of the type of
vehicle used (Cal, 2006a). The mechanism of skimepation is through lipid extraction and
disruption (Saprat al., 2008). Furthermore, linalool has been found touawlate evenly in the
stratum corneum without any elimination or sloweraif drainage into the dermis (Cal and
Sznitowska, 2003; Cal, 2006a; Cal and Krzyzani@ka).
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Studies on unoxidized versus oxidized linalool hieotend unoxidized linalool to have a weak or no
sensitizing property in different patch test stsdieconsistent results could be attributed touse

of non-standardized test materials where the parity identity of the substance does not conform
to pure linalool (Brandao, 1986; Ryanhal., 2000; Basketteet al., 2002). Nevertheless oxidized
linalool has been identified as a potent sensiiizeall studies at various concentrations. However,
it was difficult to trap the causative agents aapasate them from the mixture of oxides (Basketter
et al., 2002).

Later on, however, Skéld al., (2002a,b; 2004) identified the formation of linalltnydroperoxides

in the oxidation mixture, formed by autoxidatiorad&torpet al., (2006) have further elucidated the
mechanism of their formation which was found toalwe biradical intermediate formation to
initiate autoxidation. Redebyt al., (2010) and Kaoet al., (2011) have found that the
hydroperoxides can enter the skin intact and gevaaed by Fe (11)/Fe(lll) to form adducts with
proteins via a radical mechanism. The formatioadducts via the radical pathway was believed to
promote the binding of the hydroperoxides to skiotgns to form antigen structures. These
protein-hydroperoxide adducts could thus triggemumostimulatory effects (Skole al., 2004;
Christenssoret al., 2006; Hagvallet al., 2008; Karlberget al., 2008; Kaoet al., 2011). These
experimental studies together with the clinicaldfiimgs by Skoéldet al., (2002a), Matureet al.,
(2005) and Christenssoat al., (2010; 2012) show that the hydroperoxides are rtegor
immunogens in oxidized linalool (Skoéial., 2002a; 2004).

4.1.1 Non-human information

Linalool is a lipophilic alicyclic monoterpene fragce with a partition coefficient of,[=2.97 at
23.5°C as shown in Table 10. As a terpene, it is knawinave a very high skin penetrating capacity
(Gerbericket al., 2005). Linalool is autoxidized upon contact witkygen and two stable linalool
hydroperoxides have been identified as primary atixh products, i.e the linalool-7-hydroperoxide
(7-hydroperoxy-3,7-dimethylocta-1,5-diene-3-ol) aridalool-6-hydroperoxide (6-hydroperoxy-
3,7-dimethylocta-1,7-diene-3-ol) (Skolet al., 2004). The hydroperoxides are small, highly
lipophilic prehaptenes. As they penetrate the gy readily form adducts to skin proteins, such as
histidine, through a radical mechanism (Ka@l., 2011). Thus, once the hydroperoxides penetrate
the epidermis they form potentially reactive oxygamd carbon-centred radicals that upon the
presence of Fe(ll) or Fe(lll) interact with proteiThis radical initiation using iron redox cycles

a common biological phenomenon which has been roedl byin vitro studies. They suggest that
the same processes could take plac®ivo as long as the hydroperoxides have the ability to
penetrate into the epidermis. This has been demadedtin patch test studies (Sk&dal., 2002a;
Matura et al., 2005; Christenssomt al., 2012). The formation of different reactive radica
intermediates indicates that different protein rfiodiions with sensitising properties may arise
(Kao et al., 2011). The major activation mechanism for linhleo far documented is autoxidation
(SCCS, 2011). No epoxides were detected in theizeddmixtures of linalool (Karlbergt al.,
2008). However, it has also been found that enzignf@etabolic) activation of epoxides, involving
CYP2B6 and CYP1A2, 3A4, 2C19, 2E1 and 1A1, to tetgrhilic oxidation products such as 6,7-
epoxy-linalool could be another pathway apart frantoxidation. CYP2B6 has been found to be
predominant in epoxy metabolism in human skin amtmg CYP families which have been
identified (Bergstronet al., 2007; Merket al., 2007). The epoxides could be formed in the skin
from the hydroperoxides or serve as prohaptengybmitivated in the skin upon entry, leading to
further interaction with proteins to form complexeadily engulfed by the dendritic cells (Meesters
et al., 2007; Hagvalkt al., 2008).
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4.1.2 Human information

The hydroperoxides generated from linalool upomxdation are known to form specific antigens
which give rise to allergic contact dermatitis (Shenssoret al., 2006). Upon exposure to the skin,
the hydroperoxides penetrate the cutaneous lay@rirgeract with epidermal proteins to form
immunogenic complexes, specific to the allergen,ictvhwill induce sensitization. The
hydroperoxides could also be further oxidized poxides in the skin. The epoxides are suggested
to be enzymatically activated to form reactive comds that interact with proteins. There is no
direct absorption of the reactive oxides into tireutation since they bind to cutaneous proteins.
Thus, both the hydroperoxides and the epoxidetikaly not to be subject to metabolic processing
allowing their elimination from the body. The imnagenic complexes will be processed by the
dendritic (Langerhan’s) cells and presented tortbarest lymph nodes for further presentation to
Thl (T helper) cells to develop memory. Studiesehi@wealed that there is no cross reaction to the
sensitization from hydroperoxides as they have ipig to the allergic reaction they cause
(Christenssoret al., 2006; Meesterst al., 2007; Hagvalkt al., 2008).

An invitro study on human endothelial cells and fibroblast®aled the strong cytotoxic effects of
linalool. The mechanism of cytotoxicity was suggedsto involve membrane damage (Prasdtar
al., 2004). This evenin vivo is known to deplete body antioxidant level andraggte allergic
contact dermatitis by increasing oxidative strédsdebyet al., 2010). In addition, linalool has been
found to increase reactive oxygen species (ROSndtion and decrease glutathione (GSH)
enzymes in HepG cells (Usthal., 2009).

