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Summary
During 2017-2020, FORCE Technology carried out five projects for the Austrian
Consumer Council at Austrian Standards International regarding the use of flavours
and solvents in e-liquids, as well as substances being released from e-cigarettes.
The purpose of these projects was to look more closely at the substances used in eliquids. One project focused on substances formed or released during the
evaporation of e-liquids, whereas the other projects focused on ingredients in eliquids. 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 preliminary proposal for limit values for selected
substances (primarily flavour substances) was calculated based on risk assessment
principles.
Purpose
These former projects carried out for the Austrian Consumer Council have been
focusing on the long-term effects when vaping on e-cigarettes as the available
toxicological data was based mainly on long-term effects. However, short-term
effects like sensory irritation is also highly relevant for the vapours when using ecigarettes. Therefore, the purpose of the first part of this project was to examine the
differences in long-term and short-term health effects and their corresponding
threshold limit values for selected substances. In the second part of the project the
purpose was to reconsider the model used for calculating limit values in the former
projects carried out for the Austrian Consumer Council regarding flavours and
solvents used in e-liquids for e-cigarettes.
Differences in short-term and long-term effects
The former projects carried out for the Austrian Consumer Council regarding
requirements for flavour substances in e-cigarettes have been focusing on the longterm effects, when vaping on e-cigarettes, i.e. inhaling the same amount each day
for years. For the long-term effects the total inhaled amount per day is used in the
calculation.
However, the actual exposure situation when vaping on e-cigarettes are series of
high peak exposures (lasting for seconds), followed by a period of no exposure.
Depending on for how long a period of time the exposure is, the user may first
experience a so-called sensory irritation (seconds) that may lead to tissue irritation
(minutes, hours or days) like inflammation or tissue damage (chronic effect, but
only if the exposure time and concentration is high enough).
Part I – Short-term effects
In the former projects carried out for the Austrian Consumer Council at Austrian
Standards International regarding the substances formed during the evaporation of
e-liquids, limit values were proposed for seven different organic substances. The
calculations showed that primarily formaldehyde and acrolein were considered to
be problematic substances, as the proposed calculated limit values exceeded the
STEL (Short Term Exposure Level) occupational thresholds for these substances.
For this reason, mainly formaldehyde and acrolein are discussed in this report with
respect to short-term effects.
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Sensory irritation
One of the first effects caused by vapours of organic substances is the so-called
sensory irritation. Sensory irritation is defined as the unpleasant sensation from the
eyes and upper airways due to stimulation of the nerves situated here. Sensory
irritation is usually caused by lower concentrations. Sensory irritation symptoms
have been reported with intensity from less severe (such as itching, tingling in the
throat, dry eyes or discomfort in the eye) to severe (such as pain, burning or
irritating). The severity depends on the airborne concentration of the irritant rather
than on the duration of the exposure.
Human data regarding sensory irritation are mostly based on subjective
experiences, where humans are exposed to different concentrations in a confined
space. Furthermore, it may be difficult to distinguish between perception of
sensory irritation and odour perception. For these reasons, huge variations between
levels of sensory irritation between different human test subjects may occur. The
amount of human data regarding sensory irritation is limited and is usually based
on exposure times of one to four hours. Relevant human data for shorter exposure
times relevant for vaping on e-cigarettes (i.e. minutes or just seconds) are therefore
very limited, and it was only possible to find relevant but older human data for
acrolein and formaldehyde.
Sensory irritation thresholds for acrolein and formaldehyde
For acrolein the identified sensory irritation threshold for nose and throat irritation
was identified to be 1.05 mg/m3 at discontinuous exposure (four short exposures
for 1.5 minutes with 8 minutes of rest in between; increasing concentration for each
exposure). Continuous exposure for 60 minutes with a concentration of 0.7 mg/m3
was considered to produce “little” nose irritation. In comparison, the suggested
limit value for acrolein in e-cigarette vapour was 0.47 mg/m3 in one of the former
projects. This value is about four times higher than the recommended STEL-value
(Short-Term Exposure Level) in the working environment. However, it should also
be taken into account that in part II of this project, new data for puff volume was
suggested based on the newer generation of e-cigarettes. A higher puff volume will
result in lower limit values, and the former suggested limit values should therefore
be reduced by a factor of 3. The resulting limit value for acrolein is therefore closer
to the recommended STEL-value. Nevertheless, the proposed limit value in the ecigarette vapour for acrolein should according to the listed sensory irritation
thresholds not result in irritative effects in the nose for the short exposure time
where e-cigarette users are vaping on e-cigarettes (seconds at the time).
For formaldehyde the identified sensory irritation threshold was identified to be
between 1.23 to 2.46 mg/m3 when exposed to formaldehyde for 1.5 minutes. The
first reaction of sensory irritation is situated in the eyes. In comparison, the
suggested limit value for formaldehyde in e-cigarette vapour based on long-term
exposure was 58 mg/m3 in one of the former projects. This value is about 78 times
higher than the recommended STEL-value in the working environment, and about
a factor of 23 times higher than the irritation level for 1.5 minutes of exposure.
However, the reduction in limit value with a factor of 3 due to new data on puff
volume, as described above, should also be taken into account. Still, a proposed
limit value for formaldehyde being 27 times higher than the recommended STELvalue, and 8 times higher than the irritation level for 1.5 minutes of exposure,
suggests that a lower limit value is needed to account for short-time exposures of
formaldehyde, however, other aspects should be taken into account as well before
taking a final decision of a recommended limit value for formaldehyde in ecigarette vapour.
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Relevant aspects when setting limit values for short-term exposure
This study showed that a large part of the occupation exposure limit values has
been established to account for sensory irritation – and especially sensory irritation
of the eyes, which are more sensitive compared to the nose and throat. As effects
on the eyes are not as relevant as effects in the nose or throat, when vaping on ecigarettes, it is necessary to consider the sensory irritation thresholds for the nose
and throat, which in many cases are higher than the corresponding threshold for the
eyes.
Another important aspect is the dilution aspect. The measured concentration in the
e-cigarette vapour is not the actual concentration that is in the respiratory tract. Air
is already present in the respiratory tract, when the user is inhaling the e-cigarette
vapour. Some kind of dilution of the substances measured in the vapour will
therefore take place, and the resulting concentration in the respiratory tract will be
lower. In this study it is suggested that a dilution factor of 10 based on similar
calculations carried out for risk assessment of cigarette smoking. This dilution
factor of 10 is for the lower respiratory tract. The concentration in the upper
respiratory tract immediately after inhalation will be higher (as a lower dilution
will have taken place).
The effects of sensory irritation are often mild and reversible. For sensory irritation
the most commonly used objective tests are eye blinking frequency, tear production
in the eyes and nasal patency, as these are reflex induced effects. This means that
the sensory effects are not severe effects. Furthermore, it must be taken into
consideration that the exposure time is short (seconds) with several seconds or
perhaps one minute between puffs followed by perhaps hours of non-exposure
(between the different puff-sessions), i.e. the recovery period is much longer than
the exposure time. With 500 puffs per day and 3-5 seconds for duration of a puff,
this corresponds to a total puffing time of 25-42 minutes per day.
Finally, the users are to a large extent in control of the e-cigarette device and can
control the amount of vapour being produced and will thereby also be able to adjust
the way they vape, if they should experience sensory irritation or severe sensory
irritation.
All in all, this means that the suggested limit values for formaldehyde and acrolein
(set in one of the former projects), may be at an acceptable order of magnitude,
when taking the above aspects into consideration and especially when keeping in
mind that vaping on e-cigarette is a voluntary action. However, all these aspects
should be discussed in detail before setting limit values in the vapours for
substances formed during the evaporation of e-cigarettes.
Part II – Long-term effects
The former projects carried out for the Austrian Consumer Council at Austrian
Standards International have only been looking at long-term effects. However, the
data used in the calculations was based on puff topography data for the first or
second generation of e-cigarettes. In this part II of this study, the different
generations of e-cigarettes have therefore been described, and new data on puff
volume and use of e-liquid fluid per day have been re-evaluated, as these values
have changed since the used model for proposing limit values were described.
In the former projects an e-liquid consumption of 3.3 mL/day has been used and a
puff volume of 55 mL. However, the newer data discussed in this report, illustrate
that an e-liquid consumption of 9.0 mL/day seem to be the average today (2019),
but could be as high as 16.3 mL/day. For the puff volume it is suggested to use a
puff volume of 160 mL (the 90% percentile value for the puff volume in a newer
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study from 2018), and this value was used in the calculation of the suggested
dilution factor above.
These newer data suggest that the calculated limit values for the different flavour
substances in the e-liquid therefore should be a factor of 2.7 (9.0 / 3.3) lower than
the proposed limit values due to the higher daily use of e-liquid. It should,
however, be emphasised that the used value of 9.0 mL of e-liquid per day is an
average value and not representing a worst-case situation. For this reason, the
factor was rounded up to 3, and used for calculation of new suggested limit values
based on the new data on vapour topography.
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1 Introduction
Smoking by use of electronic cigarettes (e-cigarettes) is a relatively new
phenomenon that entered the world market in the beginning of the 21st century. 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/solvents (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 stated 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 started
to appear. In 2017, an American study concluded that adolescent e-cigarette users
have increased rates of chronic bronchitis 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 appeared 1.
SCHEER has recently published their preliminary opinion on electronic cigarettes
in which they amongst other aspects concludes that for exposure of e-cigarette
users, the overall weight of evidence for the risk of long-term systemic effects on
the cardiovascular system is strong and the overall weight of evidence for risk of
local irritative damage to the respiratory tract is moderate. Furthermore, SCHEER
concludes that there is strong evidence that e-cigarettes are a gateway to smoking
for young people, and that flavours have a relevant contribution for attractiveness
of use of e-cigarette and initiation too (SCHEER, 2020).

1.1 Background
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.
Recently, three standards have been published concerning constituents to be
measured in aerosols (CEN/TR 17236: 2018), requirements and test methods for
electronic cigarette devices (CEN/TS 17287: 2019), and specification of the
reference e-liquid to be used to test emissions generated by e-cigarettes (EN 17375:
2020). Nine more standards are under approval or under drafting.
1

https://www.sciencenews.org/article/hospitalizations-highlight-potential-dangers-e-cigsteen-lungs
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During 2017-2020, FORCE Technology carried out five projects for the Austrian
Consumer Council at Austrian Standards International regarding the use of flavours
and solvents in e-liquids, as well as substances being released from e-cigarettes:
• “Requirements for substances in e-liquids used in electronic cigarettes”
(Poulsen et al., 2017a)
• “Requirements for substances formed or released during the evaporation of
e-liquids used in electronic cigarettes” (Poulsen et al., 2017b)
• “Requirements for flavour substances in e-liquids used in electronic
cigarettes” (Poulsen et al., 2018a)
• “Requirements for substances in e-liquids and substances formed during
evaporation of e-liquids – elaboration” (Poulsen et al., 2018b)
• Follow-up study on fragrances/flavour substances in e-liquids used for ecigarettes (Poulsen, 2020)
The purpose of these projects was to look more closely at the substances used in eliquids. One project (and part of one follow-up project) focused on substances
formed or released during the evaporation of e-liquids, whereas the other four
projects focused on ingredients 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 preliminary
proposal for limit values for selected substances (primarily flavour substances) was
calculated based on risk assessment principles.

1.2 Purpose
This project is divided into two parts:
• Part I considers short-term effects (sensory irritation) when vaping on ecigarettes
• Part II considers long-term effects when vaping on e-cigarettes
The former projects carried out for the Austrian Consumer Council have been
focusing on the long-term effects when vaping on e-cigarettes as the available
toxicological data was based mainly on long-term effects. However, short-term
effects like sensory irritation is also highly relevant for the vapours when using ecigarettes. Therefore, the purpose of the first part of this project is to examine the
differences in long-term and short-term health effects and their corresponding
threshold limit values for selected substances.
For part II of this project, the purpose is to reconsider the model used for
calculating limit values in the former projects carried out for the Austrian
Consumer Council regarding flavours and solvents used in e-liquids for ecigarettes. In the previous projects a proposal for requirements (limit values) for
selected solvents and flavour substances in e-liquids based on available
toxicological data and relevant existing threshold values for the substances were
calculated. It should be emphasised that the limit value proposed was set for the
content in the e-liquid (the refill fluid) and not for the vapour inhaled or emitted
from the e-cigarette device.
For the calculation of the proposed limit value in the e-liquid a risk assessment
model was described using assumed data on puff volume, total number of puffs per
day etc. (the so-called vaping regime). The values used were based on the first
generation of e-cigarettes, but today also the second and third generation of ecigarettes have been introduced on the market. The values used for the calculations
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have therefore changed, and the risk assessment model should be changed
accordingly, to reflect the changes in the hardware used today. The purpose of this
study was therefore to review the model and reconsider how to calculate the limit
values proposed in the former projects, using the updated information on the
vaping regime used today.
This study will be based on and will further elaborate on the information and work
carried out in the former projects listed above carried out for the Austrian
Consumer Council. Overall, the purpose of this and the former projects on
substances used in e-liquids has been to initiate a debate on limit values for
solvents and 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”.
E-cigarettes are a diverse group of products that range widely in design appearance
and complexity, but they generally contain similar components and operate in a
similar manner. Common components of e-cigarettes include the following
components (defined as described in National Academy of Sciences (2018)):
• Battery – the battery is used to power an e-cigarette’s atomizer and is
usually a rechargeable lithium ion battery available in a variety of
sizes/capacities expressed in mAh.
• Heating coil – is generally a piece of nichrome or kanthal wire that has
been wrapped around a wick. Current flows through the coil; the coil gets
hot and aerosolizes e-liquid. Cartomizers can come in single-coil, dualcoil, or multiple-coil configurations. Having more than one coil in an
atomizer results in increased production of aerosol as compared to single
coil.
• Atomizer – the atomizer is the component in an electronic cigarette that is
responsible for heating the e-liquid to the point of aerosolization. The
atomizer contains the heating coil and wick. It is most often contained
within the metal, glass, or plastic housing called a cartomizer, tank, or
clearomizer, which is screwed into the battery.
• Cartridge that contains the e-liquid – the mouthpiece that contains the
absorbent filler material soaked with e-liquid. This is a plastic or metal
covered part of an e-cigarette, primarily of first-generation devices. A
single cartridge contains about 1 ml of e-liquid.
• Tank – the part of second- or third-generation e-cigarette that holds the
refillable solution. Tank is a common name for a refillable clearomizer and
it usually holds more e-liquid than cartridges and it is usually manually
refilled with e-liquid by the user.
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•

Mouthpiece – the piece of the e-cigarette which is put in the mouth and
which deliver the vapour (vaporised e-liquid).

