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Summary 

Smoking by use of electronic cigarettes (e-cigarettes) is a new phenomenon. BfR, 
the German Federal Institute for Risk Assessment, prepared in 2012 an opinion on 
liquids in e-cigarettes and concluded that e-cigarettes cannot be considered safe 
with respect to health effects. An important risk factor is posed through inhalation 
of nicotine, however, additional ingredients of the liquids such as solvents, various 
scent and aroma (flavour) substances and contaminants can pose health risks (BfR, 
2012).  
 
Today, EU legislation exists concerning nicotine containing e-cigarettes (EU 
Directive no. 40, 2014), which among other things sets requirements for the purity 
of the ingredients used in e-liquids as well as a requirement of only using 
ingredients which do not pose a threat to human health. However, requirements for 
the total content of chemical substances in e-liquids are limited – except for a 
requirement of the level of nicotine in the e-liquids. Some standards have now been 
developed in relation to CEN/TC 437 “Electronic cigarettes and e-liquids, but most 
standards are still under drafting. 
 
During 2017 and 2018, FORCE Technology carried out two projects for the 
Austrian Consumer Council at the Austrian Standards International:  

• “Requirements for substances in e-liquids used in electronic cigarettes” 
(Poulsen et al., 2017a) 

• “Requirements for flavour substances in e-liquids used in electronic 
cigarettes” (Poulsen et al., 2018) 

 
The purpose of these two projects was to look more closely at the substances used 
in e-liquids. Based on existing threshold limit values for inhalation for selected 
substances and a very rough calculation of the expected exposure to the ingredients 
and formed substances, a proposal for limit values for selected flavour substances 
was calculated based on risk assessment principles.  
 
The purpose of the present study was to go into more details with the flavour 
substances used in e-liquids for electronic cigarettes and calculate limit values for 
more flavour substances. This study was based on and has further elaborated on the 
information and work carried out in the former two projects listed above carried 
out for the Consumer Council at Austrian Standards International. Overall, the 
purpose of this and the former reports on flavour substances in e-liquids has been 
to initiate a debate on limit values for flavour substances and point out that further 
work and discussions in this area are needed.  
 
The present project was carried out as a desk-top study and includes a summary of 
the two former projects on e-liquids carried out for the Consumer Council at 
Austrian Standards International. As a starting point, the flavour substances 
identified in the former projects on e-liquids were used (about 170 flavour 
substances). In addition, a further screening (an internet search) for flavour 
substances used in e-liquids was carried out and resulted in a total list of about 280 
different flavour substances. Furthermore, a search for used concentrations of the 
different flavour substances in e-liquids was performed.  
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It was investigated whether these flavour substances were used in other areas as 
well – mainly as food flavours and use in cosmetic products. The result of this 
investigation was that: 

• 221 out of the 280 (corresponding to 79%) identified flavours for use in e-
liquids are approved for use as flavours in food 

• 3 of the identified flavours for use in e-liquids are not allowed to be used 
as a food flavour above certain maximum listed levels (these flavour occur 
naturally in some foods, but are considered toxic; hence limit values are set 
for food) 

• None of the 280 identified flavours for use in e-liquids are prohibited 
substances in cosmetics (Annex II of the Cosmetics Regulation)  

• 29 out of 280 (corresponding to 10.4%) identified flavours for use in e-
liquids are restricted to be used in cosmetic products (listed on Annex III 
of the Cosmetic Regulation). Of these: 

o 10 of the flavour substances used in e-liquids are some of the 26 
fragrances that must be declared on cosmetic products due to skin 
sensitisation reasons 

o 8 of the flavour substances used in e-liquids must not be used at all 
in oral products or a limit value for oral products has been set 

o In all, 21 of the 29 flavour substances used in e-liquids are 
restricted in cosmetic products due to allergenic reasons 

 
Based on the new identified information, limit values in e-liquids were calculated 
for the flavour substances where a DNEL value was identified for the substances. 
In all, a limit value was calculated for 67 new substances. The DNEL values used 
were the ones for consumers for systemic effects and long-term exposure, as this is 
the lowest DNEL value available. This report also includes the limit values 
calculated in the two former projects and therefore includes suggestions for limit 
values for a total of 102 flavour substances.  
 
For most of the 102 flavour substances where a limit value was calculated, it has 
been possible to compare the proposed limit value with an actual use concentration. 
This comparison shows that: 

• The maximum use concentration is higher than the calculated limit value 
for 33 of the 102 flavour substances (corresponding to 32%), when using 
the 500 puffs for the calculation of the limit value  

• The maximum use concentration is around/close to the calculated limit 
value for 8 of 102 flavour substances (corresponding to 8%), when using 
the 500 puffs for the calculation of the limit value. This is the case for for 
instance geranyl acetate, where the use concentration according to a SDS is 
between 1 and 10%, and the calculated limit value is 7.4%  

• The maximum use concentration is lower than the calculated limit value 
for 55 of the 102 flavour substances (corresponding to 54%), when using 
the 500 puffs for the calculation of the limit value. In these cases, the 
identified use concentrations of the flavour substances do not indicate that 
there is a health-related problem with inhalation of the flavour substances 
(when looking at the flavour substances individually!)  

• For 6 flavour substances, no use concentration was identified, and the 
comparison of the use concentration with the calculated limit value could 
not be carried out. However, all 6 of these flavour substances are not 
approved to be used as a flavour substance in food, i.e. they are not on the 
positive list (Table 1 of Regulation 1334/2008)   

 
It must be pointed out that the proposed limit values in this report are calculated by 
use of ‘simple calculations’ for scenarios involving a high use of e-liquids (but not 
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a “worst-case” use) as well as assumptions of full intake of the substances 
contained in the e-liquids. On the other hand, the simple calculations have not 
accounted for the fact that vaping may result in short term peak concentrations that 
may lead to very high concentrations. Neither have cumulative effects (of e.g. 
irritants) been considered. Furthermore, the REACH DNEL values used have not 
been checked (the use of the correct assessment factors has not been verified), and 
these may in some case be too high. Therefore, the simple calculations should not 
be considered as ‘worst-case’ calculations but may in fact have underestimated the 
exposure/risk. The proposed preliminary limit values in this report should therefore 
be considered as a first approximation and the risk assessment presented may need 
further refinement in order to establish limit values for ingredients in e-liquids.  
 
It should be emphasised that one of the main purposes of this report (and the 
former two reports (Poulsen et al., 2017a; Poulsen et al., 2018)) has been to initiate 
a debate on limit values for flavour substances and point out that further work and 
discussions in this area are needed. In the future, when setting limit values for 
flavour substances in e-liquids concentration dependant on local irritation effects 
should be included as well as a more thorough assessment of the available 
toxicological data for each flavour substance.  
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1 Introduction 

1.1 Background 

Smoking by use of electronic cigarettes (e-cigarettes) is a new phenomenon. In 
2012, BfR, the German Federal Institute for Risk Assessment, prepared an opinion 
on liquids in e-cigarettes and concluded that even though smokers of e-cigarettes 
do not inhale the characteristic carcinogenic combustion products and substances 
known to be present in tobacco smoke, e-cigarettes cannot be considered safe with 
respect to health effects. An important risk factor is posed through inhalation of 
nicotine. Moreover, additional ingredients of the liquids such as fumigation agents 
(propylene glycol, glycerine), chemical additives, added pharmacologically active 
compounds, various scent and aroma substances (in this report described as flavour 
substances) and contaminants can pose health risks. Furthermore, BfR states that it 
is difficult to identify the pollutants that contribute to the contamination of indoor 
air, as the nature of the substances that are inhaled and exhaled are often unclear 
(BfR, 2012).  
 
Some years later, the first studies with the effects on vaping on e-cigarettes start to 
appear. For example, in 2017, an American study concludes that adolescent e-
cigarette users have increased rates of chronic bronchitic symptoms (McConnell et 
al., 2017), and in the summer of 2019, articles about e-vaping teenagers being 
hospitalised with serious lung problems in the Unites States appear1.  
 
EU legislation exists concerning nicotine containing e-cigarettes (EU Directive no. 
40, 2014), which among other things sets requirements for the purity of the 
ingredients used in e-liquids as well as a requirement of only using ingredients 
which do not pose a threat to human health. However, requirements for the total 
content of specific chemical substances in e-liquids or to the substances being 
formed during use (evaporation of e-liquids) are limited – except for a requirement 
of the level of nicotine in the e-liquids. Standards are being developed in relation to 
CEN/TC 437 “Electronic cigarettes and e-liquids”, which was established in 2015. 
Currently (summer 2019), two standards have been published concerning 
constituents to be measured in aerosols (CEN/TR 17236: 2018) and requirements 
and test methods for electronic cigarette devices (CEN/TS 17287: 2019), and five 
more standards are under approval or under drafting.  
 
During 2017-2018, FORCE Technology carried out two projects for the Austrian 
Consumer Council at Austrian Standards International regarding the use of flavours 
in e-liquids:  

• “Requirements for substances in e-liquids used in electronic cigarettes” 
(Poulsen et al., 2017a) 

• “Requirements for flavour substances in e-liquids used in electronic 
cigarettes” (Poulsen et al., 2018) 

 
The purpose of these two projects was to look more closely at the substances used 
in e-liquids. Based on existing threshold limit values for inhalation for selected 
substances and a very rough calculation of the expected exposure to the ingredients 

 
1 https://www.sciencenews.org/article/hospitalizations-highlight-potential-dangers-e-cigs-
teen-lungs  

https://www.sciencenews.org/article/hospitalizations-highlight-potential-dangers-e-cigs-teen-lungs
https://www.sciencenews.org/article/hospitalizations-highlight-potential-dangers-e-cigs-teen-lungs


8 
 

and formed substances, a proposal for limit values for selected flavour substances 
was calculated based on risk assessment principles.  
 

1.2 Purpose 

The purpose of the present study is to go into more details with the flavour 
substances used in e-liquids for electronic cigarettes and compare the identified 
flavour substances with this type of substances used in other areas such as cosmetic 
products, detergents, food flavours etc.  
 
Furthermore, a search for new literature on flavour substances is carried out, and 
the flavour substances are prioritised and for a selection of the flavour substances, 
requirements (limit values) for e-liquids are proposed based on the same risk 
assessment approach used in the former projects.  
 
The purpose of this study is also to identify if any relevant toxicological data or 
relevant thresholds used for flavour substances in other product areas are available 
and can be used in this project for the purpose of setting limit values for flavour 
substances in e-liquids.  
 
The focus will be on substances in e-liquids and not the substances formed by 
evaporation. The study will be based on and will further elaborate on the 
information and work carried out in the former two projects listed above carried 
out for the Consumer Council at Austrian Standards International. 
 
Overall, the purpose of this and the former reports on flavour substances in e-
liquids has been to initiate a debate on limit values for flavour substances and point 
out that further work and discussions in this area are needed.  
 

1.3 Definitions 

The same definitions as used in the former projects on e-liquids and e-cigarettes 
carried out for the Consumer Council at Austrian Standards International are used 
in this report:  
 
According to the Tobacco Directive (EU Directive no. 40, 2014), ‘electronic 
cigarettes’ or ‘e-cigarettes’, which is the term used in this report, is defined as: “a 
product that can be used for consumption of nicotine-containing vapour via a 
mouth piece, or any component of that product, including a cartridge, a tank and a 
device without cartridge or tank. Electronic cigarettes can be disposable or fillable 
by means of a refill container and a tank, or rechargeable with single use 
cartridges”.  
 
In this report, the term ‘e-liquid’ means any liquid used in e-cigarettes intended for 
evaporation. The e-liquid may be with or without nicotine. In short, an e-cigarette 
is a device that is used to transform an e-liquid into an inhalable aerosol. When the 
e-cigarette user takes a puff on the e-cigarette product, a heating element is 
activated – and this converts the liquid into an aerosol, which is then taken into the 
mouth and inhaled, and subsequently exhaled (Colard et al., 2015).  
 
According to the French standard XP D 90-300-2 on electronic cigarettes and e-
liquids (Afnor, 2015b), an e-liquid intended for e-cigarettes comprises of the 
following ingredients: 
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1. A diluent (propylene glycol and/or glycerol and perhaps water) 
2. Nicotine, CAS 54-11-5 (may be added) 
3. A flavouring compound (may be added) 
4. Other ingredients (may be added) 

 
The diluent currently consists mainly of propylene glycol (CAS 57-55-6) and 
glycerol (CAS 56-81-5) (Afnor, 2015b). However, other diluents such as water or 
ethanol may be used. A typical composition could be about 80% glycerol and 10% 
water, or 20-25% glycerol, about 65% propylene glycol and 5-7% water (Tayyarah 
& Long, 2014). The maximum content of nicotine allowed is 2% if nicotine is 
added (nicotine-free e-liquids do exist). According to Hutzler et al., 2014, which 
carried out a chemical analysis of 28 different e-cigarettes, 10 out of 28 e-cigarettes 
were declared as being “free-of-nicotine”, which means that nicotine-free e-
cigarette products are on the market.  
 
E-liquids often contain a high number of different flavouring compounds (flavour 
substances). The use of flavouring compounds differs a lot between the e-liquids. 
A specific flavour for e-liquids may for example be fruit such as kiwi, banana, 
strawberry etc. or coffee/tea flavours such as cappuccino, chai latte etc., or simply 
just menthol or tobacco flavour. A specific flavour may contain one or most often 
several flavour substances. Examples of flavour substances are vanillin (CAS 121-
33-5), menthol (CAS 89-78-1) and trimethylpyrazine (CAS 14667-55-1) according 
to the findings in Poulsen et al. (2017a). Flavour substances are also described as 
fragrances or aroma substances, as these flavouring substances are found as 
fragrances and/or aroma substances in cosmetic products as well. In general, the 
term ‘flavour substances’ is used in this report.  
 
Other ingredients can be either deliberately added ingredients such as the pharma 
ingredient rimonabant (CAS 158681-13-1) or it can be impurities such as tobacco-
specific nitrosamines (TSNA) and different metals (elements). 
 

1.4 Summary of the former two project on flavours 

In this section, a short summary on the former two projects on flavour substances 
in e-liquids is given. The former two projects carried out for the Austrian 
Consumer Council at Austrian Standards International regarding the use of flavours 
in e-liquids were: 

• “Requirements for substances in e-liquids used in electronic cigarettes” 
(Poulsen et al., 2017a) 

• “Requirements for flavour substances in e-liquids used in electronic 
cigarettes” (Poulsen et al., 2018) 

 
1.4.1  Summary of the first project addressing flavour substances  

The former project on e-liquids for the Consumer Council at Austrian Standards 
International ”Requirements for substances in e-liquids used in electronic 
cigarettes” (Poulsen et al., 2017a) was designed to develop a proposal for 
requirements for selected substances in e-liquids based on relevant existing 
threshold values for different chemical substances. The focus was on the 
substances in e-liquids and not the substances formed by the evaporation. 
Furthermore, the purpose of the study was to review existing legislation and 
standards on e-cigarettes, focusing on the requirements for e-liquids. 
 
A review of existing literature listing actual ingredients in e-liquids was carried 
out. This review resulted in a list of more than 105 ingredients used in e-liquids of 
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which more than 60 different flavour substances were identified as used in e-
liquids.  
 
The review of the relevant legislation for e-liquids used for e-cigarettes concluded 
that the Tobacco Directive is relevant for e-liquids and contains some requirements 
concerning ingredients in e-liquids. However, the actual chemical requirements are 
limited and on a more general level. The restrictions for chemical ingredients in e-
liquids are limited to the following: 

• a specific limit value for nicotine, 
• no use of ingredient such as vitamins, caffeine and similar substances, 
• no use of ingredients that colour the emissions from e-cigarettes, 
• and a general requirement of no use of ingredients that pose a risk to 

human health (except for nicotine) or are classified as CMR. 
 
The Tobacco Directive, however, only covers e-cigarettes that contain nicotine. 
Non-nicotine containing e-cigarettes are thereby only covered by the General 
Product Safety Directive, which only uses a general statement saying that products 
on the market ‘must be safe’ (including chemical safety). 
 
The review of relevant standards for e-liquids used for e-cigarettes concluded that 
no standards have been published by the working group CEN/TC 437 “Electronic 
cigarettes and e-liquids”, which was established in 2015. However, while not 
considered a standard, a British guidance document exists (BSI, 2015) in this area. 
Furthermore, a French standard in three parts sets requirements for the e-liquids 
(part 2) (Afnor, 2015b). The French Afnor (2015b) standard sets specific 
requirement for five specific substances, elemental impurities as well as no use of 
specific preservatives, sugars, sweeteners, vitamins, radioactive substances etc. 
However, there is no general requirement concerning the content of flavour 
substances in this standard on e-liquids, but a general requirement of no use of 
substances classified as STOT 1 for the respiratory tract exists.  
 
Therefore, it is concluded in the report that neither legislation nor existing 
standards are very specific concerning limit values for ingredients used in e-liquids.  
 
In this former report, 15 ingredients were selected for which a proposal for limit 
values of these ingredients in e-liquids was calculated based on the identified 
existing TLVs (Threshold Limit Values) and based on simple calculations. The 
simple calculations were based on the assumptions (that may very well be true) that 
all of the substance contained in the e-liquid has evaporated and that all of the 
substance evaporated has been inhaled. On the other hand, the simple calculations 
have not accounted for the fact that vaping may result in short term peak 
concentrations which may lead to very high concentrations. Neither have 
cumulative effects (of e.g. irritants) been considered. Therefore, the simple 
calculations should not be considered as ‘worst-case’-calculations but may in fact 
have underestimated the exposure/risk.  
 
Seven of the 15 selected ingredients were flavour substances. For five of these 
flavour substances, no information on existing levels used in e-liquids was found 
and therefore the calculated proposed limit values could not be compared with 
actual levels. However, for benzaldehyde and menthol the calculated proposed 
limit values could be compared to existing levels, and this comparison illustrated 
that the proposed limit value for menthol has not been exceeded in existing 
products, but the proposed limit value for benzaldehyde may be exceeded by a 
factor of 100-200.  
 



11 
 

1.4.2  Summary of the second project addressing flavour substances  

In the former project on e-liquids for the Consumer Council at Austrian Standards 
International ”Requirements for flavour substances in e-liquids used in electronic 
cigarettes” (Poulsen et al., 2018), the purpose was to identify more flavour 
substances used in e-liquids.  
 
A search for new information was made, primarily by use of finding SDS (safety 
data sheets) for e-liquids, but also by looking at the detailed information on certain 
web-shops for e-liquids. The search resulted in about 100 new flavour substances 
(compared to the first project), which resulted in a list of total 170 flavour 
substances identified to be used in e-liquids.  
 
A total of 35 of these flavour substances was selected and proposed limit values 
were calculated using the same risk assessment approach using simple calculations. 
The 35 flavour substances included the flavour substances for which limit values 
were already calculated in the first project addressing flavour substances in e-
liquids. The 35 flavour substances were prioritised because they were identified in 
high concentrations in the e-liquids and were used in a broad range of different e-
liquids brands. Finally, the flavour substances were only prioritised, if 
toxicological data was available.  
 
The result was that the calculated proposed limit values for the 35 selected flavour 
substances in e-liquids laid between 28 μg/ml e-liquid (0.003%) for diacetyl and 
180,000 μg/ml e-liquid (18%) for vanillin. In all cases except for one, use 
concentrations were identified for the 35 selected flavour substances. These use 
concentrations were identified through either measured data or safety data sheets 
on e-liquids, which means that some use concentrations are given as a 
concentration range. However, for 27 of the 35 flavour substances where limit 
values in e-liquids were proposed, the actual identified maximum concentration in 
an existing e-liquid on the market was higher than the proposed limit value. For 
additionally three flavour substances, the proposed limit value may be exceeded, 
but it is difficult to conclude based on the use information in a wide concentration 
range. This means that it was only for a total of four flavour substances of the 35 
reviewed substances, where the maximum use concentration did not exceed the 
proposed limit value. In most cases, the maximum concentrations found in e-
liquids were a factor of 2-10 times higher than the limit values proposed in the 
report. However, in some cases the maximum concentration identified could be up 
to 100-200 times higher than the proposed limit value (e.g. for benzaldehyde). This 
fact suggests that limit values may be needed for flavour substances in e-liquids. 
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2 Project methodology used  

This project was carried out as a desk-top study and included the following tasks: 
 

1. Introduction with summary of the two former projects on flavours in e-
liquids. This will include a list of 170 fragrances/flavour substances 
identified.  

2. Search for new flavour substances in use. This search will include a 
search for new and other articles not used in the former projects. New 
identified flavour substances will be added to the existing list of flavour 
substances prepared in Excel. 

3. Review of regulation on flavour substances in other product areas, such as 
the ones listed below. The main focus will be on food flavourings: 

a. Food flavourings 
b. Cosmetic products 
c. Detergents  
d. Air fresheners (IFRA standards) 

4. Contact to the fragrance industry to examine whether the same type of 
flavour substances is used within different areas. 

5. Investigation of flavour substances in detail, e.g. regarding: 
a. Is there an overlap e.g. between approved food flavour substances 

and the flavour substances used in e-liquids? 
b. Are the same specific flavour substances used in different areas? 

– or are flavour substances used in e-liquids not approved or new 
in other areas? 

c. Are the same flavour substances used in the same type of flavour, 
e.g. does a strawberry flavour from different brands contain the 
same flavour substances? A typical flavour on e.g. strawberry will 
be examined in detail.  

6. Prioritising and selecting flavour substances for which a proposal for limit 
values will be calculated (depending on the availability of toxicological 
data as well as the degree of overlap between flavour substances used in 
e-liquids and other areas, such as flavourings for food).  

7. Proposal for requirements for the selected flavour substances in e-liquids. 
8. Discussion, conclusion and recommendation. 

 
This report contains all proposed limit values that have been calculated in the 
previous projects as well. Similarly, this report also contains the description of the 
method for calculating the limit values. The methods and basic values used, which 
have been described in the previous reports, are repeated in this report. Thereby, 
this report contains most information described in the previous reports as well. 
However, in most cases, the limit values calculated in the previous reports have 
been based on toxicological information from other sources (e.g. EU LCI values). 
This detailed information can only be found in the precious reports.   
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3 Toxicity discussions – e-liquids 

The toxicity and health effects of using e-liquids is continuously being examined. 
This chapter includes a short description of the some of the most recent relevant 
toxicity discussions.  
 

3.1 Conclusions related to health effects of e-liquids 

Several comprehensive studies have concluded on the health effects related to use 
of e-liquids (e-cigarettes). Some of these are: 

• National Academies of Sciences (2018): “Public health consequences of e-
cigarettes” 

• National Industrial Chemicals Notification and Assessment Scheme, 
Australia (NICNAS, 2019): “Non-nicotine liquids for e-cigarette devices in 
Australia: chemistry and health concerns” 

• WHO (2015): “A systematic review of health effects of electronic 
cigarettes” 

 
Some of the conclusions that they have made are listed below. The citations are 
taken directly from the mentioned reports. The older report from WHO (2015) does 
not state the health effects as conclusive as listed below, but simply mentions that a 
lot of findings are of concern (including the issues listed below): 

• There is conclusive evidence that in addition to nicotine, most e-cigarette 
products contain and emit numerous potentially toxic substances. (National 
Academies of Sciences, 2018). 

• There is substantial evidence that e-cigarette aerosols can induce acute 
endothelial cell dysfunction, although the long-term consequences and 
outcomes on these parameters with long-term exposure to e-cigarette 
aerosol are uncertain. (citation from National Academies of Sciences 
(2018), but also stated in NICNAS (2019)). 

• There is substantial evidence that components of e-cigarette aerosols can 
promote formation of reactive oxygen species/oxidative stress. This 
supports the biological plausibility of tissue injury and disease from long-
term exposure to e-cigarette aerosols (citation from NICNAS (2019), but 
also stated in National Academies of Sciences (2018)). 

• There is moderate evidence that variability in e-cigarette product 
characteristics (nicotine concentration, flavouring, device type, and brand) 
is an important determinant of risk and severity of e-cigarette dependence. 
(National Academies of Sciences, 2018). 

• There is moderate evidence for increased cough and wheeze in adolescents 
who use e-cigarettes and an association with e-cigarette use and an 
increase in asthma exacerbations (citation from National Academies of 
Sciences (2018), but also stated in NICNAS (2019)). 

• There is limited evidence that e-cigarette use is associated with a short-
term increase in systolic blood pressure, changes in biomarkers of 
oxidative stress, increased endothelial dysfunction and arterial stiffness, 
and autonomic control. (National Academies of Sciences, 2018). 

• There is limited evidence that e-cigarette aerosol can be mutagenic or 
cause DNA damage in humans, animal models, and human cells in culture 
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(citation from National Academies of Sciences (2018), but also stated 
similarly in NICNAS (2019)). 

• There is limited evidence that e-cigarette exposure results in adverse 
effects on the respiratory system from animal and in vitro studies 
(NICNAS, 2019).  

 

3.2 Recent accidents due to use of e-liquids (e-cigarettes) 

A recent development in the health effects of using e-liquids (e-cigarettes) is that 
teenagers have been hospitalised because of trouble breathing after use of e-
cigarettes. In July 2019, eight teenagers in the state of Wisconsin in the USA 
experienced shortness of breath that got worse over days or weeks and resulted in 
hospitalisation. All teenagers had been using e-cigarettes (Science News, 2019). 
However, later on it was stated that some or perhaps all of the teenagers had been 
using THC oil in the e-cigarettes. THC (tetrahydrocannabinol) is one of the 
ingredients in cannabis.  
 
However, other studies suggest that teenagers who had used e-cigarettes have about 
twice the risk of having symptoms such as ongoing cough, congestion or wheezing 
or developing bronchitis, compared with teenagers who had not used e-cigarettes 
(Science News, 2019). 
 
The hospitalisation of the Wisconsin teenagers was some of the first reported 
incidences reported on teenagers in the USA. In a memorandum of September 
2019, the Danish Health Authority (2019a) has updated the status on the recent 
health effects observed in the USA due to e-cigarettes. According to this 
memorandum, 805 cases of lung diseases have been reported in 46 different states 
in the USA since end of June 2019. Common for all patients have been that they 
have used e-cigarettes in days or weeks prior to their symptoms. In all, 12 deaths 
have been registered (among adults in the USA) due to serious lung diseases due to 
the use of e-cigarettes. No single substance or e-cigarette has been related to the 
diseases and it is unknown whether the cause is due to several substances. In many 
cases, but not all, the patients had inhaled e-liquids with THC or CBD 
(cannabidiol).  
 
In late August 2019, the American Centers for Disease Control and Prevention 
(CDC) therefore issued a public health warning concerning the use of e-cigarettes, 
which among other things states that2 “e-cigarette products should not be used by 
youth, young adults, pregnant women, as well as adults who do not currently use 
tobacco products”.  
 
Because of these recent incidences with e-cigarettes amongst teenagers, the Danish 
Health Authority has recently (October 2019) updated their recommendations 
policy on e-cigarettes (Danish Health Authority, 2019b), which now, among other 
things, are (translation from Danish to English): 

• The Danish Health Authority does not recommend the use of e-cigarettes. 
Even though e-cigarettes do not contain the same harmful substances as 
ordinary tobacco products, e-cigarettes cannot be considered as safe with 
respect to the health of consumers.  

• The Danish Health Authority advises against the use of e-cigarettes among 
children, adolescents, pregnant and breastfeeding adults.  

 

 
2 https://emergency.cdc.gov/han/han00421.asp  

https://emergency.cdc.gov/han/han00421.asp
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3.3 Complexity of the toxicity issues 

There are several examples of articles investigating the complexity of the toxicity 
issues related to vaping e-cigarettes (and e-liquids). Some of the identified 
examples are reported here. 
 
3.3.1  A higher concentration of glycerol in e-liquids results in higher toxicity? 

Ooi et al. (2019) investigated the effect of the solvents glycerol and propylene 
glycol commonly used in e-liquids and discovered that due to these solvents 
several toxic substances are formed in the e-cig vapour, such as acetaldehyde, 
acrolein, benzaldehyde, as well as benzene, toluene, ethylbenzene, and xylene 
(BTEX) compounds. The authors found that the amount of glycerol in the e-liquids 
has a major effect on the concentration of these hazardous compounds emitted. 
This conclusion was drawn because the concentration of these hazardous chemicals 
increased with increasing glycerol percentage in the e-liquid. Acetaldehyde and 
acrolein increased by 175-fold and 28-fold, respectively, when the glycerol 
composition was increased from 0 to 80%. Furthermore, this study concluded that 
e-liquids containing higher percentages of glycerol produced (emitted) higher 
levels of hazardous substances compared to e-liquids with similar percentages of 
propylene glycol.  
 
3.3.2  The presence of flavour substances increases toxicity of the vapour? 

Sassano et al. (2018) tested the toxicity of 148 different e-liquids as well as 
controls with 1% and 10% PG/VG (propylene glycol/vegetable glycerol) to human 
kidney cells by use of in vitro experiments. Furthermore, they analysed the 148 
different e-liquids by GC-MS with the purpose to detect some of the most often 
used flavour substances. The authors found that a large number of the e-liquids 
were more toxic than just the PG/VG solution. Their major conclusions were that: 

• The data indicated that the more chemicals contained in an e-liquid, the 
more toxic it was likely to be.  

• The presence of vanillin was associated with higher toxicity values. 
However, further analysis revealed that the concentration of 
cinnamaldehyde and vanillin, but not triacetin, correlated with toxicity. 

 
The indication discovered by Sassano et al. (2018) that the more chemicals 
contained in an e-liquid, the more toxic it is, is also supported by Muthumalage et 
al. (2018). Muthumalage et al. (2018) also carried out toxicity experiments with e-
liquids and concluded that when mixing a variety of flavours this resulted in 
amongst others greater cytotoxicity compared to treatments with individual 
flavours. The authors concluded that this suggests that mixing of multiple flavours 
of e-liquids are more harmful to the users.  
 
Erythropel et al. (2019) investigated whether the use of flavour aldehydes such as 
benzaldehyde, cinnamaldehyde, citral, ethylvanillin and vanillin would remain 
stable in e-cigarette liquids or whether they undergo chemical reactions. Erythropel 
et al. (2019) discovered that the above listed flavour aldehydes rapidly reacted with 
the e-liquid solvent propylene glycol (PG) after mixing. In fact, from 40 % and up 
of the flavour aldehyde content was converted to the reaction products flavour 
aldehydes PG acetals, which they also could detect in commercially available e-
liquids. This means that the reactions occurred at room temperature even without 
heating and combustion. Furthermore, Erythropel et al. (2019) carried out vaping 
experiments that showed that about 50-80 % of the reaction products (flavour 
aldehydes PG acetals) were present in the vapour. The authors point out that the 
reaction products remained stable in the vapour (half-lives above 36 hours), 
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suggesting that they persist when inhaled by the user. Erythropel et al. (2019) 
therefore concludes that: 

• E-liquids are potentially reactive chemical systems in which new 
compounds with unexpected toxicological effects can form after mixing of 
constituents and during storage.  

• The resulting compounds have toxicological properties that differ from 
either the flavour substances or solvent component.  

• These findings suggest that the reporting of manufactured ingredients of 
the e-liquids is insufficient for a safety assessment.  
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4 Flavour substances identified in 
previous projects 

E-liquids are available in a huge variety of flavours. One flavour (like e.g. 
“strawberry”) may be complex and consists of several different flavour substances.  
 

4.1 Flavours used for e-liquids 

Krüsemann et al. (2018) have mapped the different flavours used in e-liquids by 
looking at different articles published in the area of e-liquids. They have proposed 
the so-called flavour wheel as described in Figure 1 below for classification of 
different e-liquids flavours.  
 

 
Figure 1: Flavour wheel for classification of different flavours available for e-liquids for e-
cigarettes (Source: Krüsemann et al., 2018). 
 
As illustrated by this flavour wheel, a high variety of flavours are available for e-
liquids. As one specific flavour can contain many different flavour substances to 
obtain that specific flavour, the amount of flavour substances used in e-liquids in 
total is expected to be huge.  
 



18 
 

4.2 Flavour substances identified in the former projects 

The two former projects carried out for the Austrian Consumer Council at Austrian 
Standards International on flavour substances in e-liquids have identified a use of 
170 different flavour substances. These are all included in “Appendix 1: List of 
identified flavour substances” (as well as new flavours identified in this project). In 
the table, the flavour substances are listed in order of the priority for which the 
flavour substances most often used (in number of brands and number of times 
mentioned in literature) and used in the highest concentration are listed first.  
 
In the column “Threshold value” in “Appendix 1: List of identified flavour 
substances”, the threshold limit values that have been identified are listed. An 
empty field means either no limit values found or no search for limit values was 
performed.  
 