4.1.3 Summary and discussion on toxicokinetics

Linalool is subject to autoxidation in air and thesulting hydroperoxides, 7-hydroperoxy-3,7-
dimethylocta-1,5-diene-3-o0l and 6-hydroperoxy-3imethylocta-1,7-diene-3-ol, have been
identified as the main agents responsible for ithenunotoxic properties expressed as skin
sensitization in humans. Linalool is a lipophilionoterpene which readily penetrates the human
skin and its hydroperoxides have strong affinitwaods proteins. The hydroperoxides are small
compounds which are ready prehaptanes which uponcsektact can penetrate and travel into the
epidermis. They form oxygen radicals while binding skin proteins and thereby create
immunogenic complexes of various forms. They aoegssed as specific immunogens provoking
the immune memory instead of being metabolizedctlyeand eliminated out of the body. The
hydroperoxides are thus known to serve as speaifiigens causing induction of sensitisation and,
upon re-exposure, elicitation. This reaction mayergually be expressed as allergic contact
dermatitis (ACD). Epoxides may also contribute lie allergenic properties, though absorbed into
the epidermis as intact prohaptens and then aetveia Cytochrome P450 to become protein
reactive. Later on they are likely to follow a sianiimmunogenic pathway to induce sensitization.

4.2  Acute toxicity
Not evaluated.
4.3 Irritation

Not evaluated.

4.4 Sensitisation
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44.1

Skin sensitisation

Table 10 Summary tables of relevant skin sensititan studies

Table 10a. Human Studies

0] Unoxidized (pure) linalool
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Method

Results

Remarks

Reference

Patch test: 985 unselected
dermatitis patients tested wi
10% stabilized linalool in
petrolatum.

2/985 patients (0.2%) had
hpositive reactions.

Interdepartmental
multicenter project
(IVDK ®), Germany
(2005-2008).

Uteret al., 2010.

Patch test: 320 eczema
patients suspected of allergy
to fragrances were tested
with 10 % linalool in
petrolatum (no further
specification given).

2/320 patients (0.6%) had
positive reactions.

Groningen, The
Netherlands (2005-
2007).

van Qostergt al.,
2009.

Patch test: 2401 consecutivé
unselected dermatitis patien
were tested with 10% linalog
(stabilized) in petrolatum.

2, 7/2401 patients (0.3%) had
[spositive reactions.

I Pure linalool was believed to

oxidation.

become a potent allergen upo

The IVDK project,

Germany (2003-2004).

Schnuctet al.,
2007.

Patch test: 26 perfume fillers
suffering from dermatitis
were tested with 10% linalog
in petrolatum (no further
specification given).

4/26 patients (15.4%) were
positive to linalool; 2 of these
[ four patients and other two

contains linalool as a
component fragrance.

reacted to neroli oil which also

Site inspection at a
perfume factory,
Germany (2005).

Job change to other
rooms without further
exposure to the
fragrance resolved
dermatitis completely.

Shubert, 2006

Patch test: 1825 unselected
dermatitis patients tested wi
20% linalool in petrolatum
(no further specification
given).

3/1825 patients (0.2%) were
hpositive.

Multicenter study, The
Netherlands (1998-
1999).

de Grootet al.,
2000.

Patch test: 75 cosmetic
allergy patients tested with
linalool (concentrations
unknown).

3/75 patients (4%) reacted

Linalool was a frequent
fragrance allergen.

positive to linalool and linalool
containing skin care products.

The Netherlands
(1981-1986).

de Groot, 1987.

Patch test: 179 cosmetic
allergy patients tested with
30% linalool in petrolatum
(its stability was checked;
after 6 months at least 90%
remained).

None of the patients were
positive.

The Netherlands, yeat
not stated.

The quality of linalool
was checked
indicating that the test
material was really
unoxidised.

de Grootet al.,
1985.

Patch test: A 52-year old m3
with facial psoriasis patch
tested with 30 % dl-linalool

nPatient was positive.

in petrolatum.

Case report, The
Netherlands (1982).

de Groot and
Liem, 1983.

4 VDK, Information Network of Departments of Dermatology in Germany, Austria and Switzerland.

Table 10a (i)presents human diagnostic patch test data whenddised linalool has been tested.
In three studies on unselected dermatitis patigetpositive patch test frequency was 0.2-0.3%. In
three studies on selected groups of patients thiiy® frequency varied between 0 and 4%. In one
work place study the positive frequency was 15%e Pwsitive case report was also available.
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(i) Oxidized linalool/hydroperoxides
Method Results Remarks Reference
Patch test: 2900 consecutive | 200/2900 patients (6.9%; The study was conducted in | Christensson
dermatitis patients tested with| range of 3-13%) had positive | nine clinics in Spain, etal., 2012
6% oxidized linalool reactions. Denmark, Sweden, UK, (key study).
(containing 1% linalool The prevalence for oxidised | Australia and Singapore
hydroperoxides) in petrolatum| |inalool, 6.9%, places linalool | (2010-2011). 6% oxidized
At week 25 of air exposure of | as the most common cause of linalool in petrolatum
linalool, which was chosen to | contact allergy to fragrances. | (containing 1% linalool

hydroperoxides) was proposed

calculate the adequate patch
test concentration in this study
the concentration of linalool
was reduced to 61% and the
major hydroperoxide
concentration was 14.6% (the
major hydroperoxide, 7-
hydroperoxy-3,7-dimethylocta
1,5-diene-3-ol, was approx.
80% and the minor 20% of the
hydroperoxide fraction).

The original linalool was

commercial grade, 97%, which

was further purified by
distillation.

as patch test concentration fa
use in routine screening for
contact allergy in dermatitis
patients.

=

Patch test: 483 consecutive
dermatitis patients tested with
3% oxidized linalool in
petrolatum (Chemotechnique
Diagnostica, Sweden).

11/483 patients (2.3%) showe
positive reactions.

dSwindon, UK (2007-2010).
3% oxidized linalool was
recommended for future
testing.

Buckley, 2011
(key study).

Patch test: 3418 consecutive
dermatitis patients tested with

2%, 4%, 6% and 11% oxidized 67/2075 patients (3.2%) to

linalool in petrolatum.

At week 45 of air exposure of
linalool, which was chosen to
calculate the patch test
concentration, the linalool
content was reduced to 30%
and the major hydroperoxide
content was 15%.

The original linalool was

commercial grade, 97%, which

was further purified by
distillation.