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 eliquids (Afnor, 2015), an e-liquid intended for e-cigarettes comprises of the
following ingredients:
1. A diluent (or solvent like 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, 2015). 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 ecigarette products are on the market. In an American study (Morean et al., 2016)
carried out in 2014, 513 adolescents from four different high schools in
Connecticut, which had been using e-cigarettes within the last 30 days, were asked
about the concentration of nicotine in their e-liquids. Of the 513 adolescents, 28.5
% used nicotine-free e-liquids, and these adolescents were primarily non-smokers
or adolescents who used e-cigarettes infrequently. It is, therefore, important to
examine the toxicity of the main ingredients as solvents and flavouring compounds
as well.
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 12133-5), 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 tobaccospecific nitrosamines (TSNA) and different element impurities (metals).
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1.4 Summary of the former projects on flavours in eliquids
In this section, a summary of the former four projects on flavour substances in eliquids is given. The former four projects carried out for the Austrian Consumer
Council at Austrian Standards International regarding the use of flavours in eliquids 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., 2018a)
• “Requirements for substances in e-liquids and substances formed during
evaporation of e-liquids – elaboration” (Poulsen et al., 2018b)
• “Follow-up study on fragrances/flavour substances in e-liquids used for ecigarettes” (Poulsen, 2020)
All four listed projects have had the common purpose to propose requirements
(limit values in e-liquids) for different ingredients (mainly flavours) used in eliquids for use in e-cigarettes. The focus was on the substances in e-liquids and not
the substances formed by evaporation when using the e-cigarettes (except for the
elaboration project (Poulsen et al., 2018), where also substances formed were
addressed to some extent). Overall, the purpose of these former projects on flavour
substances in e-liquids has been to initiate a debate on limit values for flavour
substances in the e-liquid and point out that further work and discussions in this
area are needed.
The methodology used for the risk assessment and calculation of proposed limit
values was defined in the first of the projects and the same methodology was used
in all projects. In each project a new search for ingredients (mainly flavours) used
in e-liquids was carried out. This resulted in new identified flavour substances in
each project, and the final result of these projects was a list of a total of 280 flavour
substances used in e-liquids. Furthermore, the number of flavour substances for
which limit values in e-liquids was proposed, was raised through all the projects. In
the last project, where all proposed limit values were listed from the former
projects as well, proposed limit values in the e-liquids were listed for a total of 102
flavour substances. For the rest of the identified flavour substances, no information
regarding toxicity (threshold limit values) was identified and therefore no limit
values were calculated.
1.4.1 Review of existing legislation and standards
In the first project, a review of the existing legislation and standards on e-cigarettes
was carried out. This review of the relevant legislation for e-liquids used for ecigarettes 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
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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, 2015). The French Afnor (2015) 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 was concluded in the first report that neither legislation nor existing
standards are very specific concerning limit values for ingredients used in e-liquids.
The ingredients in the e-liquids are allowed as long as they do not “pose a risk to
human health”.
1.4.2 Comparison with the use of the flavour substances in other areas
In the last project, it was investigated whether these flavour substances were used
in other areas as well – mainly as food flavours and in cosmetic products. The
result of this investigation was that:
• 221 out of the total of 280 (corresponding to 79%) identified flavour
substances 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 flavours
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 eliquids 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.
1.4.3 Proposed limit values for a selection of identified flavour substances
A total of 280 flavour substances were identified as used in e-liquids for ecigarettes during these projects. In the first project, a method was described and
used for calculation of proposed limit values for flavour substances in e-liquids.
The calculation of these proposed limit values was based on identified existing
TLVs (Threshold Limit Values) such as REACH DNEL (Derived No Effect Level)
values that turned out to be the best source of toxicological limit values for this
type of substances. Some limit values for some flavour substances have, however,
been set in different European indoor air quality schemes. In such cases, these
TLVs were used in the calculations instead of the REACH DNEL values. For the
calculations the long-term (systemic) effects for consumers were considered, as the
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DNEL values most often are lowest for the long-term effects. The proposed limit
values do therefore not take short-term effects into account.
The proposed limit values for the concentration of substances in the e-liquids were
set by use of ‘simple calculations’ for scenarios involving a high use of e-liquids
(of 500 puffs per day – but not a “worst-case” use) as well as assumptions of full
intake of the substances contained in the e-liquids. The limit values were based on
average daily intake. 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 in very short periods of the day. 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 cases 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 for the concentration of flavour substances in the e-liquids in these reports
should therefore be considered as a first approximation and the risk assessment
presented may need further refinement in order to establish limit values for the
concentration of ingredients in e-liquids.
For a total of 102 flavour substances, a limit value for the concentration of the
substances in the e-liquids was proposed in these projects. For most of the 102
flavour substances where a limit value was calculated, it was possible to compare
the proposed limit value with an actual identified use concentration in e-liquids
sold on the market. This comparison showed that:
• The maximum use concentration was higher than the calculated limit value
for 33 of the 102 flavour substances (corresponding to 32% of the flavour
substances), when using the 500 puffs for the calculation of the limit value.
• The maximum use concentration was around or 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 e.g. geranyl acetate, where the use concentration according to an SDS
is between 1 and 10%, and the calculated limit value in the e-liquid is
7.4%.
• The maximum use concentration was 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 (long-term) 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 should be emphasised that in the former projects, the health-related effects of the
flavour substances have only been addressed individually for each flavour
substance. No evaluation of the combined effects (or accumulated effects) has been
considered.
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1.5 Summary of the former project on substances
formed during the evaporation of e-liquids
In this section, a summary of the former project on substances formed or released
during the evaporation of e-liquids used in e-cigarettes is given. The former
projects carried out for the Austrian Consumer Council at Austrian Standards
International regarding the substances formed during the evaporation of e-liquids
were:
• “Requirements for substances formed or released during the evaporation of
e-liquids used in electronic cigarettes” (Poulsen et al., 2017b).
• “Requirements for substances in e-liquids and substances formed during
evaporation of e-liquids – elaboration” (Poulsen et al., 2018b)
The purpose of the first mentioned project was to propose requirements (limit
values in the vapour) for different substances formed or released during the
evaporation of e-liquids used in e-cigarettes. The focus in this project was only on
substances formed by evaporation and not on the substances in e-liquids. The
second project elaborated on some of the issues addressed in the first project.
1.5.1 Proposed limit values for selected substances formed by evaporation
For a total of 12 substances limit values in the vapour were calculated and
proposed based on identified TLVs and based on similar simple calculations as
used in the other projects on substances in e-liquids.
For all 12 substances where limit values in vapours were proposed, information
about the actual concentration in vapours from e-cigarettes was identified and
compared to the actual identified measured concentrations in vapour from ecigarettes.
• For 6 of the 12 substances, the actual identified maximum concentration in
vapours from e-cigarettes was higher than the proposed limit value. For
formaldehyde and acrolein, the maximum concentration found in vapours
exceeded the proposed limit value by a factor of about 4.4 and 150
respectively. For the other four substances acetaldehyde, cadmium, nickel
and glyoxal, the maximum concentration was exceeded by a factor of 2.3,
4.5, 9 and 12, respectively.
• For four of the substances, the actual measured maximum concentrations
in vapour from e-cigarettes are all well below the proposed limit values set
for the vapour. These substances were acetone, elemental chromium,
toluene and xylene. For two other substances, the actual measure
maximum concentration in vapour from e-cigarettes was just below the
proposed limit values set for the vapour (by a factor of 1.5 to 4 below for
aluminium and lead respectively).
• For all 12 substances the actual measured minimum concentrations in
vapour from e-cigarettes are below the proposed limit values set for the
vapour.
However, it is emphasised that the calculated limit values are based on long-term
effects on a daily based and does not consider the short-term peak exposure that
vaping on e-cigarettes is characterised by.
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2 Project methodology used
This project was carried out as a desk-top study and included the following tasks:
1.
2.

3.

4.
5.

Introduction with summary of the former projects on flavours in e-liquids
Part I: Short-term exposure
a. Contact to selected scientific institutions in Denmark, Sweden,
Germany and USA in order to learn more about sensory irritation
and lateralization-based sensory irritation
b. Literature search and description of irritation mechanisms and
lateralization-based sensory irritation
c. Literature search and discussion of combined sensory irritation
effects
d. Comparison of thresholds for sensory irritation with identified
concentrations in vapour for selected substances
Part II: Update on method for long-term effects
a. Literature search and description of different generations of ecigarettes
b. Literature search and description of new data regarding vapour
volumes per puff, number of puffs per day etc.
c. Discussion of the method for setting limit values for flavours in eliquids
d. Proposal for new calculation of limit values for flavour
substances in e-liquids
Discussion of part I and part II – differences in short-term and long-term
effects for selected substances
Conclusion and recommendation.

Part I about short-term effects is focusing on effects like sensory irritation and
tissue irritation, whereas Part II about long-term effects only focuses on the longterm effects with possible systemic effects. The differences are shortly described
below.

2.1 Differences in short-term and long-term effects
The former projects carried out for the Austrian Consumer Council regarding
requirements for flavour substances in e-cigarettes have been focusing on the longterm effects when vaping on e-cigarettes. The long-term effects are based on the
assumption that when inhaling the same substance each day for a long period of
time (years), the substance will be absorbed and distributed in the body and could
give rise to long-term health effects (based on an exposure that have lasted for
months or years). For the long-term effects the total inhaled amount per day is used
in the calculation.
However, short term effects in a period of seconds, are also highly relevant for
consumers vaping on e-cigarettes. The purpose of the e-cigarettes is to vaporize the
e-liquid, so it is possible to inhale. Inhalation is therefore the major and primary
route of exposure for e-liquids. Depending on for how long a period of time the
exposure is, the user may first experience a so-called sensory irritation (seconds)
that may lead to tissue irritation (minutes, hours or days) like inflammation or
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tissue damage (chronic effect) if the exposure continues in a concentration that is
high enough to obtain such effects (Brüning et al., 2014).
Where short-term effects may be milder (such as irritation) and often is reversible,
the long-term effects may be more severe – and may not be reversible. Long-term
effects may result in either local effects that occurs at the site of the first contact –
here the lungs (or the respiratory tract) or systemic effects due to the absorption
and distribution of the inhaled substances in the body (ECHA, 2016a).
Short-term exposure in high concentrations may also cause serious systemic
effects, if the concentration is high enough. However, for the case of vaping on ecigarettes, it is assumed that the short-term effects will be milder effects such as
irritation – firstly sensory irritation and secondly tissue irritation if the exposure is
high enough (high concentration and/or long exposure time) to obtain such effects.
If the exposure is continued for a longer period, the tissue irritation and the sensory
irritation pathways might cause chronic effects like inflammation and tissue
damage (Brüning et al., 2014).
Short-term effects like sensory irritation is described in more details in part I of this
report.
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Part I – Short-term effects
Part I in this report about short-term effects, will address the aspects listed below:
• Correlation between exposure concentration and exposure time
• Sensory irritation
o Definition and thresholds
o Lateralization-based sensory irritation
o Combined sensory irritation effects
• Other aspects that may influence irritation effects
o Dilution factor of measured vapour concentration
o Type of sensory irritation
o Recovery period
o User in control of the e-cigarette device
In the former projects carried out for the Austrian Consumer Council at Austrian
Standards International regarding the substances formed during the evaporation of
e-liquids (Poulsen et al., 2017b), limit values were proposed for the organic
substances listed in the table below.
Table 1: Proposed preliminary limit values in the vapour for selected organic substances
present in vapour from e-cigarettes (Poulsen et al., 2017b)
Substance
CAS no.
Proposed limit
Proposed
Maximum
Basis for the
value
limit value
conc. in
calculations**
(µg/500 puffs)
(mg/m3)
vapour*
Acetaldehyde
75-07-0
2,560
93.1
6,000 µg/500
Vol. per puff: 55 mL
puffs
TLV: 0.160 mg/m3
Acetone
67-64-1
3,200,000
116,364
2,900 mg/m3
Vol. per puff: 55 mL
TLV: 200 mg/m3
Acrolein
107-02-8
12.8
0.47
2,000 µg/500
Vol. per puff: 55 mL
puffs
TLV: 0.0008 mg/m3
Formaldehyde 50-00-0
1600
58
7,000 µg/500
Vol. per puff: 55 mL
puffs
TLV: 0.1 mg/m3
Glyoxal
107-22-2
96
3,491
1,150 µg/500
Vol. per puff: 55 mL
puffs
TLV: 0.006 mg/m3
Toluene
108-88-3
1,387
50.4
21 µg/500
Vol. per puff: 55 mL
puffs
TLV: 0.26 mg/m3
Xylene
1330-20-7 1,600
58.2
0.7 µg/500
Vol. per puff: 55 mL
puffs
TLV: 0.1 mg/m3
* The colour indicates whether or not the proposed limit value is exceeded by measured maximum values in
literature or not. Green – the proposed limit value is not exceeded. Dark orange – the proposed limit value is
exceeded by measured maximum values in literature by more than a factor of 15. Light orange – the proposed
limit value is exceeded by measured maximum values in literature by less than a factor of 15
** TLV is the threshold limit value used for the calculation. This value may be based on e.g. limit values set for
indoor air quality and may be lower than e.g. occupational exposure limit values set for workers. The values used
and why can be found in Poulsen et al. (2017b)