The flavour substances that were selected for further review and calculation of 
proposed limit values in the former project Poulsen et al. (2017a) are marked with 
grey shading in “Appendix 1: List of identified flavour substances”. The flavour 
substances which were selected for calculation of proposed limit values in the 
former project Poulsen et al. (2018) are marked with yellow shading. The flavour 
substances selected for review in the first project (Poulsen et al., 2017a) were 
selected due to a mixture of their toxicity, i.e. they had the lowest threshold limit 
values (DNEL values, LCI values etc.) and their use (substances used in high 
concentrations and/or in many different e-liquids were given the highest priority).  
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5 Search for new literature 

The two former projects on flavours in e-liquids carried out for the Austrian 
Consumer Council at Austrian Standards International were carried out in 2017 and 
end of 2017/beginning of 2018 respectively. For this reason, a search for new 
literature regarding the use of flavour substances in e-liquids was performed. The 
search did not only consist of a search for new flavour substances, but also had the 
purpose to find more concentrations for already identified flavour substances as 
well as identifying which type of flavour the flavour substances are used in – e.g. 
which flavour substances are used in a strawberry flavoured or cappuccino 
flavoured e-liquid.  
 
In the former project on flavour substances in e-liquids (Poulsen et al., 2018), a list 
of 616 substances either used as ingredients in e-liquids or found in e-cigarette 
emissions was identified. This list (Nerudia, 2017) was generated by the company 
Nerudia – a British company which is producing e-cigarette hardware. However, 
this list is no longer available on the Nerudia webpage, and when Nerudia was 
contacted, the message was that the list is no longer offered for third parties. For 
this reason and because it is not possible by use of the list to distinguish between 
substances used as ingredients in e-liquids and substances formed by evaporation 
of e-liquids, this list has not been included in this project. This mean that the list of 
flavouring substances identified in this project is based on other sources than the 
list from Nerudia (2017).  
 

5.1 Result of the search for new literature 

The search for new literature concerning the use of flavour substances in e-liquids 
was carried out an internet search for articles and/or reports on the subject. The 
focus was to identify new flavour substances. Initially the search resulted in 35-40 
different articles or reports on the subject, most of them published in scientific 
magazines. The articles were examined more closely, and 12 articles/reports were 
identified to list a number of (new) flavour ingredients. Three of these 
articles/reports were from 2015 and 2016 respectively but was not included in the 
former studies. The remaining articles were from 2017, 2018 or 2019 respectively.  
 
Several of the articles reported comprehensive studies on numerous e-liquids and 
listed several flavour substances identified. The most comprehensive study 
(Omaiye et al., 2018 (1)) examined 277 different e-liquids and identified 151 
different flavour substances, but only reported the 50 flavour substances used in the 
highest concentrations (above 1 mg/ml in the e-liquid). In several other articles 
about 40-45 different flavour substances were identified and listed. Some of the 
articles also had analysed the use concentration of the different flavours in the 
examined e-liquids. Common for many of the articles was also that different e-
liquid flavours (e.g. strawberry or banana flavours) had been examined and the 
flavour substances used for the given e-liquid flavour were identified. 
 
All flavour substances described in these articles were added to the Excel list 
prepared in the former studies and the information in the articles was used both to 
add new flavour substances to the list, but also to supplement the existing flavour 
substances on the list with new information on use (use concentrations).  
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The result of the search was that:  
• 110 new flavour substances were identified to be used in e-liquids, i.e. 

bringing the total of identified flavour substances in e-liquids up to 280 
flavour substances. 

• New information regarding use concentrations was identified for 76 
existing flavour substances and 33 new flavour substances (based on the 
identified new articles/reports). 

• Information regarding which flavour type (e.g. strawberry, banana) the 
flavour substances are used in was found for 93 existing flavour substances 
and 57 new flavour substances. 

 
The new information has been written with blue text in “Appendix 1: List of 
identified flavour substances”, and the new information is discussed in the 
following chapters, (but information from the previous two projects on flavour 
ingredients are included as well).  
 
 
 
 

  



21 
 

6 Review of use of flavour 
substances in other areas 

In this chapter, the flavour substances identified for use in e-liquids are compared 
to flavour substances used in other areas. The purpose is to see whether the same 
flavour compounds are used in other areas as well – if so, toxicological information 
may be available for the flavour substances in other areas, which can be used for 
setting limit values for the flavour substances in e-liquids. The other areas that have 
been selected for a review in this report are: 

• Food flavourings 
• Cosmetic products 
• Detergents 
• Air fresheners 

 
For detergents and air fresheners, it turned out that no requirements/restrictions are 
made for flavour substances or fragrances/aroma substances for these specific 
areas. For this reason, the IFRA standards have been reviewed instead as the IFRA 
standards have been set for different kinds of consumer products containing 
fragrances.  
 

6.1 Food flavourings 

EU Regulation 1334/2008 is a regulation that lays down rules for flavourings and 
certain food ingredients with flavouring properties for use in and on foods. The 
purpose of the regulation is to provide for a list of flavourings that are approved to 
be used in food (Annex I of the regulation) and to lay down conditions for the use 
of the flavourings in and on food as well as rules for the labelling of flavourings.  
 
Annex I (also named the Community list) is a Union list of flavourings and source 
materials that can be used in and on food. 
 
6.1.1  Background of the Union list of flavour substances 

In 2008 when the EU Regulation 1334/2008 was adopted, the Union list of 
approved flavoured substances was not prepared yet (European Commission, 
2019). This regulation lays down general requirements for the safe use of 
flavourings (article 4) and states that only flavourings that do not – on the basis of 
the scientific evidence available – pose a safety risk to the health of the consumer 
may be used (EU Regulation 1334, 2008).  
 
The Union list of flavour substances approved for use in and on foods was adopted 
on 1 October 2012 (European Commission, 2019). In the years between the 
adoption of EU Regulation 1334 (2008) and the adoption of the Union list, EFSA 
evaluated a number of flavouring substances with respect to current uses, 
toxicological threshold of concern and available data on metabolism and toxicity. 
A stepwise approach that integrated structure-activity relationship was used (EU 
Regulation 872, 2012). The flavour substances evaluated were the flavour 
substances already notified at that time by the industry according to EU Regulation 
2232/96 “Regulation laying down a Community procedure for flavouring 
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substances used or intended for use in or on foodstuffs” (EU Regulation 2232, 
1996).  
 
Flavouring substances which did not receive a favourable assessment on their 
safety were listed in Annex III Part A “Substances which shall not be added as 
such to food” of EU Regulation 1334/2008 (according to the preambles of EU 
Regulation 872, 2012). This means that these flavour substances are no longer 
allowed to be added to food. Annex III Part A currently (consolidated version from 
May 2019) contains 15 specific flavouring substances listed by name. However, as 
some of these flavour substances occur naturally in some food ingredients, 
maximum limit values for these substances have been set in Part B to Annex III 
“Maximum levels of certain substances, naturally present in flavourings and food 
ingredients with flavouring properties, in certain compound food as consumed to 
which flavourings and/or food ingredients with flavouring properties have been 
added”. 
 
For a number of substances, EFSA did not complete the evaluation or EFSA had 
requested additional scientific data to be provided for completion of the evaluation 
– before the adoption of the Union list by 1 October 2012. Until this evaluation was 
completed, the flavour substances at that time already placed on the market were 
allowed to be used (according to the preambles of EU Regulation 872, 2012). 
Today (2019) all flavour substances have been evaluated by EFSA (or at least 
evaluated by use of structure-activity relationship (SAR)) and only the flavour 
substances listed in Annex I (the Union list) of EU Regulation 1334/2008 are 
allowed to be used in the type of food listed and under the restrictions listed.  
 
EU Regulation 872/2012 describes the adoption of the Union list of flavour 
substances to Annex I of EU Regulation 1334/2008.   
 
New flavouring substances may be added to the Union list according to article 11 
of the regulation (EU Regulation 1334, 2008). The procedure for authorisation of a 
new flavouring substance is common to the one established for food additives and 
enzymes under EU Regulation 1331/2008. According to this regulation, an 
application for a new flavouring substance may be made and afterwards EFSA 
(The European Food Safety Authority) will prepare an opinion about the flavour 
substance. Depending on the result of the opinion, the flavour substance may or 
may not be added to the Union list of flavourings (Annex I) in EU Regulation 1334 
(2008). EFSA will usually require additional information for the flavouring 
substances in order to be able to carry out the risk assessment of the flavour 
substances. The requirements for information are described thoroughly by EFSA 
(EFSA, 2010) and include different toxicological aspects.  
 
However, it should be noted that EFSA mainly assess the risk of using the flavour 
substances by assessing the oral route of exposure. The inhalation route is most 
often not addressed. EFSA (2010) are requesting data concerning the inhalation 
route, but also state that they are aware of the fact that quantitative data concerning 
non-food sources may be limited.  
 
6.1.2  The Union list used for comparison with flavours used for e-liquids 

Annex I is a Union list of flavourings and source materials that can be used in and 
on food. The union list consists of the following parts: 

• Part A – Flavouring substances (more than 17,000 entries) 
• Part B – Flavouring preparations (empty) 
• Part C – Thermal process flavourings (empty) 
• Part D – Flavour precursors (empty) 
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• Part E – Other flavourings (contains only one complex mixture of 
substances) 

• Part F – Source materials (empty) 
 
Part A of Annex I contains the flavouring substances that may be used for food and 
contains more than 17,000 entries. Part A is divided into 18 different food 
categories (e.g. snacks, desserts, alcoholic beverages, dairy products) for which the 
different food flavours (identified with a unique FL number) are allowed. This 
means that the same flavour substances may be listed several times (for each of the 
18 food categories).  
 
For carrying out the comparison with the identified flavours in e-liquids, only Part 
A of Annex I has been used and the consolidated version dated 21 May 2019 has 
been used. The more than 17,000 entries of flavours were copied to Excel and 
duplicate entries were deleted so the list only comprises of unique flavours with 
unique CAS numbers and unique flavour numbers (FL no.). When doing so, the list 
of flavour substances approved for food use contains in all 2,514 unique flavours.  
 
6.1.3  Overlap between food flavours and e-liquid flavours 

The identified list of 2,514 unique flavour substances approved for food use 
(Annex I of EU Regulation 1334/2008) was compared to the list of flavour 
substances identified to be used in e-liquids by use of the lookup function in Excel 
by CAS number (without hyphens).  
 
The result of the comparison was that 221 out of the 280 (corresponding to 79%) 
identified flavours for use in e-liquids are approved for use as flavours in food.  
This is a quite high overlap, but also illustrates that substances not approved for use 
in food are used in e-liquids. The overlap has been illustrated in “Appendix 1: List 
of identified flavour substances”, and the 59 flavour substances that have not been 
approved for use in food are presented in Table 1 on the next pages. 
 
Even though it was decided not to include the Nerudia list, i.e. the list of 616 
substances that have been identified by Nerudia to either be used as an ingredient 
in e-liquids or to evaporate from e-liquids, the overlap between this list and the 
food flavour list was examined as well. This examination showed that 410 out of 
616 substances (corresponding to 67%) from the Nerudia list are approved for use 
as food flavours. This illustrates that at least 410 substances on the Nerudia list are 
flavour substances.  
 
The 59 flavour substances not approved for use in food are presented in Table 1 
and are listed in prioritised order by priority class. The priority class (between 1A 
and 3C) is listed in the column to the right. The prioritisation of the flavour 
substances is described in more detail in chapter 9 “Prioritisation and selection of 
flavour substances”, but is mainly based on the concentration they are used in e-
liquid (number from 1 to 3) as well as how often they are used in e-liquids (letter 
from A to C).  
 
Table 1 also contains information about how often these 59 flavour substances are 
used in e-liquids as well as the DNEL value for inhalation for consumers according 
to the ECHA database. However, it is only for 16 of these 59 flavour substances 
where a DNEL value exists and where a limit value can be calculated (see chapter 
10 “Preliminary proposal for requirements for selected flavour substances”). 
 
As illustrated in Table 1, two of the 59 flavour substances not approved for use in 
food (according to Annex III Part A, but with maximum limit values according to 
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Annex III Part B) were evaluated in the former projects and are therefore marked 
with grey shading (limit value proposed in Poulsen et al. (2017a)) or yellow 
shading (limit value proposed in Poulsen et al. (2018)).  
 
Furthermore, three of these 59 flavour substances not approved for use in food are 
actually listed in Part B of Annex III with a maximum allowed limit value as they 
occur naturally in some foods. These flavour substances are discussed in the 
section below.  
 
6.1.4  Overlap between food flavours not allowed and e-liquid flavours 

As described above about 15 flavour substances have been added to Annex III Part 
A “Substances which shall not be added as such to food” of EU Regulation 
1334/2008. They have been added to this list as they have not been considered safe 
to use in foods. A search was made for these 15 flavour substances, and the result 
was that the 3 substances are used in e-liquids listed below, but are not allowed to 
be used as a food flavour above the maximum listed levels according to Part B of 
Annex III as they occur naturally in some food: 

1. Coumarin (CAS No. 91-64-5) 
o Maximum level allowed in traditional bakery with cinnamon listed 

on the label: 50 mg/kg 
o Maximum level allowed in breakfast cereals and muesli: 20 mg/kg 
o Maximum level allowed in fine bakery: 15 mg/kg 
o Maximum level allowed in desserts: 5 mg/kg 

2. α-Thujone (CAS No. 546-80-5) 
o Maximum level allowed in alcoholic beverages: 10 mg/kg 
o Maximum level allowed in alcoholic beverages produced from 

Artemisia species: 35 mg/kg 
o Maximum level allowed in non-alcoholic beverages produced 

from Artemisia species: 0.5 mg/kg 
3. Thujone (CAS No. 76231-76-0) 

o Maximum level allowed in alcoholic beverages: 10 mg/kg 
o Maximum level allowed in alcoholic beverages produced from 

Artemisia species: 35 mg/kg 
o Maximum level allowed in non-alcoholic beverages produced 

from Artemisia species: 0.5 mg/kg 
   
Coumarin is one of the substances where a limit value (of 878 µg/mL 
corresponding to 878 mg/kg) was calculated in the former project, and the 
calculated limit value was even exceeded in some cases by the identified use 
concentrations. The calculated limit value for e-liquids is hence at least 18 times 
higher than the permitted limit value allowed in food. However, the exposure 
pathway is different in the two situations: direct intake when it comes to food and 
inhalation when it comes to e-liquids. The limit values are therefore not directly 
comparable.  
 
Limit values cannot be calculated for thujone or α-thujone as no DNEL value is 
available. It could, however, be discussed whether the limit value permitted for 
food could be used as a starting point for setting limit values in e-liquids.  
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Table 1: The 59 flavour substances identified for use in e-liquids, but not approved for use in food 
Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour an 
approved food 
flavour? (on Table 1 of 
Reg. 1334/2008) 

Is the flavour not 
allowed to be used in 
food? (Annex III Part A 
of Reg. 1334/2008) 

DNEL value (inhalation 
systemic long-term 
general population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Triacetin 102-76-1 In 13 of 166 e-liquids (Czoli); In 10 of 20 
e-liquids (Hua); considered to be 
cytotoxic (Hua); In 9 of 50 e-liquids 
(Kucharska); In 90 of 277 e-liquids 
(Omayie1); In 5 of 16 e-liquids 
(Omaiye2) 

Not approved for food  no hazard identified 1A 

3-Methyl-1,2-
cyclopentanedione 
(cyclotene or corylone) 

765-70-8 In 6 out of 28 liquids; In 4 of 29 e-liquids; 
In 1 of 5 e-liquids (Leigh); In 10 of 166 e-
liquids (Czoli); In 6 of 16 e-liquids 
(Omaiye2) 

Not approved for food  not registered 1A 

Beta-Damascone 35044-68-9 In 2 of 29 e-liquids; In 18.9% of 122 e-
liquids (Vardavas); In 2 of 20 e-liquids 
(Hua) 

Not approved for food  not registered 1B 

Methyl cinnamate 1754-62-7 In 1 of 29 e-liquids; In 1 out of 5 e-liquids 
(Leigh) 

Not approved for food  not registered 1B 

Mentha x piperita 
(peppermint essential 
oil) 

8006-90-4 In 1 of 29 e-liquids Not approved for food  8.7 1B 

Cis-3-hexenylacetate 1708-82-3 In 4 out of 25 e-liquids (Aszyk2) Not approved for food  not registered 2A 
Decanal 112-31-3 In 4 out of 25 e-liquids (Aszyk2) Not approved for food  not registered 2A 
Beta-Ionone 79-77-6 In 5 of 50 e-liquids (Kucharska); In 2 of 

29 e-liquids; In 10.7% of 122 e-liquids; In 
5 of 20 e-liquids (Hua); in about 50 of 
277 e-liquids (Omaiye1) 

Not approved for food  3.1 2A 

Trans 2 Hexenol (trans-
2-hexen-1-ol) 

928-95-0 In 1 out of 25 e-liquids (Aszyk2); In 2 of 
20 e-liquids (Hua) 

Not approved for food  not registered 2A 

Pyridne 110-86-1 In 2 out of 25 e-liquids (Aszyk1); In 1 of 
50 e-liquids 

Not approved for food  0.6 2B 

Guaiacol (2-
methoxyphenol) 

90-05-1 In 2 of 29 e-liquids; In 5 of 20 e-liquids 
(Hua); In about 60 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

Not approved for food  not registered 2B 

Furfural 98-01-1 In 2 of 29 e-liquids; In 4 out of 25 e-
liquids (Aszyk2) 

Not approved for food  8 2B 

Dl-Menthol 1490-04-6 In 3 of 50 e-liquids (Kucharska); In 41 % 
of 122 e-liquids (Vardavas); In 1 of 5 e-
liquids (Leigh); In 6 out of 25 e-liquids 
(Aszyk1) 

Not approved for food  not registered 2B 

cis-Hedione 80450-69-7 In 1 out of 25 e-liquids (Aszyk2) Not approved for food  not registered 2B 
Hexenol cis.3 84961-46-6  Not approved for food  no information 2C 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour an 
approved food 
flavour? (on Table 1 of 
Reg. 1334/2008) 

Is the flavour not 
allowed to be used in 
food? (Annex III Part A 
of Reg. 1334/2008) 

DNEL value (inhalation 
systemic long-term 
general population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Cocoa Ext.  84649-99-0  Not approved for food  no hazard identified 2C 
Lemon Oil 8008-56-8  Not approved for food  5.8 2C 
Buchu Oil 68650-46-4  Not approved for food  not registered 2C 
p-Tolualdehyde 14-87-0  Not approved for food  not registered 2C 
2-Methyl naphthalene 91-57-6 In 104 og 166 e-liquids (Czoli) Not approved for food  not registered 3A 
3-Penten-2-ol 1569-50-2 In 40 of 50 e-liquids (Kurchaska et al., 

2016) 
Not approved for food  not registered 3A 

1-Methyl naphthalene 90-12-0 In 115 og 166 e-liquids (Czoli) Not approved for food  not registered 3A 
2-methylbutyl acetate 624-21-9 In 9 of 20 e-liquids (Hua); In about 75 of 

277 e-liquids (Omaiye1) 
Not approved for food  not registered 3A 

Menthyl Acetate 89-48-5 In about 50 of 277 e-liquids (Omaiye1); 
In 6 of 16 e-liquids (Omaiye2) 

Not approved for food  8.3 3A 

Isopulegol 7786-67-6 In about 20 of 277 e-liquids (Omaiye1); 
in 6 of 16 e-liquids (Omaiye2) 

Not approved for food  not registered 3A 

Beta Pinene 242-60-2 In 5 of 20 e-liquids (Hua); In about 63 of 
277 e-liquids (Omaiye1); In 2 of 16 e-
liquids (Omaiye2) 

Not approved for food  not registered 3A 

Menthol Or L-Menthol 2216-51-5 In 41 out of 166 e-liquids (Czoli) Not approved for food  33 3A 
5-Methyl-2-phenylhex-
2-enal (Cocal) 

4927-36-0 In 1 of 5 e-liquids (Leigh) Not approved for food  not registered 3A 

Camphor 76-22-2 In 7 of 36 e-liquids (Lisko) Not approved for food  4.348 3A 
"4-[2,6,6-trimethyl-       
1(or 2)-cyclohexen-1-
yl]-3-buten-1-one (β-
damascone)" 

85949-43-5 In 9 of 50 e-liquids (Kucharska) Not approved for food  not registered 3A 

Terpineol 7785-53-7 In 5 out of 28 liquids Not approved for food  not registered 3A 
Thujone 76231-76-0 Detected in 4% of studied samples. 

BMDL10 = 11 tested on clonic seizures 
on rats (see source table 5) 

Not approved for food Not allowed to be used in 
food (Part A), but with 
maximum allowed 
concentration (Part B) 

not registered 3A 

Coumarin 91-64-5 Detected in 4 of 28 samples. Prohibited in 
tobacco in Germany. In 2 of 20 e-liquids 
(Hua); In 1 of 50 e-liquids (Kucharska); 
In about 20 of 277 e-liquids (Omaiye1) 

Not approved for food Not allowed to be used in 
food (Part A), but with 
maximum allowed 
concentration (Part B) 

0.183 3A 

Anisaldehyde propylene 
glycol acetal 

6414-32-0 In 4 out of 28 liquids Not approved for food  not registered 3A 

Ethyl Lactate 687-47-8 In about 35 of 277 e-liquids (Omaiye1) Not approved for food  no hazard identified 3A 
L-Menthone 14073-97-3 In 6 of 50 e-liquids (Kucharska) Not approved for food  6.4 3A 
"Pulegone ((R)-5-
methyl-2-(1-
methylethylidene) 

      



27 
 

Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour an 
approved food 
flavour? (on Table 1 of 
Reg. 1334/2008) 

Is the flavour not 
allowed to be used in 
food? (Annex III Part A 
of Reg. 1334/2008) 

DNEL value (inhalation 
systemic long-term 
general population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

cyclohexanone)" 89-82-7 In 3 out of 28 liquids; In 4 of 50 e-liquids 
(Kucharska); In 8 of 36 e-liquids (Lisko); 
In about 35 of 277 e-liquids (Omaiye1); 
In 5 of 16 e-liquids (Omaiye2) 

Not approved for food  not registered 3A 

Diisobutyl phthalate 84-69-5 In 3 out of 28 liquids Not approved for food  0.72 3A 
1,2-Hexanediol 629-11-8 In 3 out of 28 liquids Not approved for food  8.7 3A 
Piperonal 
propyleneglycol acetal 
(Heliotropine PG 
acetal) 

61683-99-6 In 5 out of 28 liquids (Hutzler); In 4 of 20 
e-liquids (Hua); in about 40 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

Not approved for food  not registered 3B 

Miosmine (or 
myosmine) 

532-12-7 In 2 out of 28 liquids (Arch), Impurities 
of anabasine, myosmine or beta-
nicotyrint found In a majorith of the 
samples (BMA); In 2 of 50 e-liquids 
(Kucharska) 

Not approved for food  not registered 3B 

Anatabine 581-49-7 In 2 out of 28 liquids. Alkaloid.  Not approved for food  not registered 3B 
Syringol 91-10-1 In 2 out of 28 liquids (Hutzler) Not approved for food  no information 3B 
Butyl carbitol 112-34-5 In 2 out of 28 liquids (Hutzler) Not approved for food  40.5 3B 
Ethyl mandelate 774-40-3 In 2 out of 28 liquids (Hutzler) Not approved for food  not registered 3B 
4-Chloro-2,5-
dimethoxy-aniline 

6358-64-1 In 2 out of 28 liquids Not approved for food  no information 3B 

Methyl 
dihydrojasmonate 

14851-98-7 In 2 out of 28 liquids Not approved for food  not registered 3B 

trans-Carane 18969-23-5 In 2 out of 28 liquids Not approved for food  not registered 3B 
Diacetin 25395-31-7 In 2 out of 28 liquids Not approved for food  not registered 3B 
α-Damascenone 57549-92-5 In 2 out of 28 liquids Not approved for food  not registered 3B 
p-Menthane-1,2-diol 336669-76-0 In 2 out of 28 liquids Not approved for food  not registered 3B 
Valeric anhydride 2082-59-9 In 11 of 166 e-liquids (Czoli) Not approved for food  not registered 3B 
Alpha-curcumen (1-
(1,5-dimethyl-4-
hexenyl)-4-
methylbenzene) 

644-30-4 In 3 of 50 e-liquids (Kucharska) Not approved for food  not registered 3B 

"(1S)-6,6-dimethyl-2-       
methylenebicyclo[3.1.1]
heptane ((-)-β-pinene)" 

18172-67-3 In 2 of 50 e-liquids (Kucharska) Not approved for food  1 3B 

Diethylene glycol ethyl 
ether 

111-90-0 In 2 of 50 e-liquids (Kucharska) Not approved for food  37 3B 

Trans-2-methyl-2-
pentenoic acid 

16957-70-3 In 2 of 50 e-liquids (Kucharska) Not approved for food  not registered 3B 

3,6-Dimethyl-2-ethyl 
pyrazine 

27043-05-6  Not approved for food  not registered 3C 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour an 
approved food 
flavour? (on Table 1 of 
Reg. 1334/2008) 

Is the flavour not 
allowed to be used in 
food? (Annex III Part A 
of Reg. 1334/2008) 

DNEL value (inhalation 
systemic long-term 
general population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

(+)-alpha-pinene 7785-70-8  Not approved for food  0.467 3C 
alpha-thujone 546-80-5  Not approved for food Not allowed to be used in 

food (Part A), but with 
maximum allowed 
concentration (Part B) 

not registered 3C 
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6.2 Cosmetic products 

EU Regulation 1223/2009 on cosmetic products does not specifically mention or 
restrict flavour substances. For other groups of substances such as colorants, 
preservatives and UV-filters, only the listed substances in Annexes are allowed to 
be used. Annex II of the EU Regulation on cosmetic products is a list of prohibited 
substances and Annex III is a list of substances that are not allowed to be used 
except under the specific conditions described. It is, however, not possible directly 
to see whether Annex II and/or Annex III contains flavour substances.  
 
Annex II (i.e. the list of prohibited substances in cosmetics) contains 32 substances 
where it specifically is mentioned that the substances are prohibited when used as a 
fragrance ingredient. As some flavour ingredients also can be used as fragrances, 
an overlap may exist here.  
 
However, the CosIng3 database lists different used cosmetic ingredients by 
different functions. One function is “Flavouring”, which is defined as substances 
that give flavour to the cosmetic product. The list of flavouring substances in the 
CosIng database is a total list of 147 substances (as of end of October 2019). It 
must, however, be emphasised that the list is not equivalent to only substances 
allowed in cosmetic products but is a total list of substances that companies have 
applied INCI names for, i.e. names of cosmetic ingredients, irrespective of whether 
or not they are allowed to be used.  
 
As for food ingredients, cosmetic ingredients are usually not evaluated for their 
inhalation toxicity, but mainly for their toxicity in contact with skin.  
 
6.2.1  Overlap between flavours for cosmetic products and e-liquid flavours 

This list of 147 flavouring substances used in cosmetic products was extracted to 
an Excel list and compared to the list of 280 identified flavour substances used in 
e-liquids by use of the lookup function in Excel by CAS number (without 
hyphens). However, the problem with the list of the 147 flavouring substances used 
in cosmetic products is that only 90 of these are listed by CAS numbers that are 
used for the comparison.  
 
The result of the comparison was that 10 out of the 280 (corresponding to 4%) 
identified flavours for use in e-liquids are also used or have been used as flavours 
for cosmetic products. Of these 10 substances, 4 are listed with restrictions 
according to Annex III (i.e. are one of the 26 fragrances that must be declared on 
cosmetic products due to skin sensitisation reasons). These ten substances are: 

• Hexyl acetate   
• Benzaldehyde 
• Isoamyl alcohol 
• Carvone 
• Cinnamaldehyde (on Annex III entry no. 76) 
• Carvone (second CAS no.) 
• Cis-3-hexen-1-yl acetate 
• Cinnamyl alcohol (on Annex III entry no. 67) 

 
3 CosIng is the European Commission database for information on cosmetic substances and 
ingredients contained in the EU Regulation 1223/2009 on cosmetic products 
https://ec.europa.eu/growth/sectors/cosmetics/cosing_en  

https://ec.europa.eu/growth/sectors/cosmetics/cosing_en
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• Citral (on Annex III entry no. 70) 
• Isoeugenol Annex III entry no. 73) 

 
The overlap has been illustrated in “Appendix 1: List of identified flavour 
substances”. 
 
Furthermore, the identified 280 used flavour substances in e-liquids were compared 
to Annex II and III of the cosmetics regulation, i.e. the list of prohibited substances 
and the list of substances that are not allowed to be used except under the specific 
conditions described. The result of this search was that  

• None of the 280 identified flavours for use in e-liquids are prohibited 
substances in cosmetics (Annex II).  

• 29 out of 280 (corresponding to 10.4%) identified flavours for use in e-
liquids are restricted to be used in cosmetic products (listed on Annex III).  

 
The overlap between the flavour substances used in e-liquids and substances 
restricted in cosmetic products (Annex III) has been illustrated in “Appendix 1: 
List of identified flavour substances”, and the 29 flavour substances that are 
restricted in cosmetic products are presented in Table 2 on the next pages. 
 
The 29 flavour substances restricted in cosmetic products presented in Table 2 are 
listed in prioritised order by priority class. The priority (between 1A and 3C) is 
listed in the column to the right. The prioritisation of the flavour substances is 
described in more detail in chapter 9 “Prioritisation and selection of flavour 
substances”, but is mainly based on the concentration they are used in e-liquid 
(priority class 1, 2 and 3) as well as how often they are used in e-liquids (priority 
class A, B and C).  
 
Table 2 also contains information about how often these 29 flavour substances are 
used in e-liquids as well as the DNEL value for inhalation for consumers according 
to the ECHA database. However, it is only for 20 of these 29 flavour substances 
where a DNEL value exists and where a limit value can be calculated (see chapter 
10 “Preliminary proposal for requirements for selected flavour substances”. 
 
As illustrated in Table 2, six of the 29 flavour substances restricted in cosmetic 
products were evaluated in the former projects and are therefore marked with grey 
shading (limit value proposed in Poulsen et al. (2017a)) or yellow shading (limit 
value proposed in Poulsen et al. (2018)).  
 
For the overlapping 29 flavour substances with substances being restricted (in 
Annex III) in cosmetic products, the reason for the restriction is also described in 
Table 2. The reasons can be classified into the following restrictions: 

• The flavour substance is also one of the 26 fragrances that must be 
declared on the ingredients list if used in concentrations higher than 
0.001%/0.01% in leave-on/rinse-off cosmetic products (this is the case for 
in all 14 of the 29 flavour substances).  

• Must not be used at all in oral products. These 7 substances are: 
o Damascone beta (CAS No. 23726-92-3) 
o Damascenone (α or β) (CAS No. 23696-85-7) 
o Beta damascone (CAS No. 23726-91-2) 
o Alpha damascone (CAS No. 43052-87-5) 
o Leaf aldehyde (CAS No. 6728-26-3) 
o Diethylene glycol ethyl ether (CAS No. 111-90-0) 
o Isoeugenol (CAS No. 97-54-1) 

• Restriction of the concentration in oral products. This substance is: 
o 6-Methylcoumarin (CAS No. 92-48-8) 
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• Must not be used in aerosol dispensers. This substance is: 
o Butyl carbitol (CAS No. 112-34-5) 

• A restriction has been set for the free level of e.g. allyl alcohol (3 flavour 
substances) or peroxide values (4 flavour substances). 

 
For one of the flavour substances, two of the above listed restrictions are listed.  
 
Most (21) of the 29 flavour substances are therefore restricted in cosmetic products 
due to allergenic reasons (the 14 flavour substances that are also used as 
fragrances, and the 7 flavour substances with restrictions due to free level of allyl 
alcohol or peroxide). However, it is noticeable that 7 substances must not be used 
in oral products at all, one flavour substance must not be used in aerosol dispensers 
and that one flavour substance is restricted in oral products (in a concentration of 
0.003%). This means that in all 9 flavour substances that are not allowed to be used 
(or for one substance only allowed to be used in a very low concentration) are used 
in e-liquids. These 9 flavour substances are: 

• Damascone beta (CAS No. 23726-92-3) 
• Damascenone (α or β) (CAS No. 23696-85-7) 
• Beta damascone (CAS No. 23726-91-2) 
• Alpha damascene (CAS No. 43052-87-5) 
• Leaf aldehyde (CAS No. 6728-26-3) 
• Diethylene glycol ethyl ether (CAS No. 111-90-0) 
• Isoeugenol (CAS No. 97-54-1) 
• 6-Methylcoumarin (CAS No. 92-48-8) 
• Butyl carbitol (CAS No. 112-34-5) 
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Table 2: The 29 flavour substances identified for use in e-liquids, that are restricted in cosmetic products 
Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour restricted 
according to Annex III of 
Cosmetic Reg. 1223/2009? 

Is the flavour 
defined as a 
flavour in 
CosIng? 