Positive responses: 14/1693
patients (0.83%) to 2.0%;

4.0%; 91/1725 patients (5.3%
to 6.0%; and 72/1004 patients
(7.2%) to 11% oxidized
linalool. Clear dose-response
relationship was observed.
Thus 5-7% of the patients
showed positive patch test
reactions to oxidized linalool.

Gothenburg and Malma,
Sweden (2006-2007). Linalog
was concluded to be one of t

patch tested patients. The
optimal patch test
concentration was proposed
be 6% oxidized linalool in
petrolatum.

Christensson
12009;
ne€Christensson

most frequent allergens amonget al., 2010

(key study).

(0}

Patch test: 29 colophonium

1/29 patients (3.5%) was

Gothenburg and Malmo,

Christensson

positive patients tested with 0J5positive. Evidence was found| Sweden (2004). et al., 2006
% linalool hydroperoxides in | for the formation of specific (key study).
petrolatum (a 5:3 mixture of 71 antigens by hydroperoxides.

hydroperoxy-3,7-dimethylocta

1,5-diene-3-ol and 6-

hydroperoxy-3,7-dimethylocta

1,7-diene-3-ol).

Patch test: 1511 consecutive | 20/1511 patients (1.3%) were| Multicenter study in Maturaet al.,
dermatitis patients tested with| positive to 2.0% oxidized Copenhagen, Dortmund, 2005 (key
2.0% oxidized linalool (w/w) | linalool, 16 (1.1%) were Leuven, London, Malmé and | study).
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and 0.5% of the hydroperoxidé positive to 0.5% Odense (2002-03). Oxidized
fraction in petrolatum. hydroperoxide fraction. linalool was found a frequent

At week 45 of air exposure of allergen in Europe.
linalool the linalool content
was reduced to 30% and the
major hydroperoxide content
was 16% (the major
hydroperoxide, 7-hydroperoxyt
3,7-dimethylocta-1,5-diene-3-
ol, was approx. 83% of the
whole hydroperoxide fraction)
The oxidation mixture at week|
45 was used for patch testing.

The original linalool was
commercial grade 97%.

Table 10a (ii) presents human diagnostic patch test data, wiacé pesting has been performed
with oxidized linalool or the hydroperoxide fraatiof oxidized linalool. In four studies on
unselected dermatitis patients the positive pashftequency for oxidized linalool was 0.83 -
7.2%. For the hydroperoxide fraction the positiagch test frequency was 1.1% in one study with
unselected patients and raised to 3.5% in a selgctrip. The studies are key studies that have
demonstrated the increased positive patch testidrezy of oxidized linalool as compared to the
unoxidised form. The allergenicity of the major @atiion product of linalool, the hydroperoxide
fraction, was also demonstrated.
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(i)  Lavender oil and other linalool-containing products
Method Results Remarks Reference
Patch test: 3 patients with | All 3 patients had positive Gothenburg, Sweden Hagvallet al.,
known positive patch test reactions to oxidized linalool | (2006-2007). 2008
reactions to oxidized linalool| and oxidized lavender oil. 1/3 | Connections shown
were tested with oxidized patients had positive reaction fobetween allergenicity to
linalool (4%, 2%, 1%, oxidised linalyl acetate. 2/3 oxidized linalool and
0.5%); mixture of linalool patients had positive responsgsoxidized lavender oil.
hydroperoxides (1%, 0.75%/| to the linalool hydroperoxide
0.5%, 0.25%, 0.12%, 0.06%);mixture.
and oxidized linalyl acetate | contained 36-39% linalool.
4%, all in petrolatum. After 10 weeks the linalool
(Original linalool was content was 28-30% and after
commercial grade, 97%.) 45 weeks 5%. There was
evidence, together with anima
data, that the lavender oil is jupt
as prone to autoxidation with
formation of allergens as is thg
pure linalool.
Patch test: 1483 dermatitis | The rates of positive patch test A 9-years Japanese pat¢iSugiuraet al.,
patients suspected of having reactions to lavender oil test study (1990-1998). | 2000
cosmetics contact dermatiti§ increased from 1.1% in 1990 tp During the 1990s
were tested with 20% 13.9% in 1998 (mean 3.7%) i aromatherapy using
lavender oil in petrolatum 9 years. None of the other 9 | lavender oil became a
between 1990 and 1998 fragrances had corresponding| new trend in Japan.
together with 9 other increase over time. Extended
cosmetic fragrances. use of lavender oil in
(No information on linalool | @romatherapy as a fashion in
content was given.) 1997 caused a sudden increase.
Patch test: A 71-year old Patient reacted positive on daysCase report, UK (1999).| Coulson and
woman with a facial eczemal 2 and 4. Dermatitis resolved | The patient was using | Kahn, 1999.
patch tested with lavender | permanently when use of the ¢ilavender oil drops on hef
absolute (2% pet., was abandoned and the pillow pillow.
Chemotechnique). replaced.
Patch test: A 76-year-old Patient was positive on days 21 Case report, UK (1999).| Coulson and
retired male physician with 4 and 4. Avoidance of the oil The patient had been Kahn, 1999.

unilateral right-sided facial
dermatitis patch tested with
lavender absolute (2% pet.,
Chemotechnique).

resolved the dermatitis.

using lavender oil to his
pillow for ease of
relieving problems of
insomnia.

Patch test: A 32-year-old
female aromatherapist with
hand eczema tested with
lavender absolute (2% in pe
>20% linalool) and several
other oils, perfumes and
cosmetic products.

Patient was positive to lavends
oil, Bulgarian rose oil, cananga
oil, ylang ylang, clary sage an
.facial lotion. These products
had linalool as a common
component: Bulgarian rose oil
contained 1.5-2.7% linalool
whereas the others contained
>20% linalool.

erCase report, UK (1997).

1 The patient did

| aromatherapy massages
and facial treatments
with essential oils.

Dermatitis improved when

Cockayne and
Gawkrodger,
1997.
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patient was off work.

Patch test: A 53-year old
patient with relapsing eczen
patch tested with lavender o
1%, rosewood oil 1%,
jasmine oil 1% and linalool
2%, all in petrolatum. 10
controls were also patch
tested.

(No information on linalool
content of lavender oil was
given.)