The above listed concentrations in vapour from e-cigarettes are the maximum
measured concentrations identified in vapour from e-cigarettes. However, based on
the testing carried out (described in Bekki (2014) and Cheng (2014)), these
substances are not identified in every vapour from every e-cigarette. The frequency
of measured substances is reported below:
• Acetaldehyde – detected from 9 of 13 measured brands (Bekki, 2014)
• Acetone – present in most vapours (according to Varlet (2015))
• Acrolein – detected from 9 of 13 measured brands (Bekki, 2014)
• Formaldehyde – detected from 9 of 13 measured brands (Bekki, 2014)
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•
•
•

Glyoxal – detected from 9 of 13 measured brands (Bekki, 2014)
Xylene – no information regarding the frequency, but for some
measurements the substance was not detected
Toluene – no information regarding the frequency, but for some
measurements the substance was not detected

This information illustrates that the seven substances is not identified in vapour
from e-cigarettes in all measurements carried out. It is, however, not possible from
the articles (e.g. Bekki, 2014) to identify whether the substances were formed from
the same brands or it was possible to identify a brand where none of these
substances were formed.
As described in the introduction, primarily formaldehyde and acrolein were
considered to be problematic substances, as the proposed calculated limit values
exceeded the STEL (Short Term Exposure Level) occupational thresholds for these
substances. This is, however, also true for glyoxal and acetone, but for acetone the
highest measured concentration in vapour from e-cigarette is below or at the same
level as the STEL-value for acetone 2. For glyoxal the amount of available human
data is very limited, and this substance has therefore not been discussed further.
For formaldehyde and acrolein, the proposed calculated limit values were exceeded
by a factor of 4.4 and 150 respectively when looking at the maximum
concentration identified in vapour from e-cigarettes (Poulsen et al., 2017b).
Furthermore, the identified measurements show that both formaldehyde and
acrolein are detected in most vapour from e-cigarettes (in 9 of 13 cases). The
identified concentrations of acetone, xylene and toluene in the e-cigarette vapour
were not identified as problematic, as the proposed limit values were not exceeded.
For xylene and toluene, the proposed limit values were lower than the respective
STEL-values. For acetaldehyde and glyoxal the identified maximum
concentrations in the e-cigarette vapour were exceed by a factor of 2.3 and 12,
respectively, but for both substances the identified measurements also stated that
the substances were identified in 9 of 13 measurements of e-cigarette vapour,
respectively, and that the lowest detected concentrations for both substances were
below the proposed limit value. For acetaldehyde, the proposed limit value was
lower than the STEL-value for this substance.
For these reasons, mainly formaldehyde and acrolein are described in more details
in this part I of the report with respect to addressing the short-term effects.
The proposed limit values in the former project on substances formed during the
evaporation of e-cigarette vapour were based on simple calculations based on longterm effects. In the calculations it was therefore assumed that the used TLVs are an
indication of the amount of substance that can be inhaled each day for a long time
(years) without resulting in health effects. Furthermore, it was assumed that no
other exposure to these substances exists, i.e. that the entire exposure to these
substances are due to vaping on e-cigarettes. The daily amount inhaled by vaping
has in practise been average out during the whole day in these calculations or in
other words; only a small fraction of the inhaled air each day is vapour from ecigarettes. This is the reason for the proposed limit values in general are about 580
times higher than the used TLVs for all the substances (see the equations illustrated
in the box below). The proposed limit values are therefore only valid for long-term
effects. This is the reason why the short-term effects are discussed in more detail in
the first part of this report.
2

No EU STEL for acetone, but a STEL value of 3620 mg/m3 in UK (2020)
(https://www.hse.gov.uk/pUbns/priced/eh40.pdf), and a STEL value of 2380 mg/m3 in
USA (https://www.cdc.gov/niosh/idlh/67641.html)
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Equation 1: The model used for calculating limit values in the vapour in the former project
(Poulsen et al., 2017b)
Calculation of limit values for substances in vapour Csubstance_in_vapour (mg/m3):

𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 =

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑎𝑎𝑎𝑎𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉_𝑝𝑝𝑝𝑝𝑝𝑝_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 =

16 𝑚𝑚3 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑐𝑐𝑐𝑐
1 × 0.000055 𝑚𝑚3 × 500

𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 581.8 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑐𝑐𝑐𝑐

The calculations are based on:
•
a daily inhaled volume of air of 16 m3
•
an absorbance of the substance of 1 (assuming 100 % uptake in the body)
•
a daily number of puffs of 500
•
and 55 mL per puff corresponding to 0.000055 m3

Primarily, sensory irritation is discussed, as this is the first irritation experience that
may happen after a very short exposure (seconds). However, as the expected health
effects are dependent on both the concentration of which the individual is being
exposed to as well as the exposure time (Haber’s law (ECHA, 2012)), it is also
necessary to discuss the proposed limit values when it comes to short-time
exposure (for e-cigarettes only seconds or minutes at the time).
Furthermore, other relevant aspects will be discussed as the inhaled substances
actually will be diluted when inhaled (mixed with air in respiratory tract), as well
as the e-cigarette users’ own possibility to control the e-cigarette device and
thereby the amount of vapour inhaled.
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3 Correlation between exposure
concentration and exposure time
Haber’s law is described by several authors and official sources (e.g. Shusterman et
al., 2006; Kleinbeck et al., 2017; ECHA, 2012; ECHA, 2017b; National Academy
of Science, 2001) and was first described in the 1920’es. Haber’s law was used to
describe the relationship between the concentration of a hazardous substance (gas)
and how long the gas must be breathed to produce a toxic effect (National
Academy of Science, 2001). The original Haber’s law was listed as the equation
below, where C is the concentration, t the time and k is a constant:
𝑘𝑘 = 𝐶𝐶 × 𝑡𝑡

Haber’s law therefore state that doubling the concentration will halve the time to
attain the same toxic effect. Haber’s law was developed for short-time exposures
(minutes to a couple of hours) and high concentrations with poisonous gasses
(Withschi, 1999) and has been used for LC50-values (Lethal Concentration values)
(ECHA, 2017b).
However, later on the modified Haber’s law was introduced, where the relationship
between exposure concentration and the exposure duration is exponential, where n
represents a chemical-specific and even endpoint-specific exponent (National
Academy of Science, 2001):
𝑘𝑘 = 𝐶𝐶 𝑛𝑛 × 𝑡𝑡

Today Haber’s law is used for time scaling, e.g. if exposure data are available for a
6-hour exposure per day in animal studies, and the concentrations should be scaled
for a 24-hours exposure for the general population (ECHA, 2012). However,
ECHA states that an exposure of e.g. 6 hours per day also includes an 18-hour
recovery period, whereas there is no recovery in a 24-hour continuous exposure.
Using a correction factor (in this example of 6/24) may therefore underestimate the
risk for continuous exposure. Nevertheless, this time scaling method is used today
in the risk assessment method described by ECHA.
ECHA (2017b) recommends that Haber’s law should not be applied to
experimental exposure durations of less than 30 minutes or greater than 8 hours in
order to determine a 4-hour LC50-value for classification and labelling purposes –
in other words Haber’s law provide the most reliable data for exposure time close
to the original data. ECHA (2017b) and National Academy of Science (2001)
recommends setting n = 3 for shorter duration than the duration of the original data
and n = 1 for extrapolation to longer duration. This means that if the exposure time
is reduced from e.g. 4 hours to 3-5 seconds (the duration of one puff), the tolerated
concentration will be about 14-17 times higher, when using n = 3.
Recently, Kleinbeck et al. (2017) has used Haber’s law to predict human sensory
irritation for substances where human data for sensory irritation is not available
(here specifically for the substance ethyl acrylate). The results showed that the
intensity of sensory irritation could be predicted best with a very complex C × t
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model also including a sinus curve. Kleinbeck et al. (2017) concludes that model to
predict sensory irritation depends highly on the specific substance.
When human data on irritation are available for e.g. 1-hours or 4-hours exposures,
it is therefore difficult to predict the concentration giving the same effect for just
seconds of exposure as is relevant for vaping on e-cigarettes. However, there is no
doubt that the irritation concentration will be considerably higher when using
Haber’s law. How much higher will, however, depend on the specific substance.
Some examples of short-term exposure for some of the substances relevant for ecigarette vapours have been identified. These are, however, not human data (animal
data) and are mainly based on high concentrations with lethal effects (LC50-value
experiments). The data are listed in Table 2 below.
Table 2: Acute lethal concentration for relevant substances in different animal species
Substance
Concentration Exposure Species/
Reference
(ppm)
duration
Endpoint
875
1 min
Mouse
National Research Council, 2010
Appr. LC50
(OR: Albin 1962)
175
10 min
Mouse
National Research Council, 2010
Appr. LC50
(OR: Albin 1962)
66
6 hours
Mouse
National Research Council, 2010
LC50 24h
(OR: Phillippin et al., 1970)
observation
375
10 min
Rat
National Research Council, 2010
Acrolein
LC50
(OR: Catalina et al., 1996)

Formaldehyde

Toluene

131

30 min

8

4 hours

480

4 hours

816

30 min

> 100 mg/l

1 hours

33 mg/l

4 hours

28.1 mg/l

4 hours

22.0-23.5 mg/l

6 hours

Rat
LC50 21 day
observation
Rat
Appr. LC50

National Research Council, 2010
(OR: Skog, 1950)

Rat
LC50
Rat
LC50
Rat
LC50
Rat
LC50
Rat
LC50
Rat
LC50

OECD SIDS, 2002
(OR: Nagorny et al., 1979)
OECD SIDS, 2002
(OR: Skog, 1950)
EU RAR, 2003
(OR: Benignus, 1981)
EU RAR, 2003
(OR: Carpenter et al., 1976)
EU RAR, 2003
(OR: BASF, 1980)
EU RAR, 2003
(OR: Bonnet et al., 1982)

National Research Council, 2010
(OR: Carpenter et al., 1949)