DNEL value 
(inhalation systemic 
long-term general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Benzyl alcohol 100-51-6 In 3 out of 28 liquids; In 18 of 50 e-liquids 
(Kucharska); In 6 of 29 e-liquids; Regulated by 
European Cosmetics Directive; In 1 of 5 e-
liquids (Leigh); In 3 out of 25 e-liquids 
(Aszyk2); In 33 of 166 e-liquids (Czoli); Czoli 
et al (2019) states that there is potential 
inhalation toxicity due to the substance; In 10 
of 20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In about 115 of 277 e-liquids 
(Omaiye1); In 12 of 16 e-liquids (Omaiye2) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

5.4 1A 

Allyl hexanoate (or 
allyl caproate) 

123-68-2 In 5 of 20 e-liquids (Hua); In 2 of 16 e-liquids 
(Omaiya2) 

Yes 
 
Restriction: 
Level of free allyl alcohol in the 
ester shall be less than 0.1 % 

Not defined as 
flavour according 
to CosIng 

3.7 1A 

Limonene-D (or p-
Mentha-1,8-diene) 

5989-27-5 In 0.8% of 122 e-liquids (Vardavas); In 98 of 
277 e-liquids (Omaiye1) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

16.6 1A 

Allyl heptanoate 142-19-8 In 2 of 29 e-liquids Yes 
 
Restriction: 
Level of free allyl alcohol in the 
ester shall be less than 0.1 % 

Not defined as 
flavour according 
to CosIng 

0.73 1B 

Cinnamaldehyde 104-55-2 In 2 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; is an 
allergene; In 4 of 36 e-liquids (Lisko); In 13 of 
20 e-liquids (Hua); in about 75 of 277 e-liquids 
(Omaiye1) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Yes 2.4 1B 

Linalool 78-70-6 In 6 out of 28 liquids, common Ingredient In 
perfumes; In 5 of 50 e-liquids (Kucharska); In 5 
of 29 e-liquids; In 31.1% of 122 e-liquids 
(Vardavas); In 11 out of 25 e-liquids (Aszyk1); 
In 16 of 20 e-liquids (Hua); In about 140 of 277 
e-liquids (Omaiye1); In 6 of 16 e-liquids 
(Omaiye2) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

0.7 2A 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour restricted 
according to Annex III of 
Cosmetic Reg. 1223/2009? 

Is the flavour 
defined as a 
flavour in 
CosIng? 

DNEL value 
(inhalation systemic 
long-term general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Eugenol 97-53-0 In 5 out of 28 liquids; In 1 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; Regulated by 
European Cosmetics Directive; In 1 out of 25 e-
liquids (Aszyk2); in about 55 of 277 e-liquids 
(Omaiye1) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

5.22 2A 

1-(2,6,6-
Trimethylcyclohex-1-
Enyl)But-2-En-1-One 
Or Damascone Beta 

23726-92-3 In 12 out of 25 e-liquids (Aszyk1) Yes 
 
Restriction: 
Must not be used in oral 
products and restricted in a 
concentration of 0.02% in other 
products. 

Not defined as 
flavour according 
to CosIng 

not registered 2A 

Limonene 138-86-3 In 2 out of 28 liquids; In 12 of 50 e-liquids 
(Kucharska); In 0.8% of 122 e-liquids 
(Vardavas); In 1 of 5 e-liquids (Leigh); In 10 
out of 25 e-liquids (Aszyk2); In 10 of 10 e-
liquids (Hua); In 4 of 16 e-liquids (Omaiye2) 

Yes 
 
Restriction: 
Peroxide value less than 20 
mmoles/L 

Not defined as 
flavour according 
to CosIng 

no information 2A 

Citral 5392-40-5 In 5 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; In 2 of 20 e-
liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Yes 2.7 2A 

Cinnamyl alcohol 104-54-1 In 1 of 29 e-liquids Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Yes 1.19 2B 

Citronellol 106-22-9 In 1 of 50 e-liquids (Kucharska); In 2 of 29 e-
liquids; In 5 out of 25 e-liquids (Aszyk2) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

47.8 2B 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour restricted 
according to Annex III of 
Cosmetic Reg. 1223/2009? 

Is the flavour 
defined as a 
flavour in 
CosIng? 

DNEL value 
(inhalation systemic 
long-term general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Trans 2-Hexenal Or 
Hexen-2-Al; Leaf 
aldehyde 

6728-26-3 In 1 out of 25 e-liquids (Aszyk2) Yes 
 
Restriction: 
Must not be used in oral 
products and restricted in a 
concentration of 0.002% in 
other products. 

Not defined as 
flavour according 
to CosIng 

not registered 2B 

Damascenone (α or β) 23696-85-7 In 7 out of 28 liquids Yes 
 
Restriction: 
Must not be used in oral 
products and restricted in a 
concentration of 0.02% in other 
products. 

Not defined as 
flavour according 
to CosIng 

not registered 3A 

Beta Damascone 23726-91-2 In 1 of 5 e-liquids (Leigh); In about 50 of 277 
e-liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

Yes 
 
Restriction: 
Must not be used in oral 
products and restricted in a 
concentration of 0.02% in other 
products. 

Not defined as 
flavour according 
to CosIng 

not registered 3A 

Allyl-
cyclohexylpropanoate 

2705-87-5 In 1 of 5 e-liquids (Leigh) Yes 
 
Restriction: 
Level of free allyl alcohol in the 
ester shall be less than 0.1 % 

Not defined as 
flavour according 
to CosIng 

3.7 3A 

Gamma Terpine 
(gamma-terpinene) 

99-85-4 In 3 of 20 e-liquids (Hua); in about 40 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

Yes 
 
Restriction: 
Peroxide value less than 10 
mmoles/L 

Not defined as 
flavour according 
to CosIng 

0.725 3A 

Benzyl benzoate 120-51-4 In 4 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 3 of 20 e-liquids (Hua); in 
about 40 of 277 e-liquids (Omaiye1) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

1.25 3A 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour restricted 
according to Annex III of 
Cosmetic Reg. 1223/2009? 

Is the flavour 
defined as a 
flavour in 
CosIng? 

DNEL value 
(inhalation systemic 
long-term general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Coumarin 91-64-5 Detected in 4 of 28 samples. Prohibited in 
tobacco in Germany. In 2 of 20 e-liquids (Hua); 
In 1 of 50 e-liquids (Kucharska); In about 20 of 
277 e-liquids (Omaiye1) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

0.183 3A 

Geraniol (Geraniol Pur) 106-24-1 In 4 of 50 e-liquids (Kucharska); In 6 of 20 e-
liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

47.8 3B 

Alpha-terpinene (1-
methyl-4-(1-
methylethyl)-1,3-
cyclohexadiene) eller 
(α-terpinene)" 

99-86-5 In 4 of 50 e-liquids (Kucharska) Yes 
 
Restriction: 
Peroxide value less than 10 
mmoles/L 

Not defined as 
flavour according 
to CosIng 

not registered 3B 

Butyl carbitol 112-34-5 In 2 out of 28 liquids (Hutzler) Yes 
 
Restriction: 
Maximum use concentration is 
9%. No use in aerosol 
dispensers. 

Not defined as 
flavour according 
to CosIng 

40.5 3B 

Diethylene glycol ethyl 
ether 

111-90-0 In 2 of 50 e-liquids (Kucharska) Yes 
 
Restriction: 
Not to be used in eye products 
and oral products 

Not defined as 
flavour according 
to CosIng 

37 3B 

Damascone Alpha 43052-87-5 In 2.5 % of 122 e-liquids (Vardavas) Yes 
 
Restriction: 
Must not be used in oral 
products and restricted in a 
concentration of 0.02% in other 
products. 

Not defined as 
flavour according 
to CosIng 

not registered 3B 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour restricted 
according to Annex III of 
Cosmetic Reg. 1223/2009? 

Is the flavour 
defined as a 
flavour in 
CosIng? 

DNEL value 
(inhalation systemic 
long-term general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

2-methoxy-4-(1-
propenyl)-phenol 
(isoeugenol) 

97-54-1 In 1 of 50 e-liquids (Kucharska) Yes 
 
Restriction: 
Must not be used in oral 
products and restricted in a 
concentration of 0.02% in other 
products. 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Yes not registered 3B 

Benzyl salicylate 118-58-1 In 1 of 50 e-liquids (Kucharska) Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

0.78 3B 

Anisyl alcohol 105-13-5 Regulated by European Cosmetics Directive Yes 
 
Restriction: 
Presence above 0.001%/0.01% 
in leave-on/rinse-off products 
must be declared.   

Not defined as 
flavour according 
to CosIng 

5.248 3C 

6-Methylcoumarin 92-48-8  Yes 
 
Restriction: 
Maximum use concentration in 
oral products is 0.003% 

Not defined as 
flavour according 
to CosIng 

not registered 3C 

alpha-terpinolone 586-62-9  Yes 
 
Restriction: 
Peroxide value less than 10 
mmoles/L 

Not defined as 
flavour according 
to CosIng 

0.9 3C 
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6.3 Detergents 

EU Regulation No. 648/2004 on detergents lays down the rules for detergents to be 
placed on the European market. This regulation primarily sets requirements for the 
biodegradability of the surfactants used and limitations for the content of 
phosphates and other phosphorous compounds used. No limitations exist for 
flavour substances. However, labelling requirements are listed for the content of 
fragrances, especially allergenic fragrances, where the same 26 allergenic 
fragrances (as defined in the regulation on cosmetic products) have to be labelled 
and appear on the ingredient list if used in concentrations above 0.01% by weight.  
 
As no direct restriction exists for flavour substances in the regulation on detergents, 
no comparison will be made in this area to the flavour substances used in e-liquids. 
However, the overall requirements for fragrances – set by the IFRA standards - are 
discussed below.  
 

6.4 Air fresheners 

Air fresheners have been chosen as a category of consumer products that is 
somewhat similar to e-liquids. Different aroma substances may be contained in the 
product, and the purpose of the aromas/fragrances is to evaporate and make a scent 
in a room.  
 
No legal requirements exist for air fresheners. Air fresheners do not fall under 
neither the cosmetic products regulation nor the regulation on detergents. As no 
direct restriction exists for flavour substances used in air fresheners, no comparison 
will be made in this area to the flavour substances used in e-liquids. However, the 
overall requirements for fragrances – set by the IFRA standards - are discussed 
below.  
 

6.5 IFRA standards for different consumer products 

IFRA (The International Fragrance Association) has developed so-called IFRA 
standards for use of fragrances in air-fresheners, detergents as well as other 
consumer products. 
 
IFRA4 has set standards for close to 200 different fragrances5. Materials for the 
standards have been prepared by RIFM (the Research Institute for Fragrance 
Materials), but the conclusion of the standards has been made by an “Expert Panel 
for Fragrance Safety”. According to the web page of IFRA, the members of the 
Expert Panel include independent individuals from scientific fields such as 
dermatology, toxicology, pathology and environmental science. The Panel 
evaluates data on the fragrance materials and checks whether the data support the 
current use levels. Outcome from the Expert Panel is the so-called IFRA standards 
– one standard for each fragrance substance evaluated – and the standards may for 
example conclude a ban on the use of some fragrances (prohibition), rules 
concerning the quantities or maximum dose to be used in specific product types 
(restriction) or other conditions dependent of the type of materials which the 
fragrances are used in (specifications).  
 

 
4 https://ifrafragrance.org/self-regulation/understanding-the-standards  
5 https://ifrafragrance.org/self-regulation/library  

https://ifrafragrance.org/self-regulation/understanding-the-standards
https://ifrafragrance.org/self-regulation/library
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IFRA refers to the standards as a self-regulatory system that applies to all IFRA 
members, which covers approximately 90% of the global fragrance industry by 
production volume. The standards are published in the IFRA Standards (IFRA, 
2015a), where the 48th amendment from June 2015 seems to be the latest 
amendment.   
 
In the IFRA standards, the prohibition or restrictions are most often differentiated 
for the different product groups. The IFRA standards operate with 11 product 
groups which have been made because of different dermal exposures. The 11 
product categories are (IFRA 2015b): 

1. Lip products, children’s toys 
2. Deodorant and antiperspirant products, nose pore strips, fragranced 

bracelets 
3. After shave, eye products, men’s facial cream, tampons, baby 

creams/lotions, body paint for children 
4. Cologne/eau de parfum, body sprays, hair styling sprays, body creams, 

perfume kits, scent pads, scent sticks, foot care products, hair deodorants, 
body paints (not for children) 

5. Women facial creams/facial make-up, hand cream, facial masks, baby 
powder, hair permanent, wipes, hand sanitizers, dry shampoo 

6. Mouthwash, toothpaste 
7. Intimate wipes, baby wipes, insect repellent to be applied on skin 
8. Make-up removers, hair styling products (non-sprays), nail care, powders 

(not for babies), hair dyes 
9. Bar soap, bath gels/foams/salts/oils, body washes, conditioner (rinse-off), 

face cleansers, facial tissues, feminine hygiene products, liquid soap, 
napkins, paper towels, shampoos, shaving creams, toilet paper, wheat bags, 
other aerosols (including air freshener sprays/pump sprays) 

10. Handwash laundry detergents, fabric softeners, household cleaning 
products, machine wash laundry detergents, hand dishwashing detergents, 
hard surface cleaners, diapers, shampoo for pets, dry cleaning kits, toilet 
seat wipes, scented gloves/socks/tights with moisturizers 

11. All non-skin contact or incidental skin contact products such as: air 
fresheners and fragrances of all types, animal sprays, candles, cell phone 
cases, floor wax, insecticides, machine dish wash detergents, paints, plastic 
articles (excluding toys), shoe polishes, toilet blocks, treatment products 
for textiles.  

 
It is important to notice that the IFRA standards only seem to evaluate the 
fragrances with regard to dermal contact and thereby dermal sensitisation and not 
by inhalation. A search for the word “inhalation” in the IFRA standards reveals no 
hits, whereas a search for “dermal” reveals 77 hits. In fact, for many of the 
fragrances reviewed by IFRA, dermal sensitisation seems to be the critical effect.  
 
In general, IFRA states that in general, no restrictions or prohibitions are set for 
this product category (IFRA, 2015b) because of the skin exposure is negligible for 
product category 11 (where air fresheners are included). This emphasises the fact 
that the fragrances in the IFRA standards only have been reviewed based on dermal 
contact and not by inhalation. In contrast, restrictions – usually by setting a 
maximum concentration to be used – are made for detergents belonging to product 
category 10. Usually, the recommended maximum concentration for detergents 
will be 2.5%, but may be lower depending on the fragrance (IFRA, 2015b).  
 
The IFRA standard operates with three levels of recommendations for the 
evaluated substances where standards have been set: 
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• Prohibition – substances are typically not allowed to be used in any of the 
11 product categories 

• Restriction – certain restrictions on e.g. maximum of percentage use 
concentration are set for a limited type of products – either product types 
or for leave-on products 

• Specification – a specification is e.g. a matter of how pure the substance is 
– e.g. a specification could be that for a specific substance the free amount 
of an impurity is allowed at a maximum level of 0.1% 

 
6.5.1  Overlap between substances restricted by IFRA and e-liquid flavours 

The list of almost 200 fragrances for which IFRA has set standards was extracted 
to Excel and compared to the list of 280 identified flavour substances used in e-
liquids by use of the lookup function in Excel by CAS number (without hyphens).  
 
The result of the comparison was that 34 out of the 280 (corresponding to 12%) 
identified flavours for use in e-liquids are in some way restricted for use in certain 
consumer products. Of these 34 flavours where IFRA standards have been 
prepared: 

• 3 are prohibitions (these 3 substances are, however, allowed as food 
flavours) 

• 29 are restrictions (of these are 25 substances allowed as food flavours) 
• 2 are specifications (and both are allowed as food flavours) 

 
The overlap between the flavour substances used in e-liquids and substances where 
IFRA standards have been prepared has been illustrated in “Appendix 1: List of 
identified flavour substances”, and the 34 overlapping flavour substances are 
presented in Table 3 on the next pages. 
 
The 34 flavour substances where IFRA standards have been prepared and 
presented in Table 3 are listed in prioritised order by priority class. The priority 
(between 1A and 3C) is listed in the column to the right. The prioritisation of the 
flavour substances is described in more detail in chapter 9 “Prioritisation and 
selection of flavour substances”, but is mainly based on the concentration they are 
used in (priority class 1, 2 and 3) e-liquid as well as how often they are used in e-
liquids (priority class A, B and C).  
 
Table 3 also contains information about how often these 34 flavour substances are 
used in e-liquids as well as the DNEL value for inhalation for consumers according 
to the ECHA database. However, it is only for 20 of these 34 flavour substances 
where a DNEL value exists and where a limit value can be calculated (see chapter 
10 “Preliminary proposal for requirements for selected flavour substances”). 
 
As illustrated in Table 3, seven of the 34 flavour substances restricted in cosmetic 
products were evaluated in the former projects and are therefore marked with grey 
shading (limit value proposed in Poulsen et al. (2017a)) or yellow shading (limit 
value proposed in Poulsen et al. (2018)).  
 
Table 3 also contains a list of the comments to the restrictions, prohibition and/or 
specifications in the IFRA standards. From the comments listed, it can be seen that 
for the majority of the 34 flavour substances the critical effect is listed as 
sensitisation (skin sensitisation). By use of animal testing EC3 values from the 
LLNA test (Local Lymph Node Assey) or HRIPT (Human Repeat Insult Patch 
Test), IFRA has calculated a maximum concentration in the finished products 
which must be complied with in order to prevent skin sensitisation. The maximum 
calculated concentrations in the finished products differ between 0.001% to 43% 
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depending on the potency of the substances and the type of products used (the 
amount of skin contact/area of skin in contact with the product). However, this 
calculated concentration in the finished products is only relevant for skin contact 
and has only been evaluated for skin contact. This means that the IFRA evaluation 
cannot be used for the inhalation properties of the same substances used in e-
liquids.  
 
One of the flavour substances furfural (CAS No. 98-01-1) is listed with 
carcinogenicity as the critical effect. This is definitely of concern that a 
carcinogenic flavour substance can be found in e-liquids and is inhaled directly 
when vaping on e-liquids. According to the information identified (see Table 3), 
furfural has been identified in 2 of 29-eliquids and in 4 of 25 e-liquids in two 
different studies and according to the information inserted in the Excel sheet 
prepared in this project, the concentration used is up to < 0.5 %, and the IFRA 
recommended maximum concentration for non-skin contact products is 0.05%. A 
proposal for a limit value has also been calculated for the substances in chapter 10 
“Preliminary proposal for requirements for selected flavour substances”. 
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Table 3: The 34 flavour substances identified for use in e-liquids, where IFRA standards have been prepared 
Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour 
on the IFRA 
list? 

Which comments are stated for 
the substances in the IFRA 
standards? 

DNEL value 
(inhalation 
systemic long-term 
general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Benzyl alcohol 100-51-6 In 3 out of 28 liquids; In 18 of 50 e-liquids 
(Kucharska); In 6 of 29 e-liquids; Regulated by 
European Cosmetics Directive; In 1 of 5 e-
liquids (Leigh); In 3 out of 25 e-liquids 
(Aszyk2); In 33 of 166 e-liquids (Czoli); Czoli 
et al (2019) states that there is potential 
inhalation toxicity due to the substance; In 10 
of 20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In about 115 of 277 e-liquids 
(Omaiye1); In 12 of 16 e-liquids (Omaiye2) 

Restriction Limits in the finished product: 
Between 0.2% and 4.3% depending 
on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

5.4 1A 

Benzaldehyde 100-52-7 In 4 out of 28 liquids; In 7 of 29 e-liquids; In 2 
out of 25 e-liquids (Aszyk2); In 36 of 166 e-
liquids (Czoli); Czoli et al (2019) states that 
there is potential inhalation toxicity due to the 
substance; In 14 of 20 e-liquids (Hua); In about 
85 of 277 e-liquids (Omaiye1); In 4 of 16 e-
liquids (Omaiye2) 

Restriction Limits in the finished product: 
Between 0.02% and 3.0% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

4.9 1A 

Anisaldehyde (p-
methoxy benzaldehyde) 

123-11-5 In 3 out of 28 liquids; In 2 of 29 e-liquids; In 1 
out of 50 e-liquids (Aszyk et.); In 11 of 166 e-
liquids (Czoli); In 5 of 20 e-liquids (Hua); in 
about 55 of 277 e-liquids (Omaiye1); In 2 of 16 
e-liquids (Omiaye2) 

Restriction Limits in the finished product: 
Between 0.1% and 5.0% depending 
on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

4.35 1A 

Furfuryl alcohol 98-00-0 In 1 out of 24 e-liquids (Aszyk2); In 2 of 20 e-
liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

Prohibition Must not be used 
 
Critical effect: insufficient data 

9.3 1A 

Carvone 99-49-0 In 4 of 50 e-liquids (Kucharska); In 1 of 5 e-
liquids (Leigh); In about 25 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

Restriction Limits in the finished product: 
Between 0.08% and 5.0% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 1B 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour 
on the IFRA 
list? 

Which comments are stated for 
the substances in the IFRA 
standards? 

DNEL value 
(inhalation 
systemic long-term 
general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Hydrocoumarine 119-84-6 In 2 out of 28 liquids; In 1 of 29 e-liquids; In 1 
out of 25 e-liquids (Aszyk2); In 2 of 20 e-
liquids (Hua); In about 50 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

Restriction Limits in the finished product: 
Between 0.029% and 5.0% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

no information 1B 

Beta-Damascone 35044-68-9 In 2 of 29 e-liquids; In 18.9% of 122 e-liquids 
(Vardavas); In 2 of 20 e-liquids (Hua) 

Restriction Limits in the finished product: 
Between 0.003% and 0.07% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 1B 

trans-Citral (geranial) 141-27-5 In 2 out of 25 e-liquids (Aszyk2) Restriction Limits in the finished product: 
Between 0.04% and 5.0% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

no information 1B 

Cinnamaldehyde 104-55-2 In 2 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; is an 
allergene; In 4 of 36 e-liquids (Lisko); In 13 of 
20 e-liquids (Hua); in about 75 of 277 e-liquids 
(Omaiye1) 

Restriction Limits in the finished product: 
Between 0.02% and 0.4% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

2.4 1B 

Carvone 6485-40-1 In 2 out of 28 liquids Restriction Limits in the finished product: 
Between 0.08% and 5.0% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

0.289 1B 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour 
on the IFRA 
list? 

Which comments are stated for 
the substances in the IFRA 
standards? 

DNEL value 
(inhalation 
systemic long-term 
general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Linalool 78-70-6 In 6 out of 28 liquids, common Ingredient In 
perfumes; In 5 of 50 e-liquids (Kucharska); In 5 
of 29 e-liquids; In 31.1% of 122 e-liquids 
(Vardavas); In 11 out of 25 e-liquids (Aszyk1); 
In 16 of 20 e-liquids (Hua); In about 140 of 277 
e-liquids (Omaiye1); In 6 of 16 e-liquids 
(Omaiye2) 

Specification Specification: Limit peroxide levels 
to 20 mmol/l.  
 
Critical effect: sensitisation (of 
oxidation products of linalool) 

0.7 2A 

Eugenol 97-53-0 In 5 out of 28 liquids; In 1 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; Regulated by 
European Cosmetics Directive; In 1 out of 25 e-
liquids (Aszyk2); in about 55 of 277 e-liquids 
(Omaiye1) 

Restriction Limits in the finished product: 
Between 0.2% and 4.3% depending 
on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

5.22 2A 

1-(2,6,6-
Trimethylcyclohex-1-
Enyl)But-2-En-1-One 
Or Damascone Beta 

23726-92-3 In 12 out of 25 e-liquids (Aszyk1) Restriction Limits in the finished product: 
Between 0.003% and 0.07% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
Critical effect: sensitisation 

not registered 2A 

Limonene 138-86-3 In 2 out of 28 liquids; In 12 of 50 e-liquids 
(Kucharska); In 0.8% of 122 e-liquids 
(Vardavas); In 1 of 5 e-liquids (Leigh); In 10 
out of 25 e-liquids (Aszyk2); In 10 of 10 e-
liquids (Hua); In 4 of 16 e-liquids (Omaiye2) 

Specification Specification: Limit peroxide levels 
to 20 mmol/l.  
 
Critical effect: sensitisation  

no information 2A 

Citral 5392-40-5 In 5 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; In 2 of 20 e-
liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

Restriction Limits in the finished product: 
Between 0.04% and 5.0% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

2.7 2A 

Cinnamyl alcohol 104-54-1 In 1 of 29 e-liquids Restriction Limits in the finished product: 
Between 0.09% and 2.2% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

1.19 2B 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour 
on the IFRA 
list? 

Which comments are stated for 
the substances in the IFRA 
standards? 

DNEL value 
(inhalation 
systemic long-term 
general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

cis-Citral (neral)  106-26-3 In 2 out of 25 e-liquids (Aszyk2); In 1 of 50 e-
liquids (Kacharska) 

Restriction Limits in the finished product: 
Between 0.04% and 5.0% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

2.7 2B 

Citronellol 106-22-9 In 1 of 50 e-liquids (Kucharska); In 2 of 29 e-
liquids; In 5 out of 25 e-liquids (Aszyk2) 

Restriction Limits in the finished product: 
Between 0.8% and 21.4% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

47.8 2B 

Furfural 98-01-1 In 2 of 29 e-liquids; In 4 out of 25 e-liquids 
(Aszyk2) 

Restriction Limits in the finished product: 
Skin contact products: 0.001% 
Non-skin contact: 0.05% 
 
Critical effect: carcinogenicity 

8 2B 

Trans 2-Hexenal Or 
Hexen-2-Al; Leaf 
aldehyde 

6728-26-3 In 1 out of 25 e-liquids (Aszyk2) Restriction Limits in the finished product: 
Between 0.001% and 0.02% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 2B 

Methyl N-
Methylanthranilate 

85-91-6 In 1 of 50 e-liquids (Kucharska); In 1 of 29 e-
liquids 

Restriction Limits in the finished product: 
Leave-on products: 0.1% 
Rinse-off products: no restriction 
Non-skin contact: no restriction  
 
Critical effect: phototoxicity, 
potential for nitrosamine formation 

2.12 2B 

(2E,4E)-Hepta-2,4-
Dienal 

4313-03-5  Prohibition Must not be used 
 
Critical effect: insufficient data 

not registered 2C 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour 
on the IFRA 
list? 

Which comments are stated for 
the substances in the IFRA 
standards? 

DNEL value 
(inhalation 
systemic long-term 
general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

Lemon Oil 8008-56-8  Restriction Limits in the finished product: 
Leave-on products: 2% 
Rinse-off products: no restriction 
Non-skin contact: no restriction  
 
Critical effect: phototoxicity 

5.8 2C 

Damascenone (α or β) 23696-85-7 In 7 out of 28 liquids Restriction Limits in the finished product: 
Between 0.003% and 0.07% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 3A 

Beta Damascone 23726-91-2 In 1 of 5 e-liquids (Leigh); In about 50 of 277 
e-liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

Restriction Limits in the finished product: 
Between 0.003% and 0.07% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 3A 

Benzyl benzoate 120-51-4 In 4 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 3 of 20 e-liquids (Hua); in 
about 40 of 277 e-liquids (Omaiye1) 

Restriction Limits in the finished product: 
Between 1.7% and 42.8% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

1.25 3A 

Coumarin 91-64-5 Detected in 4 of 28 samples. Prohibited in 
tobacco in Germany. In 2 of 20 e-liquids (Hua); 
In 1 of 50 e-liquids (Kucharska); In about 20 of 
277 e-liquids (Omaiye1) 

Restriction Limits in the finished product: 
Between 0.1% and 5% depending 
on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

0.183 3A 

Geraniol (Geraniol Pur) 106-24-1 In 4 of 50 e-liquids (Kucharska); In 6 of 20 e-
liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

Restriction Limits in the finished product: 
Between 0.3% and 8.6% depending 
on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
Critical effect: sensitisation 

47.8 3B 
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Chemical name of the 
flavour substance 

CAS No.  Comments regarding use Is the flavour 
on the IFRA 
list? 

Which comments are stated for 
the substances in the IFRA 
standards? 

DNEL value 
(inhalation 
systemic long-term 
general 
population) 
(mg/m3) 

Final 
prioritisation 
(between 1A 
and 3C) 

4-Methylguaiacol 
(Cresol) 

93-51-6 In 6 of 166 e-liquids (Czoli) Restriction Limits in the finished product: 
Between 0.003% and 0.09% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 3B 

Damascone Alpha 43052-87-5 In 2.5 % of 122 e-liquids (Vardavas) Restriction Limits in the finished product: 
Between 0.003% and 0.07% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 3B 

2-methoxy-4-(1-
propenyl)-phenol 
(isoeugenol) 

97-54-1 In 1 of 50 e-liquids (Kucharska) Restriction Limits in the finished product: 
Between 0.01% and 0.2% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

not registered 3B 

Benzyl salicylate 118-58-1 In 1 of 50 e-liquids (Kucharska) Restriction Limits in the finished product: 
Between 0.5% and 12.8% 
depending on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

0.78 3B 

Anisyl alcohol 105-13-5 Regulated by European Cosmetics Directive Restriction Limits in the finished product: 
Between 0.04% and 5% depending 
on the category.  
For category 11 no restriction: 
when no skin contact, no restriction. 
 
Critical effect: sensitisation 

5.248 3C 

6-Methylcoumarin 92-48-8  Prohibition Must not be used 
 
Critical effect: photoallergy 

not registered 3C 
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7 Contact to the fragrance industry 

The fragrance industry consists of different organisations and companies of which 
some of the major organisations and companies were contacted.  
 
The major producers of fragrances/flavours in the world are Givaudan, IFF, 
Symrise AG and Firmenich6. The following relevant European companies 
producing fragrances/flavours were contacted: 

• Givaudan (Switzerland)  
• IFF (USA) 
• Symrise AG (Germany)  
• Firmenich (Switzerland) 

 
The following relevant organisations within the fragrance/flavour industry were 
contacted: 

• IOFI – International Organization of the Flavor Industry7  
• EFFA – European Flavour Association8  
• IFRA – International Fragrance Association9  
• RIFM – Research Institute for Fragrance Materials10 

 
RIFM – the Research Institute for Fragrance Materials – is the organisation that 
supports IFRA with toxicological assessments of the fragrances for which IFRA 
standards have been developed. The Expert Panel at RIFM is responsible for the 
conclusions made on the fragrances evaluated in the IFRA standards (see 
description section 6.5 “IFRA standards for different consumer products”). RIFM 
has developed a database which contains information about more than 6000 
fragrance and flavour raw materials. However, access to the database is only for 
paying members.  
 
In general, the above companies and organisations could mainly be contacted 
through a contact form on-line, and no reply was received from the companies 
when sending a request via the contact form on-line. For some of the companies 
and organisations a phone number was listed and the company and organisation 
were contacted by phone. However, in general the result of the contact was limited 
(call was directed to a local department that either could not help or only help with 
limited information).  
 
The limited information received from one of the above companies was that in 
general, the flavours used within different products areas are likely to be the same. 
However, flavours are often developed to work in a specific solvent/carrier. This 
means that the chemical composition may have to be modified to work for different 
solvents/carriers. Therefore, flavours used for fatty cosmetic products such as lip 
gloss do not necessarily have the same composition as flavours used for e-liquids, 
where the solvent/carrier may be different.  

 
6 According to description of market share on the web site of Givaudan: 
https://www.givaudan.com/our-company/about-givaudan/our-global-presence  
7 https://www.iofi.org/members  
8 https://effa.eu/about/about-effa  
9 https://ifrafragrance.org/  
10 https://www.rifm.org/index.php  

https://www.givaudan.com/our-company/about-givaudan/our-global-presence
https://www.iofi.org/members
https://effa.eu/about/about-effa
https://ifrafragrance.org/
https://www.rifm.org/index.php
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8 Composition of flavours  

As the contact to the flavour industry gave no information concerning the use of 
flavour substances or whether the same specific flavour substances are used within 
different areas, this chapter has only been based on the information found in 
articles addressing the area on e-liquids.  
 

8.1 Composition of strawberry flavour as an example 

In section 4.1 “Flavours used for e-liquids”, the flavour wheel described by 
Krüsemann et al. (2018) was presented. This flavour wheel illustrates that there is a 
huge variety of different flavours for e-liquids. Each flavour consists of different 
flavour substances, and the search performed in this project illustrates that there is 
a large difference between both the flavour substances used and the number of 
substances used to create a specific flavour.  
 
An example of the ingredients in a flavour “strawberry” for e-liquids is illustrated 
in Table 4 on the next page. Please notice that solvents like glycerol and propylene 
glycol have not been included in the table.  
 
From the examples given in Table 4, it is clear that a strawberry flavour for an e-
liquid can be composed in many different ways. The examples listed below consist 
of 2, 2, 4, 4, 3, 5 and 8 different flavour substances respectively. It should be 
mentioned that the flavour substances listed in the table only are the substances 
listed on the safety data sheets (SDS). According to the regulation regarding SDS, 
it is only necessary to list the ingredients that contribute to the final classification, 
i.e. typically, ingredients in concentrations below 0.1% are not necessarily listed on 
the SDS.  
 