Patient reacted positive to all g

athe essential oils and linalool;
[ linalool was the common
component in the three oils.

The 10 controls were negative

to all four test materials.

fCase report, Germany
(1994). Patient practise
aromatherapy with
lavender oil baths and
used lamps for
evaporation of oils. The
ACD appeared to be
airborn. Complete
renewal of the interior of
patient’s flat was the las
solution to resolve the
dermatitis.

Schaller and
] Korting, 1995.

Patch test: An 18-year old
female hairdresser with
severe allergic contact
dermatitis from daily use of
lavender oil shampoo (exact]
composition unknown) was
tested with 5% of the
shampoo in water and

lavender oil 1% in ethanol.

In both cases she had strong

positive responses. The patier

was negative to geraniol.

Case report, Portugal
t(1985).

Brandéao, 1986.

Table 10a (iii) shows the sensitizing properties of lavendemdilere linalool is a major
component. Autoxidation was shown by Hagehtl., (2008) to be a common feature of linalool

and lavender oil. Sensitising properties increadedg with time of air exposure, as demonstrated
in animal experiments (see Table 12b). The stud@unyiuraet al., (2000) demonstrated the
increase in prevalence of ACD as a result of tlielsn expanded use of aromatherapy with

lavender oil in Japan. Five case studies are regavith positive patch test reactions to lavender
oil. With complete avoidance of lavender oil inglrcases the skin problems resolved.
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Table10b. Animal Studies

grade 97%);
LLNA

exposure the EC3 was further reduced to 4.8%
indicating that oxidation products are responsibte

air exposure; the
hydroperoxides being

Method Result Remarks Reference
LLNA® using Pure linalool was not sensitizing; the E@&s The sensitizing Skoldet
pure linalool 46.2%. After 10 weeks’ air exposure of linalool the| potential of oxidized | al., 2004
(commercial EC3 was reduced to 9.4% and after 45 weeks’ air | linalool increased with| (key

study).

11 after 10 weeks’ air exposure and further toaftdr
45 weeks. A synthetic mixture of the three major
components of lavender oil with the same
concentration ratio as in lavender oil, autoxidizsd

conducted the allergenic properties. The two hydroperoxigdes| the main allergens.
according to hydroperoxy-3, 7-dimethylocta-1, 5-diene-3-ol and |6
Kimber et hydroperoxy-3, 7-dimethylocta-1, 7-diene-3-ol werg
al.(1995). identified as the main allergens of the oxidation
Toxicology 103, | products. A 5:3 mixture of them gave an EC3 of
63-73. 1.6%.
It was demonstrated that after 10 weeks of air
exposure linalool was reduced to 75% and the two
main hydroperoxides were increased to 5%. After 45
weeks the linalool content had gone down to 30% and
the hydroperoxides increased to 19%.
Freund’s In the experiment with purified linalool no 15 animals each were| Skoéldet
complete sensitization occurred. For oxidized linalool a used for test and al., 2002a
adjuvant test significant response was obtained at the following| control. (key
(FCAT) using | challenge concentrations: 2.6% (5/15 animals, Minimum criterion for | study).
linalool 333%), 5.1% (8/15 anima|S, 533%) and 10.3% a positive reaction was
(commercial (13/15 animals, 86.7%); no significant response wasconfluent erythema.
grade 97%, recorded for 1%. The intradermal induction
which was concentration was 5.1%. At re-challenge, 5 of the
purified) and control animals gave positive results to 10.3%
oxidized oxidized linalool suggesting that they became
linalool (air sensitized at first challenge.
exposed for 10 | The 10 weeks’ oxidized linalool contained approx.
weeks). FCAT | 809 linalool.
conducted
according to
Bomanet al.
(1988).Contact
Dermatitis 18,
25-29.
LLNA using Linalyl acetate, linalool anf-caryophyllene were Lavender oil Hagvall
lavender oil; major constituents in lavender oil (50%, 36%, and | autoxidizes in air and | et al.,
LLNA 2%, respectively in one of the batches). Lavender ¢ becomes a more potent2008
conducted is prone to autoxidation (linalool content 28% &8d | allergen.
according to after 10 and 45 weeks, respectively) and build{up ¢
Kimber et oxidized products with time (0.48% linalool
al.(1995). hydroperoxides after 10 weeks, no quantification
Toxicology 103, | performed at 45 weeks). In LLNA EC3-values
63-73. decreased with time; from 36 for pure lavendetail

lavender oil and had an EC3 of 14% after 10 week
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air exposure, thus comparable to lavender oil.
LLNA using Commercial grade linalool was a weak skin sensitizeAutoxidation or Basketter
commercial with an EC3 of 30%. Purification by re-distillation | metabolic activation or et al.,
grade 97% reduced the potency, giving an EC3of 55%. Linaloglboth were suggested a2002.
linalool and and dihydrolinalodlwhich are present in distilled factors responsible for
redistilled linalool were not protein-reactive. Formation of converting linalool to
linalool; LLNA | reactive species by autoxidation or metabolic a sensitizer.
conducted activation or both were believed to be the caugbef
according to allergenicity of linalool.
Kimber and
Basketter
(1995)Food
Chem Toxicol
30, 165-169.
LLNA using Commercial grade linalool induced sensitization whelhe causative agents | Ryanet
commercial diluted to 50% and at 100% concentrations with b Suspected were al., 2000.
grade (97%) of 4.8 and 8.3, respectively. oxidation products
linalool; LLNA (impurities). EC3
conducted value not given.
according to a
standard
protocol as
described in the
study.

9_LNA: Local Lymph Node Assay; °EC3, the estimated concentration of a chemical required to produce a 3-fold
increase in lymph node proliferative activity in comparison with vehicle-treated controls; ‘dihydrolinalool, a major
impurity in commercial linalool 1.92% by weight).