OR = original reference

The data in Table 2 illustrates the clear correlation as illustrated by Harber’s law:
when the exposure time is lowered the concentration giving the same effect will be
higher, and is even considerably higher for the very short exposures of minutes.
For even shorter exposures (seconds), it is therefore expected that even higher
concentrations may be tolerated.
As described in more details in section 4.3.1, human data regarding the sensory
irritation of acrolein clearly shows, that a continuous exposure to a constant
concentration (0.3 ppm) in one hour was more irritative compared to increasing
concentrations (0.15, 0.3, 0.45 and 0.6 ppm) in only 1.5 minutes with 8 minutes
between exposures (EU RAR, 2001).
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Only a few human data exist for propylene glycol, which is one of the basic
ingredients (solvents) in e-liquids. E-liquids typically consists of e.g. a base of 50%
propylene glycol and 50% glycerine, where nicotine and flavour substances are
added to in smaller concentrations. According to ECHA (2016b), propylene glycol
aerosol concentrations (mists) in the range of 176 to 851 mg/m3 for just 1 minute
have been found to cause sensory irritation in the form of dry eyes, throat dryness
and irritative cough. In another study of workers (painters), the sensory irritation
was reported during an 8-hour working day at propylene glycol concentrations of
0.9 mg/m3. The workers experienced nasal irritation and also irritation of the eyes
(higher tear production). However, the workers were also exposed to other VOC’s
such as diethylene glycol monoethyl ether and diethylene glycol monobutyl ether
in much lower concentrations, but it is still concluded that the findings cannot be
attributed to propylene glycol as the only source of irritative effects on the eyes and
nose. Nevertheless, the irritative concentration reported for 8-hours of exposure is
much lower than the irritation concentration reported for just 1 minute.
The above data illustrate the fact that for short-term exposures of just seconds
(when vaping on e-cigarettes), higher concentrations will definitely be tolerated
with respect to mild and reversible effects like sensory irritation. It is, however,
difficult to predict which concentrations that may be tolerated, as human data most
often are not available for very short exposure times (seconds).
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4 Sensory irritation
Substances that causes changes in humans or in animals at the site of the first
contact – irrespective of the changes being on the skin, in the eyes or in the
respiratory tract – are considered to induce local effects. Local effects can be
caused either by a single exposure or repeated exposure (e.g. organic solvents with
defatting properties cause irritation effects only after repeated exposure).
Substances causing local effects can be divided into irritant or corrosive
substances, depending on the severity, reversibility or irreversibility of the effects.
Corrosive substances are substances with more severe effects – they may destroy
living tissues when in contact (ECHA, 2017a). However, corrosive effects are not
considered further in this report.
This report focuses on the irritative effects when inhaling e-cigarette vapour, i.e.
respiratory tract irritation. In the CLP Regulation (EU Regulation no. 1272, 2008),
respiratory tract irritation is defined as a transient (temporary) target organ effect,
i.e. an effect which adversely alters human function for a short duration after
exposure and from which humans may recover in a reasonable period without
leaving significant alteration of structure or function 3. Respiratory tract irritation is
often used to describe either or both of two different toxicological effects (ECHA,
2017a):
• Sensory irritation
• Local cytotoxic effects, i.e. effects in local cells
Whereas, cytotoxic effects in the respiratory tract are characterised by
inflammation and perhaps also haemorrhage (bleeding), sensory irritation is a
central reflex interaction of a substance with the nerve receptors in the upper
respiratory tract (ECHA, 2017a).
It should be noted that according to the CLP Regulation (EU Regulation no. 1272,
2008), respiratory tract irritation is classified with the classification STOT SE
(specific target organ toxicity-single exposure) Category 3, but this classification is
in general limited to local cytotoxic effects. There is no EU or OECD technical
guidance for respiratory tract irritation and testing for respiratory tract irritation is
not a standard information requirement under REACH (ECHA, 2017a).
In this chapter the following aspects are described in more details:
• Definition of sensory irritation
• Absorption of chemicals through the respiratory tract
• Thresholds for sensory irritation
• Thresholds for lateralization-based sensory irritation
• Combined sensory irritation effects

3

See specifically: Table 3.8.1 “Categories for specific target organ toxicity-single
exposure” in Annex I “Classification and labelling requirements for hazardous substances
and mixtures”.
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4.1 Definition of sensory irritation
Sensory irritation is a general term used by e.g. airway toxicologists and indoor air
scientists that comprises of specifically eye and upper airway irritation (Wolkoff et
al., 2005). More precise, sensory irritation is defined as the unpleasant sensation
from the eyes and upper airways due to stimulation of the trigeminal nerve endings
by airborne exposures (Nielsen et al., 2007), i.e. it is a local and central reflex
interaction of a substance with the autonomic nerve receptors in the eyes and the
upper respiratory tract (ECHA, 2017a). Three different target sites of sensory
irritation can be identified (ECHA, 2017a):
• Nasal (and eye) irritation, i.e. interaction with the so-called trigeminal
nerve (one of 12 cranial nerves responsible for sensation in the face and
motor functions such as biting and chewing 4).
• Pharyngeal (throat) irritation, i.e. interaction with the glossopharyngeal
nerve (also one of 12 cranial nerves responsible for e.g. the tongue, the
tonsils and taste 5).
• Larynx (see Figure 1) and lower respiratory tract, i.e. interaction with the
vagus nerve (also one of the 12 cranial nerves responsible for e.g. control
of the heart, lungs and digestive tract 6).
In this project, eye irritation is not considered to be that important with regard to
vaping on e-cigarettes, as the inhalation of e-liquid vapours primarily will result in
airway irritation rather than irritation of the eyes. Eye irritation is therefore not
described in this report. The focus is on airway irritation, i.e. irritation of the
respiratory tract – and especially sensory irritation (of the respiratory tract).
Brüning et al. (2014) defines sensory irritation as a sensory-mediated response of
the nervous system pathways in the target site. In humans, the response is
accompanied by trigeminal and olfactory chemoreception (feeling of the exposure)
that can trigger a range of defence mechanisms protecting the respiratory tract (and
the eyes). The primary reactions are thought mainly to lead to reversible alterations
of the physiology/biology of the target site, whereas prolonged exposure at a
concentration exceeding a certain effect threshold might lead to responses from the
immune system and may lead to adverse health effects on the upper respiratory
tract (and the eyes) (Brüning et al., 2014).
Sensory irritation is usually caused by lower concentrations, while higher
concentrations and prolonged high exposure might produce tissue damage in the
upper respiratory tract (Brüning et al., 2014). Sensory irritation symptoms have
been reported with intensity from severe (such as pain, burning, smarting or
irritating) to less severe (such as itching, dry eyes or discomfort in the eye, tingling
in the throat) (Brüning et al., 2014; ECHA, 2017a). Sensory irritation may also lead
to reflex involuntary responses such as sneezing, coughing, so-called watery eyes
and runny nose and changes in the rate and depth of respiration (ECHA, 2017a).
The severity depends on the airborne concentration of the irritant rather than on the
duration of the exposure (ECHA, 2017a).
During exposure, sensory irritation symptoms may be persistent or transient
(Wolkoff et al., 2005). Sensory irritation is a very rapid process that usually only
takes milliseconds from stimulation to awareness (Brüning et al., 2014; ECHA,
2017a). If the exposure is prolonged or repeated (for hours or days), the next step

4

https://www.kenhub.com/en/library/anatomy/the-trigeminal-nerve
https://www.kenhub.com/en/library/anatomy/the-glossopharyngeal-nerve
6
https://www.kenhub.com/en/library/anatomy/the-vagus-nerve
5
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may be the tissue irritation, but this normally requires higher concentrations – and
the tissue irritation process is slower (Brüning et al., 2014).
Sensory irritation is distinct from odour sensation. However, there is evidence that
odour perception may affect the perception of sensory irritation in humans (ECHA,
2017a). This issue is also dealt with by Wolkoff (2013), where it is stated that
perception of the odour most often will happen at lower concentrations than
sensory irritation (i.e. thresholds for sensory irritation are up to several orders of
magnitude higher than the corresponding odour thresholds). It is there inevitable
that odour perception will influence determination of the sensory irritation
threshold in human testing – especially for substances with specific (annoying)
odours, and this may result in excessive reporting of sensory irritation.
Sensory irritation is often a very sensitive and relevant endpoint in human risk
assessment. This is based on the fact that about 40 % of the occupational exposure
limit values are based on the avoidance of sensory irritation (Brüning et al., 2014;
ECHA, 2017a). The sensory irritation endpoint is related to the interaction of
volatile chemicals with neuronal sensors located in the mucous membrane of the
respiratory tract and the eyes. In many cases, data from controlled adequate human
studies are lacking and therefore occupation exposure limit values are
predominantly derived from animal data investigating local effects such as tissue
irritation in the respiratory tract (ECHA, 2017a).

4.2 The respiratory tract – absorption of chemicals
Roughly, the respiratory tract can be divided into the upper respiratory tract (URT)
and the lower respiratory tract (LRT), as illustrated in Figure 1. The upper
respiratory tract consists of the nose, pharynx (the part of the throat behind the
mouth and nasal cavity) and larynx (the voice box). The lower respiratory tract is
considered to compose of all segments below the trachea (Brüning et al., 2014).
The chemicals contained in the e-liquid is heated by the electronic cigarette device
and is either present as a vapour phase or as aerosols (liquid droplets in a gas).
Aerosols are deposited in the respiratory tract according to their aerodynamic
diameter. As a rule of thumb, aerosols with an aerodynamic diameter below about
100 µm can be inhaled, aerosols below 10 µm can enter the smaller airways and
aerosols with a diameter below 4 µm can reach the alveoli (Brüning et al., 2014)
(see Figure 1).
The physicochemical properties of a chemical (such as molecular size, structure,
volatility, water solubility, reactivity and lipophilicity) determine to a large extent
the route of exposure (here inhalation), the target site (e.g. the upper or lower
respiratory tract), and the transport into aqueous biofluids (e.g. nasal mucous
membrane) or across lipid membranes in the body (Brüning et al., 2014). This
means that the solvents and flavours contained in the e-liquids, which are mainly
lipophilic, may be transported all the way down to the bronchioles and alveoli in
the lower respiratory tract (Wolkoff, 2013), if the size of the aerosols are small
enough.
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URT

LRT

Figure 1: Association between water solubility and predominant effect site of volatile chemicals
(Source: Brüning et al. (2014) – original source: Shusterman et al. (2003)).
URT = Upper Respiratory Tract; LRT = Lower Respiratory Tract.

According to several different studies, the aerodynamic diameter of the aerosols in
e-cigarette vapour is well below 4 µm:
• 0.9 to 2.2 µm from beginning to end of cartridge life, measured for 20
different e-liquids (Oldham et al., 2018)
• below 0.7 µm for measured geometric diameter for particles (Belka et al.,
2017)
• 0.5 to 0.9 µm (Sosnowski and Odziomek, 2018)
• well below 1 µm irrespective of the solvent in the e-liquid and irrespective
of the user modifications used on the e-cigarette (Mulder et al., 2019)
• essentially all (95 %) of the aerosol mass is confined to the particle size
range between 0.28 to 1.42 µm (National Academy of Sciences, 2018)
These findings imply that the substances used in the e-liquids, when inhaled are
most likely to enter the lower respiratory tract and thereby will reach the
bronchioles and the alveoli – both due to their small size and their lipophilic
properties.
In addition to water solubility, other factors like reactivity of the chemical and the
amount (dosage) of the chemical, are important factors and will affect the
processes such as diffusion and deposition in the various compartments of the
respiratory tract. The ratio between nasal and oral breathing may also influence the
first contact site of an inhaled chemical within the respiratory tract (Brüning et al.,
2014).
When chemicals are inhaled and the respiratory tract system is exposed, this does
not imply that the entire amount is absorbed. The entire respiratory tract is not
“unprotected” against chemicals. Inhaled chemicals can be removed mechanically
even from lower parts of the respiratory tract by means of the bronchial
mucociliary escalator (covers most of the bronchi, bronchioles and nose) (Brüning
et al., 2014).
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4.3 Thresholds for sensory irritation
Human data regarding sensory irritation are mostly based on subjective
experiences. Furthermore, it may be difficult to distinguish between perception of
sensory irritation and odour perception (ECHA, 2017a). As stated by Wolkoff
(2013), odour perception will influence determination of the sensory irritation
threshold in human testing – especially for substances with specific (annoying)
odours, and this may result in excessive reporting of sensory irritation. ECHA
therefore state that data from controlled human studies are either not available or
inadequate. For this reason, mostly animal data on local effects of the respiratory
tract is used (ECHA, 2017a).
In animals (rodents), sensory irritation leads to a reflex reduction in the respiratory
rate (holding of breath). This reflex on respiration can be measured experimentally,
although results may vary considerably depending on the species of rodents.
Furthermore, variability between different laboratories conducting the same tests
have been observed (ECHA, 2017a). This reflex effect on respiration is determined
by use of the Alarie assay, where the so-called RD50-value is determined. RD50 is
defined as the exposure concentration producing a 50% respiratory rate decrease
(Kuwabara et al., 2007).
Several QSARs have been attempted to predict RD50-values for chemically reactive
VOCs. However, these attempts have been met with limited success due to the
complexity in predicting organic chemical reactions in biological compartments
(Nielsen et al., 2017).
According to ECHA (2017a) investigations of the correlation between the results
of the Alarie test and human data are difficult since the parameters examined in
humans and rodents are different. Adequate human data to determine a human
equivalent to the RD50 is not available. In the REACH system, respiratory tract
irritation is only limited to local cytotoxic effects and not sensory irritation. In the
CLP Regulation, respiratory tract irritation is classified with the classification
STOT SE (specific target organ toxicity-single exposure) Category 3, but this
classification is in general limited to local cytotoxic effects (EU Regulation no.
1272, 2008).
According to Peder Wolkoff 7 from the Danish National Research Centre for
Working Environment, the RD50-value is commonly used for deriving NOAELvalues for humans when addressing sensory irritation (as also described in Wolkoff
et al., 2016). It has generally been accepted that the RD50-value has been used as an
indicative tool in the process of setting occupational exposure limit (OEL) values
by use of a conversion factor of 0.03 between the RD50-value in rodents and a
tentative OEL (Kuwabara et al., 2007; Nielsen et al., 2007; Brüning et al., 2014;
Nielsen & Wolkoff, 2017). However, Brüning et al. (2014) emphasise that this
method should only be used for substances where the level for sensory irritation is
below the level of other observable effects (Brüning et al., 2014).
In contrast, Nielsen & Wolkoff (2017) are, however, discussing the fact that ECHA
(and the REACH legislation) do not seem to accept the Alarie bioassay (RD50values) for human risk assessment. In ECHA (2012) it is stated that “in principle,
sensory irritation can be observed also in animals as a decrease of the respiratory
rate (Alarie assay). However, the quantitative use of these data is not generally
accepted and therefore, data from this assay should be used on a case-by-case basis
7