Furthermore, it can be seen from Table 4 that the strawberry flavour seems to be 
created in many different ways. In general, it is only a few flavour substances that 
are used in several of the 7 (detailed) examples listed below and in each example, it 
seems to be a different substance that is used in the highest concentration. The 
flavour substances that are used most often in the 7 examples below are: 

• Furaneol (used in 4 of 7 of the examples in Table 4) 
• Methyl cinnamate, but with different CAS numbers (used in 3 of 7 of the 

examples in Table 4) 
• Ethyl butyrate (used in 2 of 7 of the examples in Table 4) 
• Ethyl maltol (used in 2 of 7 of the examples in Table 4) 
• γ-Decalactone (used in 2 of 7 of the examples in Table 4) 

 
The examples of a strawberry flavoured e-liquid found therefore illustrate that the 
different flavours can be created in many different ways and do not necessarily 
constitute of the same flavour chemicals.  
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Table 4: Different compositions of the flavour “strawberry” for different e-liquids 
E-liquid 
brand name 

Chemical name CAS No. Concentration Reference 

Valeo 
Strawberry 

Not given 
(foodgrade flavour) 

- 10.45 % Valeo 
laboratories 
GmbH11 

Vampire vape 
Strawberry 
Concentrate 

Ethyl 2-methylbutyrate 7452-79-1 < 2 % 

Global Way12 Furaneol  
(4-hydroxy-2,5- 
dimethylfuran2(3H)-one) 

3658-77-3 < 1 % 

Flavourart 
Strawberry 
Fragola 

Furaneol 3658-77-3 0.9% Flavourart 
SRL13 Ethyl butyrate 105-54-4 2 % 

Dekang 
Strawberry 
Flavour e-
liquid 

Vanilla extract 8024-06-4 12.0% 

Changning 
Dekang 
Biotechnology14 

Ethyl maltol  
(2-ethyl-3-hydroxy-4-
pyrone) 

4940-11-8 1.0% 

Methyl cinnamate 103-26-4 0.2% 
Gamma-nonanoic lactone 
(nonan-4-olide) 

104-61-0 0.2% 

Sweet 
Strawberry 
Natural 

Ethyl butyrate 105-54-4 3 - <5% Capella 
Flavors15 Ethyl acetate NAT NOP 141-78-6 1 - < 3% 

Furaneol 3658-77-3 1 - < 3% 
Trade secret - < 1% 

Label name 
not listed, but 
strawberry 
flavour 

Benzyl alcohol 100-51-6 Not given in 
article 

Leigh et al., 
2018 

γ-Decalactone 706-14-9 Not given in 
article 

Methyl cinnamate 1754-62-7 Not given in 
article 

Label name 
not listed, but 
strawberry 
flavour 

Furaneol 3658-77-3 0.0094%  Aszyk et al., 
(2017 part I) 
 
All conc. are 
measured 

Ethyl lactate 97-64-3 0.005% 
Ethyl maltol 4940-11-8 0.0216% 
2-methylbutyrate 53398-85-9 0.0157% 
Methyl cinnamate 1754-62-7 0.0187% 

Label name 
not listed, but 
strawberry 
flavour 

Hedione (cis and trans) 24851-98-7 0.0365% 

Aszyk et al., 
(2017 part II) 
 
All conc. are 
measured 

Cis-Hedione 80450-69-7 0.0365% 
Isoamyl butyrate 106-27-4 0.0088% 
Ethyl caproate 123-66-0 0.0202% 
Leaf alcohol  
(cis-3-hexen-1-ol) 

928-96-1 0.135% 

γ-Decalactone 706-14-9 0.03458% 
Furfuryl alcohol 98-00-0 0.0045% 
2-isopropyl-5-methyl-
hexenal 

35158-25-9 0.0021% 

 
 
When the expansion of the Excel list was prepared for this project, it was also 
noted which of the flavour substances that were part of a specific e-liquid flavour 
where this information was given in the articles. Therefore, it is possible to list all 
the flavour substances that have been used in a specific strawberry flavour in e-
liquids. This total list of strawberry flavour substances is presented in Table 5 
below.  

 
11 https://www.e-
liquidwinkel.nl/Files/2/30000/30953/Attachments/Product/LrM57l2b390ov1peO68306E02
39eB5uC.pdf  
12 https://www.vampirevape.co.uk/media/safety-
data/STRAWBERRY%20CONCENTRATE%20SDS.pdf  
13 
https://liquidnicotinewholesalers.com/media/SDS/FA/SDS/FA0045_Strawberry%20Fragol
a_5_EN.pdf  
14 https://300cuda.com/wp-content/uploads/2015/03/dekang-certifikati.pdf  
15 https://www.capellaflavors.com/pub/media/sheets/sdsus/1304F_SDS-US.pdf  

https://www.e-liquidwinkel.nl/Files/2/30000/30953/Attachments/Product/LrM57l2b390ov1peO68306E0239eB5uC.pdf
https://www.e-liquidwinkel.nl/Files/2/30000/30953/Attachments/Product/LrM57l2b390ov1peO68306E0239eB5uC.pdf
https://www.e-liquidwinkel.nl/Files/2/30000/30953/Attachments/Product/LrM57l2b390ov1peO68306E0239eB5uC.pdf
https://www.vampirevape.co.uk/media/safety-data/STRAWBERRY%20CONCENTRATE%20SDS.pdf
https://www.vampirevape.co.uk/media/safety-data/STRAWBERRY%20CONCENTRATE%20SDS.pdf
https://liquidnicotinewholesalers.com/media/SDS/FA/SDS/FA0045_Strawberry%20Fragola_5_EN.pdf
https://liquidnicotinewholesalers.com/media/SDS/FA/SDS/FA0045_Strawberry%20Fragola_5_EN.pdf
https://300cuda.com/wp-content/uploads/2015/03/dekang-certifikati.pdf
https://www.capellaflavors.com/pub/media/sheets/sdsus/1304F_SDS-US.pdf
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Table 5: All flavour substances identified to be a part of a strawberry flavour for e-liquids 

Chemical name  CAS No.  Identified use concentration Priority 
(from 
1A to 
3C) 

Benzyl alcohol 100-51-6 Content 1-1.5%; content ≥ 1% and < 10%; 25-
2000 ng/ml (Aszyk2); 0.009-13.509 mg/ml 
(Hua); > 1 mg/ml (Omaiye2); 8.4 mg/mL 
(Tierney et al. 2016) 

1A 

γ-decalactone (or 
gamma-
decalactone) 

706-14-9 Content > 1 ≤ 5%; content ≥ 1% and < 10%; 25-
2000 ng/ml (Aszyk2); 8.2 mg/mL (Bitzer, Goel, 
Reilly, Elias, et al. 2018) 

1A 

Ethyl hexanoate 
(or ethyl 
caproate) 

123-66-0 Content 2.49%; content < 0.5%; 0.0009-0.0554% 
(Vardavas); 50-5000 ng/ml (Aszyk2); 550 μg/mL 
(Vardavas et al. 2017) 

1A 

Isoamyl butyrate 106-27-4 Content 2.91%; Content < 0.5%; 50-5000 ng/ml 
(Aszyk2) 

1A 

Furfuryl alcohol 98-00-0 Content > 0.1 ≤ 1%; 25-2000 ng/ml (Aszyk2); 45 
μg/mL (Aszyk, Wozniak, et al. 2017) 

1A 

Furaneol 
(Strawberry 
furanone) 

3658-77-3 Up to 7622,7 mg/l; 10-1000 ng/ml (Aszyk1); 
Content < 3%; Content 0.1-0.9%; content > 1 ≤ 
5%; content ≥ 1% and < 10%; 0.085-3.165 mg/ml 
(Hua); >0-2% (SDS Coffee Mill, 2018); 7.6 
mg/mL (Schober et al. 2014) 

1B 

Methyl 
cinnamate 

1754-62-7 Content ≥ 1% and < 10% 1B 

Cis-3-Hexen-1-ol 
(or Leaf alcohol 
or cis-3-Hexanol) 

928-96-1 Content 0.49%; content < 0.5%; content < 4%; 
100-5000 ng/ml (Aszyk2); 4.3 mg/mL (Tierney et 
al. 2016) 

2A 

Methyl 
cinnamate 

103-26-4 50-2000 ng/ml (Aszyk1); 640 μg/mL (Oh and 
Shin 2015) 

2A 

Ethyl lactate 97-64-3 Content < 1%; <0.5%; 100-2000 ng/ml (Aszyk1); 
50 μg/mL (Aszyk, Kubica, et al. 2017) 

2B 

Dihydro 
Jasmonate Or 
Hedione 

24851-98-7 25-2000 ng/ml (Aszyk2); 370 μg/mL (Aszyk, 
Wozniak, et al. 2017) 

2B 

cis-Hedione 80450-69-7 25-2000 ng/ml (Aszyk2) 2B 
Strawberry 
Glycidate A 

77-83-8 <1% (SDS, Flavourtec, 2014); 300 μg/mL (Aszyk 
et al. 2018) 

3A 

Strawberry 
Glycidate B 

121-39-1 No information 3A 

Trans-2-methyl-
2-pentenoic acid 

16957-70-3 No information 3B 

2,3-
Dimethylpyrazine 

5910-89-4 No information 3C 

 
 
Table 4 compared to Table 5 illustrates that more flavour substances are used as 
part of a strawberry flavour than what has been added to the Excel sheet of the 280 
flavour substances prepared in this project.  
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8.2 Composition of flavours according to literature 

The different composition of specific flavours for e-liquids has also been examined 
in literature. Aszyk et al. (2018) has evaluated the flavour profiles of e-liquids by 
analysing them on GC-MS. In their study, they analysed 25 different e-liquid from 
5 different brands, i.e. they analysed 5 different flavours (tobacco, strawberry, 
apple, cherry and menthol) for each of the 5 different brands. They identified the 
flavour substances and categorised them according to flavour type (e.g. fruity, 
spicy, sweet etc.). Their results are presented in Figure 2 below, which is a copy of 
a figure presented in Aszyk et al. (2018).  
 
Figure 2: Number of flavour substances identified in 5 different e-liquid samples from 5 
different brands (Source: Aszyk et al., 2018) 

 
 
According to Figure 2, a strawberry flavour can consist of between 6 and 21 
different specific flavour substances. Furthermore, the categorisation of the five 
different strawberry flavours is different. The fruity flavour in the strawberry 
flavour lies between 30 and 50%, and the sweetness of the strawberry flavour is 
also considerably different. Furthermore, two of the five flavours contain menthol 
as well in the strawberry flavour, where three of them do not.  
 
As Figure 2 illustrates, it is not only the strawberry flavour where there is a large 
difference between the same flavour among the five different brands. The large 
differences between the composition of the flavours between different brands are 
general. Even the simpler tobacco flavour shows huge differences in the amount of 
flavour substances used as well as the categorisation of the flavour.  
 
The study of Aszyk et al. (2018) also investigated which of the flavour substances 
that were used as the same ingredients in all five flavour across the different 
brands. Again, the conclusion was that there is a huge difference in the actual 
composition of the flavours. As Figure 3 illustrates for the strawberry flavour, only 
two ingredients were identical across all five strawberry flavours: ethyl butyrate 
and γ-decalactone which also were some of the ingredients listed in the examples 
of strawberry flavours in Table 4 above.  
 
Aszyk et al. (2018) also states that the following flavour substances are used in 
80% (4 of 5) of the e-liquid brands for the strawberry flavour: cis-3-hexanol, ethyl 
maltol and ethyl caproate (ethyl hexanoate). These three substances are also a part 
of the 7 examples of strawberry flavour as given in Table 4, but the three listed 
flavour substances are only listed as ingredients in 1, 2 and 1 respectively of the 7 
examples listed above, i.e. they are only used in 14 to 29% of the listed examples 
of strawberry flavours. However, it should be mentioned that the examples listed in 
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Table 4 only list the flavour substances listed on the safety data sheets and the 
flavour substances which have been identified in the listed articles – and in none of 
cases the lists of ingredients may be complete.  
 
Figure 3: Venn diagrams presenting shared and unique  
flavour substances of a strawberry e-liquid sample  
(Source: Aszyk et al., 2018) 

  
 
Therefore, the conclusion is that some flavour substances may be dominant when 
creating a specific flavour, but one specific flavour may be created in many 
different ways and may be very different in composition from brand to brand.  
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9 Prioritisation and selection of 
flavour substances 

In this project, a proposal for concentration limit values for 67 selected flavour 
substances in e-liquids is calculated. The proposed limit values have only been 
based on the DNEL (Derived No Effect Levels) values available via the ECHA 
database on registered substances, as no other toxicological data are believed to be 
available for these substances (a search for other toxicological data has not been 
carried out).  
 
The 67 flavour substances have been selected by prioritising the identified used 
flavour substances as described below. Furthermore, the limit values calculated for 
the 35 flavour substances in the former two projects carried out for Austrian 
Consumer Council at Austrian Standards International have been included in this 
report. This means that in total a proposal of a limit value has been included for 
102 flavour substances in this report.  
 

9.1  Prioritisation of the flavour substances 

The method for prioritisation of the 280 flavour substances is described below. 
Overall, two main prioritisation criteria have been used concerning the highest 
identified concentration and the highest identified frequency of use, i.e. how many 
of the examined e-liquids in a survey contain the flavour substance. 
  

1. Flavour substances with the highest identified concentration in the e-
liquids (listed in at least one reference) are given the highest priority. 
Concentrations above 1% in the e-liquids have been grouped together and 
have been given the highest priority (priority class 1). The flavour 
substances were divided into the following priority classes based on 
information about their highest identified concentration in e-liquids listed 
from different references: 

1. Concentration of 1% or above (65 flavour substances) 
2. Concentration of 0.01% to less than 1% (104 flavour substances) 
3. Flavour substances where no information regarding concentration 

was found (111 flavour substances) 
2. Within each concentration group above, the flavour substances were then 

prioritised in three priority classes (A, B and C) by how often they were 
identified in e-liquids in different surveys. This means that flavour 
substances identified to be present in e.g. 74% of the examined e-liquids in 
a survey were given higher priority (A) than flavour substances only 
identified in e.g. 5% of e-liquids (B) based on information from a survey. 
The highest reported identified frequency was used for the prioritisation. 
Most of the flavour substances are used in less than 10% of the examined 
e-liquids. This is the reason for the odd numbers chosen for the 
prioritisation classes: 

A. Flavour substances reported to be used in 10% or more of the 
examined e-liquids in the survey (119 flavour substances) 

B. Flavour substances reported to be used in less than 10% of the 
examined e-liquids (128 flavour substances) 
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C. Flavour substances where no information regarding the frequency 
of use has been identified (33 flavour substances) 

 
All in all, the 280 different flavour substances were therefore given one of the 
following priority classes: 

• 1A, 1B or 1C (flavour substances observed as used in a concentration of 
higher than 1% and different frequency of use) 

• 2A, 2B or 2C (flavour substances observed as used in a concentration of 
higher than 0.01%, but lower than 1% and different frequency of use) 

• 3A, 3B or 3C (flavour substances with no information regarding use 
concentration and different frequency of use) 

 

9.2 Selected flavour substances 

For all 280 identified flavour substances, DNEL values were looked up in ECHAs 
database of registered substances. However, for several substances (166 flavour 
substances) no DNEL value is listed due to the substance not being registered, no 
information available or simply the hazard listed as being low or unknown. For this 
reason, the 67 selected flavour substances for which a limit value has been 
proposed in this project, were selected in the following way: 

1. Only flavour substances with a DNEL value were selected.  
2. Only flavour substances where it was possible to identify a use 

concentration were selected. In this way, it is possible to compare the 
identified use concentration with the proposed limit value.  

3. However, all flavour substances identified as “not approved for food”, i.e. 
flavour substances, which are not approved for use as a food flavour, were 
also included in the selection (if a DNEL value exists).   

 
Table 6 below includes the 67 selected flavour substances in this report as well as 
the 8 and 27 flavour substances (marked with grey and yellow shading) 
respectively where a suggestion for a limit value was calculated in the two former 
projects Poulsen et al. (2017a) and Poulsen et al. (2018). In the table below, it has 
also been noted which priority class the different flavour substances have in the 
table listed in “Appendix 1: List of identified flavour substances”. Only substances, 
where a threshold limit value (DNEL value) has been identified, were selected for 
calculation of a proposed limit value in e-liquids.  
 
Table 6: Selected flavour substances in this (and previous) projects 
Flavour substances selected for priority in the former Austrian Consumer Council at Austrian 
Standards International (Poulsen et al., 2017a; and Poulsen et al., 2018) are marked with grey and 
yellow shading respectively. 

Priority class 
in Appendix 1 

Flavour substance CAS no.  

1A Vanillin (4-hydroxy-3-methoxybenzaldehyd) 121-33-5 
1A Ethyl vanillin 121-32-4 
1A Menthol (DL-menthol) 89-78-1 
1A Benzyl alcohol 100-51-6 
1A Isoamyl acetate 123-92-2 
1A n-Butyric acid 107-92-6 
1A Allyl hexanoate (or allyl caproate) 123-68-2 
1A Ethyl 2-methylbutyrate (ethyl 2-methylbutanoate) 7452-79-1 
1A Hexyl acetate 142-92-7 
1A Benzaldehyde 100-52-7 
1A γ-undecalactone (or gamma-undecalactone or aldehyde C-14 

or undecan-4-olide) 
104-67-6 

1A Anisaldehyde (p-methoxy benzaldehyde) 123-11-5 
1A Isoamyl alcohol (isopentyl alcohol) 123-51-3 
1A Ethyl acetate 141-78-6 
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Priority class 
in Appendix 1 

Flavour substance CAS no.  

1A Ethyl maltol (2-Ethyl-3-hydroxy-4-pyranone) 4940-11-8 
1A Ethyl butyrate (ethyl butanoate) 105-54-4 
1A Limonene-D (or p-Mentha-1,8-diene) 5989-27-5 
1A Phenolethyl alcohol (phenethyl alcohol) 60-12-8 
1A Furfuryl alcohol 98-00-0 
1B Isobutyl acetate 110-19-0 
1B Triethyl citrate 77-93-0 
1B Beta-pinene 127-91-3 
1B Hexanal, aldehyde C-6 66-25-1 
1B Allyl heptanoate 142-19-8 
1B Alpha-terpineol 98-55-5 
1B Methyl anthranilate 134-20-3 
1B Geranyl acetate (geraniol acetate) 105-87-3 
1B Hexanoic acid (or caproic acid) 142-62-1 
1B Mentha x piperita (Peppermint essential oil) 8006-90-4 
1B Benzyl propionate 122-63-4 
1B Cinnamaldehyde 104-55-2 
1B Carvone 6485-40-1 
1B Cis-3-Hexen-1-yl acetate (or cis 3 hexenyl acetate or Z-3-

hexen-1-ol acetate) 
3681-71-8 

1C Propionic acid (or propanoic acid) 79-09-4 
1C (E)-Anethole 4180-23-8 
2A Delta-Dodecalactone 713-95-1 
2A Acetyl propionyl (AP); (2,3-pentanedione) 600-14-6 
2A Cis-3-Hexen-1-ol (or Leaf alcohol or cis-3-Hexanol) 928-96-1 
2A Piperonal 120-57-0 
2A Linalool 78-70-6 
2A Eugenol 97-53-0 
2A Tetrahydrolinalol 78-69-3 
2A Anisyl Acetate 104-21-2 
2A Hexyl Alcohol (1-hexanol) 111-27-3 
2A Citral 5392-40-5 
2A Melonal 106-72-9 
2A Thymol 89-83-8 
2A Benzyl acetate (Carvone) (acetic acid phenylmethyl ester) 140-11-4 
2A Methyl cinnamate 103-26-4 
2A Menthone (p-menthone) 89-80-5 
2A L-Menthyl Acetate 79-20-9 
2A α,α-dimethylphenethyl butyrate 10094-34-5 
2A Beta-Ionone 79-77-6 
2A Ethyl cinnamate 103-36-6 
2A Styralyl Acetate 93-92-5 
2B γ-Nonalactone 104-61-0 
2B Citronellyl acetate 150-84-5 
2B Cinnamyl alcohol 104-54-1 
2B Alpha-Ionone 127-41-3 
2B cis-Citral (neral)  106-26-3 
2B Pyridne 110-86-1 
2B Ethyl phenylacetate 101-97-3 
2B Citronellol 106-22-9 
2B Furfural 98-01-1 
2B Methylhept-5-en-2-one (6-methyl-5-heptene-2-one) 110-93-0 
2B Rheosmin (Raspberry ketone) 5471-51-2 
2B NEROL SPECIAL 106-25-2 
2B Ethyl Acetoacetate 141-97-9 
2B Dihydro Jasmonate Or Hedione 24851-98-7 
2B Diethyl Malonate 105-53-3 
2B Delta-Decalactone 705-86-2 
2B Neryl Acetate (Nerol acetate) 141-12-8 
2B Methyl N-Methylanthranilate 85-91-6 
2B Linalyl Acetate 115-95-7 
2B Koolada-3 39711-79-0 
2B Methyl Amyl Ketone 110-43-0 



56 
 

Priority class 
in Appendix 1 

Flavour substance CAS no.  

2B 4-methyl acetophenone 122-00-9 
2B Diethyl Succinate 123-25-1 
2C Alpha, alpha-Dimethylphenethyl acetate 151-05-3 
2C Lemon Oil 8008-56-8 
2C 3-methyl-3-phenylglycidate 93-18-5 
3A Diacetyl (DA) (2,3-butanedione) 431-03-8 
3A Menthyl Acetate 89-48-5 
3A Menthol Or L-Menthol 2216-51-5 
3A Strawberry Glycidate A 77-83-8 
3A Camphor 76-22-2 
3A Gamma Terpine (gamma-terpinene) 99-85-4 
3A Coumarin 91-64-5 
3A L-Menthone 14073-97-3 
3A Diisobutyl phthalate 84-69-5 
3A 1,2-Hexanediol 629-11-8 
3A 1,8-Cineol (eucalyptol) 470-82-6 
3A Alpha-Pinene 80-56-8 
3B Geraniol (Geraniol Pur) 106-24-1 
3B Butyl carbitol 112-34-5 
3B (1S)-6,6-dimethyl-2- methylenebicyclo[3.1.1]heptane ((-)-β-

pinene) 
18172-67-3 

3B Diethylene glycol ethyl ether 111-90-0 
3B Acetylbenzene (Acetophenone) 98-86-2 
3B Tert- Butyl Alcohol 71-36-3 
3C Beta-Ionone 14901-07-6 
3C (+)-alpha-pinene 7785-70-8 
3C alpha-terpinolone 586-62-9 
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10 Preliminary proposal for 
requirements for selected flavour 
substances 

In this chapter, the calculated preliminary proposal for requirements for the 
selected flavour substances is calculated based on existing threshold limit values 
for inhalation (primarily DNEL values from ECHAs database of registered 
substances).  
 

10.1 Exposure calculation 

The same method for exposure calculation as used in the former projects Poulsen et 
al. (2017a) and Poulsen et al. (2018) is used in this project. Therefore, the rationale 
behind the exposure calculation is not described in detail, only a summary of the 
assumptions used, and the calculation method used are given. The description 
listed below, was to some extent included in the former project (Poulsen et al., 
2018). For a detailed description of the assumptions, calculation method and 
references, please refer to first of the former projects (Poulsen et al., 2017a).  
 
10.1.1  Assumptions 

The assumptions used in the exposure calculations are (see the former project 
Poulsen et al. (2017a) for details): 

• The proposed limit values are calculated based on existing threshold limit 
values for the specific substances. These values are used directly in the 
calculations and have not been reviewed/assessed for their validity. This 
means that the proposed limit values are guiding values and should be used 
as a starting point for the necessity of setting limit values for the individual 
fragrances. There may be a need for a thorough risk assessment of the 
threshold limit values used. 

• The used existing threshold limit values for the calculations are based on 
the lowest identified threshold limit value. This means that short-term 
effects like irritation are not necessarily considered. 

o For the flavour substances addressed in the first two reports 
(Poulsen et al., 2017a; Poulsen et al., 2018) other values than the 
REACH registration DNEL values were used if available such as 
EU-LCI values or German AgBB values. These other values may 
consider local effects. However, in most cases the REACH 
registration data has been the only source of information, and the 
DNEL value for consumers for systemic effects and long-term 
exposure has been used, as this in general is the lowest DNEL 
value.  

o For the flavour substances where limit values have been calculated 
in this report, only the REACH registration data has been used, i.e. 
the calculations are only based on the DNEL value for consumers 
for systemic effects and long-term exposure, as this is the lowest 
DNEL value available.  
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• The proposed limit values are based on ‘simple calculations’ regarding e-
cigarette use, i.e. scenarios where:  

o The entire amount of a substance in the e-liquids is assumed to be 
vaporised.  

o All substances in the e-liquids are vaporised without being 
chemically changed or without undergoing a chemical reaction 
during the vaporisation process.  

o The entire amount of the substance being vaporised for each puff 
is assumed to be inhaled by the user.  

o Each puff contains the same quantity of a substance in the e-liquid, 
i.e. it is assumed that the e-cigarette will deliver a constant 
concentration of substances for each puff.  

o The entire amount of the substance being inhaled is assumed to be 
absorbed in the human body, which means that abssubstance = 1.  

 
10.1.2  Calculation method 

The calculation method used is the same as used in the former projects (Poulsen et 
al., 2017a; Poulsen et al., 2018). See the first project for a more detailed 
description.  

𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑆𝑆_𝑆𝑆_𝑙𝑙𝑖𝑖𝑙𝑙𝑆𝑆𝑖𝑖𝑑𝑑 =  
𝑉𝑉𝑆𝑆𝑖𝑖𝑎𝑎_𝑑𝑑𝑆𝑆𝑖𝑖𝑙𝑙𝑑𝑑  × 𝑅𝑅𝑅𝑅𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝑎𝑎𝑎𝑎𝑎𝑎𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  ×  𝑉𝑉𝐿𝐿𝑖𝑖𝑙𝑙𝑆𝑆𝑖𝑖𝑑𝑑_𝑝𝑝𝑆𝑆𝑎𝑎_𝑝𝑝𝑆𝑆𝑝𝑝𝑝𝑝  ×  𝑛𝑛𝑝𝑝𝑆𝑆𝑝𝑝𝑝𝑝𝑆𝑆
 

 
 

CSubstance_in_e_liquid Is the maximum concentration of the substance in 
the e-liquid (mg/ml) that will not result in adverse 
effects, i.e. the limit value that should be set for 
the substance  

Vair_daily Is the volume of air inhaled per day (24 hours) or 
per 8 hours where occupational limits were used 
(m3) 

RfCsubstance Is the Reference Concentration (existing threshold 
limit values available) for the substance (mg/m3), 
e.g. a DNEL value 

abssubstance Is the absorption coefficient (%) of the substance, 
i.e. how large an amount of the substance that will 
be absorbed in the body, when inhaling e-cigarette 
vapour. It is assumed that by default in this 
screening project 100% of the substance will be 
absorbed in the body. By default, this absorption 
coefficient will then be 1. 

VLiquid_per_puff Is the volume of e-liquid used (vaporised) per puff 
(ml/puff) 

npuffs Is the total number of puffs per day (puffs/day) 
 
 
 
10.1.3  Values used in the calculations 

The values used in the calculations are discussed in detail in the former project on 
e-liquids “Requirements for substances in e-liquids used in electronic cigarettes” 
(Poulsen et al., 2017a). The values used are summarised below (for details, please 
see the former project Poulsen et al. (2017a)).  
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Vair_daily 16 m3/day, because this value is used in exposure 
calculations by ECHA.  
However, when the used threshold values are based on an 
8-hour working day, the inhaled volume will be one third 
of an entire day’s inhaled volume, corresponding to 5.33 
m3 

BW 60 kg, because e-cigarettes only are for adult use. The 
lowest adult body weight is used as a worst case.  

abssubstance 1 
VLiquid_per_puff 150 puffs equal 1 mL of e-liquid, because this value 

seems to be used in several sources (e.g. BfR (2015)). 
npuffs 500 puffs per day, because this number represents a 

“heavy” e-cigarette smoker. However, the calculations 
based on 200 puffs per day are performed as well, as this 
unit is used in e.g. the Afnor standard for calculation of 
limit values. 

 
 
It should be noted that the data used for how much e-liquid is used per puff is 
based on older data and that Soulet et al. (2019) in an article emphasises that there 
is a difference between first-, second- and third-generation e-cigarette devices, 
where the lower resistance during inhalation occur for the third-generation devices 
(the newest e-cigarette devices). Soulet et al. (2019) therefore concluded that e-
cigarette users today will have inhalation profiles closer to breathing. Puff volume, 
puff duration etc. will therefore have changed from the first-generation devices to 
the devices used today. However, they emphasise that there is a need for measuring 
new data on puff volume, puff duration and airflow rates of vapers inhaling the 
vapours directly into their lungs.  
 

10.2 Threshold limit values (DNEL values) used 

The threshold limit values (TLVs) or in this case – the DNEL values – identified 
for the flavour substances are in this report only DNEL values. In the former 
projects, a search for more reliable TLVs was made, but as indicated in the former 
projects, the existing toxicological data for this type of substances with respect to 
inhalation is very limited. For this reason, it was decided only to include and use 
DNEL values from ECHAs database of registered substances for flavour 
substances in this report. For the 67 flavour substances where a limit value is 
calculated in this project, only the DNEL values for inhalation for the general 
population and for long term exposure / systemic effects have been used. The 
DNEL values are not listed here but can be found in Appendix 1: List of identified 
flavour substances.  
 
 
10.2.1 Discussion of limitations of the approach 

This approach used for calculation of limit values in e-liquids for flavour 
substances of course has a range of limitations: 

• Only simple calculations have been carried out,  
• which have been based on available toxicological data, which have not 

been assessed in detail,  
• the available toxicological data does not necessarily take respiratory local 

irritation into consideration,  
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• and the vaping behavior and inhalation profile of vapours seem to have 
changed with a change in different generations of e-cigarette devices.  

 
It should be emphasised that one of the main purposes of this report (and the 
former two reports (Poulsen et al., 2017a; Poulsen et al., 2018)) has been to initiate 
a debate on limit values for flavour substances and point out that further work and 
discussions in this area is needed.  
 
In the future, when setting limit values for flavour substances in e-liquids 
concentration dependant local irritation effects should be included as well as a 
more thorough assessment of the available toxicological data for each flavour 
substance.  
 
However, it is also necessary when establishing more correct limit values in the 
future, to take into account that:  

• Vaping on e-cigarettes is not recommended for non-smokers, which mean 
that it essentially is meant as a healthier alternative to smoking ordinary 
cigarettes/tobacco.  

• Vaping is a voluntary action different from forced exposure at work or at 
home, which means that some irritation may be acceptable for the vaping 
person.  

• It is possible for the vaping person to adjust the puff volume and air 
dilution if irritation is felt (and thereby possible to reduce or eliminate 
irritation). 

• The exposure is different from breathing of air, i.e. there is some dilution 
of the vapours in the airways, but most importantly puff duration is very 
short, which means that the concentration of the substance is quickly 
reduced when exhaling and inhaling air.  

• The exposure path is different, i.e. irritation of eyes is irrelevant and 
exposure through the nose is very limited as inhalation is done through the 
mouth. It is therefore difficult and perhaps even inappropriate to apply 
peak occupational exposure limits (OELs).  

 
 

10.3 Preliminary proposal for limit values 

In this chapter, calculations for a preliminary proposal for limit values have been 
carried out for 67 selected flavour ingredients, including the 8 plus 27 flavour 
ingredients where limit values were calculated in the two former projects. The limit 
values are considered as a preliminary proposal bearing in mind the limitations in 
this screening project.  
 
In Table 7 on the next pages, the proposal for limit values has been listed for the 
selected flavour substances based on the calculation method and values presented 
above. Please note that the calculations are made for a daily intake of 200 as well 
as 500 puffs, as described above. 
 
In Table 7, it is indicated with a light red background colour (in the columns “Limit 
value”) if the proposed limit values are exceeded by an existing maximum level of 
the substance identified in this project when searching for use information in e-
liquids. The cell in the table with the limit value is marked red if at least one 
example of a higher concentration above the calculated proposed limit value has 
been found in literature or a SDS for an e-liquid. Similarly, it is indicated with a 
light green background colour (in the columns “Limit value”) if the proposed limit 
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values are not exceeded by existing maximum levels of the substance identified in 
e-liquids. Some cells are marked with a light yellow background colour instead. 
This is used in situations where it is uncertain whether the calculated limit value is 
exceeded or not. For example, where a limit value is calculated to be 5.8% and 
most concentrations identified for the flavour substances are around 1-2%, but on 
one safety data sheet (SDS) a concentration range of 1-10% has been listed. The 
use of concentration ranges in safety data sheets is most often due to confidentiality 
reasons and not necessarily because a concentration of 10% is used in the e-liquid.  
 