Table 10bpresents available animal studies on linalooldiaed linalool and lavender oil in LLNA
and FCAT. EC3 values of 46.2% and 30% were dematestifor pure linalool; 55% for redistilled
linalool. However, sensitisation increased withdiof air exposure as shown by the decline of the
ECS3 values; 9.4% and 4.8% after 10 weeks and 4%ksvekair exposure, respectively. The 45
weeks’ air exposure had the highest potency andnaglation of oxidation products. A mixture
(5:3) of the two major oxidation products, the hymkroxides, had an EC3 value of 1.6%,
indicating their strong sensitising capacity. Ladenoil had an EC3 of 36%, decreasing to 11%
after 10 weeks of air exposure and to an EC3 dfodafter 48 weeks. Thus linalool and lavender oil
are equally susceptible to autoxidation and simdardation products are formed. In FCAT
oxidized linalool sensitized 33 to 87% of the anlsndepending on the challenge concentration.
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Table 10c.

In vitro studies

Method Results Remarks/Comments| Reference
Linalool, linalyl Linalool (>0.044%), linalyl acetate (>0.064%) angd Membrane damage | Prashaet
acetate, and lavender | lavender oil (>0.125%) were cytotoxic to all cell | was the proposed al., 2004
oil were tested on types in a dose-dependent fashion. Linalool had lamechanism for

survival of human skin| similar pattern of activity as lavender oll, cytotoxicity.

cells (HMEC-2, suggesting linalool to be the active component o

HNDF", and 153 B | lavender oil.

20 fragrances Linalool at 0.4 pM affected viability in 50% of the Ustaet al.,
including linalool were| cells while 2 uM caused 100% death of the cells 2009

tested for their effects
on survival of human
liver cells (HepG2).

linalool was the most potent among the 20
fragrances tested. Linalool’s effects on
mitochondria were dose-dependent and affected
ATP and GSHilevels and increased RDS
production.

SHMEC-1, endothelial cells; "HNDF, fibroblasts, '153 BR, fibroblasts; 'ATP, Adenosine triphosphate; “GSH,
Glutathione; 'ROS, Reactive oxygen species.

Table 10cpresents a dose-dependent pattern of cytotoxityuman endothelial cells, fibroblasts
(skin cells) and human liver celis vitro for linalool, linalyl acetate and lavender oilh& major
active component in lavender oil was presumablgldial. Linalool was found to be the most toxic
fragrance of 20 fragrances tested on human liviés icevitro.

4.4.1.1.Non-human information

Five animal studies on pure (unoxidized) linalomtjdized linalool, unoxidised lavender oil and
oxidized lavender oil are described in Table 10oTof them are key studies as they are of high
guality and as they clarify the association betwagtoxidation of linalool and increased sensitizing
potential.

Pure linalool is not sensitising, or a weak sensrttias demonstrated by its high EC3 value, 46.2%.
However, linalool is autoxidized when exposed to Air-exposed samples of linalool showed clear
positive responses in LLNA (Local Lymph Node Assd&(3 was reduced to 9.4% after 10 weeks’
and to 4.8% after 45 weeks’ air exposure of linaloo

In FCAT (Freund’s Complete Adjuvant Test) 33-87%lw animals became sensitised to oxidised
linalool. The primary oxidation product was the rogeroxide, 7-hydroperoxy-3,7-dimethylocta-
1,5-diene-3-ol. FCAT is a guinea pig test usinguadps. It is comparable to OECD Test Guideline
406, Guinea Pig Maximisation Test, in sensitivity.

A 5:3 mixture of the two major hydroperoxides, Mhgperoxy-3,7-dimethylocta-1,5-diene-3-ol
and 6-hydroperoxy-3,7-dimethylocta-1,7-diene-3holpxidised linalool had an EC3 value of 1.6%,
indicating a strong sensitising capacity.

The major hydroperoxide, 7-hydroperoxy-3,7-dimeticyh-1,5-diene-3-ol, was 80% of the total
content of the hydroperoxide fraction; the restcpatage comes from the other minor
hydroperoxide and furan oxides, pyranoxides, liaeddcohols and minute level of linalyl aldehyde
(Maturaet al., 2005; Christenssoé al., 2012). The linalool hydroperoxides have beemébto
form specific antigens (Skolet al., 2002; Skoldet al., 2004; Christenssoé al., 2006; Hagvalkt

al., 2008; Karlberget al., 2008; Kaoet al., 2011). The aldehyde was found to be a moderate
sensitizer whereas the alcohols, furan oxides ayrdnpxides had no significant sensitizing
potentials when tested in FCAT (Bezaasdal., 1997). Ryaret al., (2000) and Basketteat al.,
(2002) have observed reactivity with commerciaalaol in the LLNA. They referred the inherent
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activity to the oxidation products although thewént detected them. Skole al., (2004) have
later on identified and demonstrated that linalbptiroperoxides are the strongest sensitizers in
oxidized linalool. It was also shown that the sernsig potential of the oxidized linalool is
dependent on the time of air exposure along wighfthmation of hydroperoxides.

Hagvall et al., (2008) have shown that lavender oil which corgdinalool is not capable of self-
protecting from autoxidation although there areuradty occurring antioxidants. Upon exposure to
air the sensitizing potential of lavender oil wasirid to increase with time; an EC3 value of 36%
decreased to 4.4% after 45 weeks. The major caliskeoincreased allergenic effect was the
formation of hydroperoxides on air exposure.

In vitro studies on human skin and liver cells, see Tabte have shown the cytotoxic effects of
linalool and lavender oil (Prasher al., 2004; Usteet al., 2009). The major active component in
lavender oil was found to be linalool. The mechansi®f cytotoxicity leading to cell lethality in the
liver cells have revealed that linalool causes et of ATP production and glutathione (GSH)
availability besides generating reactive oxygencgse (ROS) in the mitochondria. Membrane
damage was the proposed mechanism of cytotoxitityiman skin cells.

4.4.1.2.Human information

The human studies reported are diagnostic pattistiedies. Diagnostic patch testing is conducted
in order to diagnose contact allergy to a substarw is performed according to international
standards by dermatologists. Studies of diagngsiiich testing is usually reported as positive patch
test frequencies, e.g. number of patients havipgstive patch test result in relation to the total
number of patients tested, as well as the percerdbgositives. It is important to note how patgent
or individuals have been selected for patch testirall patients at a clinic with suspected AC2 ar
patch tested they are often callemhsecutive patients at the clinic. Sometimes maiened patch
testing is performed among patients from a cemark environment or where exposure to certain
groups of allergens, such as preservatives, frager pigments, is suspected. In aimed patch
testing the frequency of positive patch test resslusually higher than among consecutively tested
patients at a clinic. This needs to be considereehvwevaluating the results.