Personal communication with Peder Wolkoff, the Danish National Resarch Centre for
Working Environment
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as an acute effect to derive a short-term (15 minutes) DNEL only”. However,
Nielsen & Wolkoff (2017) state that this is in contrast to OECD (2018) who
describes that “Alarie test are useful for 1) identifying chemicals that are URT
(upper respiratory tract) sensory irritants, 2) quantifying irritation concentrations,
and 3) ranking chemicals for their sensory irritancy potential”.
The exposure time used when performing the Alarie assay resulting in the RD50values is according to Nielsen & Wolkoff (2017) from 10 minutes to several hours,
but commonly between 30-60 minutes. This means that the RD50-values are based
on longer exposure time that is relevant for e-cigarette vapours. An average puff
duration time (see part II of this report) is about 3-5 seconds corresponding to a
total of about 25-42 minutes during a day with an assumption of 500 puffs per day
(as used in the previous reports). The exposure time used for setting the RD50values may therefore be in range of the total daily exposure time for vaping on ecigarettes, but exposure-wise and effect-wise there is a large difference between
one exposure of 25 minutes and 500 short exposures of 3 seconds during a day (see
chapter 3 “Correlation between exposure concentration and exposure time”).
Based on the fact that ECHA (2012) does not seem to accept the Alarie bioassay
(RD50-values) for human risk assessment and the fact that the exposure time is
longer than the actual exposure time during vaping on e-cigarettes, use of the RD50values is not examined further in this report and is not used to address the aspect of
human sensory irritation by vaping on e-cigarettes. The problem is, however – as
also stated by ECHA (2017a) – that data from controlled human studies are either
not available or inadequate. Some of the relevant available human data are studies
on lateralization-based sensory irritation (described below).
4.3.1 Other relevant data on sensory irritation for selected substances
A search has been made for human studies on sensory irritation for some of the
listed substances in the beginning of part I (where a limit value has been proposed
for substances in e-cigarette vapour). The focus has mainly been on acrolein and
formaldehyde, as these substances were identified to be the most problematic
substances in the vapour from e-cigarettes. No human data was identified for e.g.
propylene glycol (one of the major ingredients in e-liquid fluid). The identified
data is presented below.
4.3.1.1 Acrolein
RIVM (2018), ATSDR (2007) and EU RAR (2001) has listed some short-time
exposure thresholds for humans for acrolein. They are, however, based on old data
(1930 and 1977 respectively) and is not necessarily describing sensory irritation,
but mainly irritation in the eyes and nose in general. In the study from 1930, an
exposure value of 2.3 mg/m3 is listed as producing moderate nasal irritation, but
practically intolerable eye irritation after 5 minutes. When the exposure time was
lowered to 1 minute, the same irritative effects were observed at 13.0 mg/m3
instead. In the study from 1977, the conclusion was:
• That the irritation of the eyes was higher than irritation of the nose. In the
experiment with discontinuous exposure (1.5 minutes exposure with 8
minutes between exposure) the eye irritation started at a concentration
three times lower than irritation to the throat and nose.
• That continuous exposure in one hour to a constant concentration (0.3
ppm) was more irritative compared to exposure in 1.5 minutes with 8
minutes between exposures to increasing concentrations (0.15, 0.3, 0.45
and 0.6 ppm).
• That for the discontinuous exposure, nose and throat irritation was
detected at 1.05 mg/m3 (0.45 ppm).
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That a continuous exposure of a concentration of 0.7 mg/m3 (0.3 ppm) for
60 minutes for 46 different humans gave an “average” eye irritation and
“little” nose irritation when looking at the average index irritation score.
No serious chemical-related injury was reported at the used
concentrations.

SCOEL (2007) recommends an OEL (Occupational Exposure Limit) for acrolein
of 0.05 mg/m3 for 8-hour exposure and 0.12 mg/m3 for short-term exposure level
(STEL) of 15 minutes. The OEL for short-term exposure has been set to avoid eye
irritation that is more sensitive to irritation compared to the nose or throat. In
comparison, the suggested limit value for acrolein in e-cigarette vapour was 0.47
mg/m3 (Poulsen et al., 2017b). This value is about four times higher than the
recommended STEL-value in the working environment. However, the proposed
limit value in the e-cigarette vapour for acrolein of 0.47 mg/m3 should according to
the 1977-data (RIVM, 2018) not necessarily result in irritative effects in the nose
for the short exposure time where e-cigarette users are vaping on e-cigarettes.
4.3.1.2 Formaldehyde
SCOEL (2016) has listed some human experiments for short-term exposures to
formaldehyde. SCOEL refers to several studies that conclude that sensory irritation
to formaldehyde would seldom be observed at 0.5 ppm (0.62 mg/m3). Other studies
listed, report that no pure sensory irritation was observed in concentrations up to
0.7 ppm (0.86 mg/m3) when being exposed for four hours. No exposure studies
carried out for just seconds or minutes of exposure are listed for formaldehyde.
NICNAS (2006) reports that also for formaldehyde, eye irritation is a more
sensitive parameter than nose and throat irritation. NICNAS (2006) reports that test
of the pulmonary function (effects on the lungs) for exposures between 1 to 3 hours
showed that no effects on the lungs were observed up to concentrations of 3 ppm
(3.69 mg/m3).
The shortest exposure time of the studies summarised in NICNAS (2006) is
exposure for 1.5 minutes (original study from 1977). 48 volunteers were exposed to
a concentration range of 0.3 to 4.0 ppm (0.369 to 4.92 mg/m3), and the irritation
threshold was situated between 1 and 2 ppm (1.23 to 2.46 mg/m3). In general,
NICNAS (2006) concludes that chamber studies suggest that sensory irritation is
detected at 1.2 mg/m3, but that some individuals sense irritation at lower
concentrations (half the concentration). However, in general the studies on sensory
irritation listed for formaldehyde is for one to several hours. Furthermore, eye
irritation and nose irritation cannot be separated (eye irritation is reported as the
first effect – and the experiment is stopped). This suggest that the sensory irritation
for nose and throat alone will be higher, but no exact levels have been identified.
SCOEL (2016) recommends an OEL (Occupational Exposure Limit) for
formaldehyde of 0.369 mg/m3 for 8-hour exposure and 0.738 mg/m3 for short-term
exposure level (STEL) of 15 minutes. The OEL for short-term exposure has been
set to avoid sensory irritation of the eyes, which are more sensitive to irritation
compared to the nose or throat.
In contrast, OECD SIDS (2002) reports that high concentrations of formaldehyde
of 10-20 ppm will result in adverse effects such as hyperplasia (growth of tissue
due to an increase in the number of new cells) in the nasal cavity. Another study
listed in OECD SIDS (2002) conclude that continuous inhalation of formaldehyde
concentrations of 2 to 6 ppm (2.5 to 7 mg/m3) during several months will only
produce low effects (in the nose), and inhalation of formaldehyde concentrations
above 6 ppm (7 mg/m3) will produce more severe effects and here the severity of
the effects will depend on the duration of the exposure (months/years of continuous
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exposure). However, these listed data are animal data (rats) as no human data
exists.
In comparison, the suggested limit value for formaldehyde in e-cigarette vapour
based on long-term exposure was 58 mg/m3 (Poulsen et al., 2017b). This value is
about 78 times higher than the recommended STEL-value in the working
environment, and about a factor of 23 times higher than the irritation level for 1.5
minutes of exposure. This suggests that a lower limit value is needed to account for
short-time exposures of formaldehyde, however, other aspects discussed in chapter
3 “Correlation between exposure concentration and exposure time” and chapter 5
“Other relevant aspects” may make up for this difference (see discussion later).
However, as described above the STEL-value in the working environment is
established to account for sensory irritation of the eyes that are more sensitive to
the nose and throat, which is relevant for vaping on e-cigarettes. This aspect should
therefore also be taken into account.
4.3.1.3 Acetaldehyde
Very limited human data was found regarding sensory irritation for acetaldehyde.
However, Environment Canada (1999) describes that sensory irritation of the eyes
has been observed at concentrations as low as 25 ppm (45 mg/m3) while nasal
and/or throat sensory irritation has been observed following exposure to
concentrations just less than 200 ppm (360 mg/m3). These findings are based on
old data from 1946 and 1957, respectively.
In comparison, the suggested limit value for acetaldehyde in e-cigarette vapour
based on long-term exposure was 93.1 mg/m3 (Poulsen et al., 2017b). This value is
hence about two times higher than the observed human nasal and/or throat sensory
irritation threshold. However, as described in chapter 5, there are other relevant
aspects that may influence short-term effects like irritation and therefore needs to
be taken into consideration.

4.4 Lateralization-based sensory irritation (thresholds)
Odour thresholds are defined as the lowest concentration of a compound which can
be perceived by the human sense of smell. However, odour interferes with the
measurements of irritation, presumably because it is difficult to distinguish
between irritation perception and odour perception (Dwivedi, 2017; Wolkoff,
2013). For this reason, the lateralization-based sensory irritation method is used, as
odour confounding may be overcome by determining the lateralization threshold
(Nielsen & Wolkoff, 2017).
ECHA (2017a) does not go into details with lateralization thresholds but describes
that data form lateralization threshold testing may be used to describe sensory
irritation of the airways in humans.
The lateralization threshold is defined as the concentration at which individuals can
discriminate which nostril is being exposed, which requires sensory stimulation of
the trigeminal nerve (Dwivedi, 2017; Nielsen & Wolkoff, 2017; Nielsen et al.,
2007). I.e. the lateralization test is a test where a test tube is entered into each
nostril, and where clean air is pumped into one nostril and vapour of the test
substance into the other nostril. The test person, then has to decide in which nostril
the test substance is present. Typically, the starting concentration is the odour
threshold, as the lateralization threshold is expected to be higher than the odour
threshold (Dwivedi, 2017). The test concentration is raised until the test person can
decide in which nostril the test substance is present.
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Dwivedi (2017) describes that the lateralization threshold is difficult to determine
and that the threshold varies considerably among different test persons – which is
also the case for odour thresholds. An example is determination of the
lateralization threshold for acrolein (a substance being formed when using ecigarettes): Here only one of 20 test persons reacted to the used concentrations of
acrolein and the lateralization threshold was determined at 10.7 ppb. However,
concentrations as high as 2940 ppb was used without the other 19 test persons were
able to identify the presence of the substance acrolein.
In another example in Dwivedi (2017) the lateralization threshold of hexanal (a
substance used as ingredient in e-liquids) was determined by 6 of the 20 volunteers
with a medium value of 390 ppb (but ranging from about 20 to 2000 ppb).
Table 3: Lateralization-based sensory irritation thresholds for substances relevant for ecigarette vapour
Substance
CAS no.
Lateralization threshold
Reference
Min
Max
Median
Acetic acid
64-19-7
40 ppm
40 ppm
40 ppm
Van Thriel et al. (2006)
Only one value reported
Acrolein
107-02-8
10.7 ppb
> 2940 ppb
Dwivedi (2017)
Ethyl acetate
141-78-6
1229 ppm
1229 ppm
1229 ppm Van Thriel et al. (2006)
Only one value reported
Formaldehyde 50-00-0
No lateralization threshold identified
Propionic acid 79-09-4
38 ppm
38 ppm
38 ppm
Van Thriel et al. (2006)
Only one value reported
Hexanal
66-25-1
20 ppb
2000 ppb
390 ppb
Dwivedi (2017)

A search has been made for finding lateralization threshold values for substances
used as ingredients in e-liquids. However, the findings are very limited and also
limited with respect to substances identified as ingredients in e-liquids. For this
reason and because of the large differences in the lateralization thresholds in
different human individuals, the lateralization thresholds are not described or used
further in this report.
However, the above lateralization threshold for acrolein can be used to make the
following comparison with the proposed limit values in the vapour from ecigarettes in Poulsen et al. (2017b):
• Lateralization threshold lies between 10.7 and > 2940 ppb, which
corresponds to a value of 0.025 and > 6.9 mg/m3, when using a conversion
factor of 1 ppm equals 2.334 mg/m3 at 20° C and 101.3 kPa (RIVM, 2018).
Only one of 20 people could detect acrolein. The rest could not detect
acrolein in the nose at the highest tested dose of 2940 ppm (6.9 mg/m3).
• The proposed limit value in Poulsen et al. (2017b) was 0.47 mg/m3.
• This suggests that for one of 20 people the suggested limit value in the
vapour from acrolein would result in some kind of sensory irritation, but
the majority would not be able to feel an irritation due to acrolein in the
vapour, as the lateralization threshold is higher than the proposed limit
value for acrolein.
For the other substances no information regarding the resulting concentration in the
e-cigarette vapour was described in the former project Poulsen et al. (2017b).
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4.5 Combined sensory irritation effects
Nielsen et al. (2007) discuss the combined sensory irritation effects of mixtures of
chemicals. They state that based on the interaction mechanism, the extrapolation of
effects should be additive. They refer to earlier studies by Alarie, where the
sensory irritation (in mice) from a mixture of 22 compounds is predicted by using
an additive approach of the individual sensory irritation thresholds for the 22
compounds. However, in humans, the perceived sensory irritation may not fully
follow an additive function, as odour and olfaction may interfere. Nielsen et al.
(2007) state that an interaction is especially important at low sensory irritation
effects.
Nielsen et al. (2007) conclude that based on animal and human studies, additive
interaction – even though it is not perfect – can be assumed as a first approximation
for effects of sensory irritants. The additive approach has also been described by
Wolkoff (2013) and by WHO (2001).
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5 Other relevant aspects for shortterm effects like irritation
In this chapter other aspects that may influence short-term effects like irritation for
people vaping on e-cigarettes are discussed:
• Dilution factor of measured vapour concentration
• Type of sensory irritation (i.e. eyes more sensitive than throat and nose)
• Recovery period
• User in control of the e-cigarette device
Finally, use of other data for puff topography (here the puff volume), as established
in part II of this project, will also influence the proposed limit values proposed in
the former projects, as the calculation of these limit values was based on an
assumption of a fixed (lower) puff volume.