Please notice that for some of the flavour substances (addressed in the former 
projects), no use information regarding use concentrations has been found. For 
some of these substances, new use information has, however, been found and has 
been included in the assessment. For some flavour substances, new colour coding 
has therefore been used compared to the previous projects.  
 
For all other listed flavour substances where a proposed limit value has been 
calculated, it was possible to identify a use concentration or a use concentration 
range. When comparing the maximum identified use concentration with the 
proposed calculated limit values, the maximum use concentration is actually higher 
than the limit value for 33 of the 102 flavour substances (when using 500 puffs for 
the calculation of the limit value). For 8 of 102 flavour substances, the proposed 
use limit value has been marked with a yellow shading as the identified use 
concentration is around/close to the calculated limit value. For example, the only 
use concentration found for geranyl acetate is that according to an SDS, it is used 
in a concentration between 1 and 10% and the calculated limit value is 7.4%.  
 
This indicates that there may be a need for limit values for flavour substances used 
in e-liquids. However, as the available information about the actual minimum use 
concentrations reveals, it will be possible for some of the examined e-liquid 
products to meet the proposed limit values in most cases.  
 
It should be noted that the prioritisation of the flavour substances discussed in the 
former projects is low mainly because of few or no data concerning the content 
(concentrations used).  
 
For six substances listed in Table 7 below, a limit value has been calculated even 
though no use concentration has been identified. For all these six substances 
applies that they are not approved for use in food (as food flavour).  
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Table 7: Proposal for limit values for 102 flavour substances (67 flavour substances are new in this project) 
Limit values marked with light red background are exceeded by one or more existing levels found in e-liquids.  
Limit values marked with light green background are not exceeded by existing levels found in this review in e-liquids. 
Limit values marked with light yellow background indicate that it is uncertain whether the calculated limit values are exceeded by existing levels found in this review in e-liquids.   
Substance names marked with light grey background (of priority and substance name) are the 8 flavour substances also described in the former Austrian Standards International project (Poulsen 
et al., 2017a). Substance names marked with light yellow background (of priority and substance name) are the 27 flavour substances also described in the former Austrian Standards International 
project (Poulsen et al., 2018) 

Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
1A Vanillin  

(4-hydroxy-3-
methoxybenzaldehyd
) 

121-33-5 180,000 
 

18% 450,000 
 

45% up to 33 mg/mL; Content < 1%; 
Content 0.2-1.2%; Content 2-12%; 
Content 5-6%; 0.13%; content 8.48%; 
content < 0.5%; 5-2000 ng/ml 
(Aszyk1); 0.006-6.789 mg/ml (Hua); 
6.9 mg/ml (Omaiye2); 33 mg/mL 
(Tierney et al. 2016) 

In 22 out of 28 liquids (Hutzler) and 17 out of 
30 samples (Tierney); In 11 of 50 e-liquids 
(Kucharska); In 11 out of 25 e-liquids 
(Aszyk1); In 33 of 166 e-liquids (Czoli); 
Czoli et al. (2019) states that there is potential 
inhalation toxicity due to the substance; In 16 
of 20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In about 155 of 277 e-liquids 
(Omaiye1); In 6 of 16 e-liquids (Omaiye2) 

1A Ethyl vanillin 121-32-4 42,000 4.2% 105,000 
 

10.5% up to 8,4 mg/ml; Content < 1%; 
Content 4-4.5%; content 0.07%; 
content >= 1% and < 10%; content <= 
2.5%; 5-2000 ng/ml (Aszyk1); 0.0057-
0.9135% (Vardavas); 0.004-6.596 
mg/ml (Hua) 

In 14 out of 28 liquids; In 1 of 50 e-liquids 
(Kucharska); In 8 of 29 e-liquids 
(Nieuwesigaret); In 7 out of 25 e-liquids 
(Aszyk1); In 18.0% of 122 e-liquids 
(Vardavas); In 37 of 166 e-liquids (Czoli); In 
10 of 20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In about 110 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

1A Menthol 89-78-1 78,240 
 

7.8% 195,600 
 

19.6% up to 21,6 mg/mL; Content < 1%; 
content 10%; content 5%; Content 1.2-
3%; content 0.2-1.2%; 6.2-12400 ug/g; 
> 10 mg/ml (Omaiye1); 15 mg/ml 
(Omaiye2) 

In 12 out of 28 liquids; In 8 of 50 e-liquids 
(Kucharska); In 12 of 36 e-liquids (Lisko); In 
22,6 % (63) of 277 e-liquids in concentrations 
above 10 mg/ml (Omaiye1); in about 80 of 
277 e-liquids (Omaiye1); In 13 of 16 e-
liquids (Omaiye2) 

1A Benzyl alcohol 100-51-6 1,920 0.2% 4,800 
 

0.5% Content 1-1.5%; content ≥ 1% and < 
10%; 25-2000 ng/ml (Aszyk2); 0.009-
13.509 mg/ml (Hua); > 1 mg/ml 
(Omaiye2); 8.4 mg/mL (Tierney et al. 
2016) 

In 3 out of 28 liquids; In 18 of 50 e-liquids 
(Kucharska); In 6 of 29 e-liquids; Regulated 
by European Cosmetics Directive; In 1 of 5 e-
liquids (Leigh); In 3 out of 25 e-liquids 
(Aszyk2); In 33 of 166 e-liquids (Czoli); 
Czoli et al (2019) states that there is potential 
inhalation toxicity due to the substance; In 10 
of 20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In about 115 of 277 e-liquids 
(Omaiye1); In 12 of 16 e-liquids (Omaiye2) 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
1A Isoamyl acetate 123-92-2 24,480 

 
2.5% 61,200 

 
6.1% Content ≥0,05 ≤0,5%; content ≥ 10%; 

50-5000 ng/ml (Aszyk2); 2.3 mg/mL 
(Aszyk et al. 2018) 

In 6 of 50 e-liquids (Kucharska); In 9 of 29 e-
liquids (Nieuwesigaret); In 6 out of 25 e-
liquids (Aszyk2); In 15 of 20 e-liquids (Hua); 
in about 80 of 277 e-liquids (Omaiye1) 

1A n-Butyric acid 107-92-6 1,776 0.2% 4,440 
 

0.4% Content ≤ 2.5%; content ≥ 1% and < 
10% 

In 8 of 29 e-liquids 

1A Allyl hexanoate 
(or allyl caproate) 

123-68-2 17,760 
 

1.8% 44,400 
 

4.4% Content < 1 %; Content 5.94% In 5 of 20 e-liquids (Hua); In 2 of 16 e-liquids 
(Omaiya2) 

1A Ethyl 2-
methylbutyrate 

7452-79-1 62,160 6.2% 155,400 
 

15.5% Content ≥ 1% and < 10%; > 10%; 0.1 - 
1.2%; 25-2000 ng/ml (Aszyk1) 

In 4 of 50 e-liquids (Kucharska); In 6 of 29 e-
liquids (Nieuwesigaret); In 17 of 20 e-liquids 
(Hua); 95 of 277 e-liquids (Omaiye1); In 4 of 
16 e-liquids (Omaiye2) 

1A Hexyl acetate 142-92-7 57,600 
 
 

5.8% 144,000 
 

14.4% Content ≥ 1% and < 10%; < 0.5%; 
content 1-5%; content < 0.6%; content 
≤ 2.5%; 50-5000 ng/ml (Aszyk2); 2.5 
mg/mL (Tierney et al. 2016) 

In 8 of 50 e-liquids (Kucharska); In 3 of 29 e-
liquids; In 1 out of 25 e-liquids (Aszyk2); In 
11 of 20 e-liquids (Hua); in about 60 of 277 
e-liquids (Omaiye1); In 1 of 16 e-liquids 
(Omaiye2) 

1A Benzaldehyde 100-52-7 96 
 

0.01% 240 
 

0.02% up to 21,2 mg/mL; < 0.5%;  
≥ 1% and < 10%; 25-5000 ng/ml 
(Aszyk2); 21 mg/mL (Tierney et al. 
2016)" 

In 4 out of 28 liquids; In 7 of 29 e-liquids; In 
2 out of 25 e-liquids (Aszyk2); In 36 of 166 
e-liquids (Czoli); Czoli et al (2019) states that 
there is potential inhalation toxicity due to the 
substance; In 14 of 20 e-liquids (Hua); In 
about 85 of 277 e-liquids (Omaiye1); In 4 of 
16 e-liquids (Omaiye2) 

1A γ-undecalactone  
(or gamma-
undecalactone or 
aldehyde C-14 or 
undecan-4-olide) 

104-67-6 22,464 
 
 

2.2% 56,160 
 
 

5.6% Content 0.26%; content ≥ 1% and < 
10%; content < 0.5%; content ≤ 2.5%; 
content 2-12%; 500 μg/mL (Tierney et 
al. 2016) 

In 7 of 50 e-liquids (Kucharska); In 4 of 29 e-
liquids (Nieuwesigaret) 

1A Anisaldehyde (p-
methoxy 
benzaldehyde) 

123-11-5 20,880 
 

2.1% 52,200 
 

5.2% Content ≥ 1% and < 10%; content < 
0.5%; content 0.2-1.2%; 9.6 μg/mL 
(Schober et al. 2014) 

In 3 out of 28 liquids; In 2 of 29 e-liquids; In 
1 out of 50 e-liquids (Aszyk et.); In 11 of 166 
e-liquids (Czoli); In 5 of 20 e-liquids (Hua); 
in about 55 of 277 e-liquids (Omaiye1); In 2 
of 16 e-liquids (Omiaye2) 

1A Isoamyl alcohol 123-51-3 3,504 
 
 

0.4% 8,760 
 

0.9% Content ≥ 10% In 5 of 50 e-liquids (Kucharska); In 1 of 29 e-
liquids; In 4 of 20 e-liquids (Hua); in about 
50 of 277 e-liquids (Omaiye1) 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
1A Ethyl acetate 141-78-6 1761600 176.2 

Above 
100% i.e. 

no risk 

4404000 440.4 
Above 

100% i.e. 
no risk 

up to 7,1 mg/mL, up to 253 ug/g 
(Varlet); Content > 1 ≤ 5%; Content ≤ 
2.5%; Content 1-5%; 0.008-2.016 
mg/ml; 7.2 mg/mL (Tierney et al. 
2016) 

In 19 of 20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In about 140 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

1A Ethyl maltol  
(2-Ethyl-3-hydroxy-
4-pyranone) 

4940-11-8 83,520 
 

8.4% 208,800 
 

20.9% up to 23,4 mg/mL; Content < 0.2%; 
Content 3.58%; content 2.7%; content 
< 1%; ≤ 2.5%; 5-1000 ng/ml (Aszyk1); 
0.0043-7.096% (Vardavas); 0.010-
6.526 mg/ml (Hua); > 10 mg/ml 
(Omaiye1); 1.8 mg/ml (Omaiye2); 71 
mg/g (Vardavas et al. 2017) 

In 16 out of 28 liquids; In 28 of 50 e-liquids 
(Kucharska);  In 7 of 29 e-liquids 
(Nieuwesigaret); In 17 out of 25 e-liquids 
(Aszyk1); in 36.9% of 122 e-liquids 
(Vardavas, 2017); In 31 of 166 e-liquids 
(Czoli); In 12 of 20 e-liquids (Hua); 
considered to be cytotoxic (Hua); In 24,5 % 
of 277 e-liquids in a concentration above 10 
mg/ml (Omaiye1); In about 160 of 277 e-
liquids (Omaiye1); In 6 of 16 e-liquids 
(Omaiye2) 

1A Ethyl butyrate 105-54-4 10,656 
 

1.1% 26,640 
 

2.7% up to 11,1 mg/mL; Content 1.2-3%; 
Content ≤ 2.5%; Content 2.63%; 
content < 0.5%; content 0.2-1.2%; 
0.05-2.6 mg/ml (Hua); 11 mg/mL 
(Tierney et al. 2016) 

In 22 of 50 e-liquids (Kucharska); In 8 of 29 
e-liquids (Nieuwesigaret); In 20 of 20 e-
liquids (Hua); Hua states that the highest 
concentration of the substance (2.6  mg/ml) 
can result in cytotoxic effects (Hua); In about 
155 of 277 e-liquids (Omaiye1); In 7 of 16 e-
liquids (Omaiye2) 

1A Limonene-D (or p-
Mentha-1,8-diene) 

5989-27-5 79,680 8.0 199,200 19.9 Content 2.44%; 0.0001% (Vardavas) In 0.8% of 122 e-liquids (Vardavas); In 98 of 
277 e-liquids (Omaiye1) 

1A Phenolethyl alcohol 
(phenethyl alcohol) 

60-12-8 84,960 
 

8.5% 212,400 
 

21.2% Content 0.2-1.2%; content 0.31%; 
content < 1%; 430 μg/mL (Aszyk, 
Wozniak, et al. 2017) 

In 3 out of 28 liquids; In 1 of 29 e-liquids; In 
2 of 20 e-liquids (Hua); In about 63 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

1A Furfuryl alcohol 98-00-0 44,640 4.5 111,600 11.2 Content > 0.1 ≤ 1%; 25-2000 ng/ml 
(Aszyk2); 45 μg/mL (Aszyk, Wozniak, 
et al. 2017) 

In 1 out of 24 e-liquids (Aszyk2); In 2 of 20 
e-liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

1B Isobutyl acetate 110-19-0 23,040 
 

2.3% 57,600 5.8% Content ≥0.05 ≤0.5%; content 0.2-
1.2%; content ≥ 1% and < 10%; content 
≤ 2.5%; 26 μg/g (Varlet et al. 2015) 

In 2 of 29 e-liquids; In 10 of 20 e-liquids 
(Hua); In about 40 of 277 e-liquids 
(Omaiye1) 

1B Triethyl citrate 77-93-0 138,240 
 

13.8% 345,600 
 

34.6% Content ≥ 1% and < 10%; 2-12% In 2 of 50 e-liquids (Kucharska); In 2 of 29 e-
liquids 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
1B Beta-pinene 127-91-3 6,720 

 
0.7% 16,800 

 
1.7% Content ≥ 1% and < 10%; content 0.1-

0.9%; 2.5 μg/mL (Schober et al. 2014) 
In 1 of 50 e-liquids (Kucharska); In 2 of 29 e-
liquids 

1B Hexanal, aldehyde 
C6 

66-25-1 4,320 
 

0.4% 10,800 
 

1.1% Content ≥ 1% and < 10%; content 1-
5%; 530 ng/g (Varlet et al. 2015) 

In 2 of 29 e-liquids 

1B Allyl heptanoate 142-19-8 3,504 
 

0.4% 8,760 0.9% Content ≥ 1% and < 10% In 2 of 29 e-liquids 

1B Alpha-terpineol 98-55-5 10,800 
 

1.1% 27,000 
 

2.7% Content ≥ 1% and < 10%; 0.2-1.2%; 
25-2000 ng/ml (Aszyk2); 350 μg/mL 
(Aszyk, Wozniak, et al. 2017)  

In 3 of 50 e-liquids (Kucharska); In 1 of 29 e-
liquids; In 10 out of 25 e-liquids (Aszyk2); In 
9 of 20 e-liquids (Hua); In 100 of 277 e-
liquids (Omaiye1); In 7 of 16 e-liquids 
(Omaiye2) 

1B Methyl anthranilate 134-20-3 6,240 
 

0.6% 15,600 
 

1.6% Content ≥ 1% and < 10%; 1.3 mg/mL 
(Tierney et al. 2016) 

In 2 of 50 e-liquids (Kucharska); In 1 of 29 e-
liquids; In about 25 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

1B Geranyl acetate 105-87-3 73,920 
 

7.4% 184,800 
 

18.5% Content ≥ 1% and < 10%; content 0.1-
0.9%  

In 2 of 50 e-liquids (Kucharska); In 1 of 29 e-
liquids; In 3 of 20 e-liquids (Hua); In about 
25 of 277 e-liquids (Omaiye1) 

1B Hexanoic acid  
(or caproic acid) 

142-62-1 2,352 
 

0.2% 5,880 
 

0.6% Content ≥0.05 ≤0.15%; content ≥ 1% 
and < 10% 

In 1 of 29 e-liquids 

1B Mentha x piperita  
(Peppermint 
essential oil) 

8006-90-4 41,760 
 

4.2% 104,400 
 

10.4% Content ≥ 10%; content <= 2.5%; 
conent 2-12%; content 2-12% 

In 1 of 29 e-liquids 

1B Benzyl propionate 122-63-4 8,880 
 

0.9% 22,200 
 

2.2% Content >= 1% and < 10% In 1 of 29 e-liquids 

1B Cinnamaldehyde 104-55-2 11,520 
 

1.2% 28,800 
 

2.9% Content 1.5%; content <1%; 10.4-98.6 
ug/g (Lisko); 140 mg/mL (Behar et al. 
2016) 

In 2 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; is an 
allergene; In 4 of 36 e-liquids (Lisko); In 13 
of 20 e-liquids (Hua); in about 75 of 277 e-
liquids (Omaiye1) 

1B Carvone 6485-40-1 1,387 
 

0.1% 3,468 
 

0.3% > 1 ≤ 5%; ≥0,5≤0,75% In 2 out of 28 liquids 

1B Cis-3-Hexen-1-yl 
acetate  
(or cis 3 hexenyl 
acetate) 

3681-71-8 13,920 
 

1,4% 34,800 
 

3,5% Content < 5%; content < 1.1%; < 1%; 
140 μg/mL (Aszyk et al. 2018) 

In 1 of 29 e-liquids; In 11 of 20 e-liquids 
(Hua); In about 65 of 277 e-liquids 
(Omaiye1) 

1C Propionic acid  
(or propanoic acid) 

79-09-4 1,488 
 

0.1% 3,720 
 

0.4% Content > 1 ≤ 5%  

1C (E)-Anethole 4180-23-8 31,200 3.1 78,000 7.8 Content ≥0.125 ≤0.5%; content 1-2%  
2A Delta-Dodecalactone 713-95-1 13,920 1.4 34,800 3.5 Content 0.2-1.2%; content 0.56% In 7 of 20 e-liquids (Hua); in about 60 of 277 

e-liquids (Omaiye1); In 15 of 16 e-liquids 
(Omaiye2) 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
2A Acetyl propionyl 

(AP) 
600-14-6 61 

 
0.006% 152 

 
0.015% 20-432 µg/day (Farsalinos), Up to 64 

µg/e-cigarette (NIH); content < 1%; 1.0 
mg/mL (Farsalinos, Kistler, et al. 2015) 

Found in 74,2% of 159 samples. In 4 of 29 e-
liquids. Approved for food use, but associated 
with respiratory disease when inhaled. 
NIOSH limits for occupational exposure 
exist. In 6 of 20 e-liquids (Hua); In about 35 
of 277 e-liquids (Omaiye1) 

2A Cis-3-Hexen-1-ol (or 
Leaf alcohol or cis-
3-Hexanol) 

928-96-1 13920 1.4 34800 3.5 Content 0.49%; content < 0.5%; 
content < 4%; 100-5000 ng/ml 
(Aszyk2); 4.3 mg/mL (Tierney et al. 
2016) 

In 17 of 50 e-liquids (Kucharska); In 1 of 29 
e-liquids; In 7 out of 25 e-liquids (Aszyk2); 
In 15 of 20 e-liquids (Hua); In about 140 of 
277 e-liquids (Omaiye1); In 4 of 16 e-liquids 
(Omaiye2) 

2A Piperonal 120-57-0 20640 2.1 51600 5.2 content 0.58%; content < 0.5%; 7.5 
mg/mL (Bitzer, Goel, Reilly, Elias, et 
al. 2018) 

In 7 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; In 6 of 20 
e-liquids (Hua); in about 55 of 277 e-liquids 
(Omaiye1); In 6 of 16 e-liquids (Omaiye2) 

2A Linalool 78-70-6 3,360 
 

0.3% 8,400 
 

0.8% Content 0.1-0.9%; content < 0.5%; 
0.0004-0.2630% (Vardavas); 5-2000 
ng/ml (Aszyk1); 23 mg/mL (Bitzer, 
Goel, Reilly, Elias, et al. 2018) 

In 6 out of 28 liquids, common Ingredient In 
perfumes; In 5 of 50 e-liquids (Kucharska); In 
5 of 29 e-liquids; In 31.1% of 122 e-liquids 
(Vardavas); In 11 out of 25 e-liquids 
(Aszyk1); In 16 of 20 e-liquids (Hua); In 
about 140 of 277 e-liquids (Omaiye1); In 6 of 
16 e-liquids (Omaiye2) 

2A Eugenol 97-53-0 25056 2.5 62640 6.3 Content < 0.5%; 50-2000 ng/ml 
(Aszyk2); 1.9 mg/mL (Tierney et al. 
2016) 

In 5 out of 28 liquids; In 1 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; Regulated 
by European Cosmetics Directive; In 1 out of 
25 e-liquids (Aszyk2); in about 55 of 277 e-
liquids (Omaiye1) 

2A Tetrahydrolinalol 78-69-3 13200 1.3 33000 3.3 25-2000 ng/ml (Aszyk2); 120 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 6 out of 25 e-liquids (Aszyk2) 

2A Anisyl Acetate 104-21-2 1776 0.2 4440 0.4 50-5000 ng/ml (Aszyk2); 61 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 5 out of 25 e-liquids (Aszyk2) 

2A Hexyl Alcohol (1-
hexanol) 

111-27-3 117,600 11.8 294,000 29.4 50-5000 ng/ml (Aszyk2); 1.6 mg/mL 
(Aszyk et al. 2018) 

In 9 of 50 e-liquids (Kucharska); In 2 out of 
25 e-liquids (Aszyk2); In 5 of 20 e-liquids 
(Hua); in about 45 of 277 e-liquids 
(Omaiye1) 

2A Citral 5392-40-5 12960 1.3 32400 3.2 Content < 0.5%; 22 mg/mL (Bitzer, 
Goel, Reilly, Elias, et al. 2018) 

In 5 out of 28 liquids; In 2 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; In 2 of 20 
e-liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

2A Melonal 106-72-9 8352 0.8 20880 2.1 25-2000 ng/ml (Aszyk2); 84 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 7 of 50 e-liquids (Kucharska); In 1 out of 
25 e-liquids (Aszyk2) 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
2A Thymol 89-83-8 139,200 13.9 348,000 34.8 > 10 mg/ml (Omaiye2) In 2 of 16 e-liquids (Omaiye2) 
2A Benzyl acetate 

(Carvone) (acetic 
acid phenylmethyl 
ester) 

140-11-4 26400 2.6 66000 6.6 Content < 0.5%; 50-2000 ng/ml 
(Aszyk1); 25-2000 ng/ml (Aszyk2); 1.2 
mg/mL (Aszyk, Wozniak, et al. 2017) 

In 3 out of 28 liquids; In 6 of 50 e-liquids 
(Kucharska); In 3 of 29 e-liquids; In 7 out of 
25 e-liquids (Aszyk1); In 7 out of 25 e-liquids 
(Aszyk2); In 12 of 20 e-liquids (Hua); In 
about 63 of 277 e-liquids (Omaiye1) 

2A Methyl cinnamate 103-26-4 33408 3.3 83520 8.4 50-2000 ng/ml (Aszyk1); 640 μg/mL 
(Oh and Shin 2015) 

In 2 out of 28 liquids; In 6 of 50 e-liquids 
(Kucharska); In 1 out of 25 e-liquids 
(Aszyk1); In 9 of 20 e-liquids (Hua); In about 
63 of 277 e-liquids (Omaiye1) 

2A Menthone (p-
menthone) 

89-80-5 28416 2.8 71040 7.1 100-2000 ng/ml (Aszyk1); 3.0 mg/mL 
(Aszyk et al. 2018) 

In 6 of 50 e-liquids (Kucharska); In 4 out of 
25 e-liquids (Aszyk1); in about 55 of 277 e-
liquids (Omaiye1); In 6 of 16 e-liquids 
(Omaiye2) 

2A L-Menthyl Acetate 79-20-9 628,800 62.9 1,572,000 157.2 
Above 

100% i.e. 
no risk 

25-5000 ng/ml (Aszyk2) In 3 out of 25 e-liquids (Aszyk2) 

2A α,α-
dimethylphenethyl 
butyrate 

10094-34-5 10560 1.1 26400 2.6 25-2000 ng/ml (Aszyk2); 500 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 3 out of 25 e-liquids (Axzyk2) 

2A Beta-Ionone 79-77-6 14880 1.5 37200 3.7 Content < 0.5%; 0.0005-0.0076% 
(Vardavas) 

In 5 of 50 e-liquids (Kucharska); In 2 of 29 e-
liquids; In 10.7% of 122 e-liquids; In 5 of 20 
e-liquids (Hua); in about 50 of 277 e-liquids 
(Omaiye1) 

2A Ethyl cinnamate 103-36-6 6172.8 0.6 15432 1.5 25-1000 ng/ml (Aszyk1); 180 μg/mL 
(Aszyk et al. 2018) 

In 2 of 20 e-liquids (Hua); In 1 of 50 e-liquids 
(Kacharska) 

2A Styralyl Acetate 93-92-5 10416 1.0 26040 2.6 50-500 ng/ml (Aszyk2); 13 μg/mL 
(Aszyk et al. 2018) 

In 2 of 16 e-liquids (Omaiye2) 

2B γ-Nonalactone 104-61-0 19056 1.9 47640 4.8 Content 0.5%; < 1%; 50-10000 ng/ml 
(Aszyk2); 370 μg/mL (Aszyk, 
Wozniak, et al. 2017)  

In 2 out of 28 liquids; In 1 of 50 e-liquids 
(Kucharska); In 1 of 29 e-liquids; In 2 out of 
25 e-liquids (Aszyk2); In 6 of 20 e-liquids 
(Hua); In about 80 of 277 e-liquids 
(Omaiye1) 

2B Citronellyl acetate 150-84-5 20160 2.0 50400 5.0 Content < 1% In 1 of 29 e-liquids 
2B Cinnamyl alcohol 104-54-1 5712 0.6 14280 1.4 Content < 1% In 1 of 29 e-liquids 
2B Alpha-Ionone 127-41-3 835.2 0.1 2088 0.2 0.0005-0.0120% (Vardavas); 5-2000 

ng/ml (Aszyk1) 
In 9.0% of 122 e-liquids (Vardavas); In 2 out 
of 25 e-liquids (Aszyk1); In 3 of 20 e-liquids 
(Hua) 

2B cis-Citral (neral)  106-26-3 12960 1.3 32400 3.2 25-10000 ng/ml (Aszyk2) In 2 out of 25 e-liquids (Aszyk2); In 1 of 50 
e-liquids (Kacharska) 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
2B Pyridne 110-86-1 2880 0.3 7200 0.7 25-2000 ng/ml (Aszyk1); 100 μg/mL 

(Lim and Shin 2017) 
In 2 out of 25 e-liquids (Aszyk1); In 1 of 50 
e-liquids 

2B Ethyl phenylacetate 101-97-3 3552 0.4 8880 0.9 Content 0.06%; content < 0.5%; 100-
2000 ng/ml (Aszyk1); 2.6 mg/mL 
(Aszyk, Kubica, et al. 2017) 

In 2 out of 28 liquids; In 2 of 29 e-liquids; In 
1 out of 25 e-liquids (Aszyk1) 

2B Citronellol 106-22-9 229440 22.9 573600 57.4 Content < 0.5%; 25-2000 ng/ml 
(Aszyk2); 23 μg/mL (Aszyk, Wozniak, 
et al. 2017) 

In 1 of 50 e-liquids (Kucharska); In 2 of 29 e-
liquids; In 5 out of 25 e-liquids (Aszyk2) 

2B Furfural 98-01-1 38400 3.8 96000 9.6 Content < 0.5%; 25-2000 ng/ml 
(Aszyk2); 16 μg/mL (Aszyk, Wozniak, 
et al. 2017) 

In 2 of 29 e-liquids; In 4 out of 25 e-liquids 
(Aszyk2) 

2B Methylhept-5-en-2-
one (6-methyl-5-
heptene-2-one) 

110-93-0 41760 4.2 104400 10.4 Content < 0.5%; 10-1000 ng/ml 
(Aszyk1); 34 μg/mL (Aszyk, Kubica, et 
al. 2017) 

In 3 of 50 e-liquids (Kucharska); In 1 of 29 e-
liquids; In 1 out of 25 e-liquids (Aszyk1); In 
2 of 20 e-liquids (Hua) 

2B Rheosmin 
(Raspberry ketone) 

5471-51-2 285,600 28.6 714,000 71.4 50-2000 ng/ml (Aszyk2); 35 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 1 out of 28 liquids; In 9 of 166 e-liquids 
(Czoli); In 1 out of 25 e-liquids (Aszyk2); In 
7 of 20 e-liquids (Hua); In about 40 of 277 e-
liquids (Omaiye1) 

2B NEROL SPECIAL 106-25-2 5232 0.5 13080 1.3 5-2000 ng/ml (Aszyk1) In 2 of 50 e-liquids (Kucharska); In 7 out of 
25 e-liquids (Aszyk1) 

2B Ethyl Acetoacetate 141-97-9 30000 3.0 75000 7.5 50-2000 ng/ml (Aszyk1); 15 mg/mL 
(Aszyk, Kubica, et al. 2017) 

In 1 out of 25 liquids (Aszyk1) 

2B Dihydro Jasmonate 
Or Hedione 

24851-98-7 41712 4.2 104280 10.4 25-2000 ng/ml (Aszyk2); 370 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 1 out of 25 e-liquids (Aszyk2) 

2B Diethyl Malonate 105-53-3 10108.8 1.0 25272 2.5 25-2000 ng/ml (Aszyk1) In 1 out of 25 e-liquids (Aszyk1) 
2B Delta-Decalactone 705-86-2 41760 4.2 104400 10.4 Content 0.07%; content < 0.5%; 25-

2000 ng/ml (Aszyk2); 32 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 1 of 29 e-liquids; In 1 out of 25 e-liquids 
(Aszyk2); In 8 of 20 e-liquids (Hua); in about 
115 of 277 e-liquids (Omaiye1); in 7 of 16 e-
liquids (Omaiye2) 

2B Neryl Acetate (Nerol 
acetate) 

141-12-8 5232 0.5 13080 1.3 Content < 0.5% In 1 of 29 e-liquids; In 4 of 20 e-liquids 
(Hua); In about 25 of 277 e-liquids 
(Omaiye1) 

2B Methyl N-
Methylanthranilate 

85-91-6 10176 1.0 25440 2.5 Content < 0.5% In 1 of 50 e-liquids (Kucharska); In 1 of 29 e-
liquids 

2B Linalyl Acetate 115-95-7 3264 0.3 8160 0.8 Content < 0.5%; 25-5000 ng/ml 
(Aszyk2); 350 μg/mL (Aszyk et al. 
2018) 

In 1 of 29 e-liquids; In 1 out of 25 e-liquids 
(Aszyk2) 

2B Koolada-3 39711-79-0 5616 0.6 14040 1.4 Content < 0.5% In 1 of 29 e-liquids 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
2B Methyl Amyl Ketone 110-43-0 404688 40.5 1011720 101.2 

Above 
100% i.e. 

no risk 

Content < 0.5% In 1 of 29 e-liquids 

2B 4-methyl 
acetophenone 

122-00-9 24144 2.4 60360 6.0 10-800 ng/ml (Aszyk1); 67 μg/mL 
(Aszyk et al. 2018) 

In 2 out of 25 liquids (Aszyk1) 

2B Diethyl Succinate 123-25-1 13920 1.4 34800 3.5 5-800 ng/ml (Aszyk1); 3.1 μg/mL 
(Aszyk, Kubica, et al. 2017) 

In 1 out of 25 e-liquids (Aszyk1) 

2C Alpha, alpha-
Dimethylphenethyl 
acetate 

151-05-3 10560 1.1 26400 2.6 Content 0.62%  

2C Lemon Oil 8008-56-8 27840 2.8 69600 7.0 Content 0.2-0.25%  
2C 3-methyl-3-

phenylglycidate 
93-18-5 202560 20.3 506400 50.6 5-1000 ng/ml (Aszyk1)  

3A Diacetyl (DA) 431-03-8 28 
 

0.003% 70 
 

0.007% 26-278 µg/day (Farsalinos), up to 239 
µg/e-cigarette; 11 mg/mL (Farsalinos, 
Kistler, et al. 2015); 7.7 mg/mL 
(Sleiman et al. 2016) 

Found in >74,2% of 159 samples in one study 
and in 39 of 51 samples in another. Approved 
for food use, but associated with respiratory 
disease when inhaled. NIOSH limits for 
occupational exposure exist. Is restricted by 
the Afnor standard. In 6 of 20 e-liquids 
(Hua); In about 63 of 277 e-liquids 
(Omaiye1) 