In studies chosen to be key studies the selecfitested individuals as well as the number of téste
individuals is reported, the test substance isattarised and patch testing has been conducted
according to international standards. Internatiostdndards include standardisation of the
application of patches, the reading of reactiorgstae interpretation of results.

Unoxidized (pure) linalool

Table 10a (i) describes eight patch test studiesupboxidised linalool. These studies show
diagnostic patch test data from consecutive detimgtatients from different European clinics
(Germany, Austria and The Netherlands), from pa&dievith known allergy to cosmetics, from a
work place study as well as from a case reporteduf the studies were multicentre studies. The
patch test concentrations used in them were 10926@%d The rate of positive patch test reactions
was 0.2%-0.3% among consecutive dermatitis patig@abnuchet al., 2007; Uteret al., 2010; de
Grootet al., 2000). Among patients with suspected cosmetiesgal 0-4% were patch test positive
to linalool (van Oostemrt al., 2009; de Grooét al., 1987; de Grooét al., 1985) . In a work place
study 15% of perfume fillers were patch test pesiiSchubert, 2006). The higher rates of positive
patch tests could be expected when there has bgeleaion of individuals for patch testing, such
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as patients with suspected cosmetics allergy okeverin the cosmetics manufacturing industry.
There is a case report with positive patch teh&dool (de Groot and Leim, 1983).

The studies presented show that the rate of pesgatch test reactions in patients is lower for
unoxidised linalool than for oxidised linalool.

Oxidized linalool

Five key studies, presented in Table 10a(ii), halentified oxidized linalool as a human skin
sensitizer.

Autoxidation of linalool has been found to increakn sensitization (Christenssa2009). The
major allergenic components are the hydroperoxities accumulate after oxidation; they were
identified as strong skin contact allergens to husn@aoet al., 2011; Christenssoé al., 2012).
The aldehydes have also been identified to have ssitizing effects. This knowledge has been
demonstrated by clinical findings. As shown in TahbPa (ii) a recent multicentre study in Sweden
has shown 7.2% and 5.3% positive responses in 4004L725 dermatitis patients tested with 11%
and 6% oxidized linalool in petrolatum, respectwvéChristensson, 2009; Christenssenal.,
2010). Buckley (2011) in the UK found positive gatest reaction among 2.3% of 483 dermatitis
patients to 3% oxidized linalool in petrolatum.driormer multicentre clinical study that comprised
1511 patients in five European countries 1.3% @& patients were patch test positive to 2%
oxidized linalool and 1.1.% of the patients werécpaest positive to 0.5% of the hydroperoxide
fraction (Maturaet al., 2005). In a recent international study involvi2@00 dermatitis patients at
nine centres in six countries Christenssbal., (2012) demonstrated that the patch test posiéte r
was even increased to an overall prevalence of gra#ige 3-13%) as compared to the previous
report 5.3% prevalence for the same 6% oxidizealdiol used (Christensson, 2009; Christensgon
al., 2010).This rate is the highest rate ever recorded foindividual fragrance allergen. In a
selected group of patients 3.5% of the patientsewmatch test positive to the hydroperoxide
fraction, 0.5% (Christenssatal., 2006).

Table 10 a (iii) presents two patch test studiesfEurope and Japan and five case reports mainly
on oxidized linalool, lavender oil and other prottud.inalool has been identified as one of the
main components in lavender oil (35-40%). An assiomm between the allergenic properties of
oxidized linalool and oxidised lavender oil wasntiged by Hagvallet al., (2008). It was also
verified, in combination with animal data, thatéawer oil lacks protection against oxidation and
that hydroperoxides are the major allergens.Inye&s’ study in Japan Sugiueh al., (2000)
reported an annual increase in the incidence atipegatch tests to lavender oil among patients
suspected to have cosmetics allergy, from 1.1%9©80%0 13.9% in 1998. A sudden steep increase
in 1997 was concomitant with a marked increaseromatherapy with lavender oil in Japan. A
similar increase for nine other fragrances (linhtomt included) was not observed. Five case reports
demonstrate the relationship between the use dalized linalool in lavender oil or in other
products and ACD and the following resolution ¢&dingproblems with avoidance of use.

4.4.1.3.Summary and discussion of skin sensitizatio

Linalool is labile to autoxidation while being exgeml to air. Thus autoxidation is an inherent
property of linalool. In its oxidized form it is gkin sensitizer, the hydroperoxides being the main
agents initiating the allergic reaction in skinaigh radical mechanisms. The radical formation
turns to deplete the antioxidant reserve in tha skithat further oxidative stress will continuel an

35



sensitization progress will be aggravated. The lresfuthe scenario has been well described in
animal and human patch test studies.

The formation of hydroperoxides upon air exposurnalool has been studied with the purpose to
standardise the oxidised linalool for human patsting and for the LLNA assay. Thus, after 10
weeks’ air exposure of linalool the linalool corttewas reduced to 75% and the major
hydroperoxide, 7-hydroperoxy-3,7-dimethylocta-1iéne-3-ol, was 4% (Skolet al., 2004). After

25 weeks’ air exposure the linalool content dropfme1% and the major hydroperoxide was 15%
(Christenssonet al., 2012). After 45 weeks the linalool content was¥3@nd the major
hydroperoxide 15% (Christenssetral., 2010). The major hydroperoxide constituted apjnaxely
80% of the whole hydroperoxide fraction (Matetal., 2005; Christenssaat al., 2012).

Sometimes antioxidants are added to linalool ireotd protect from autoxidation. However, even
if this should be the case the addition of antiantd do not appear to protect against autoxidation
as demonstrated by the high prevalence of configg to oxidized linalool in Europe. The
preventive effect of antioxidants in terpenes wasmtl to be hard to control as many factors seem
to operate simultaneously (Karlbezgal., 1994). An added antioxidant may work initiallytwall
soon be subject to degradation or other procesfhere are also studies showing some
preservatives and antioxidants (suchugecopherol, vitamin E) themselves to be skin deress
and being able to promote the sensitizing propeirtie allergen in question (Bazzagial., 1996;
Kohl et al., 2002; Matsumurat al., 2004; Biebel and Warshaw, 2006; Yaeael., 2010; SCCS,
2012).Studies on lavender oil have shown that linaloadiy autoxidizes at the same rate when
pure linalool or lavender oil, which contains 33¥Qinalool, is exposed to air revealing the
negligible effect of natural antioxidants that nimeypresent in lavender oil (Hagvailal,. 2008).