5.1 Dilution factor of measured vapour concentration
First of all, the measured concentration in the e-cigarette vapour is not the actual
concentration that is in the respiratory tract. Air is already present in the respiratory
tract, when the user is inhaling the e-cigarette vapour. Some kind of dilution of the
substances measured in the vapour will therefore take place, and the resulting
concentration in the respiratory tract will be lower. Especially for local effects like
sensory irritation, it may be relevant to consider this dilution factor, when
concluding on the risk of sensory irritative effects.
RIVM (2012) describes such a dilution factor and proposes a method for risk
assessment of tobacco additives and smoke components. The method has been
proposed for smoking on conventional cigarettes but should be possible to transfer
directly to vaping on e-cigarette as this is the same type of exposure. RIVM
themselves are using this study as the basis for subsequent RIVM studies on ecigarettes.
RIVM (2012) describes that the exposure concentration in the respiratory tract is
highest immediately after drawing a puff. The concentration gradually decreases
until the next puff because of inhalation of clean air and absorption of the
substances into the body. However, the local effects of the respiratory tract are
considered to be determined by the maximum concentration of the vapour
substances in the lungs.
RIVM (2012) concludes that for substances that are readily absorbed in the
respiratory tract a total dilution factor of 33 can be used between the concentration
in the vapour and the initial concentration in the alveoli (lower respiratory tract).
This will be the case for formaldehyde and acrolein, which both are readily
absorbed in the respiratory tract. This dilution factor is derived in the following
way:
• The puff volume is 50 mL and the tidal volume (the volume of air inhaled
or exhaled during breathing at rest) is 500 mL. The total volume inhaled is
therefore 550 mL. The concentration of the substances in the vapour will
therefore decrease by a factor of eleven (550 mL/50 mL).
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During a breathing cycle, approximately 30% of the inhaled volume of air
does not reach the alveoli (dead space volume). The volume that reaches
the alveoli (70% of 550 mL = 385 mL) is mixed by diffusion with the
volume of air present in the lungs (the functional residual capacity) of 2 L.
The substances in the vapours are therefore further diluted by a factor of
maximum six (385 mL mixed with 2000 mL, i.e. 2385 ml/385 mL).
However, as the process of diffusion is not very fast and probably not
completed before the next inhalation of air, the substances are not
distributed evenly, and therefore RIVM uses a dilution factor of three.
The total dilution factor proposed by RIVM is therefore 11 x 3, i.e. 33.

When using a similar dilution factor for vaping on e-cigarettes, the puff volume for
e-cigarettes should be used instead of the puff volume used for conventional
cigarettes. As stated in part II of this report, the puff volume for the latest
generation of e-cigarettes may be as high as 160 to 250 mL, and the value
suggested to use for newer generation of e-cigarette devices is 160 mL. The
dilution factor used for newer e-cigarette devices with higher puff volumes should
therefore be:
• Puff volume mixed with tidal volume: 160 + 500 mL / 160 mL = 4.1
• Volume that reaches the alveoli is mixed by diffusion: 70% of 660 mL =
462 mL, which is mixed with the volume present in the lungs (functional
capacity) of 2000 mL, resulting in a factor of 2462 mL/462 mL = 5.3. If
the same assumption is used as RIVM (2012) uses described above, that
the diffusion is not very fast and probably not completed, the factor used
is halved and thereby 2.65.
• The total dilution factor when using the approach as described by RIVM
for e-cigarettes will therefore be about 4.1 x 2.65 = 10.87 or rounded
down to 10.
This dilution factor of 10 could therefore be used when addressing the
concentration of the inhaled substances when the vapour reaches the alveoli.
However, as stated by RIVM (2012), the concentration in the upper respiratory
tract immediately after inhalation will be higher (as no dilution or lower dilution
will have taken place).

5.2 Type of sensory irritation
As described in chapter 4 “Sensory irritation”, different types of sensory irritations
exist and with different severity. Sensory irritation symptoms have been reported
with intensity from severe (such as pain, burning, smarting or irritating) to less
severe (such as itching, dry eyes or discomfort in the eye, tingling in the throat)
(Brüning et al., 2014; ECHA, 2017a). Sensory irritation may also lead to reflex
involuntary responses such as sneezing, coughing, so-called watery eyes and runny
nose and changes in the rate and depth of respiration (ECHA, 2017a).
5.2.1 The eyes are in general more sensitive than the nose and throat
In many cases, sensory irritation will first be detected in the eyes before being
detected in the nose or throat or upper respiratory tract. This is due to the fact that
for many substances, the eyes are more sensitive compared to the nose or throat.
This is true for acrolein and formaldehyde (SCOEL, 2016; RIVM, 2018; NICNAS,
2006). This means that for some human tests carried out for sensory irritation, the
first sensory irritation is reported (the eyes) and further testing is not necessarily
carried out. The limit value for sensory irritation may therefore be to low (if set for
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the eyes) compared to the actual concentration where sensory irritation will be
reported for the nose or throat. Sensory irritation in the throat and nose is the
relevant effect for vaping on e-cigarettes.
As listed above there is a factor of 3 between the concentration where sensory
irritation is detected in the eyes and where sensory irritation is detected in the nose
or throat for acrolein (RIVM (2018), ATSDR (2007) and EU RAR (2001)). This
factor is, however, substance specific. No such factor is available for
formaldehyde, as it seems to be only sensory irritation of the eyes in humans that
have been reported.
Because sensory irritation is a very sensitive endpoint, about 40% of the
occupational exposure limit (OEL) values are based on the avoidance of sensory
irritation (Brüning et al., 2014; ECHA, 2017a). As described above, limit values
for sensory irritation of the eyes has been used when setting OEL-values for both
acrolein and formaldehyde (SCOEL (2016), SCOEL (2007)). In both cases, this is
due to the fact that the eyes are more sensitive to irritation compared to the nose or
throat.
5.2.2 Severity of the sensory irritation
Sensory irritation test carried out on humans may have some kind of subjectivity
involved, when the irritative effects are described. Nielsen & Wolkoff (2017)
describe that modern chamber exposure studies therefore often include tests that
are as objective as possible. For sensory irritation the most commonly used
objective tests are eye blinking frequency, tear production in the eyes and nasal
patency, as these are reflex induced effects.
If the human tests are stopped when the first sensory irritation effects are observed,
i.e. increased eye blinking frequency or other discomfort such as tear production,
the concentration reported (the threshold limit value for first observation of sensory
irritation) may therefore be low and the severity of effect will not be high.
Nielsen & Wolkoff (2017) describes that typically severe sensory irritating effects
such as painful burning, stinging and itching sensations are known from exposures
to high concentrations (e.g. known from exposures to formaldehyde and gasses not
relevant for e-cigarette vaping). Lower concentrations will produce non-adverse
effects that may be observed as just freshness or cooling. In many cases sensory
irritation can, therefore, be regarded as an ‘early warning’-system because sensory
irritation effects are observed at a lower concentration than concentration that may
produce systemic effects for the same substance. This is at least true for the 40% of
the substances where occupational exposure limit values have been set based on
sensory irritation as the critical effect (the effect at the lowest observed
concentration). However, it is also stated by Nielsen & Wolkoff (2017) that this is
not true for all chemical substances. For some chemical substance no or little
sensory irritation is observed for concentrations that may cause severe systemic
effects.
Both time and concentration are important factors when it comes to sensory
irritation (Brüning et al., 2014; Nielsen & Wolkoff, 2017). Sensory irritation is a
very rapid process that usually only takes seconds from stimulation to awareness of
the sensory irritative effect (Brüning et al., 2014; ECHA, 2017a). If the exposure is
prolonged or repeated (for hours or days), the next step may be the tissue irritation,
but this normally requires higher concentrations and/or prolonged exposure time
(Brüning et al., 2014). Furthermore, the tissue irritation process is slower than the
sensory irritation process (Brüning et al., 2014) and will therefore require higher
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exposures. However, according to ECHA (2017a), the severity of the effect
depends on the airborne concentration of the irritant rather than on the duration of
the exposure. Brüning et al. (2014) specify that this concentration dependant effect
is true at low concentrations without pathological effects, i.e. for more severe
effects like tissue irritation or tissue damage bot time and concentration is relevant
– higher concentration and/or prolonged exposure time may produce more severe
effects than sensory irritation.
In the example with formaldehyde, sensory irritation in the eyes were experienced
in humans at concentrations of about 1 to 2 ppm (1.23 to 2.46 mg/m3) for an
exposure time of 1.5 minutes. However, as listed earlier (in section 4.3.1.2),
adverse effects in the nose (of rats – no human data) are only expected at
concentrations above 7 mg/m3, where the severity of the effects will depend on the
duration of the exposure (months/years of continuous exposure). A higher
concentration for a longer continuous exposure time is needed to produce more
severe effects than sensory irritation.

5.3 Recovery period
Especially, two factors are important when it comes to addressing sensory
irritation. First of all, mild sensory irritation effects are thought to be mainly
reversible, and secondly, vaping on e-cigarette is not a continuous exposure – even
at 500 puffs per day, there will be some kind of rest or recovery period in between
puffs. With 500 puffs per day and 3-5 seconds for duration of a puff, this
corresponds to a total puffing time of 25-42 minutes per day.
Wolkoff et al. (2005) describe that overall, the sensory irritation symptoms are
often reversible after cessation of exposure. Brüning et al. (2014) describes that the
primary reactions of sensory irritation (the feeling of the exposure) are thought
mainly to lead to reversible alterations of the physiology/biology of the target site.
Dwivedi et al. (2015) describe that the development of sensory irritation over time
is complex, with time effects sometimes disappearing, or even reversing, after a
relatively short period, depending on the test compound.
Kleinbeck et al. (2020) have made human studies in order to assess the reversibility
of sensory irritation and found no accumulating effects of a varying concentration
exposure for four hours per day to ethyl acrylate (a substance not relevant for ecigarette vaping) on five subsequent days. Kleinbeck et al. (2020), therefore
concludes that the exposure concentrations tested (high enough) to produce sensory
irritation (but below OEL) are reversible.
When vaping on e-cigarettes the exposure time is only seconds at the time with a
recovery period of one minute to several minutes in between, and then followed by
half an hour or hours of recovery time. Most sensory irritative effects are therefore
mainly thought to be reversible for many of the substances relevant for e-cigarettes.
This will, however, depend on the specific substance in question and the
cumulative effect of many different substances as used in e-cigarettes does not
seem to have been addressed with regard to sensory irritation.

5.4 User in control of the e-cigarette device
Another aspect of the risk of sensory irritation due to vapours from e-cigarettes, is
the fact that users to a large extent are in control of the e-cigarette device and can
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control the amount of vapour being produced. The differences in the different
generations of e-cigarette devices is described in section 6 in part II of this report.
Here it is also described in more detail, how the user can control their puff
topography and how the physical differences in the e-cigarette devices may alter
the users puff topography. However, one important aspect is that the user is in
control of e.g. the puff duration (can take longer or shorter puffs), the size of the
puff volume and also how the puff is taken – either first draw vapour into the
mouth before inhaling into the lungs or inhale directly into the lungs.
There are large physical differences in the design of the different generations of ecigarettes (see part II for details). The third generation of e-cigarettes have e.g.
higher voltage than the first two generations. Additionally, the third generation of
e-cigarettes have large holes for air entrance, which means they generate a low
resistance during inhalation that leads to a lower inhalation effort compared to the
former generations of e-cigarettes (Soulet et al., 2019). Furthermore, the coils are
designed to generate relatively large aerosol volumes (SCHEER, 2020), and for
most of the newer e-cigarette devices are fabricated with adjustable airflow
(Korzun et al., 2018).
Faster airflow lowers the heating coil temperature, which is relevant for the
production of vapour, i.e. e-liquid consumption will be significantly increased with
increased airflow (Korzun et al., 2018). Devices with higher power produce more
vapour and will burn the e-liquid faster. These aspects are described and discussed
more thoroughly in part II of this report below.
The point is, however, that the experienced e-cigarette user knows how to control
the vapour and the amount of vapour and will hereby also be able to adjust the way
they vape, if they should experience sensory irritation or to severe sensory
irritation.