3A Menthyl Acetate 89-48-5 39840 4.0 99600 10.0 no SDS found. 6.4 mg/mL (Aszyk, 
Wozniak, et al. 2017) 

In about 50 of 277 e-liquids (Omaiye1); In 6 
of 16 e-liquids (Omaiye2) 

3A Menthol Or L-
Menthol 

2216-51-5 158400 15.8 396000 39.6 0<x%<0,90% (SDS, Belgian Juice, 
2017) 

In 41 out of 166 e-liquids (Czoli) 

3A Strawberry Glycidate 
A 

77-83-8 2928 0.3 7320 0.7 <1% (SDS, Flavourtec, 2014); 300 
μg/mL (Aszyk et al. 2018) 

In 4 of 20 e-liquids (Hua); In 4 of 50 e-liquids 
(Kucharska); In about 25 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

3A Camphor 76-22-2 20870.4 2.1 52176 5.2 5.8-1310 ug/g (Lisko); 1.3 mg/g (Lisko 
et al. 2015) 

In 7 of 36 e-liquids (Lisko) 

3A Gamma Terpine 
(gamma-terpinene) 

99-85-4 3480 0.3 8700 0.9 <0,2% In 3 of 20 e-liquids (Hua); in about 40 of 277 
e-liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

3A Coumarin 91-64-5 878 
 

0.09% 2,196 
 

0.2% < 0,3 % (SDS, Eden Botanical, 2018) Detected in 4 of 28 samples. Prohibited in 
tobacco in Germany. In 2 of 20 e-liquids 
(Hua); In 1 of 50 e-liquids (Kucharska); In 
about 20 of 277 e-liquids (Omaiye1) 

3A L-Menthone 14073-97-3 30720 3.1 76800 7.7 no SDS found In 6 of 50 e-liquids (Kucharska) 
3A Diisobutyl phthalate 84-69-5 3456 0.3 8640 0.9 no SDS found In 3 out of 28 liquids 
3A 1,2-Hexanediol 629-11-8 41760 4.2 104400 10.4 no SDS found In 3 out of 28 liquids 
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Prio. 
class 

Substance CAS no.  Limit value 
e-liquid 

(500 puffs) 

Limit value e-liquid 
(200 puffs) 

Concentration detected or described 
on SDS 

Comments concerning how often the 
flavour substance is used 

µg/mL % µg/mL % 
3A 1,8-Cineol 

(eucalyptol) 
470-82-6 8352 0.8 20880 2.1 20.3-86.8 ug/g (Lisko); 87 μg/g (Lisko 

et al. 2015) 
In 2 out of 28 liquids; In 5 of 50 e-liquids 
(Kacharska); In 5 of 36 e-liquids (Lisko et al., 
2015); In about 40 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

3A Alpha-Pinene 80-56-8 3235.2 0.3 8088 0.8 >2-<6% (SDS, Coffee Mill, 2018) In 5 of 50 e-liquids (Kucharska); In 2 of 20 e-
liquids (Hua); In about 50 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids (Omaiye2) 

3B Geraniol (Geraniol 
Pur) 

106-24-1 229440 22.9 573600 57.4 0,1-0,5% (SDS, Chem Novatic, 2006) In 4 of 50 e-liquids (Kucharska); In 6 of 20 e-
liquids (Hua); In about 35 of 277 e-liquids 
(Omaiye1) 

3B Butyl carbitol 112-34-5 194400 19.4 486000 48.6 no SDS found. 120 μg/mL (Schober et 
al. 2014) 

In 2 out of 28 liquids (Hutzler) 

3B (1S)-6,6-dimethyl-2- 
methylenebicyclo[3.
1.1]heptane ((-)-β-
pinene) 

18172-67-3 4800 0.5 12000 1.2 no SDS found In 2 of 50 e-liquids (Kucharska) 

3B Diethylene glycol 
ethyl ether 

111-90-0 177600 17.8 444000 44.4 no SDS found In 2 of 50 e-liquids (Kucharska) 

3B Acetylbenzene 
(Acetophenone) 

98-86-2 25920 2.6 64800 6.5 no SDS found. 5.7 μg/mL (Schober et 
al. 2014) 

In 1 of 50 e-liquids 

3B Tert- Butyl Alcohol 71-36-3 265713.6 26.6 664284 66.4 no SDS found. 10 μg/g (Varlet et al. 
2015) 

In 1 of 50 e-liquids 

3C Beta-Ionone 14901-07-6 2980.8 0.3 7452 0.7 <2,5% (SDS, Mount Baker Vapor)  
3C (+)-alpha-pinene 7785-70-8 2241.6 0.2 5604 0.6 no SDS found  
3C alpha-terpinolone 586-62-9 4320 0.4 10800 1.1 >0-<2% (SDS, Coffee Mill, 2018)  
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11 Discussion and recommendations 

Use of flavour substances in e-liquids 
In this report, the use of flavour substances has been investigated in more detail. 
Recent articles have investigated whether the same flavour substances are used in 
different brands for e-liquids when creating the same flavour (e.g. strawberry). The 
conclusion is that some flavour substances may be dominant when creating a 
specific flavour, but one specific flavour may be created in many different ways 
and may be very different in composition from brand to brand.  
 
In this report, a search for new articles on the area was carried out, and the flavour 
substances identified were added to the existing Excel list of flavour substances 
identified for use in e-liquids. The result was a total list of 280 different flavour 
substances; an addition of 110 flavour substances compared to the previous list 
prepared in the former two projects on flavour substances in e-liquids (Poulsen et 
al., 2017a and Poulsen et al., 2018).  
 
Limitations used when calculating limit values 
A preliminary proposal for limit values for the concentration of 67 selected flavour 
substances used in e-liquids has been calculated in this project (see Table 7). The 8 
and 27 flavour substances, respectively, for which limit values were calculated in 
the former two projects are included in Table 7 as well. Table 7 therefore includes 
all 102 flavour substances where a proposal for a limit value for a concentration in 
the e-liquid has been calculated (in the three projects).  
 
The limit values have been calculated based on existing threshold limit values – 
mainly REACH DNEL values, and for some flavour substances in the former two 
projects, threshold limit values for indoor emissions for construction products were 
used when available. The existing threshold limit values used for the calculations 
have mainly been based on effects for long term systemic exposure because this 
has been the lowest available DNEL value. For this reason, short term effects like 
e.g. irritation effects may not necessarily be taken into account and thereby neither 
cumulative irritation effects. For calculation of the limit values for the 67 flavour 
substances calculated in this project, only REACH DNEL values have been used, 
as no search for other toxicological information has been found. In the previous 
projects, other toxicological information was primarily used, such as EU LCI 
values (indoor emissions for construction products). For a thorough description of 
the type of values used here, please see the previous projects (Poulsen et al., 2017a 
and Poulsen et al., 2018).  
 
It should be noted that the REACH DNEL values have been used directly as listed 
in the ECHA database of registered substances. This means that no evaluation of 
the correctness of the given DNEL values has been made. In some cases, the 
companies notifying the toxicological information have not been using the correct 
assessment factors (too low assessment factors) which may result in too high 
DNEL values. The calculated limit values should therefore only be considered as 
preliminary proposals, and the correctness of the used TLVs for the calculation of 
the limit values should be considered, if or when limit values are actually being set 
in the regulation concerning e-cigarettes and e-liquids.  
 
Furthermore, a high number of puffs per day (500) has been used in the 
calculations. It should, however, be emphasised that the number of 500 puffs per 
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day is not considered as worst case – although in the high end, as different chat 
forums for e-cigarette vapours indicate that even heavier vapours can be found. 
Furthermore, a limit value for 200 puffs per day has been calculated to compare the 
calculated limit values with the limit values for some substances set in the existing 
standards. 
 
It must be pointed out that the calculations performed in this and the former reports 
are made on a screening level, which means that a simple calculation has been 
made. In this ‘simple calculation’, it has been assumed that all of the substance 
contained in the e-liquid is evaporated, and all of the substance evaporated is 
inhaled, and finally that all of the inhaled substance is absorbed in the body. On the 
other hand, the simple calculations have not accounted for the fact that vaping may 
result in short term peak concentrations that may lead to very high concentrations. 
Neither have cumulative effects of e.g. irritants been considered. Therefore, the 
simple calculations should not be considered as ‘worst-case’ calculations but may 
in fact have underestimated the exposure/risk. The ‘simple calculations’ of the limit 
values should only be used as a starting point for a discussion of setting limit 
values for flavour substances in e-liquids.  
 
Finally, mechanical changes in the first-generation e-cigarette devices to the 
devices used today indicate that changes in vaping behaviour have occurred 
resulting in inhalation profiles closer to breathing. The effect of this has not been 
taking into consideration in the simple calculations that are based on older data on 
how much e-liquid that is used per puff.  
 
Calculation of preliminary limit values for concentration in e-liquids 
The calculated proposed preliminary limit values for the 102 selected flavour 
substances in e-liquids lie between 0.003% for diacetyl (DA) and 63% for L-
menthyl acetate.  
 
In this project, a search for use concentrations has been carried out and use 
concentrations from different articles and/or safety data sheets (SDS) for different 
e-liquids have been added to the Excel sheet. This means that for most of the 102 
flavour substances where a limit value has been calculated, it has been possible to 
compare the proposed limit value with an actual use concentration. This 
comparison shows that: 

• The maximum use concentration is higher than the calculated limit value 
for 33 of the 102 flavour substances (corresponding to 32%), when using 
the 500 puffs for the calculation of the limit value. These cases have been 
marked with light red shading in Table 7.  

• The maximum use concentration is around/close to the calculated limit 
value for 8 of 102 flavour substances (corresponding to 8%), when using 
the 500 puffs for the calculation of the limit value. These cases have been 
marked with light yellow shading in Table 7 and are used in cases such as 
geranyl acetate where the use concentration according to an SDS is 
between 1 and 10% and the calculated limit value is 7.4%.  

• The maximum use concentration is lower than the calculated limit value 
for 55 of the 102 flavour substances (corresponding to 54%), when using 
the 500 puffs for the calculation of the limit value. In these cases, the 
identified use concentrations of the flavour substances do not indicate that 
there is a health-related problem with inhalation of the flavour substances 
(when looking at the flavour substances individually!).  

• For 6 flavour substances, no use concentration was identified and the 
comparison of the use concentration with the calculated limit value could 
not be carried out. However, all 6 of these flavour substances are not 
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approved to be used as a flavour substance in food, i.e. are not on the 
positive list (Table 1 of Regulation 1334/2008).   

 
It should be emphasised that the search for actual used amounts of the flavour 
substances in e-liquids has mainly been based on concentration ranges listed in 
safety data sheets found on the internet. Furthermore, the search has not been very 
extensive and only one or a couple of examples of concentrations have been 
identified for each selected flavour substance. This means that the identified 
concentrations do not necessarily reflect the actual usage in e-liquids but must 
simply be viewed as examples. Nevertheless, these findings indicate that there may 
be a need for limit values for many of the flavour substances used in e-liquids. 
However, as the available information about the actual minimum use 
concentrations reveals, it will be possible for some of the examined e-liquid 
products to meet the proposed limit values in most cases. Many of the flavour 
substances reviewed are only used in a few percentages of the e-liquids on the 
market. This suggests that it should be possible for many e-liquid products on the 
market to comply with the proposed limit values. However, it is not known and has 
not been discussed in this report which concentrations that are needed for different 
flavour substances to provide the ‘correct’ flavour to the e-liquids. As illustrated in 
chapter 8 “Composition of flavours”, many different flavour chemicals can be used 
to generate e.g. a strawberry flavour.  
 
The fact that many of the proposed limit values are exceeded by the maximum 
identified use concentrations in e-liquids suggests that for some e-liquids, smoking 
e-cigarettes (heavy vapours of 500 puffs/day) cannot necessarily be considered as 
safe, because long-term health effects are likely to occur. However, the minimum 
identified use concentrations found in literature or in safety data sheets for e-liquids 
illustrate that the proposed limit values are not exceeded for every e-liquid on the 
market, but that it is possible to produce e-liquids that will comply with the 
proposed limit values. 
 
The proposed limit values are, as earlier mentioned, calculated by use of ‘simple 
calculations’ for scenarios involving a high use of e-liquids (but not a “worst-case” 
use) as well as assumptions of full intake of the substances contained in the e-
liquids. On the other hand, the simple calculations have not accounted for the fact 
that vaping may result in short term peak concentrations that may lead to very high 
concentrations. Neither have cumulative effects (of e.g. irritants) been considered. 
Furthermore, the REACH DNEL values used have not been checked (the use of the 
correct assessment factors has not been verified), and in some case, these may be 
too high. Therefore, the simple calculations should not be considered as ‘worst-
case’ calculations but may in fact have underestimated the exposure/risk. The 
proposed preliminary limit values in this report should therefore be considered as a 
first approximation and the risk assessment presented may need further refinement 
in order to establish limit values for ingredients in e-liquids.  
 
It should be emphasised that one of the main purposes of this report (and the 
former two reports (Poulsen et al., 2017a; Poulsen et al., 2018)) has been to initiate 
a debate on limit values for flavour substances and point out that further work and 
discussions in this area are needed. In the future, when setting limit values for 
flavour substances in e-liquids concentration dependant local irritation effects 
should be included as well as a more thorough assessment of the available 
toxicological data for each flavour substance.  
 
Flavour substances used in e-liquids compared to other areas 
The list of 280 flavour substances identified for use in e-liquids was compared to 
flavour substances used in other areas (food flavours and cosmetic products). The 
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conclusion is that there is quite a high overlap between flavour substances for e-
liquids and food flavours – 221 out of the 280 (corresponding to 79%) identified 
flavours for use in e-liquids are approved for use as flavours in food. In contrast, 
only 10 out of the 280 (corresponding to 4%) identified flavours for use in e-liquids 
are also used or have been used as flavours for cosmetic products. The reason for 
this relatively small overlap with flavour substances for cosmetic products is that it 
is only a limited number of ingredients which are actually listed as flavour 
ingredients for cosmetic products.  
 
Even though many of the used flavour substances in e-liquids are approved for use 
in food, i.e. some kind of toxicological assessment has been made that vouches for 
daily intake of these flavour substances, this does not necessarily mean that they 
are safe for use in e-liquids as well. The toxicological assessment carried out for 
food flavours only consists of an assessment of the oral intake; the toxicological 
properties by inhalation may be quite different.  
 
As mentioned earlier, the following 3 substances are used in e-liquids, but are only 
allowed to be used as a food flavour (due to toxicological reasons) in the listed 
maximum concentrations (depending on the type of food): 

1. Coumarin (CAS No. 91-64-5) – maximum level 5-50 mg/kg 
2. α-Thujone (CAS No. 546-80-5) – maximum level 0.5-35 mg/kg 
3. Thujone (CAS No. 76231-76-0) – maximum level 0.5-35 mg/kg 

   
Coumarin is one of the substances where a limit value has been calculated (in the 
former project). The limit value in the e-liquid is calculated as 0.09% (using the 
500 puffs), which is lower than a use concentration of 0.3% identified in a SDS. 
The calculated limit value for e-liquids is at least 18 times higher than the 
permitted limit value allowed in food. However, the exposure pathway is different 
in the two situations: direct intake when it comes to food and inhalation when it 
comes to e-liquids. Therefore, the limit values are not directly comparable. 
However, the fact that the calculated limit value in e-liquid is exceeded in some 
cases (higher use concentrations have been observed) suggests that coumarin 
should be restricted in e-liquids as well.  
 
Limit values cannot be calculated for neither thujone nor α-thujone as no DNEL 
value is available. It could, however, be discussed whether the limit value 
permitted for food could be used as a starting point for setting limit values in e-
liquids. 
 
When looking closer at the flavour substances used in e-liquids compared to 
substances restricted in cosmetic products, it was discovered that 9 of the flavour 
substances are not allowed to be used in cosmetic products (or for one substance 
only allowed to be used in a very low concentration). These 9 flavour substances 
that for cosmetic products are prohibited in oral care products or in aerosol 
dispensers are: 

• Damascone beta (CAS No. 23726-92-3) 
• Damascenone (α or β) (CAS No. 23696-85-7) 
• Beta damascone (CAS No. 23726-91-2) 
• Alpha damascone (CAS No. 43052-87-5) 
• Leaf aldehyde (CAS No. 6728-26-3) 
• Diethylene glycol ethyl ether (CAS No. 111-90-0) 
• Isoeugenol (CAS No. 97-54-1) 
• 6-Methylcoumarin (CAS No. 92-48-8) 
• Butyl carbitol (CAS No. 112-34-5) 
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When these flavour substances are prohibited (or restricted with a very low use 
concentration as is the case for 6-methylcoumarin) in cosmetic products for oral 
care or in aerosol dispensers, there is a good reason for also limiting or prohibiting 
their use in e-liquids as well.  
 
Toxicological aspects of flavour substance used in e-liquids 
The limit values calculated for some of the flavour substances used in e-liquids 
illustrate that many e-liquids cannot be considered as safe to use for consumers 
(based on the simple calculations carried out in this project). This is due to the fact 
that the maximum identified use concentrations for several flavour substances are 
higher than the preliminary proposed limit values. Furthermore, recent incidences 
of deaths and teenagers being hospitalised (e.g. in the USA) illustrate that vaping e-
liquids cannot be considered as safe. Finally, several larger studies on the area 
conclude that vaping e-liquids cannot be considered as being safe for consumers 
(WHO, 2015; National Academies of Sciences, 2018; NICNAS, 2019).  
 
Recent research in the area has concluded that the more chemicals contained in an 
e-liquid, the more toxic it is likely to be and especially the mixing of multiple 
flavours in e-liquids seems to be more harmful to the users. Research has also 
indicated that the amount of glycerol (one of the solvents used in e-liquids) has a 
major effect on the concentration of hazardous compounds (such as acetaldehyde, 
acrolein, benzaldehyde, as well as benzene, toluene, ethylbenzene, and xylene) 
being emitted from e-cigarette vapour. This effect was not found when using 
similar percentages of the other typically used solvent in e-liquids, propylene 
glycol.    
 
In a recent article (Erythropel et al., 2019), it is concluded that the resulting 
compounds emitted via e-cigarette vapour have toxicological properties that differ 
from either the flavour substances or solvent component present in the e-liquids. 
These findings suggest that the reporting of manufactured ingredients of the e-
liquids is insufficient for a safety assessment.  
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Appendix 1: List of identified flavour 
substances 

This appendix contains a table with all the identified 280 flavour substances. Only 
selected information from the generated Excel sheet of the 280 flavour substances 
is presented.  
 
Text in blue is new information added during this present project. Flavour 
substances in blue text are hence new flavour substances identified in this present 
project.  
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Table 8: List of the 280 identified flavour substances including selected information from the generated Excel file 
* If the flavour is approved as a food flavour the flavour number (FL No.) from Table 1 of Regulation 1334/2008 is listed 
Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 

approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Vanillin (4-hydroxy-3-
methoxybenzaldehyd) 

121-33-5 Up to 33 mg/mL; Content < 
1%; Content 0.2-1.2%; 
Content 2-12%; Content 5-6%; 
0.13%; content 8.48%; content 
< 0.5%; 5-2000 ng/ml 
(Aszyk1); 0.006-6.789 mg/ml 
(Hua); 6.9 mg/ml (Omaiye2); 
33 mg/mL (Tierney et al. 
2016) 

In 22 out of 28 liquids (Hutzler); 17 out 
of 30 samples (Tierney); In 11 of 50 e-
liquids (Kucharska); In 11 out of 25 e-
liquids (Aszyk1); In 33 of 166 e-liquids 
(Czoli); Czoli et al. (2019) states that 
there is potential inhalation toxicity due 
to the substance; In 16 of 20 e-liquids 
(Hua); considered to be cytotoxic (Hua); 
In about 155 of 277 e-liquids (Omaiye1); 
In 6 of 16 e-liquids (Omaiye2) 

5,018 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: hazard unknown; 
DNEL Inh. Work.: hazard 
unknown; NIOSH: no 
TLV established; Other 
relevant info.: OECD 
SIDS: no inhalation value; 
ADI = 10.0 mg/kg bw/day 

1A 

Ethyl vanillin 121-32-4 Up to 8,4 mg/ml; Content < 
1%; Content 4-4.5%; content 
0.07%; content >= 1% and < 
10%; content <= 2.5%; 5-2000 
ng/ml (Aszyk1); 0.0057-
0.9135% (Vardavas); 0.004-
6.596 mg/ml (Hua) 

In 14 out of 28 liquids; In 1 of 50 e-
liquids (Kucharska); In 8 of 29 e-liquids 
(Nieuwesigaret); In 7 out of 25 e-liquids 
(Aszyk1); In 18.0% of 122 e-liquids 
(Vardavas); In 37 of 166 e-liquids 
(Czoli); In 10 of 20 e-liquids (Hua); 
considered to be cytotoxic (Hua); In 
about 110 of 277 e-liquids (Omaiye1); In 
2 of 16 e-liquids (Omaiye2) 

5,019 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.75; DNEL Inh. 
Work.: 49;  

1A 

Isoamyl acetate 123-92-2 Content ≥0,05 ≤0,5%; content 
>= 10%; 50-5000 ng/ml 
(Aszyk2); 2.3 mg/mL (Aszyk 
et al. 2018) 

In 6 of 50 e-liquids (Kucharska); In 9 of 
29 e-liquids (Nieuwesigaret); In 6 out of 
25 e-liquids (Aszyk2); In 15 of 20 e-
liquids (Hua); in about 80 of 277 e-
liquids (Omaiye1) 

9,024 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 5.1; DNEL Inh. 
Work.: 20.8WHO: -; 
NIOSH: TLV 50 ppm 
(270 mg/m3 

1A 

N-butyric acid 107-92-6 Content ≤ 2.5%; content >= 
1% and < 10% 

In 8 of 29 e-liquids (Nieuwesigaret) 8,005 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 9.15; DNEL Inh. 
Work.: 36.8; AgBB LCI: 
0.37; NIOSH: no TLV 
established; Other relevant 
info.: OECD SIDS: only 
initial assessment 

1A 

Allyl hexanoate (or allyl caproate) 123-68-2 Content < 1 %; content 5.94% In 5 of 20 e-liquids (Hua); In 2 of 16 e-
liquids (Omaiya2) 

9,244 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 3.7; DNEL Inh. 
Work.: 15 

1A 

Ethyl 2-methylbutyrate (ethyl 2-
methylbutanoate) 

7452-79-1 Content >= 1% and < 10%; > 
10%; 0.1 - 1.2%; 25-2000 
ng/ml (Aszyk1) 

In 4 of 50 e-liquids (Kucharska); In 6 of 
29 e-liquids (Nieuwesigaret); In 17 of 20 
e-liquids (Hua); 95 of 277 e-liquids 
(Omaiye1); In 4 of 16 e-liquids 
(Omaiye2) 

9,409 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 12.95; DNEL Inh. 
Work.: 52.08 

1A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Hexyl acetate 142-92-7 Content >= 1% and < 10%; < 
0.5%; content 1-5%; content < 
0.6%; content <= 2.5%; 50-
5000 ng/ml (Aszyk2); 2.5 
mg/mL (Tierney et al. 2016) 

In 8 of 50 e-liquids (Kucharska); In 3 of 
29 e-liquids; In 1 out of 25 e-liquids 
(Aszyk2); In 11 of 20 e-liquids (Hua); in 
about 60 of 277 e-liquids (Omaiye1); In 
1 of 16 e-liquids (Omaiye2) 

9,006 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: Yes 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 12; DNEL Inh. 
Work.: 48 

1A 

γ-undecalactone (or gamma-
undecalactone or aldehyde C-14 
or undecan-4-olide) 

104-67-6 Content 0.26%; content >= 1% 
and < 10%; content < 0.5%; 
content <= 2.5%; content 2-
12%; 500 μg/mL (Tierney et 
al. 2016) 

In 7 of 50 e-liquids (Kucharska); In 4 of 
29 e-liquids (Nieuwesigaret) 

10,002 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 4.68; DNEL Inh. 
Work.: 19 

1A 

Anisaldehyde (p-methoxy 
benzaldehyde) 

123-11-5 Content >= 1% and < 10%; 
content < 0.5%; content 0.2-
1.2%; 9.6 μg/mL (Schober et 
al. 2014) 

In 3 out of 28 liquids; In 2 of 29 e-
liquids; In 1 out of 50 e-liquids (Aszyk 
et.); In 11 of 166 e-liquids (Czoli); In 5 
of 20 e-liquids (Hua); in about 55 of 277 
e-liquids (Omaiye1); In 2 of 16 e-liquids 
(Omiaye2) 

5,015 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 4.35; DNEL Inh. 
Work.: 14.7 

1A 

Isoamyl alcohol (isopentyl 
alcohol) 

123-51-3 Content >= 10% In 5 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids; In 4 of 20 e-liquids (Hua); 
in about 50 of 277 e-liquids (Omaiye1) 

2,003 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: Yes 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified; EU-LCI: 0.730; 
AgBB LCI: 0.730; WHO: 
-; NIOSH: TLV 100 ppm 
(360 mg/m3 

1A 

Ethyl maltol (2-ethyl-3-hydroxy-
4-pyranone) 

4940-11-8 Up to 23,4 mg/mL; content < 
0.2%; content 3.58%; content 
2.7%; content < 1%; <= 2.5%; 
5-1000 ng/ml (Aszyk1); 
0.0043-7.096% (Vardavas); 
0.010-6.526 mg/ml (Hua); > 
10 mg/ml (Omaiye1); 1.8 
mg/ml (Omaiye2); 71 mg/g 
(Vardavas et al. 2017) 

In 16 out of 28 liquids (Hutzler); In 28 of 
50 e-liquids (Kucharska);  In 7 of 29 e-
liquids (Nieuwesigaret); In 17 out of 25 
e-liquids (Aszyk1); in 36.9% of 122 e-
liquids (Vardavas, 2017); In 31 of 166 e-
liquids (Czoli); In 12 of 20 e-liquids 
(Hua); considered to be cytotoxic (Hua); 
In 24,5 % of 277 e-liquids in a 
concentration above 10 mg/ml 
(Omaiye1); In about 160 of 277 e-liquids 
(Omaiye1); In 6 of 16 e-liquids 
(Omaiye2) 

7,047 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 17.4; DNEL Inh. 
Work.: 58.7 

1A 

Ethyl butyrate (ethyl butanoate) 105-54-4 Up to 11,1 mg/mL; content 
1.2-3%; content ≤ 2.5%; 
content 2.63%; content < 
0.5%;  content 0.2-1.2%; 0.05-
2.6 mg/ml (Hua); 11 mg/mL 
(Tierney et al. 2016) 

In 22 of 50 e-liquids (Kucharska); In 8 of 
29 e-liquids (Nieuwesigaret); In 20 of 20 
e-liquids (Hua); Hua states that the 
highest concentration of the substance 
(2.6  mg/ml) can result in cytotoxic 
effects (Hua); In about 155 of 277 e-
liquids (Omaiye1); In 7 of 16 e-liquids 
(Omaiye2) 

9,039 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.22; DNEL Inh. 
Work.: 14.8 

1A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Phenolethyl alcohol (phenethyl 
alcohol) 

60-12-8 Content 0.2-1.2%; content 
0.31%; content < 1%; 430 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 3 out of 28 liquids (Hutzler); In 1 of 
29 e-liquids (Nieuwesigaret); In 2 of 20 
e-liquids (Hua); In about 63 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

2,019 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 17.7; DNEL Inh. 
Work.: 59.9 

1A 

Isobutyl acetate 110-19-0 Content ≥0.05 ≤0.5%; content 
0.2-1.2%; content >= 1% and 
< 10%; content <= 2.5%; 26 
μg/g (Varlet et al. 2015) 

In 2 of 29 e-liquids (Nieuwesigaret); In 
10 of 20 e-liquids (Hua); In about 40 of 
277 e-liquids (Omaiye1) 

9,005 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 35.7; DNEL Inh. 
Work.: 300; EU-LCI: 4.8; 
AgBB LCI: 4.8; NIOSH: 
MAK 100 ppm (480 
mg/m3); Other relevant 
info.: OECD SIDS: only 
initial assessment 

1B 

Triethyl citrate 77-93-0 Content >= 1% and < 10%; 2-
12% 

In 2 of 50 e-liquids (Kucharska); In 2 of 
29 e-liquids (Nieuwesigaret) 

9,512 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 28.8; DNEL Inh. 
Work.: 73.5 

1B 

Beta-pinene 127-91-3 Content >= 1% and < 10%; 
content 0.1-0.9%; 2.5 μg/mL 
(Schober et al. 2014) 

In 1 of 50 e-liquids (Kucharska); In 2 of 
29 e-liquids (Nieuwesigaret) 

1,003 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1; DNEL Inh. 
Work.: 5.69; EU-LCI: 1.4; 
AgBB LCI: 1.4 

1B 

Hexanal, aldehyde C-6 66-25-1 Content >= 1% and < 10%; 
content 1-5%; 530 ng/g (Varlet 
et al. 2015) 

In 2 of 29 e-liquids (Nieuwesigaret) 5,008 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information; EU-LCI: 0.9; 
AgBB LCI: 0.9 

1B 

Allyl heptanoate 142-19-8 Content >= 1% and < 10% In 2 of 29 e-liquids (Nieuwesigaret) 9,097 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.73; DNEL Inh. 
Work.: 2.97 

1B 

Alpha-terpineol 98-55-5 Content >= 1% and < 10%; 
0.2-1.2%; 25-2000 ng/ml 
(Aszyk2); 350 μg/mL (Aszyk, 
Wozniak, et al. 2017)  

In 3 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In 10 out 
of 25 e-liquids (Aszyk2); In 9 of 20 e-
liquids (Hua); In 100 of 277 e-liquids 
(Omaiye1); In 7 of 16 e-liquids 
(Omaiye2) 

2,014 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.25; DNEL Inh. 
Work.: 9.03 

1B 

Methyl anthranilate 134-20-3 Content >= 1% and < 10%; 1.3 
mg/mL (Tierney et al. 2016) 

In 2 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In about 25 
of 277 e-liquids (Omaiye1); In 2 of 16 e-
liquids (Omaiye2) 

9,715 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.3; DNEL Inh. 
Work.: 5.28 

1B 

Geranyl acetate (geraniol acetate) 105-87-3 Content >= 1% and < 10%; 
content 0.1-0.9%  

In 2 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In 3 of 20 
e-liquids (Hua); In about 25 of 277 e-
liquids (Omaiye1) 

9,011 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 15.4; DNEL Inh. 
Work.: 62.59  

1B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Hexanoic acid (or caproic acid) 142-62-1 Content ≥0.05 ≤0.15%; content 
>= 1% and < 10% 

In 1 of 29 e-liquids (Nieuwesigaret) 8,009 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 4348; DNEL Inh. 
Work.: 17632; EU-LCI: 
none; AgBB LCI: 0.49 

1B 

Mentha x piperita (Peppermint 
essential oil) 

8006-90-4 Content >= 10%; content <= 
2.5%; conent 2-12%; content 
2-12% 

In 1 of 29 e-liquids (Nieuwesigaret) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.7; DNEL Inh. 
Work.: 35.3 

1B 

Benzyl propionate 122-63-4 Content >= 1% and < 10% In 1 of 29 e-liquids (Nieuwesigaret) 9,132 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.85; DNEL Inh. 
Work.: 12.3 

1B 

Cinnamaldehyde 104-55-2 Content 1.5%; content <1%; 
10.4-98.6 ug/g (Lisko); 140 
mg/mL (Behar et al. 2016) 

In 2 out of 28 liquids (Hutzler); In 2 of 
50 e-liquids (Kucharska); In 1 of 29 e-
liquids (Nieuwesigaret); is an allergene; 
In 4 of 36 e-liquids (Lisko); In 13 of 20 
e-liquids (Hua); in about 75 of 277 e-
liquids (Omaiye1) 

5,014 Restricted acc. to Annex III: 
Yes, declaration necessary; 
Not on Annex II of Reg. 
1223/2009; Defined as a 
flavour by CosIng: Yes 

Restriction REACH DNEL Inh. 
Cons.: 2.4; DNEL Inh. 
Work.: 13.6 

1B 

Cis-3-hexen-1-yl acetate (or cis 3 
hexenyl acetate or Z-3-hexen-1-ol 
acetate) 

3681-71-8 Content < 5%; content < 1.1%; 
< 1%; 140 μg/mL (Aszyk et al. 
2018) 

In 1 of 29 e-liquids (Nieuwesigaret); In 
11 of 20 e-liquids (Hua); In about 65 of 
277 e-liquids (Omaiye1) 

9,197 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: Yes 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.9; DNEL Inh. 
Work.: 11.75 

1B 

Propionic acid (or propanoic acid) 79-09-4 Content > 1 <= 5%   8,003 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 18.3; DNEL Inh. 
Work.: 73; EU-LCI: 1.5; 
AgBB LCI: 0.31; NIOSH: 
TLV 10 ppm (30 mg/m3); 
Other relevant info.: 
OECD SIDS: only initial 
assessment 