For pure linalool the reported frequencies of contllergy in consequtively tested patients in
European clinics have been 0.2%-0.3% (de Gebal., 2000; Schnuclet al., 2007; Uteret al.,
2010). Corresponding frequencies for oxidized boalwere 0.83%-7.2% (Maturet al., 2005;
Christensson, 2009; Christenssairal., 2010; Buckley, 2011; Christenssenal., 2012); thus the
substance has been demonstrated to be a major @acsetact allergy in humans, especially in its
oxidized form. The SCCS concluded in its opinionfagrances (SCCS, 2012) that linalool in its
oxidized form is an established human contact gdlerand that it is an “allergen of special
concern” since the number of reported cases imsfieliterature is as many as 100-1000. It was
emphasized by the SCCS that the up to 1000 repoatses are only those cases that were published
in scientific literature; thus it must be anticipatthat the number of cases in the population ishmu
higher.

Furthermore, from available epidemiological evidenit was extrapolated that the reported
frequency of 5-7% of allergy to oxidized linaloaldermatitis patients corresponds to a prevalence
of about 2% of the general population in Swederkinggit the third most important skin sensitizer
following nickel and cobalt (Christensson, 2009;
http://www.medicalnewstoday.com/releases/144043.php

Regarding reported frequencies of contact allengy ease reports, it should be noted that they
reflect what has been tested. As linalool is neitheluded in the baseline series for patch testing
nor in the Fragrance mix | or Il it should be exjeelcthat a number of cases are not diagnosed and
that the underestimation of the prevalence in thygufation is severe. Another source of missing
cases is that patch testing has been conductecpuithlinalool, which may not diagnose allergy to
oxidized linalool. This has been demonstrated & récent international study by Christenssbn

al., (2012) where by using oxidized linalool in patelsting they have identified a large proportion
of the patients that should have been missed mgysire linalool. According to Chemotechnique
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Diagnostics AB, Malmo6, Sweden (personal communicgti patch test material with linalool
hydroperoxides was not on the market until the fi@igg of 2012.

There are examples of other substances which heare &ssigned harmonized classifications as
skin sensitizers due to the intrinsic propertaadoxidise in air under the formation of potennhsk
sensitizing oxidation products. The pure substatsedf is not, or only weakly sensitizing.

Limonene is a fragrance terpene, similar to lingladnich autooxidizes to become a more potent
sensitizer. In the same way rosin becomes semgjtizhen exposed to air. Both have been assigned
a harmonized classification as Skin Sensitizerd.R#3, respectively. Similarly, linalool, which in
the same way will be autoxidized to a potent sesiwhen exposed to air, should be assigned a
harmonized classification as a skin sensitizer.

In the LLNA pure linalool was a weak sensitizer lwiin EC3 of 46.2% (Skoldt al., 2004).
However, after air oxidation the sensitizing pragsr increased as demonstrated by the same
authors. After 45 weeks’ air exposure the EC3 vakas 4.8%. A mixture of the two major
hydroperoxides, which were found to be the mairrgéins in oxidized linalool, had an EC3 of
1.6%. The hydroperoxides constituted 5% of the iseid linalool after 10 weeks’ of air exposure
and 19% of the oxidized linalool after 45 weekawfexposure. The content of unoxidized linalool
was 75% after 10 weeks’ air exposure and droppe@08& after 45 weeks. The remaining
percentage comes from the other oxidation prodkeigher, the same study has shown that only
4% of linalool remained unoxidized after 80 weekaioexposure.

In FCAT oxidized linalool sensitized 33-87% of traimals, depending on the challenge
concentration (Skoldt al., 2002). Due to the test protocol with fixed inteathal induction
concentrations, in this case 5.1%, it is not pdsgibconclude whether linalool is a strong seseiti

or not. However, the sensitivity of FCAT is comglale to that of the GPMT (Guinea Pig
Maximisation Test) and the proportion of sensitisaimals in FCAT was high. For comparison
with GPMT, according to the criteria for sub-catggaA in the CLP at least 30% of the animals
should be sensitised in GPMT at an intradermal étidn concentration of 0.1% or less; or at least
60% of the animals at an intradermal induction emiation more than 0.1% but not more than
1%. Therefore it cannot be excluded that, baseith®®CAT data, linalool is a strong sensitiser.

Guidance on the Application of the CLP Criteria

In Guidance on the Application of the CLP Critgnrarsion 4.0) November 2013 extensive
guidance on how to evaluate human data for claasibin and subcategorisation of sensitisers has
been introduced. Human data mainly originate freagostic patch testing, thus guidance is
provided on how to use these data for classificgbarposes.

The following_guidance values are given for categyog sensitisers in sub-category 1A, based on
human diagnostic patch test data and exposuref@ataomparison, the actual values for linalool,
oxidized linalool and the hydroperoxides are giireitalics in the shadowed columns.

Human diagnostic patch test data Frequency, Freguencies according to CLH proposal
guidance | et eeeaaed
values for sub- linalool . oxidized | hydroperox
cat. 1A i linalool ! idefraction

General population studies >0.2% 2% (anticipated by

Christensson, 2009)
Dermatitis patients (unselected, consecutive) >1.0% 0.2-0.3% 1 0.83-7.2% : 1.1%
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Selected dermatitis patients (aimed testing, ugsakcial >2.0% 0-4% 5 1 3.5%

test series)

Work place studies:

1) all or randomly selected workers >0.4%
2) selected workers with known exposure or >1.0% 15%
dermatitis
Number of published cases > 100 cases 100-1000 (SCCS,
2012)
Exposure data Low exposure. Guidance High exposure. Exposureto linalool according
values and scores for sub- | Guidance values and to CLH proposal
cat. 1A scores for sub-cat. 1B
Concentration/ dose <1.0% >1.0% 7 ppm - 3800 ppm/ 0.38%
< 500pg/cnt >500pug/cnt (score 0)
(score 0) (score 2)
Repeated exposure < once daily (score 1) >once daily (score 2) anticipated score 2
Number of exposures < 100 exposures (score 0) >100 exposures (score 24 anticipated score 2
(irrespective of concentration of
sensitizer)

An additive exposure index of 1-4 equates to lowosure. For linalool the exposure index would
be a maximum of 4, thus low exposure.