5.5 A change in puff volume will lower the limit values
previously proposed
As listed in the beginning of Part I (Equation 1), the proposed limit values for the
concentration of the substances in the vapour from e-cigarettes are based on an
assumption of a puff volume of 55 mL. This puff volume is suggested to be
changed to 160 mL for the newer generations of e-cigarettes in part II of this
project. This will involve lowering the limit values for all the substances in the ecigarette vapour with a factor of 55 / 160, i.e. a factor of 2.9 lower. This will
correspond to use of the following general corrected equation:
𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 200 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

However, as this puff volume was not worst case (higher puff volumes were also
listed), the factor of 2.9 is rounded up to a factor of 3. In Appendix 1, the limit
values listed in Poulsen et al. (2018b) have been recalculated by lowering the
values with this factor of 3.
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Part II – Long-term effects – update
Part II in this report addresses the long-term effects when vaping on e-cigarettes.
The long-term effects of several fragrances used in e-liquids have been discussed in
the former projects carried out for the Austrian Consumer Council at Austrian
Standards International. The focus will be on re-evaluating the data used and the
method used in the previous reports for calculating limit values for long-term
effects when vaping on e-cigarettes.
This part II will therefore focus on:
• The difference in the different generations of e-cigarettes
• Identifying new literature for a re-evaluation of the proposed limit values,
i.e. identifying new data on amount of e-liquid used per day, vapour
volumes per puff, number of puffs per day etc.
• Discussion of how to change the model for calculating limit values in eliquids
In the previous projects a proposal for requirements (limit values) for selected
solvents and flavour substances in e-liquids were calculated. The calculations were
based on based on available toxicological data and relevant existing threshold
values for the substances. These values will not be discussed in this update, but the
used puff volume, use of e-liquid fluid per day will be re-evaluated instead, as
these values have changed since the used model for proposing limit values were
described.
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6 Different generations of ecigarettes
E-cigarettes have been on the market for some years now, and e-cigarettes are
typically divided into different generations of e-cigarettes. Several sources have
defined the different generations of e-cigarettes as described below.

Figure 2: First-, second-, third- and fourth generation of e-cigarette devices.
Source and picture from: CDC – U.S. Department of Human Health and Human Services - Center for
Disease Control and Prevention (2020), “E-cigarette, or vaping, Products Visual Dictionary” 8.

First-generation e-cigarettes were designed to mimic the smoking experience of
regular combustible tobacco cigarettes as close as possible (National Academy of
Sciences, 2018) and were therefore very close to regular combustible tobacco
cigarettes in their appearance and often referred to as “cig-a-likes”. Furthermore,
they were according to Williams & Talbot (2019) characterised by having a fixed
low-voltage battery and the atomizing unit, battery and fluid reservoir could either
be found in one single unit, in two units or in three separate units.
Second-generation e-cigarettes are characterised by a clearomizer (a transparent
cartridge that holds the e-liquid and an atomizer) and a thin battery. According to
National Academy of Sciences (2018) the second-generation devices include
products that are shaped like pens, are comparatively larger and cylindrical. They
are often referred to as “tank systems” due to the transparent reservoir that holds
larger amounts of e-liquid than previous cartridge-containing models. The
8

https://www.cdc.gov/tobacco/basic_information/e-cigarettes/pdfs/ecigarette-or-vapingproducts-visual-dictionary-508.pdf
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clearomizer can be filled with any refill fluid (e-liquids). This second-generation of
e-cigarettes often have larger variable voltage batteries (“pen-style” batteries) and
thereby batteries with more power (Williams & Talbot, 2019).
Third-generation devices represents a diverse set of products and do no longer look
like combustible tobacco cigarettes as many of them are square or rectangular and
feature customisable and rebuildable atomizers and batteries. It is possible for the
user to modify the devices or build their own devices (National Academy of
Sciences, 2018), and therefore the third-generation devices are referred to as
“Mods” (Williams & Talbot, 2019). The atomizers in these third-generation
devices comes in three different versions and may therefore have various shapes
and coil composition but are in general more customisable and is larger than the
clearomizers (second-generation devices). The third-generation devices have in
general batteries with variable voltage and variable wattage – and have high power
batteries (Williams & Talbot, 2019). According to SCHEER (2020) the thirdgeneration e-cigarettes have larger and removable batteries that can be charged
externally. The differences in design and engineering of the products are the key
factors in with respect to the size, distribution and amount of aerosol particles.
Furthermore, the different concentrations of chemicals in the e-liquids determines
the composition of the aerosol delivered to the user (National Academy of
Sciences, 2018). Soulet et al. (2019) describe the third generation of e-cigarettes as
open system with large holes for air entrance, which means they generate a low
resistance during inhalation that leads to a lower inhalation effort compared to the
former generations of e-cigarettes. The coils are designed to generate relatively
large aerosol volumes (SCHEER, 2020). Smets et al. (2019) describe the thirdgeneration e-cigarettes as a “low nicotine high wattage vaping trend”.
The fourth-generation devices are the so-called “Pod’s” or “Pod Mod’s” that comes
with fixed voltage and various shaped batteries, such as USB (rechargeable) or
teardrop shapes (Williams & Talbot, 2019; CDC, 2020). These Pod Mod’s are ecigarette devices or vaping products with a prefilled or refillable “pod” or pod
cartridge with a modifiable system (hence the name Pod Mod’s). They are
available in many different shapes and sizes, but the voltage is fixed in contrast to
second and third generation devices (CDC, 2020; Williams & Talbot, 2020). These
fourth-generation Pod Mod’s typically use nicotine salts rather than the freebase
nicotine used in most other e-cigarette or vaping products. Nicotine salts have a
lower pH-value the freebase nicotine, which result in particularly high levels of
nicotine to be inhaled more easily and with less irritation to the throat compared to
freebase nicotine (CDC, 2020). Smets et al. (2019) describe these “pod”-based ecigarettes as “low-wattage vaping of e-liquids with very high nicotine
concentrations”. The nicotine concentration can in the USA be as high as 50
mg/mL for the nicotine salts. However, such a high nicotine content is not allowed
in the EU, where the highest allowed nicotine concentration according to the
Tobacco Product Directive is 20 mg/mL. However, according to Smets et al.
(2019), these fourth generation “pod”-based e-cigarettes are still introduced to the
European market, but with a maximum concentration of nicotine of 20 mg/mL.

6.1 Differences in e-cigarette devices and consequences
for puff topography
The amount of aerosol generated by an e-cigarette can be affected by a number of
factors including product design (e.g. e-liquid volume, voltage, heating element
temperature, wick material), user’s vaping topography and device settings (Coresta,
2018).
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In general, most examinations regarding puff data and puff topography has been
recorded for first- and second-generation e-cigarettes, and in some cases also for
third-generation e-cigarettes. However, investigations about puff topography has
not been identified for fourth-generation e-cigarettes during the preparation of this
report. As stated by Smets et al. (2019), the fourth generation of e-cigarettes has
recently been introduced to the Dutch and Belgian markets in 2019.
Coresta (2018) states that the parameters listed below will affect the aerosol
delivery of an e-cigarette. It should be noted that the different parameters are
dependant of each other. Robinson & Hensel (2020) also emphasise that
parameters describing the puff topography also are highly dependent on the
nicotine concentration of the used e-liquid; and Robinson et al. (2018) even state
that the properties of the e-liquid in itself have an effect of the total emissions.
• Puff duration
• Puff volume
• Puff frequency
• Puff profile
• Puff number
• Nicotine concentration (Robinson & Hensel, 2020)
• Battery charge status
• Voltage setting
• Ventilation setting
• Device orientation
• Heating element or atomizer age
• E-liquid properties (Robinson et al., 2018)
The primary factor impacting the amount of aerosol generated is the amount of
time for which the heating element is activated. The amount of aerosol generated
will increase proportionally to the heating time as long as the heating element is
supplied with e-liquid. Puff duration can be influenced by consumer preference,
puff volume and any automatic cut-offs installed in the e-cigarette device to limit
the duration of activation. Higher puff volumes may both increase and decrease
the amount of aerosol generated (different results in different studies). Some
devices are puff-activated and will only be activated at a certain minimum airflow
velocity. This means that it may be necessary to use a constant airflow (also called
a “square” puff profile) to obtain a maximum aerosol generation. Puff frequency
has limited effect on the amount of aerosol generated as the device is in “stand-by
mode” between puffing. Finally, the puff number will correspondingly increase
the amount of aerosol generated (Coresta, 2018).
Several investigations have been carried out regarding the so-called puffing
topography (how vapours are using their e-cigarette, i.e. information on puff
duration, interval between puffs or puff frequency, number of puffs within a certain
time, puff volume and flow rate (mL/second)). National Academy of Sciences
(2018) describes that different users have different puffing topography. When
looking at different groups of users, it has been found that experienced e-cigarette
users in generally take significantly longer puffs (puff duration is longer) and with
a higher puff volume compared to users just starting to vape even though the
number of puffs in the examined time frame were the same for the different users.
Furthermore, the National Academy of Sciences (2018) describes that the puffing
topography is different among the different types (generations) of e-cigarette
devices. In an investigation between first- and second/third-generation e-cigarettes,
the average number of puffs taken was fewer, average puff volume was larger,
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mean interpuff interval was longer and mean peak flow rate was higher with the
advanced-model e-cigarettes. One likely explanation is the difference in power
between the types of devices even though test with different low- and high-power
devices did not illustrate the same differences 9. Therefore, another plausible
explanation is stated to be the nicotine concentration, as the nicotine content was
higher in the first-generation e-cigarettes. Several studies conclude that the nicotine
concentration is a major determinant of the e-cigarette puffing topography
(National Academy of Sciences, 2018; Robinson & Hensel, 2020; Smets et al.,
2019), and that a change in the nicotine concentration of the e-liquid used will
result in users altering their puff topography by altering the puff volume or flow
rate or puff duration (Robinson & Hensel, 2020).
Smets et al. (2019) reports of a study between Dutch and Belgian users of secondand third-generation e-cigarettes. The two different groups of e-cigarette users
(Dutch and Belgian) overall had a similar intake of nicotine (nicotine concentration
multiplied with e-liquid use), but where the Belgian group used 62.9 mL of e-liquid
per week with an average of 3.3 mg/mL nicotine, the Dutch group used 21.8 mL of
e-liquid per week with an average of 8.9 mg/mL nicotine. The major difference
seemed to be that the Dutch group mainly used second-generation e-cigarette
devices, where the Belgian group mainly used third-generation e-cigarette devices.
Similarly, Beauval et al. (2019) investigated what influenced the total e-liquid
consumption (in mg/puff) when the number of puffs were kept constant and
different models of e-cigarettes were used (second-generation, third-generation
(low voltage) and third-generation (high voltage)). Beauval et al. (2019) concluded
that a higher puff duration was the most crucial factor on the total e-liquid
consumption. Double puff duration (six seconds instead of three seconds) also
almost doubled the total e-liquid consumption on the second-generation device and
on the third-generation device with low voltage. However, the difference was not
as distinct on the third-generation high voltage device, where the puff volume
seemed to have a more crucial impact on the e-liquid consumption than the puff
duration. This is also illustrated by Smets et al. (2019) where the group of ecigarette users using mainly the third-generation e-cigarettes with the possibility to
regulate wattage or voltage and with temperature control uses the “direct lung
inhalation” method (i.e. higher puff volume) compared to the mainly secondgeneration e-cigarette users that use the “mouth-to-lung inhalation” technique (i.e.
lower puff volume). The effect on the amount of e-liquid was striking: the thirdgeneration e-cigarette users consumed in average 62.9 mL/week where the secondgeneration e-cigarette users consumed in average 21.8 mL/week.
McAdam et al. (2019) come to a similar conclusion: puff duration has an
important and positive impact on the magnitude of aerosol emission – they actually
conclude that puff duration is the most important puffing parameter for the yields
of aerosol emissions. The longer the coil of the e-cigarette device is heated, the
longer the generation of aerosol (as long as a constant flow of e-liquid can be
sustained to the coil during the puffing period), i.e. it is the heating time of the
device that is important for the amount of aerosol generated. Therefore, the
interpuff interval (and thereby the puff frequency) will also be important for the
amount of aerosol generated, as the e-cigarette device will not cool down between
puffs, if very short puff intervals are applied.