1C 

Triacetin 102-76-1 0.013-5.767 mg/ml (Hua) In 13 of 166 e-liquids (Czoli); In 10 of 
20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In 9 of 50 e-liquids 
(Kucharska); In 90 of 277 e-liquids 
(Omayie1); In 5 of 16 e-liquids 
(Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified 

1A 

Menthol (DL-menthol) 89-78-1 Up to 21,6 mg/mL; Content < 
1%; content 10%; content 5%; 
content 1.2-3%; content 0.2-
1.2%; 6.2-12400 ug/g; > 10 
mg/ml (Omaiye1); 15 mg/ml 
(Omaiye2) 

In 12 out of 28 liquids (Hutzler); In 8 of 
50 e-liquids (Kucharska); In 12 of 36 e-
liquids (Lisko); In 22,6 % (63) of 277 e-
liquids in concentrations above 10 mg/ml 
(Omaiye1); in about 80 of 277 e-liquids 
(Omaiye1); In 13 of 16 e-liquids 
(Omaiye2) 

2,015 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 16.3; DNEL Inh. 
Work.: 66.28; ADI = 4 
mg/kg bw/day 

1A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Benzyl alcohol 100-51-6 Content 1-1.5%; content >= 
1% and < 10%; 25-2000 ng/ml 
(Aszyk2); 0.009-13.509 mg/ml 
(Hua); > 1 mg/ml (Omaiye2); 
8.4 mg/mL (Tierney et al. 
2016) 

In 3 out of 28 liquids (Hutzler); In 18 of 
50 e-liquids (Kucharska); In 6 of 29 e-
liquids (Nieuwesigaret); Regulated by 
European Cosmetics Directive; In 1 of 5 
e-liquids (Leigh); In 3 out of 25 e-liquids 
(Aszyk2); In 33 of 166 e-liquids (Czoli); 
Czoli et al (2019) states that there is 
potential inhalation toxicity due to the 
substance; In 10 of 20 e-liquids (Hua); 
considered to be cytotoxic (Hua); In 
about 115 of 277 e-liquids (Omaiye1); In 
12 of 16 e-liquids (Omaiye2) 

2,010 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 5.4; DNEL Inh. 
Work.: 22; EU-LCI: 
0.440; AgBB LCI: 
0.440German Indoor air 
Guide Value I: 0.4; 
NIOSH: no TLV 
established; Other relevant 
info.: OECD SIDS: TLV 
44 mg/m3 

1A 

Acetoin ((3-hydroxy-2-butanone)) 513-86-0 Up to 529 µg/e-cigarette; 
content >= 1% and < 10%; 
content ≤ 2.5%; content >= 1% 
and < 10%; 0.028-1.955 mg/ml 
(Hua); 16 μg/g (Varlet et al. 
2015) 

In 9 of 29 e-liquids (Nieuwesigaret); In 9 
of 20 e-liquids (Hua); Considered to be 
cytotoxic (Hua); in about 65 of 277 e-
liquids (Omaiye1) 

7,051 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1A 

Trimethylpyrazine (2,3,5-
trimethylpyrazine) 

14667-55-1 Content >= 1% and < 10%; 5-
800 ng/ml (Aszyk1); 97 μg/mL 
(Lim and Shin 2017) 

In 6 out of 28 liquids (Hutzler); In 2 of 
29 e-liquids (Nieuwesigaret); 6 out of 25 
e-liquids (Aszyk1); In 9 of 166 e-liquids 
(Czoli); in about 40 fo 277 e-liquids 
(Omaiye1); In 4 of 16 e-liquids 
(Omaiye2) 

14,019 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1A 

3-methyl-1,2-cyclopentanedione 
(cyclotene or corylone) 

765-70-8 Content >= 1% and < 10% In 6 out of 28 liquids (Hutzler); In 4 of 
29 e-liquids; In 1 of 5 e-liquids (Leigh); 
In 10 of 166 e-liquids (Czoli); In 6 of 16 
e-liquids (Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1A 

Benzaldehyde 100-52-7 Up to 21,2 mg/mL; < 0.5%;  
≥ 1% and < 10%; 25-5000 
ng/ml (Aszyk2); 21 mg/mL 
(Tierney et al. 2016) 

In 4 out of 28 liquids (Hutzler); In 7 of 
29 e-liquids (Nieuwesigaret); In 2 out of 
25 e-liquids (Aszyk2); In 36 of 166 e-
liquids (Czoli); Czoli et al (2019) states 
that there is potential inhalation toxicity 
due to the substance; In 14 of 20 e-
liquids (Hua); In about 85 of 277 e-
liquids (Omaiye1); In 4 of 16 e-liquids 
(Omaiye2) 

5,013 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: Yes 

Restriction REACH DNEL Inh. 
Cons.: 4.9; DNEL Inh. 
Work.: 9.8; AgBB LCI: 
0.09; US EPA RfC: not 
evaluated; German Indoor 
air Guide Value I: 0.02  

1A 

γ-decalactone (or gamma-
decalactone) 

706-14-9 Content > 1 <= 5%; content >= 
1% and < 10%; 25-2000 ng/ml 
(Aszyk2); 8.2 mg/mL (Bitzer, 
Goel, Reilly, Elias, et al. 2018) 

In 6 of 50 e-liquids (Kucharska); In 4 of 
29 e-liquids (Nieuwesigaret); In 1 of 5 e-
liquids (Leigh), In 10 of 166 e-liquids 
(Czoli); In 2 out of 25 e-liquids 
(Aszyk2); In 16 of 20 e-liquids; In about 
140 of 277 e-liquids (Omaiye1) 

10,017 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified 

1A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Isoamyl isovalerate 659-70-1 Content >= 1% and < 10%; 
25-2000 ng/ml (Aszyk2) 

In 4 of 50 e-liquids (Kucharska); In 4 of 
29-eliquids (Nieuwesigaret); In 3 out of 
25 e-liquids (Aszyk et al., 2017 (part 2); 
In 11 of 20 e-liquids (Hua); In about 90 
of 277 e-liquids (Omaiye1) 

9,463 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified 

1A 

γ-octalactone 104-50-7 Content >= 1% and < 10% In 4 out of 28 liquids (Hutzler); In 3 of 
29-eliquids (Nieuwesigaret); In 8 of 20 
e-liquids (Hua); in about 65 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

10,022 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

1A 

Acetylpyrazine (2-acetyl 
pyrazine) 

22047-25-2 Content >= 1% and < 10%; 5-
1000 ng/ml (Aszyk1); 0.0159-
0.1067% (Vardavas); 1.1 
mg/mL (Vardavas et al. 2017) 

In 3 out of 28 liquids (Hutzler); In 5 of 
50 e-liquids (Kucharska); In 1 of 29 e-
liquids (Nieuwesigaret); In 2 of 25 e-
liquids (Aszyk1); In 9.0% of 122 e-
liquids; In 2 of 20 e-liquids (Hua); In 
about 63 of 277 e-liquids (Omaiye1); In 
6 of 16 e-liquids (Omaiye2) 

14,032 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1A 

2-Methyl butyric acid 116-53-0 Content >= 1% and < 10% In 1 of 50 e-liquids (Kucharska); In 3 of 
29 e-liquids (Nieuwesigaret) 

8,046 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information 

1A 

Ethyl heptanoate 106-30-9 Content  >= 10%; content >= 
1% and < 10%; 25-2000 ng/ml 
(Aszyk2); 120 μg/mL (Aszyk 
et al. 2018) 

In 3 of 29 e-liquids (Nieuwesigaret); In 5 
of 50 e-liquids (Kucharska) 

9,093 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified 

1A 

Ethyl acetate 141-78-6 Up to 7,1 mg/mL, Up to 253 
ug/g (Varlet); content > 1 <= 
5%; content ≤ 2.5%; content 1-
5%; 0.008-2.016 mg/ml; 7.2 
mg/mL (Tierney et al. 2016) 

In 19 of 20 e-liquids (Hua); considered to 
be cytotoxic (Hua); In about 140 of 277 
e-liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

9,001 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 367; DNEL Inh. 
Work.: 734; US EPA RfC: 
not evaluated; German 
Indoor air Guide Value I: 
0.6; NIOSH: TLV 400 
ppm (1500 mg/m3); Other 
relevant info.: OECD 
SIDS: only initial 
assessment 

1A 

Ethyl propionate (ethyl 
propanoate) 

105-37-3 Content < 0.2%; content ≤ 
2.5%; 120 μg/g (Varlet et al. 
2015) 

In 11 of 20 e-liquids (Hua); In about 50 
of 277 e-liquids (Omaiye1) 

9,121 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

1A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Limonene-D (or p-mentha-1,8-
diene) 

5989-27-5 Content 2.44%; 0.0001% 
(Vardavas) 

In 0.8% of 122 e-liquids (Vardavas); In 
98 of 277 e-liquids (Omaiye1) 

1,045 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 16.6; DNEL Inh. 
Work.: 66.7; EU-LCI: 5.0; 
AgBB LCI: 5.0; US EPA 
RfC: value not estimated; 
NIOSH: MAK 20 ppm 
(110 mg/m3) 

1A 

Ethyl hexanoate (or ethyl 
caproate) 

123-66-0 Content 2.49%; content < 
0.5%; 0.0009-0.0554% 
(Vardavas); 50-5000 ng/ml 
(Aszyk2); 550 μg/mL 
(Vardavas et al. 2017) 

In 5 of 50 e-liquids (Kucharska); In 6 of 
29 e-liquids (Nieuwesigaret); In 8.2% of 
122 e-liquids (Vardavas); In 3 out of 25 
e-liquids (Aszyk2); In 14 of 20 e-liquids 
(Hua); in about 60 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

9,060 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified 

1A 

Isoamyl butyrate 106-27-4 Content 2.91%; content < 
0.5%; 50-5000 ng/ml (Aszyk2) 

In 2 out of 28 liquids (Hutzler); In 7 of 
50 e-liquids (Kucharska); In 1 of 29 e-
liquids (Nieuwesigaret); In 4 out of 25 e-
liquids (Aszyk2); In 8 of 20 e-liquids 
(Hua); In about 40 of 277 e-liquids 
(Omaiye1) 

9,055 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified 

1A 

Furfuryl alcohol 98-00-0 Content > 0.1 <= 1%; 25-2000 
ng/ml (Aszyk2); 45 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 1 out of 24 e-liquids (Aszyk2); In 2 of 
20 e-liquids (Hua); In about 35 of 277 e-
liquids (Omaiye1) 

13,019 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Prohibition REACH DNEL Inh. 
Cons.: 9.3; DNEL Inh. 
Work.: 31; NIOSH: TLV 
10 ppm (40 mg/m3); 
Other relevant info.: none 

1A 

Carvone 99-49-0 Content 5%; 930 μg/mL 
(Aszyk et al. 2018) 

In 4 of 50 e-liquids (Kucharska); In 1 of 
5 e-liquids (Leigh); In about 25 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

7,012 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: Yes 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

Hydrocoumarine 119-84-6 Content > 1 <= 5%; content < 
0.5%; 50-2000 ng/ml 
(Aszyk2); 72 μg/mL (Schober 
et al. 2014) 

In 2 out of 28 liquids (Hutzler); In 1 of 
29 e-liquids (Nieuwesigaret); In 1 out of 
25 e-liquids (Aszyk2); In 2 of 20 e-
liquids (Hua); In about 50 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

13,009 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information 

1B 

n-Decanoic acid 334-48-5 Content > 1 <= 5%; content 
0.05%; 80 μg/mL (Aszyk et al. 
2018) 

In 2 out of 28 liquids (Hutzler) 8,011 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified 

1B 

Beta-damascone 35044-68-9 Content >= 1% and < 10%; 
0.0002-0.0742% (Vardavas) 

In 2 of 29 e-liquids (Nieuwesigaret); In 
18.9% of 122 e-liquids (Vardavas); In 2 
of 20 e-liquids (Hua) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Furfurylthiol acetate  13678-68-7 Content >= 1% and < 10% In 2 of 29 e-liquids (Nieuwesigaret) 13,033 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

2-Acetylpyridine 1122-62-9 Content >= 10%; 5-1000 ng/ml 
(Aszyk1); 340 μg/mL (Aszyk 
et al. 2018) 

In 2 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In 1 out of 
25 e-liquids (Aszyk1) 

14,038 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

Furaneol (Strawberry furanone) 3658-77-3 Up to 7622,7 mg/l; 10-1000 
ng/ml (Aszyk1); content < 3%; 
content 0.1-0.9% ; content > 1 
<= 5%; content >= 1% and < 
10%; 0.085-3.165 mg/ml 
(Hua); >0-2% (SDS Coffee 
Mill, 2018); 7.6 mg/mL 
(Schober et al. 2014) 

 In 1 of 29 e-liquids (Nieuwesigaret); In 
3 of 25 e-liquids (Aszyk, 2017); In 11 of 
20 e-liquids (Hua); considered to be 
cytotoxic (Hua); In about 63 of 277 e-
liquids (Omaiye1) 

13,010 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information 

1B 

Sulfurol (hemineurine) 137-00-8 Content > 1 <= 5%; content 
0.69%; content < 0.5% 

In 1 of 29 e-liquids (Nieuwesigaret); In 6 
of 20 e-liquids (Hua); In about 45 of 277 
e-liquids (Omaiye1) 

15,014 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information 

1B 

Methyl cinnamate 1754-62-7 Content >= 1% and < 10% In 1 of 29 e-liquids (Nieuwesigaret); In 1 
out of 5 e-liquids (Leigh) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

Veratraldehyde (3,4-dimethoxy 
benzaldehyde) 

120-14-9 Content >= 10%; 0.0156-
0.0359% (Vardavas); 360 
μg/mL (Vardavas et al. 2017) 

In 1 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In 1.6% of 
122 e-liquids (Vardavas) 

5,017 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information 

1B 

Benzyl butyrate 103-37-7 Content >= 1% and < 10% In 1 of 29 e-liquids (Nieuwesigaret); In 4 
of 20 e-liquids (Hua); In 2 of 16 e-liquids 
(Omaiye2) 

9,051 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information 

1B 

2-Ethylpyrazine 13925-00-3 Content >= 1% and < 10% In 1 of 29 e-liquids (Nieuwesigaret) 14,022 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

Methyl propionate 554-12-1 Content >= 1% and < 10% In 1 of 29 e-liquids (Nieuwesigaret) 9,134 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

Trans-citral (geranial) 141-27-5 25-10000 ng/ml (Aszyk2) In 2 out of 25 e-liquids (Aszyk2) 5,188 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

1B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Carvone 6485-40-1 > 1 <= 5%; ≥0,5≤0,75% In 2 out of 28 liquids (Hutzler) 7,147 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: Yes 

Restriction REACH DNEL Inh. 
Cons.: 0.289; DNEL Inh. 
Work.: 1175  

1B 

Vanillin propylene glycol acetal 68527-74-2 Content 0.2-1.2%; content 
0.32% 

In 3 of 50 e-liquids (Kucharska) 6,104 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

Geranyl propionate 105-90-8 50-10000 ng/ml (Aszyk2); 60 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk2) 9,128 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

1B 

Propenyl guaethol 94-86-0 Content 1-1.5%; content < 1% In 1 of 29 e-liquids (Nieuwesigaret) 4,002 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

1B 

(E)-Anethole 4180-23-8 Content ≥0.125 ≤0.5%; content 
1-2% 

  4,010 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 6.5; DNEL Inh. 
Work.: 26.45 

1C 

Delta-dodecalactone 713-95-1 Content 0.2-1.2%; content 
0.56% 

In 7 of 20 e-liquids (Hua); in about 60 of 
277 e-liquids (Omaiye1); In 15 of 16 e-
liquids (Omaiye2) 

10,008 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.9; DNEL Inh. 
Work.: 16.4 

2A 

Acetyl propionyl (AP); (2,3-
pentanedione) 

600-14-6 20-432 µg/day(Farsalinos), Up 
to 64 µg/e-cigarette (NIH); 
content < 1%; 1.0 mg/mL 
(Farsalinos, Kistler, et al. 
2015) 

Found in 74,2% of 159 samples 
(Farselinos). In 4 of 29 e-liquids 
(Nieuwesigaret). Approved for food use, 
but associated with respiratory disease 
when inhaled. NIOSH limits for 
occupational exposure exist. In 6 of 20 e-
liquids (Hua); In about 35 of 277 e-
liquids (Omaiye1) 

7,060 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered; NIOSH 
document: 0.03808 

2A 

Cis-3-hexen-1-ol (or Leaf alcohol 
or cis-3-Hexanol) 

928-96-1 Content 0.49%; content < 
0.5%; content < 4%; 100-5000 
ng/ml (Aszyk2); 4.3 mg/mL 
(Tierney et al. 2016) 

In 17 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In 7 out of 
25 e-liquids (Aszyk2); In 15 of 20 e-
liquids (Hua); In about 140 of 277 e-
liquids (Omaiye1); In 4 of 16 e-liquids 
(Omaiye2) 

2,056 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.9; DNEL Inh. 
Work.: 11.75 

2A 

Piperonal 120-57-0 Content 0.58%; content < 
0.5%; 7.5 mg/mL (Bitzer, 
Goel, Reilly, Elias, et al. 2018) 

In 7 out of 28 liquids (Hutzler); In 2 of 
50 e-liquids (Kucharska); In 1 of 29 e-
liquids (Nieuwesigaret); In 6 of 20 e-
liquids (Hua); in about 55 of 277 e-
liquids (Omaiye1); In 6 of 16 e-liquids 
(Omaiye2) 

5,016 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 4.3; DNEL Inh. 
Work.: 17.6 

2A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Linalool 78-70-6 Content 0.1-0.9%; content < 
0.5%; 0.0004-0.2630% 
(Vardavas); 5-2000 ng/ml 
(Aszyk1); 23 mg/mL (Bitzer, 
Goel, Reilly, Elias, et al. 2018) 

In 6 out of 28 liquids (Hutzler), common 
Ingredient In perfumes; In 5 of 50 e-
liquids (Kucharska); In 5 of 29 e-liquids 
(Nieuwesigaret); In 31.1% of 122 e-
liquids (Vardavas); In 11 out of 25 e-
liquids (Aszyk1); In 16 of 20 e-liquids 
(Hua); In about 140 of 277 e-liquids 
(Omaiye1); In 6 of 16 e-liquids 
(Omaiye2) 

2,013 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Specification REACH DNEL Inh. 
Cons.: 0.7; DNEL Inh. 
Work.: 2.8; Other relevant 
info.: OECD SIDS: ADI 
0.5 mg/kg bw/day; API 
(2015): 63 

2A 

Corylon (2-cyclopeten-1-one or 
methylcyclopentenolone) 

80-71-7 Content < 1%; 25-2000 ng/ml 
(Aszyk1); 0.0091-2.5067% 
(Vardavas); 25 mg/g 
(Vardavas et al. 2017) 

In 5 out of 28 liquids; In 6 of 50 e-liquids 
(Kucharska); In 11 out of 25 e-liquids 
(Aszyk1); In 26.2% of 122 e-liquids 
(Vardavas); In 6 of 20 e-liquids (Hua); In 
about 120 of 277 e-liquids (Omaiye1) 

7,056 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

2A 

Eugenol 97-53-0 Content < 0.5%; 50-2000 
ng/ml (Aszyk2); 1.9 mg/mL 
(Tierney et al. 2016) 

In 5 out of 28 liquids (Hutzler); In 1 of 
50 e-liquids (Kucharska); In 1 of 29 e-
liquids (Nieuwesigaret); Regulated by 
European Cosmetics Directive; In 1 out 
of 25 e-liquids (Aszyk2); in about 55 of 
277 e-liquids (Omaiye1) 

4,003 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 5.22; DNEL Inh. 
Work.: 21.2 

2A 

Cis-3-hexenyl butyrate 16491-36-4 Content < 1% In 6 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret) 

9,270 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

2A 

1-(2,6,6-trimethylcyclohex-1-
Enyl)but-2-en-1-one or 
Damascone beta 

23726-92-3 10-2000 ng/ml (Aszyk1); 1.5 
mg/mL (Bitzer, Goel, Reilly, 
Elias, et al. 2018) 

In 12 out of 25 e-liquids (Aszyk1) 7,083 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registeredATSDR 

2A 

Linalool oxide 1365-19-1 50-1000 ng/ml (Aszyk1); 53 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 7 out of 25 e-liquids (Aszyk1) 13,140 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Maltol 118-71-8 Up to 6,2 mg/mL; content < 
0.5% 5-1000 ng/ml (Aszyl1); 
0.01-1.82 mg/ml (Hua); 6.2 
mg/mL (Tierney et al. 2016) 

In 2 of 50 e-liquids (Kucharska); In 7 of 
29 e-liquids (Nieuwesigaret); In 3 out of 
25 e-liquids (Aszyk1); In 18 of 20 e-
liquids (Hua); considered to be cytotoxic 
(Hua); In about 135 of 277 e-liquids 
(Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

7,014 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

2A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Limonene 138-86-3 0.0001% (Vardavas); 100-
10000 ng/ml (Aszyk2); 77 
mg/mL (Bitzer, Goel, Reilly, 
Elias, et al. 2018) 

In 2 out of 28 liquids (Hutzler); In 12 of 
50 e-liquids (Kucharska); In 0.8% of 122 
e-liquids (Vardavas); In 1 of 5 e-liquids 
(Leigh); In 10 out of 25 e-liquids 
(Aszyk2); In 10 of 10 e-liquids (Hua); In 
4 of 16 e-liquids (Omaiye2) 

1,001 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Specification REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information; EU-LCI: 5.0; 
AgBB LCI: 5.0  

2A 

Tetrahydrolinalol 78-69-3 25-2000 ng/ml (Aszyk2); 120 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 6 out of 25 e-liquids (Aszyk2) 2,028 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.75; DNEL Inh. 
Work.: 11.14  

2A 

Cis-3-hexenyli-valerate 35852-46-1 25-2000 ng/ml (Aszyk2); 80 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 6 out of 25 e-liquids (Aszyk2) 9,571 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Anisyl acetate 104-21-2 50-5000 ng/ml (Aszyk2); 61 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 5 out of 25 e-liquids (Aszyk2) 9,019 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.37; DNEL Inh. 
Work.: 2468  

2A 

Hexyl alcohol (1-hexanol) 111-27-3 50-5000 ng/ml (Aszyk2); 1.6 
mg/mL (Aszyk et al. 2018) 

In 9 of 50 e-liquids (Kucharska); In 2 out 
of 25 e-liquids (Aszyk2); In 5 of 20 e-
liquids (Hua); in about 45 of 277 e-
liquids (Omaiye1) 

2,005 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 24.5; DNEL Inh. 
Work.: 99  

2A 

Citral 5392-40-5 Content < 0.5%; 22 mg/mL 
(Bitzer, Goel, Reilly, Elias, et 
al. 2018) 

In 5 out of 28 liquids (Hutzler); In 2 of 
50 e-liquids (Kucharska); In 1 of 29 e-
liquids (Nieuwesigaret); In 2 of 20 e-
liquids (Hua); In about 35 of 277 e-
liquids (Omaiye1) 

5,020 Restricted acc. to Annex III: 
Yes, declaration necessary; 
Not on Annex II of Reg. 
1223/2009; Defined as a 
flavour by CosIng: Yes 

Restriction REACH DNEL Inh. 
Cons.: 2.7; DNEL Inh. 
Work.: 9  

2A 

Ethyl isovalerate 108-64-5 Content < 0.5%; 700 μg/mL 
(Tierney et al. 2016) 

In 6 of 50 e-liquids; In 5 of 29 e-liquids 
(Nieuwesigaret); In 14 of 20 e-liquids 
(Hua); in about 50 of 277 e-liquids 
(Omaiye1) 

9,447 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

2A 

2-methylpyrazine 109-08-0 10-1000 ng/ml (Aszyk1); 45 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 4 of 25 e-liquids (Aszyk et al., 2017) 14,027 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Cis-3-hexenylacetate 1708-82-3 25-2000 ng/ml (Aszyk2); 540 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 4 out of 25 e-liquids (Aszyk2) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Decanal 112-31-3 25-2000 ng/ml (Aszyk2) In 4 out of 25 e-liquids (Aszyk2) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Melonal 106-72-9 25-2000 ng/ml (Aszyk2); 84 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 7 of 50 e-liquids (Kucharska); In 1 out 
of 25 e-liquids (Aszyk2) 

5,074 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.74; DNEL Inh. 
Work.: 7.05  

2A 

2,5-dimethylpyrazine 123-32-0 0.0007-0.0197% (Vardavas); 
25-2000 ng/ml (Aszyk1); 200 
μg/mL (Vardavas et al. 2017) 

In 4.1% of 122 e-liquids (Vardavas); In 3 
out of 25 e-liquids (Aszyk1); In 2 of 16 
e-liquids (Omaiye2) 

14,020 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Thymol 89-83-8 > 10 mg/ml (Omaiye2) In 2 of 16 e-liquids (Omaiye2) 4,006 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 29; DNEL Inh. 
Work.: 117  

2A 

Benzyl acetate (Carvone) (acetic 
acid phenylmethyl ester) 

140-11-4 Content < 0.5%; 50-2000 
ng/ml (Aszyk1); 25-2000 
ng/ml (Aszyk2); 1.2 mg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 3 out of 28 liquids (Hutzler); In 6 of 
50 e-liquids (Kucharska); In 3 of 29 e-
liquids (Nieuwesigaret); In 7 out of 25 e-
liquids (Aszyk1); In 7 out of 25 e-liquids 
(Aszyk2); In 12 of 20 e-liquids (Hua); In 
about 63 of 277 e-liquids (Omaiye1) 

9,014 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 5.5; DNEL Inh. 
Work.: 21.9  

2A 

Methyl cinnamate 103-26-4 50-2000 ng/ml (Aszyk1); 640 
μg/mL (Oh and Shin 2015) 

In 2 out of 28 liquids (Hutzler); In 6 of 
50 e-liquids (Kucharska); In 1 out of 25 
e-liquids (Aszyk1); In 9 of 20 e-liquids 
(Hua); In about 63 of 277 e-liquids 
(Omaiye1) 

9,740 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 6.96; DNEL Inh. 
Work.: 28.2  

2A 

Menthone (p-menthone) 89-80-5 100-2000 ng/ml (Aszyk1); 3.0 
mg/mL (Aszyk et al. 2018) 

In 6 of 50 e-liquids (Kucharska); In 4 out 
of 25 e-liquids (Aszyk1); in about 55 of 
277 e-liquids (Omaiye1); In 6 of 16 e-
liquids (Omaiye2) 

7,176 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 5.92; DNEL Inh. 
Work.: 39.5 

2A 

5-methyl-2phenylhex-2-enl 
(Cocal, Aszyk1) 

21834-92-4 25-1000 ng/ml (Aszyk1); 36 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 3 out of 25 e-liquids (Aszyk1) 5,099 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

2,6 - dimethylpyridine  108-48-5 5-2000 ng/ml (Aszyk1); 57 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 3 out of 25 e-liquids (Aszyk1) 14,065 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Gamma-butyrolactone  96-48-0 25-2000 ng/ml (Aszyk2); 41 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 3 out of 25 e-liquids (Aszyk2) 10,006 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: hazard unknown; 
DNEL Inh. Work.: 130  

2A 

L-menthyl acetate 79-20-9 25-5000 ng/ml (Aszyk2) In 3 out of 25 e-liquids (Aszyk2) 9,023 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 131; DNEL Inh. 
Work.: 610  

2A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

α,α-dimethylphenethyl butyrate 10094-34-5 25-2000 ng/ml (Aszyk2); 500 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 3 out of 25 e-liquids (Axzyk2) 9,232 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.2; DNEL Inh. 
Work.: 4.4  

2A 

Beta-Ionone 79-77-6 Content < 0.5%; 0.0005-
0.0076% (Vardavas) 

In 5 of 50 e-liquids (Kucharska); In 2 of 
29 e-liquids (Nieuwesigaret); In 10.7% 
of 122 e-liquids; In 5 of 20 e-liquids 
(Hua); in about 50 of 277 e-liquids 
(Omaiye1) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 3.1; DNEL Inh. 
Work.: 12.7  

2A 

Ethyl cinnamate 103-36-6 25-1000 ng/ml (Aszyk1); 180 
μg/mL (Aszyk et al. 2018) 

In 2 of 20 e-liquids (Hua); In 1 of 50 e-
liquids (Kacharska) 

9,730 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1286; DNEL Inh. 
Work.: 5.22  

2A 

Trans 2 hexenol (trans-2-hexen-1-
ol) 

928-95-0 100-5000 ng/ml (Aszyk2); 4.5 
mg/mL (Tierney et al. 2016) 

In 1 out of 25 e-liquids (Aszyk2); In 2 of 
20 e-liquids (Hua) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Ethyl nonanoate 123-29-5 Content < 0.5% In 3 of 29 e-liquids (Nieuwesigaret) 9,107 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2A 

Styralyl acetate 93-92-5 50-500 ng/ml (Aszyk2); 13 
μg/mL (Aszyk et al. 2018) 

In 2 of 16 e-liquids (Omaiye2) 9,178 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.17; DNEL Inh. 
Work.: 8.82  

2A 

γ-nonalactone 104-61-0 Content 0.5%; < 1%; 50-10000 
ng/ml (Aszyk2); 370 μg/mL 
(Aszyk, Wozniak, et al. 2017)  

In 2 out of 28 liquids (Hutzler); In 1 of 
50 e-liquids (Kucharska); In 1 of 29 e-
liquids (Nieuwesigaret); In 2 out of 25 e-
liquids (Aszyk2); In 6 of 20 e-liquids 
(Hua); In about 80 of 277 e-liquids 
(Omaiye1) 

10,001 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 3.97; DNEL Inh. 
Work.: 16.1 

2B 

Butyl butyryllactate (butyl 
butyrolactate) 

7492-70-8 Content < 1% In 2 of 29 e-liquids (Nieuwesigaret); In 2 
of 20 e-liquids (Hua); In about 25 of 277 
e-liquids (Omaiye1) 

9,491 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

2B 

Pentyl alcohol (1-amylalcohol 
eller 1-pentalol) 

71-41-0 Content < 1%; 100-2000 ng/ml 
(Aszyk2); 71 μg/mL (Aszyk, 
Wozniak, et al. 2017) 

In 2 of 29 e-liquids (Nieuwesigaret); In 1 
out of 25 e-liquids (Aszyk2); In 4 of 20 
e-liquids (Hua) 

2,040 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified; EU-LCI: 0.73; 
AgBB LCI: 0.73; NIOSH: 
MAK 20 ppm (73 mg/m3) 

2B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Ethyl lactate 97-64-3 Content < 1%; <0.5%; 100-
2000 ng/ml (Aszyk1); 50 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 2 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In 1 out of 
25 e-liquids (Aszyk1); In 3 of 20 e-
liquids (Hua); In 3 of 16 e-liquids 
(Omaiye2) 

9,433 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

2B 

Ethyl laurate (or Ethyl 
dodecanoate) 

106-33-2 Content < 1% In 1 of 29 e-liquids (Nieuwesigaret) 9,099 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

2B 

Citronellyl acetate 150-84-5 Content < 1% In 1 of 29 e-liquids (Nieuwesigaret) 9,012 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 4.2; DNEL Inh. 
Work.: 17 

2B 

Cinnamyl alcohol 104-54-1 Content < 1% In 1 of 29 e-liquids (Nieuwesigaret) 2,017 Restricted acc. to Annex III: 
Yes, declaration necessary; 
Not on Annex II of Reg. 
1223/2009; Defined as a 
flavour by CosIng: Yes 

Restriction REACH DNEL Inh. 
Cons.: 1.19; DNEL Inh. 
Work.: 7.92 

2B 

(E)-hex-3-enyl acetatet 3681-82-1 Content < 1% In 1 of 29 e-liquids (Nieuwesigaret) 9,928 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered 

2B 

Alpha-Ionone 127-41-3 0.0005-0.0120% (Vardavas); 
5-2000 ng/ml (Aszyk1) 

In 9.0% of 122 e-liquids (Vardavas); In 2 
out of 25 e-liquids (Aszyk1); In 3 of 20 
e-liquids (Hua) 

7,007 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.174; DNEL Inh. 
Work.: 0.987  

2B 

Cis-citral (neral)  106-26-3 25-10000 ng/ml (Aszyk2) In 2 out of 25 e-liquids (Aszyk2); In 1 of 
50 e-liquids (Kacharska) 

5,170 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 2.7; DNEL Inh. 
Work.: 9  

2B 

2,3,5,6-tetramethylpyrazine 1124-11-4 5-1000 ng/ml (Aszyk1); 600 
μg/mL (Tierney et al. 2016) 

In 2 out of 25 liquids (Aszyk1) 14,018 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