Taken together linalool meets the guidance valoebding a sub-category 1A sensitizer.

(i)

4.4.1.4.Comparison with criteria

Linalool is autoxidized when exposed to air, givilegidation products with
increased sensitizing properties. Thus linalool usthobe classified as a skin
sensitizer according to Annex |, section 3.4.2.2 thie CLP Regulation
(1272/2008/EC). The criteria in Table 3.4.2 statiest if there is “evidence in
humans that the substance can lead to sensitizai@kin contact in a substantial
number of persons or if there are positive redutisy an appropriate animal test”,
then the substance shall be classified as a sksiteer.

The following human and animal data meet the daitfar classification of linalool as a skin

sensitizer:

Human data

Diagnostic patch test data, obtained from over teigiimatology clinics in Europe,
showing positive patch test reactions to oxidizedalbol in 0.83-7.2% of
consecutively tested dermatitis patients (Matetraal., 2005; Christenssori2009;
Christenssomt al., 2010; Buckley, 2011; Christenss@hal, 2012);

1.1% of 1511 consecutively tested dermatitis p&iesmd 3.5% of 29 selected
patients were patch test positive to the hydraxide fraction of oxidized linalool
(Christenssomt al, 2006; Maturaet al., 2005); and
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0.2%-0.3% of consecutively tested dermatitis pasievere patch test positive to pure
linalool in clinical studies (Uteet al., 2010; Schnuclet al., 2007; de Groott al.,
2000) and 0-4% of selected patients were patchpesitive to pure linalool (de
Grootet al., 1985; de Groot, 1987; van Oos#ral., 2009). 15% of selected workers
were patch test positive in a work place study (i) 2006).

Sensitization to linalool was also demonstratedséysitization to oxidized lavender
oil, one of its major components being oxidizedlool (Hagvallet al., 2008); and

a dramatic increase of sensitization to lavendewas noted in Japan, from 1% to
14%, during the late nineties. It could be related concomitant marked increase of
the use of specific products containing lavende¢Sugiuraet al., 2000).

Animal data

(ii)

In the LLNA the EC3 value for linalool decreasedthwiime of air exposure,
demonstrating increased sensitizing potential. ERS value of pure linalool was
46.2% and after 45 weeks of air exposure 4.8%.ddweease in EC3 with time was
due to the concomitant increase of allergenic hyeroxides (Skoélat al., 2004);

a corresponding decrease of EC3 values in LLNAdaender oil, with linalool as a
major component, was noted when exposed to aie RPwender oil had an EC3 of
36%, while it decreased to 4.4% after 45 weeks iofegposure. A concomitant
increase of hydroperoxides was demonstrated ateEksvHagvalét al., 2008); and

in FCAT oxidized linalool sensitized 33-87% of tlamimals, depending on the
challenge concentration (Skd&dtlal., 2002a).

Classification as a skin sensitiser is also suggolly the following evidence: the
EC3 value in LLNA for a 5:3 mixture of the most pot oxidation products of
linalool, the hydroperoxide fraction, was 1.6% (ke al., 2004).

According to table 3.4.2 “substances showing a Hrglquency of occurrence in
humans and/or a high potency in animals can beupred to have the potential to
produce significant sensitization in humanStich substanceshall be classified in

sub-category 1A.

The following human and animal data meet the datlar classification of linalool in sub-

category 1A:

Diagnostic patch test data, obtained from seveeaimdtology clinics in Europe,
showed positive patch test reactions to oxidizedaldiol in 0.83-7.2% of
consecutively tested dermatitis patients (Materal., 2005; Christensser2009;
Christenssonet al., 2010; Buckley, 2011; Christenssost al., 2012). These
frequencies exceed the guidance values given irCtti¢ guidance for subcategory
1A;

1.1% of 1511 consecutively tested dermatitis pédieend 3.5% of 29 selected
patients were patch test positive to the hydmaide fraction of oxidized linalool
(Christenssonet al., 2006; Maturaet al., 2005). These frequencies exceed the
guidance values given in the CLP guidance for sategory 1A; and
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e up to 1000 case reports are published in scietitificature, though being subject to a
severe underestimation of the real number of castge population. The number of
cases exceeds the guidance value given in the Gidamce for sub-category 1A.

Sub-category 1A is also supported by the follonenglence: the EC3 value for a 5:3
mixture of the hydroperoxide fraction of oxidizedlool is 1.6% in the LLNA,;
moreover, 33%-87% of the animals were sensitizeakidised linalool in the FCAT.
These results do not exclude to refer linaloolub-sategory 1A, see discussion under
4.4.1.3.

(i)  According to 3.4.2.2.2.1 human evidence for sulegaty 1A can include
“diagnostic patch test data where there is a k&tihigh and substantial incidence
of reactions in a defined population or other epia#ogical evidence where there is
a relatively high and substantial incidence ofrgile contact dermatitis in relation to
relatively low exposure”.

The following data on exposure to linalool are ewvice for the relatively low exposure of
consumers to linalool:

* Studies on products from different markets acrogs lave identified the
concentration of linalool in consumer products aoywbetween approximately 10
and 3500 ppm (0.001% and 0.35%), giving a scoré atcording to the CLP
Guidance. It could be anticipated that sensitised/iduals have been exposed to
linalool at least daily and more than one hundietes, giving a score of 4
according to the CLP Guidance. Taken together xpesure score for linalool is
4, which indicates low exposure according to thé®@uidance.

4.4.1.5.Conclusions on classification and labelling

Linalool has the intrinsic property to autoxidizeair, making it a potent sensitizer. Therefore, it
should be classified as a skin sensitizer basdtioran and animal data. It should be referred to
sub-cate