2-isopropyl-5-methyl-hexenal 35158-25-9 50-10000 ng/ml (Aszyk2); 90 
μg/mL (Aszyk et al. 2018) 

In 2 out of 25 liquids (Aszyk2) 5,107 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Pyridne 110-86-1 25-2000 ng/ml (Aszyk1); 100 
μg/mL (Lim and Shin 2017) 

In 2 out of 25 e-liquids (Aszyk1); In 1 of 
50 e-liquids 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.6; DNEL Inh. 
Work.: 2.5  

2B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Ethyl phenylacetate 101-97-3 Content 0.06%; content < 
0.5%; 100-2000 ng/ml 
(Aszyk1); 2.6 mg/mL (Aszyk, 
Kubica, et al. 2017) 

In 2 out of 28 liquids (Hutzler); In 2 of 
29 e-liquids (Nieuwesigaret); In 1 out of 
25 e-liquids (Aszyk1) 

9,784 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.74; DNEL Inh. 
Work.: 4.9  

2B 

Guaiacol (2-methoxyphenol) 90-05-1 Content < 0.5% In 2 of 29 e-liquids (Nieuwesigaret); In 5 
of 20 e-liquids (Hua); In about 60 of 277 
e-liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Citronellol 106-22-9 Content < 0.5%; 25-2000 
ng/ml (Aszyk2); 23 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 1 of 50 e-liquids (Kucharska); In 2 of 
29 e-liquids (Nieuwesigaret); In 5 out of 
25 e-liquids (Aszyk2) 

2,011 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 47.8; DNEL Inh. 
Work.: 161.6  

2B 

Furfural 98-01-1 Content < 0.5%; 25-2000 
ng/ml (Aszyk2); 16 μg/mL 
(Aszyk, Wozniak, et al. 2017) 

In 2 of 29 e-liquids (Nieuwesigaret); In 4 
out of 25 e-liquids (Aszyk2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 8; DNEL Inh. 
Work.: 17.8  

2B 

Amyl isobutyrate 2445-72-9 Content < 0.5% In 2 of 29 e-liquids (Nieuwesigaret) 9,418 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Coffie Furanone 3188-00-9 Content < 0.5% In 2 of 29 e-liquids (Nieuwesigaret) 13,042 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Dl-menthol 1490-04-6 0.0001-0.4991% (Vardavas); 
200-2000 ng/ml (Aszyk1); 22 
mg/mL (Tierney et al. 2016) 

In 3 of 50 e-liquids (Kucharska); In 41 % 
of 122 e-liquids (Vardavas); In 1 of 5 e-
liquids (Leigh); In 6 out of 25 e-liquids 
(Aszyk1) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Methylhept-5-en-2-one (6-methyl-
5-heptene-2-one) 

110-93-0 Content < 0.5%; 10-1000 
ng/ml (Aszyk1); 34 μg/mL 
(Aszyk, Kubica, et al. 2017) 

In 3 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret); In 1 out of 
25 e-liquids (Aszyk1); In 2 of 20 e-
liquids (Hua) 

7,015 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.7; DNEL Inh. 
Work.: 29.39  

2B 

Rheosmin (Raspberry ketone) 5471-51-2 50-2000 ng/ml (Aszyk2); 35 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 1 out of 28 liquids (Hutzler); In 9 of 
166 e-liquids (Czoli); In 1 out of 25 e-
liquids (Aszyk2); In 7 of 20 e-liquids 
(Hua); In about 40 of 277 e-liquids 
(Omaiye1) 

7,055 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 59.5; DNEL Inh. 
Work.: 114.24  

2B 

Nerol special 106-25-2 5-2000 ng/ml (Aszyk1) In 2 of 50 e-liquids (Kucharska); In 7 out 
of 25 e-liquids (Aszyk1) 

2,058 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.09; DNEL Inh. 
Work.: 4.4  

2B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Ethyl acetoacetate 141-97-9 50-2000 ng/ml (Aszyk1); 15 
mg/mL (Aszyk, Kubica, et al. 
2017) 

In 1 out of 25 liquids (Aszyk1) 9,402 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 6.25; DNEL Inh. 
Work.: 29167  

2B 

Trans 2-hexenal Or Hexen-2-Al; 
Leaf aldehyde 

6728-26-3 100-2000 ng/ml (Aszyk2); 400 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk2) 5,073 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Gamma hexalactone 695-06-7 100-1000 ng/ml (Aszyk1); 190 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk1) 10,021 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Dihydro jasmonate or Hedione 24851-98-7 25-2000 ng/ml (Aszyk2); 370 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk2) 9,520 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.69; DNEL Inh. 
Work.: 29.3  

2B 

Diethyl malonate 105-53-3 25-2000 ng/ml (Aszyk1) In 1 out of 25 e-liquids (Aszyk1) 9,490 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2106; DNEL Inh. 
Work.: 8468  

2B 

Gamma valerolactone 108-29-2 400-2000 ng/ml (Aszyk1); 88 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 1 of 25 e-liquids (Aszyk et al., 2017) 10,013 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

2-acetylpyrrole 1072-83-9 5-1000 ng/ml (Aszyk1); 21 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk1) 14,047 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Theaspirane 36431-72-8 25-2000 ng/ml (Aszyk2); 55 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk2) 13,098 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Hexyl hexanoate 6378-65-0 25-2000 ng/ml (Aszyk2); 500 
μg/mL (Tierney et al. 2016) 

In 1 out of 25 e-liquids (Aszyk2) 9,066 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Phenethylisovalerate 140-26-1 25-2000 ng/ml (Aszyk2); 11 
μg/mL (Aszyk, Wozniak, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk2) 9,466 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Cis-hedione 80450-69-7 25-2000 ng/ml (Aszyk2) In 1 out of 25 e-liquids (Aszyk2) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Delta-decalactone 705-86-2 Content 0.07%; content < 
0.5%; 25-2000 ng/ml 
(Aszyk2); 32 μg/mL (Aszyk, 
Wozniak, et al. 2017) 

In 1 of 29 e-liquids (Nieuwesigaret); In 1 
out of 25 e-liquids (Aszyk2); In 8 of 20 
e-liquids (Hua); in about 115 of 277 e-
liquids (Omaiye1); in 7 of 16 e-liquids 
(Omaiye2) 

10,007 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.7; DNEL Inh. 
Work.: 49.3  

2B 

Neryl acetate (Nerol acetate) 141-12-8 Content < 0.5% In 1 of 29 e-liquids (Nieuwesigaret); In 4 
of 20 e-liquids (Hua); In about 25 of 277 
e-liquids (Omaiye1) 

9,213 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.09; DNEL Inh. 
Work.: 7.24  

2B 

2,6,6-trimethylcyclohex-2-ene-
1,4-dione (4-ketoisophorone) 

1125-21-9 Content < 0.5% In 1 of 50 e-liquids; In 1 of 29 e-liquids 
(Nieuwesigaret) 

7,109 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

5-methylfurfural 620-02-0 Content < 0.5%; 10-2000 
ng/ml (Aszyk1); 220 μg/mL 
(Aszyk, Kubica, et al. 2017) 

In 1 of 29 e-liquids (Nieuwesigaret); In 1 
out of 25 e-liquids (Aszyk1) 

13,001 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Methyl n-methylanthranilate 85-91-6 Content < 0.5% In 1 of 50 e-liquids (Kucharska); In 1 of 
29 e-liquids (Nieuwesigaret) 

9,781 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 2.12; DNEL Inh. 
Work.: 12  

2B 

Linalyl acetate 115-95-7 Content < 0.5%; 25-5000 
ng/ml (Aszyk2); 350 μg/mL 
(Aszyk et al. 2018) 

In 1 of 29 e-liquids (Nieuwesigaret); In 1 
out of 25 e-liquids (Aszyk2) 

9,013 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.68; DNEL Inh. 
Work.: 2.75  

2B 

Ethyl octanoate 106-32-1 Content < 0.5% In 1 of 29 e-liquids (Nieuwesigaret) 9,111 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

2B 

Cis-3-hexenyl-2-methylbutyrate 53398-85-9 Content < 0.5% In 1 of 29 e-liquids (Nieuwesigaret) 9,854 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Koolada-3 39711-79-0 Content < 0.5% In 1 of 29 e-liquids (Nieuwesigaret) 16,013 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.17; DNEL Inh. 
Work.: 6.66  

2B 

6-methyl pyrazine 67952-65-2 Content < 0.5% In 1 of 29 e-liquids (Nieuwesigaret) 14,035 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Methyl amyl ketone 110-43-0 Content < 0.5% In 1 of 29 e-liquids (Nieuwesigaret) 7,002 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 84.31; DNEL Inh. 
Work.: 394.25  

2B 

Hex-3-en-1-ol 544-12-7 Content < 0.5% In 1 of 29 e-liquids (Nieuwesigaret) 2,159 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

γ -dodecalactone 2305-05-7 Up to 0,6 mg/l; 25-2000 ng/ml 
(Aszyk2); 51 μg/mL (Aszyk, 
Wozniak, et al. 2017) 

In 1 of 50 e-liquids (Kucharska); In 1 out 
of 25 e-liquids (Aszyk2); In 2 of 16 e-
liquids (Omaiye2) 

10,019 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Methyl salicylate 119-36-8 5-800 ng/ml (Aszyk1); 76 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 2 out of 25 liquids (Aszyk1) 9,749 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

4-methyl acetophenone 122-00-9 10-800 ng/ml (Aszyk1); 67 
μg/mL (Aszyk et al. 2018) 

In 2 out of 25 liquids (Aszyk1) 7,022 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 5.03; DNEL Inh. 
Work.: 20.36  

2B 

Diethyl succinate 123-25-1 5-800 ng/ml (Aszyk1); 3.1 
μg/mL (Aszyk, Kubica, et al. 
2017) 

In 1 out of 25 e-liquids (Aszyk1) 9,444 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.9; DNEL Inh. 
Work.: 16.4  

2B 

2-isopropyl-4-methylthiazole 15679-19-3 5-800 ng/ml (Aszyk1) In 1 out of 25 e-liquids (Aszyk1) 15,021 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2B 

Hexenol cis.3 84961-46-6 Content 0.5%   Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

2C 

Geranyl butyrate 106-29-6 Content 0.63%   9,048 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

2C 

Alpha, alpha-dimethylphenethyl 
acetate 

151-05-3 Content 0.62%   9,227 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.2; DNEL Inh. 
Work.: 4.4  

2C 

(2E,4E)-hepta-2,4-dienal 4313-03-5 Content < 1%   5,084 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Prohibition REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Cocoa ext.  84649-99-0 Content < 1%   Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

2C 

Lemon oil 8008-56-8 Content 0.2-0.25%   Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 5.8; DNEL Inh. 
Work.: 23.3  

2C 

p-propenylansiole (Anethole) 104-46-1 Up to 13,4 mg/l; 13 μg/mL 
(Schober et al. 2014) 

  4,088 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 

Buchu oil 68650-46-4 ≥0.05 ≤0.125%   Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 

p-dimethoxybenzene 150-78-7 Up to 15,6 mg/l; 16 μg/mL 
(Schober et al. 2014) 

  4,034 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

2C 

p-Tolualdehyde 14-87-0 Up to 2.8 mg/mL   Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 

Ethyl 3- (methulthio) propionate 13327-56-5 5-1000 ng/ml (Aszyk1)   12,053 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 

3-methyl-3-phenylglycidate 93-18-5 5-1000 ng/ml (Aszyk1)   4,033 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 42.2; DNEL Inh. 
Work.: 0.281  

2C 

3-ethylpyridine 536-78-7 25-2000 ng/ml (Aszyk1)   14,061 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 

Delta-tetradecalactone 2721-22-4 25-2000 ng/ml (Aszyk2); 9.3 
mg/mL (Bitzer, Goel, Reilly, 
Elias, et al. 2018) 

  10,016 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Caprylic acid (Octanoic Acid) 124-07-2 Content 0.03%   8,010 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

2C 

Delta-nonalactone 3301-94-8 Content 0.06%   10,014 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

2C 

2-methyl naphthalene 91-57-6   In 104 og 166 e-liquids (Czoli) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Hydroxyacetone 116-09-6 No SDS found In 16 of 20 e-liquids (Hua); In about 65 
of 277 e-liquids (Omaiye1); In 16 of 16 
e-liquids (Omaiye2) 

7,169 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: hazard unknown; 
DNEL Inh. Work.: 16.46  

3A 

Delta-undecalactone 710-04-3 5.9 μg/mL (Schober et al. 
2014) 

In 16 of 20 e-liquids (Hua); In about 70 
of 277 e-liquids (Omaiye1); In 2 of 16 e-
liquids (Omaiye2) 

10,011 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

3-Penten-2-ol 1569-50-2   In 40 of 50 e-liquids (Kurchaska et al., 
2016) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Diacetyl (DA) (2,3-butanedione) 431-03-8 26-278 µg/day (Farsalinos), up 
to 239 µg/e-cigarette; 11 
mg/mL (Farsalinos, Kistler, et 
al. 2015); 7.7 mg/mL (Sleiman 
et al. 2016) 

Found in >74,2% of 159 samples in one 
study (Farselinos) and in 39 of 51 
samples in another. Approved for food 
use, but associated with respiratory 
disease when inhaled. NIOSH limits for 
occupational exposure exist. Is restricted 
by the Afnor standard. In 6 of 20 e-
liquids (Hua); In about 63 of 277 e-
liquids (Omaiye1) 

7,052 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered; NIOSH 
document: 0.01761 mg/m3  

3A 

1-methyl naphthalene 90-12-0   In 115 og 166 e-liquids (Czoli) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Ethyl anthranilate 87-25-2   In 8 of 16 e-liquids (Omaiye2) 9,716 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

2-methylbutyl acetate 624-21-9   In 9 of 20 e-liquids (Hua); In about 75 of 
277 e-liquids (Omaiye1) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Neomenthol (dextro-neomenthol) 2216-52-6   In about 45 of 277 e-liquids (Omaiye1); 
In 7 of 16 e-liquids (Omaiye2) 

2,063 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Isoquinoline 119-65-3   In 69 of 166 e-liquids (Czoli) 14,001 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Menthyl acetate 89-48-5  6.4 mg/mL (Aszyk, Wozniak, 
et al. 2017) 

In about 50 of 277 e-liquids (Omaiye1); 
In 6 of 16 e-liquids (Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.3; DNEL Inh. 
Work.: 33.6  

3A 

Isopulegol 7786-67-6   In about 20 of 277 e-liquids (Omaiye1); 
in 6 of 16 e-liquids (Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Acetic acid 64-19-7 No SDS found In 18 of 50 e-liquids (Kucharska)  8,002 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

3A 

Amyl acetate 628-63-7 5 % (SDS, Flavour Art, 2013) In 7 of 20 e-liquids (Hua); in about 40 of 
277 e-liquids (Omaiye1) 

9,021 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Beta pinene 242-60-2   In 5 of 20 e-liquids (Hua); In about 63 of 
277 e-liquids (Omaiye1); In 2 of 16 e-
liquids (Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Damascenone (α or β) 23696-85-7 0-2% (SDS, Coffee Mill, 
2018) 

In 7 out of 28 liquids 7,108 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Menthol or L-menthol 2216-51-5 0<x%<0,90% (SDS, Belgian 
Juice, 2017) 

In 41 out of 166 e-liquids (Czoli) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 33; DNEL Inh. 
Work.: 132  

3A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Amyl isovalerate 25415-62-7   In 5 of 20 e-liquids (Hua) 9,499 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

2,4,6-trimethyl-1,3,5-
trioxacyclohexane (paraldehyde) 

123-63-7   In 12 of 50 e-liquids (Kucharska) 5,053 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Strawberry glycidate A 77-83-8 <1% (SDS, Flavourtec, 2014); 
300 μg/mL (Aszyk et al. 2018) 

In 4 of 20 e-liquids (Hua); In 4 of 50 e-
liquids (Kucharska); In about 25 of 277 
e-liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

16,015 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.61; DNEL Inh. 
Work.: 2.45  

3A 

Beta damascone 23726-91-2 <1% (SDS, Vape Feeling Gbr, 
2019) 

In 1 of 5 e-liquids (Leigh); In about 50 of 
277 e-liquids (Omaiye1); In 2 of 16 e-
liquids (Omaiye2) 

7,224 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Methyl 3-hydroxyhexanoate 21188-58-9   In 1 of 5 e-liquids (Leigh); In 10 of 166 
e-liquids (Czoli) 

9,532 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Allyl-cyclohexylpropanoate 2705-87-5 No SDS found In 1 of 5 e-liquids (Leigh) 9,498 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 3.7; DNEL Inh. 
Work.: 15  

3A 

5-methyl-2-phenylhex-2-enal 
(Cocal) 

4927-36-0   In 1 of 5 e-liquids (Leigh) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Camphor 76-22-2 5.8-1310 ug/g (Lisko); 1.3 
mg/g (Lisko et al. 2015) 

In 7 of 36 e-liquids (Lisko) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 4348; DNEL Inh. 
Work.: 17632  

3A 

4-[2,6,6-trimethyl- 
1(or 2)-cyclohexen-1-yl]-3-buten-
1-one (β-damascone) 

85949-43-5   In 9 of 50 e-liquids (Kucharska) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Terpineol 7785-53-7   In 5 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Thujone 76231-76-0 6,7 mg/l on average. Detected in 4% of studied samples. 
BMDL10 = 11 tested on clonic seizures 
on rats (see source table 5) 

Not approved for 
food.  
Not allowed to 
be used in food 
(Part A), but 
with maximum 
allowed 
concentration 
(Part B) 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Cyclohexanol 108-93-0 No SDS found In 8 of 50 e-liquids (Kucharska) 2,070 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 10; DNEL Inh. 
Work.: 40.3  

3A 

Terpineol 8000-41-7   In 26 of 166 e-liquids (Czoli) 2,230 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Gamma terpine (gamma-
terpinene) 

99-85-4 <0,2% In 3 of 20 e-liquids (Hua); in about 40 of 
277 e-liquids (Omaiye1); In 2 of 16 e-
liquids (Omaiye2) 

1,020 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.725; DNEL Inh. 
Work.: 2939  

3A 

Hexyl 2-methylbutyrate 10032-15-2   In 3 of 20 e-liquids (Hua) 9,507 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Benzyl benzoate 120-51-4 No SDS found In 4 out of 28 liquids (Hutzler); In 2 of 
50 e-liquids (Kucharska); In 3 of 20 e-
liquids (Hua); in about 40 of 277 e-
liquids (Omaiye1) 

9,727 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 1.25; DNEL Inh. 
Work.: 5.1  

3A 

Coumarin 91-64-5 < 0,3 % (SDS, Eden Botanical, 
2018) 

Detected in 4 of 28 samples (Hutzler). 
Prohibited in tobacco in Germany. In 2 
of 20 e-liquids (Hua); In 1 of 50 e-liquids 
(Kucharska); In about 20 of 277 e-liquids 
(Omaiye1) 

Not approved for 
food. 
Not allowed to 
be used in food 
(Part A), but 
with maximum 
allowed 
concentration 
(Part B) 

Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 0.183; DNEL Inh. 
Work.: 0.741  

3A 

4-terpineol 562-74-3   In about 40 of 277 e-liquids (Omaiye1); 
In 1 of 16 e-liquids (Omaiye2) 

2,072 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Anisaldehyde propylene glycol 
acetal 

6414-32-0   In 4 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

2-ethyl-3-methylpyrazine 15707-23-0   In 7 of 50 e-liquids (Kucharska) 14,006 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Beta-myrcene (2-methyl-6-
methylene-2,7-octadiene) 

123-35-3   In 5 of 50 e-liquids (Kucharska); In 2 of 
16 e-liquids (Omaiye2)  

1,008 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Ethyl lactate 687-47-8   In about 35 of 277 e-liquids (Omaiye1) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

3A 

L-menthone 14073-97-3 No SDS found In 6 of 50 e-liquids (Kucharska) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 6.4; DNEL Inh. 
Work.: 26.1  

3A 

Pulegone ((R)-5-methyl-2-(1-
methylethylidene) 
cyclohexanone) 

89-82-7 10.5-119 ug/g (Lisko); 120 
μg/g (Lisko et al. 2015) 

In 3 out of 28 liquids (Hutzler); In 4 of 
50 e-liquids (Kucharska); In 8 of 36 e-
liquids (Lisko); In about 35 of 277 e-
liquids (Omaiye1); In 5 of 16 e-liquids 
(Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Benzophenone 119-61-9   In 3 out of 28 liquids (Hutzler) 7,032 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.17; DNEL Inh. 
Work.: 0.7; Other relevant 
info.: Michigan DEQ: 
0.000152 

3A 

Diisobutyl phthalate 84-69-5 No SDS found In 3 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.72; DNEL Inh. 
Work.: 2.94  

3A 

1,2-hexanediol 629-11-8 No SDS found In 3 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.7; DNEL Inh. 
Work.: 35  

3A 

1,8-cineol (eucalyptol) 470-82-6 20.3-86.8 ug/g (Lisko); 87 
μg/g (Lisko et al. 2015) 

In 2 out of 28 liquids (Hutzler); In 5 of 
50 e-liquids (Kacharska); In 5 of 36 e-
liquids (Lisko et al., 2015); In about 40 
of 277 e-liquids (Omaiye1); In 2 of 16 e-
liquids (Omaiye2) 

3,001 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.74; DNEL Inh. 
Work.: 7.05  

3A 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Alpha-pinene 80-56-8 >2-<6% (SDS, Coffee Mill, 
2018) 

In 5 of 50 e-liquids (Kucharska); In 2 of 
20 e-liquids (Hua); In about 50 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

1,004 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.674; DNEL Inh. 
Work.: 3.8  

3A 

p-cymene 99-87-6 No SDS found In 5 of 50 e-liquids (Kucharska); In 4 of 
20 e-liquids (Hua); in about 60 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

1,002 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.15; DNEL Inh. 
Work.: 0.59  

3A 

Isosafroeugenol 94-86-0   In 2 of 20 e-liquids (Hua) 4,002 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

Strawberry glycidate B 121-39-1   In 2 of 20 e-liquids (Hua) 16,018 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3A 

1H-indole 120-72-9 No SDS found In 5 of 50 e-liquids (Kucharska) 14,007 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1.48; DNEL Inh. 
Work.: 9.87  

3A 

Phenyl acetic acid (benzeneacetic 
acid) 

103-82-2 No SDS found In about 25 of 277 e-liquids (Omaiye1) 8,038 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 2.9; DNEL Inh. 
Work.: 16.4  

3B 

Geraniol (Geraniol pur) 106-24-1 0,1-0,5% (SDS, Chem 
Novatic, 2006) 

In 4 of 50 e-liquids (Kucharska); In 6 of 
20 e-liquids (Hua); In about 35 of 277 e-
liquids (Omaiye1) 

2,012 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 47.8; DNEL Inh. 
Work.: 161.6  

3B 

Alpha-terpinene (1-methyl-4-(1-
methylethyl)-1,3- 
cyclohexadiene) eller (α-
terpinene) 

99-86-5   In 4 of 50 e-liquids (Kucharska) 1,019 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Benzaldehyde propylene glycol 
acetal (4-methyl-2-phenyl-1,3-
dioxalane 

2568-25-4 900 μg/mL (Tierney et al. 
2016) 

In 2 out of 28 liquids (Hutzler); In 17 og 
20 e-liquids (Hua); In about 130 of 277 
e-liquids (Omaiye1); In 4 of 50 e-liquids 
(Kucharska); In 2 of 16 e-liquids 
(Omaiye2) 

6,032 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Piperonal propyleneglycol acetal 
(Heliotropine PG acetal) 

61683-99-6   In 5 out of 28 liquids (Hutzler); In 4 of 
20 e-liquids (Hua); in about 40 of 277 e-
liquids (Omaiye1); In 2 of 16 e-liquids 
(Omaiye2) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Miosmine (or myosmine) 532-12-7   In 2 out of 28 liquids(Hutzler), 
Impurities of anabasine, myosmine or 
beta-nicotyrint found In a majorith of the 
samples (BMA); In 2 of 50 e-liquids 
(Kucharska) 

Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Piperitone 89-81-6   In 2 out of 28 liquids (Hutzler); In about 
25 of 277 e-liquids (Omaiye1); In 6 of 16 
e-liquids (Omaiye2) 

7,175 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

3B 

Beta-caryophyllene 87-44-5   In about 20 of 277 e-liquids (Omaiye1) 1,007 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Anatabine 581-49-7   In 2 out of 28 liquids (Hutzler).   Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

γ-heptalactone 105-21-5   In 2 out of 28 liquids (Hutzler) 10,020 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Syringol 91-10-1   In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

3B 

(2,2-diethoxyethyl) benzene 101-48-4   In 2 out of 28 liquids (Hutzler) 6,006 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no hazard 
identified; DNEL Inh. 
Work.: no hazard 
identified  

3B 

Butyl carbitol 112-34-5 120 μg/mL (Schober et al. 
2014) 

In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 40.5; DNEL Inh. 
Work.: 67.5; EU-LCI: 
0.67; AgBB LCI: 0.67; 
German Indoor air Guide 
Value I: 0.4  

3B 

Isobornyl acetate 125-12-2 No SDS found In 2 out of 28 liquids (Hutzler) 9,218 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 13.04; DNEL Inh. 
Work.: 13.22  

3B 

Ethyl mandelate 774-40-3   In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

4-methyl-2-pentyl-1,3-dioxolane 1599-49-1   In 2 out of 28 liquids (Hutzler) 6,094 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

4-chloro-2,5-dimethoxy-aniline 6358-64-1   In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: no information; 
DNEL Inh. Work.: no 
information  

3B 

Methyl dihydrojasmonate 14851-98-7   In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Trans-carane 18969-23-5   In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Diacetin 25395-31-7   In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

α-damascenone 57549-92-5   In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

p-menthane-1,2-diol 336669-76-
0 

  In 2 out of 28 liquids (Hutzler) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Valeric anhydride 2082-59-9   In 11 of 166 e-liquids (Czoli) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

3-octanol 589-98-0   In 3 of 50 e-liquids (Kucharska) 2,098 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Alpha-curcumen (1-(1,5-
dimethyl-4-hexenyl)-4-
methylbenzene) 

644-30-4   In 3 of 50 e-liquids (Kucharska) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Heptanoic acid 111-14-8 No SDS found In 3 of 50 e-liquids (Kucharska) 8,028 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 8.7; DNEL Inh. 
Work.: 98.7  

3B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Cis-jasmone (3-methyl-2-(cis-2-
penten-1-yl)-2- 
cyclopenten-1-one) 

488-10-8 No SDS found In 3 of 50 e-liquids (Kucharska) 7,094 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1336; DNEL Inh. 
Work.: 4514  

3B 

Butyl acetate 123-86-4 No SDS found In 2 of 50 e-liquids (Kucharska) 9,004 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 35.7; DNEL Inh. 
Work.: 300; EU-LCI: 4.8; 
AgBB LCI: 4.8  

3B 

Isocineole (1-methyl-4-(1-
methylethyl)-7- 
-oxabicyclo[2.2.1]heptane) or 
(1,4-cineole) 

470-67-7   In 2 of 50 e-liquids (Kucharska) 3,007 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

4-methylguaiacol (Cresol) 93-51-6   In 6 of 166 e-liquids (Czoli) 4,007 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Camphene (2,2-dimethyl-3-
methylenebicyclo[2.2.1]heptane) 

79-92-5 No SDS found In 2 of 50 e-liquids (Kucharska) 1,009 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 54.3; DNEL Inh. 
Work.: 110.19  

3B 

(1S)-6,6-dimethyl-2- 
methylenebicyclo[3.1.1]heptane 
((-)-β-pinene) 

18172-67-3 No SDS found In 2 of 50 e-liquids (Kucharska) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 1; DNEL Inh. 
Work.: 5.69  

3B 

Diethylene glycol ethyl ether 111-90-0 No SDS found In 2 of 50 e-liquids (Kucharska) Not approved for 
food 

Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 37; DNEL Inh. 
Work.: 61  

3B 

Trans-2-methyl-2-pentenoic acid 16957-70-3   In 2 of 50 e-liquids (Kucharska) Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Ethyl salicylate 118-61-6 13.0 ug/g (Lisko) In 1 of 36 e-liquids (Lisko) 9,748 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Damascone alpha 43052-87-5 0.0002-0.0078% (Vardavas); 
78 μg/mL (Vardavas et al. 
2017) 

In 2.5 % of 122 e-liquids (Vardavas) 7,134 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Acetylbenzene (Acetophenone) 98-86-2 5.7 μg/mL (Schober et al. 
2014) 

In 1 of 50 e-liquids (Kucharska) 7,004 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 5.4; DNEL Inh. 
Work.: 22  

3B 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Methyl butyl acetate 2 624-41-9 900 μg/mL (Tierney et al. 
2016) 

In 1 of 50 e-liquids (Kucharska) 9,286 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Tert- butyl alcohol 71-36-3 10 μg/g (Varlet et al. 2015) In 1 of 50 e-liquids (Kucharska) 2,004 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 55357; DNEL Inh. 
Work.: no hazard 
identified  

3B 

Ethyl benzoate 93-89-0 No SDS found In 1 of 50 e-liquids (Kucharska) 9,726 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 3.75; DNEL Inh. 
Work.: 17.5  

3B 

Octanal 124-13-0 No SDS found In 1 of 50 e-liquids (Kucharska) 5,009 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.32; DNEL Inh. 
Work.: 1.3  

3B 

Isobutyl alcohol 78-83-1 No SDS found In 1 of 50 e-liquids (Kucharska) 2,001 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: low hazard; DNEL 
Inh. Work.: low hazard  

3B 

Isopryl cinnamate (1-methylethyl 
3-phenylpropenoate) 

7780-06-5   In 1 of 50 e-liquids (Kucharska) 9,732 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

2-methoxy-4-(1-propenyl)-phenol 
(isoeugenol) 

97-54-1   In 1 of 50 e-liquids (Kucharska) 4,004 Restricted acc. to Annex III: 
Yes, declaration necessary; 
Not on Annex II of Reg. 
1223/2009; Defined as a 
flavour by CosIng: Yes 

Restriction REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3B 

Benzyl salicylate 118-58-1 No SDS found In 1 of 50 e-liquids (Kucharska) 9,752 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 0.78; DNEL Inh. 
Work.: 3.17  

3B 

Beta-Ionone 14901-07-6 <2,5% (SDS, Mount Baker 
Vapor) 

  7,008 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.621; DNEL Inh. 
Work.: 2498  

3C 

Anisyl alcohol 105-13-5 No SDS found Regulated by European Cosmetics 
Directive 

2,128 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Restriction REACH DNEL Inh. 
Cons.: 5248; DNEL Inh. 
Work.: 21284  

3C 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

6-methylcoumarin 92-48-8     13,012 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

Prohibition REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

Cedrol 77-53-2     2,120 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

Octanol or Alcohol C-8 111-87-5 No SDS found   2,006 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 65; DNEL Inh. 
Work.: 220  

3C 

Delta-octalactone (5-hydroxy 
octanoic acid lactone) 

698-76-0     10,015 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

2,3-dimethylpyrazine 5910-89-4     14,050 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

Ethyl 2-methylpropanoate 97-62-1 86 μg/mL (Aszyk et al. 2018)   9,413 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

3,6-dimethyl-2-ethyl pyrazine 27043-05-6     Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

4-methyl-2 propyl 1,3,dioxolane 4352-99-2     6,095 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

Alloocimene 673-84-7     1,035 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

(+)-alpha-pinene 7785-70-8 No SDS found   Not approved for 
food 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.467; DNEL Inh. 
Work.: 0.933  

3C 

Alpha-terpinolone 586-62-9 >0-<2% (SDS, Coffee Mill, 
2018) 

  1,005 Restricted acc. to Annex III: 
Yes; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: 0.9; DNEL Inh. 
Work.: 3.6  

3C 
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Chemical name CAS No. Concentration identified Frequency of use and other comments The flavour is 
approved as a 
food flavour (on 
Table 1 of Reg. 
1334/2008)* 

Restrictions according to 
Cosmetic Regulation 
1223/2009 (Annex III 
Restrictions, Annex II 
Prohibited, Defined as 
flavour in CosIng) 

IFRA 
classification if 
an IFRA 
standard 
exists 

Threshold limit values 
identified 

Prioriti-
sation 
class 
(1A to 
3B) 

Alpha-thujone 546-80-5 180 μg/mL (Hahn et al. 2014)   Not approved for 
food.  
Not allowed to 
be used in food 
(Part A), but 
with maximum 
allowed 
concentration 
(Part B) 

Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 

Carveol dihydro 619-01-2     2,061 Restricted acc. to Annex III: 
No; Not on Annex II of 
Reg. 1223/2009; Defined as 
a flavour by CosIng: No 

No IFRA 
standard 

REACH DNEL Inh. 
Cons.: not registered; 
DNEL Inh. Work.: not 
registered  

3C 
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