9

This difference in emission of substances for devices with different power is for example
concluded by Robinson et al. (2018) that clearly concludes (in a study of several earlier
testing carried out) that the higher the power settings of the e-cigarette devices the higher
the mass ratio of substances in the emissions.
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Other factors that affect the aerosol delivery is the last five parameters listed above
that are dependent on the physical appearance and status of the e-cigarette device.
For example, the battery charge status may affect the aerosol delivery during use,
as a battery being discharged will not deliver a constant voltage to the heating
element but will slowly decline during use. The highest aerosol generation will be
with fully charged (or new) batteries. Correspondingly, if the voltage setting is
increased, the amount of aerosol generated will similarly increase (Coresta, 2018).
This is also concluded by Robinson et al. (2018) that have studied several earlier ecigarette tests. Robinson et al. (2018) concludes that there is clear evidence that the
higher the power settings of the e-cigarette devices (i.e. the coil power) the higher
the mass ratio of substances in the emissions.
Devices may have mechanical features to increase or decrease the amount of air
that is mixed with the generated aerosol. When the ventilation is increased, the
concentration of the aerosol will decrease with all other factors remaining constant.
This means that the highest aerosol generation will be achieved when using the
minimum ventilation setting on the device. However, modification of the
ventilation setting will also change the device pressure drop and thereby the vaping
behaviour of the user (Coresta, 2018).
Some e-cigarette devices may require a device orientation other than horizontal to
facilitate efficient wicking of the e-liquid. This means that if the device is held in
the ‘wrong’ position the aerosol formation will not be optimal (the aerosol
formation will be lowered). Finally, the heating element or atomizer age may
affect the aerosol delivery, as the heating element may become coated with e-liquid
residue during prolonged use, and thereby the performance will decline (Coresta,
2018).
Finally, Robinson et al. (2018) reports that their testing of different composition of
e-liquids results in different levels of emissions when used on the same e-cigarette
device under the same conditions. The three different e-liquids had the same
nicotine concentration and the same ratio of PG/VG (Propylene Glycol/Vegetable
Glycerin), i.e. the differences in the e-liquids were due to the flavours (tobacco,
menthol and mixed berry flavours). Robinson et al. (2018) reports that not only the
total particulate mass concentration of the aerosol emissions was different between
the three different used e-liquids, but also the ratio or fraction of harmful and
potentially harmful constituents emitted. Robinson et al. (2018) suggests that the
differences in emissions is due to the bulk fluid properties of the e-liquid, but also
the individually used substances. Robinson et al. (2018) point out that more work is
needed in this area. Similarly, the same authors describe in Robinson & Hensel
(2020) that lowering the nicotine levels in the e-liquids will not result in lower risks
of using the e-liquids, as the users will change their puff topography (e.g. taking
longer puffs and more often) in order to compensate for the lower nicotine
concentration and thereby being exposed to a higher mass of other substances
being emitted. This fact is also illustrated by the investigation carried out by Smets
et al. (2019) as mentioned above when addressing the nicotine concentration issue.
All the above listed parameters will influence the amount of aerosol generated
during actual use of the e-cigarette devices, but also when carrying out testing and
measurements of data such as amount of substances contained in the aerosol, data
on puff duration, puff volume etc. It is therefore necessary that the testing
conditions, device settings etc. are the same in order to compare the different data
generated. Furthermore, the data generated on the first- and second-generation ecigarette may very well be different from data generated using the third- or fourthgeneration e-cigarettes.
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National Academy of Sciences (2018) describes that in 2018, where their report
was published, no standardized method for generating and collecting aerosol from
e-cigarettes (for analytical purposes and laboratory studies) exists. It is therefore
difficult to compare data on puff topography and aerosol emissions across different
users, across different e-cigarette devices and generations of e-cigarettes. This fact
is supported by e.g. McAdam et al. (2019), Robinson et al. (2018) and Behar et al.
(2015).
Robinson et al. (2018) concludes that there is no clear quantitative understanding
of the influence of topography characteristics on e-cigarette emissions, or how
topography might influence emissions differently across different products.
Some sources have summarised different data from a lot of different measurements
and studies. These data are presented in section 8 below.
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7 Formerly used model for
calculation of risk (long-term)
The method used for exposure calculation of the long-term risk in the former
projects (Poulsen et al. (2017a); Poulsen et al. (2018); Poulsen (2020)) is presented
below. The description listed below, was to some extent included in the former
projects.

7.1 Rationale behind the method
The method operates with “the safe concentration”, which is the concentration of a
substance in an e-liquid that can be assumed to be safe for a person with a given
daily consumption of e-liquid (where the e-liquid is being vaporised by the ecigarette device and then inhaled by the user). This concentration is calculated by
use of assumptions regarding daily intake of e-liquid. The basic unit for this safe
concentration in the e-liquid is mg/ml (or µg/ml) daily consumption of e-liquid.
This safe concentration in the e-liquid is calculated on the basis of information
about the safe daily dose or safe daily total amount of a substance, which is
possible to inhale or to absorb in the body each day without the risk of long-term
health effects.
It was decided only to use threshold values (given in mg/m3) based on inhalation
(in contrast to threshold limit values given in mg/kg bw/day, which are based on
intake of the substance) – simply because the exposure pathway for e-liquids is by
inhalation.
The safe daily dose or safe daily total amount of a substance was established from
DNEL (Derived No Effect Level) values or Reference Concentration (RfC) values
or other threshold limit values in mg/m3, where the DNEL- or RfC-value is
multiplied by the assumed daily (i.e. 24 hours) volume of inhaled air. However, if a
threshold limit value in the working environment is used, the value is multiplied by
the volume of air inhaled during a working day, i.e. 8 hours. This method is based
on the assumptions that all the vaporised inhaled e-liquid will be absorbed in the
body and that all vapour from the e-cigarette is inhaled.
Regarding the consumption/inhalation of e-liquid per day, it is important to notice
that this daily consumption strongly will depend on the nicotine level in the eliquid (from no nicotine to highest allowed nicotine level (20 mg/ml)). Several
discussion forums can be found debating the typical consumption of e-liquids per
day 10. It is therefore important that the proposed limit values for substances in eliquids will be valid for all e-liquids irrespective of nicotine content (from 0 to 20
mg/ml). As a worst case, a consumer may “chain smoke” on an e-cigarette with a
low or no content of nicotine, i.e. getting a low or no level of nicotine, but high
level of other ingredients (such as flavours and solvents).
10

https://www.e-cigarette-forum.com/forum/threads/average-daily-e-liquidconsumption.414565/; https://www.nicvape.com/About-Nicotine-Strengths;
https://www.planetofthevapes.co.uk/forums/ecig-discussion/general-chat/threads/commonmisunderstanding-1-ml-liquid-can-not-be-compared-with-a-cigarette.52078/
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The information described in section 6.1 also shows that the amount of e-liquid use
is dependent on the e-cigarette device used, as third-generation e-cigarettes
produce more vapour. The question risk assessment wise is, however, whether all
vapour is inhaled – but for the purpose of these calculations, it is assumed that all
vapour is inhaled.

7.2 Assumptions used
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
flavours. 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 11 values or German AgBB 12 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 the third reports, 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.
• The proposed limit values are based on ‘simple calculations’ regarding ecigarette 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.

11

LCI = Lowest Concentration of interest. EU-LCI is a basic scheme for the evaluation of
VOC emissions from building products.
12
AgBB stands for “the Committee for Health-related evaluation of Building Products” (in
German). The scheme is a German scheme for VOC emissions from construction products.
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7.3 Calculation method used
The calculation method used is the same as used in the former projects (Poulsen et
al., 2017a; Poulsen et al., 2018; Poulsen, 2020):
𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑒𝑒_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚. 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡 𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑒𝑒_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =
CSubstance_in_e_liquid

Vair_daily

RfCsubstance

abssubstance

VLiquid_per_puff
npuffs

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 × 𝑅𝑅𝑓𝑓𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑎𝑎𝑎𝑎𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿_𝑝𝑝𝑝𝑝𝑝𝑝_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

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 in the e-liquid solution
Is the volume of air inhaled per day (24 hours) or
per 8 hours where occupational limits were used
(m3)
Is the Reference Concentration (existing threshold
limit values available) for the substance (mg/m3),
e.g. a DNEL value
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 by default that 100% of the
substance will be absorbed in the body. By
default, this absorption coefficient will then be 1.
Is the volume of e-liquid used (vaporised) per puff
(ml/puff)
Is the total number of puffs per day (puffs/day)

This means that this calculation is actually based on the fact that the actually
inhaled amount of substance (which is only being inhaled when vaping on the ecigarettes) is averaged out on the entire day, when compared with the reference
concentrations or DNEL concentrations used.
7.3.1 Values used in the calculations
The values used in the calculations are discussed in detail in the first project on eliquids “Requirements for substances in e-liquids used in electronic cigarettes”
(Poulsen et al., 2017a). The values used are summarised below.
Vair_daily

abssubstance
VLiquid_per_puff

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
1
150 puffs equal 1 mL of e-liquid, because this value
seems to be used in several sources (e.g. BfR (2015)).
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npuffs

Vpuff

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.
0.055 L as defined by Afnor (2016). This is the volume
for each puff, which is also described by Soulet (2019).

The main value used in the former projects is the amount of e-liquid used per day
or amount of e-liquid used per puff and then an assumption of number of puffs
taken per day. The value used is taken from BfR (2015) that states that according to
estimates by the BfR, 1 mL of e-liquid corresponds to around 8.25 litres of aerosol
(corresponding to 150 puffs of 55 mL). When assuming 500 puffs per day the
consumption of e-liquid per day is therefore assumed to be 3.33 mL e-liquid per
day.
As stated in the former projects on flavours in e-liquids, the data used in the
calculation model is based on older data. As also described by sellers of ecigarettes and e-liquids, it is difficult to say how many puffs equals 1 mL of eliquid. This number greatly depends on the atomizer and the mod setup. Setups at
higher wattages produce more vapour and will thus burn the e-liquid faster 13.
Soulet et al. (2019) emphasizes in an article the difference between first-, secondand 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, Soulet et al. (2019) emphasize 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. For this reason, this present study will in section 8 “New
identified data” present some of the new data identified, and it will be discussed
which new data that should be used for re-calculation of the limit values for flavour
substances in e-liquids.

7.4 Considerations of the results of part I of the study
It should be emphasised that this formerly used model for the calculation of the risk
only is based on long-term health effects and therefore do not take local effects on
the airways or acute effects after short time exposure into consideration. Short-term
effects like sensory irritation has been addressed in part I of this study.
It may very well be true that for many of the flavour substances used in the eliquids, local effects such as sensory irritation is more relevant compared to the
long-term effects (for which limit values have been suggested in the former
projects). However, as part I of this study illustrates, information about sensory
irritation of many of the flavour ingredients is missing – and the link between the
concentration in the e-liquid with the resulting vapour concentration is not that easy
to make. This will highly depend on the e-cigarette device (the type and
generation), as well as the settings used (wattage, voltage, temperature).

13

https://www.vape-box.com/blog/how-many-vape-puffs-equals-one-cigarette
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Furthermore, this formerly used model for the calculation of the risk of long-term
effects is used to set limit values for the concentration of the flavour substances
used in the e-liquid. The limit values should therefore not be mistaken for limit
values in the vapour (where the e-liquid has been vaporised). The limit values set
for the e-liquid, which were derived in the former projects were thought as an
easier way to control the emission compared to limit values set for the resulting
vapour when using the e-liquids. However, this approach could and should be
discussed, if limit values for flavour substances used in e-liquids becomes a reality.
Part II of this project clearly demonstrates that the vapour generation is highly
dependent on the e-cigarette device (the type and generation), as well as the
settings used (wattage, voltage, temperature). Limit values set for flavour
substances in the vapour will therefore likewise be difficult to control, as the
amount of vapour can be controlled by use of different settings on the e-cigarette
device.
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8 New identified data
A search has been made in order to identify new data regarding the vaping regime
(puff topography). As can be seen from Table 4, it has been difficult to find new
data specifically for the newer third-generation devices. For many of the tests
carried out, either the generation of the e-cigarette device is not stated, or it is
difficult to see from the description, which type of generation e-cigarette device
that has been used (illustrated with a question mark “?” in the table).
For comparison older data describing puff topography has been presented as well
in order to illustrate the range. More data may be found than listed below in Table
4, but the data listed are listed as examples. The different identified data is
discussed below.
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Table 4: Different puff topography data from different sources
Reference
Device type/
Puffs per
Puff duration
generation
day
(seconds)
(number)
Data based on older generations of e-cigarettes
Robinson et al.
Cig-a-like;
225 ± 59
(2015) described
1st generation
in Coresta (2018)
Norton et al.
Cig-a-like;
NR
(2014) described
1st generation
in Coresta (2018)
Behar et al.
Cig-a-like
Not
(2015)
measured
but selfestimated
by users:
up to 200
Lee et al. (2018)
Cig-a-like;
77
1st generation (38.7 to
114.4)
St Helen et al.
Cig-a-like;
NR
(2016) described
1st generation
in Coresta (2018)

Puff volume
(mL)

Puff
frequency/
interval
(seconds)

Puffs per
session
(number)

Flow rate
(mL/second)

E-liquid
consumption
(mL or mg)

Comments

3.5 ± 1.8 s
(from 0.7 to 6.9 s)

133 ± 09 mL
(from 9 to 338 mL)

NR

21 participants;
natural conditions

118.2 ± 13.3 mL

15 ± 25
(from 3 to
117)
8.7 ± 1.6

37 ± 16 mL/s
(from 23 to 102 mL/s)

3.0 ± 1.6 s

42.7 ± 12.1 s
(from 10 to 150
s)
29.6 ± 11.7 s

NR

NR

18 participants;
laboratory

2.65 ± 0.98 s

51 ± 21

17.9 ± 7.5 s

32 ± 8
(but only
measured
for 10
minutes)

20 ± 6

11.0 mg to
129.6 mg
(mean 79.6
mg ± 36.2
mg)

Only measured
for a period of 10
minutes. Two
different e-cig
brands.

3.3 s
(from 2.3 to 4.3 s)

110.3 mL
(from 10.4 to 150.3)

14.7

26.6 mL/s
(from 23.1 to 30.1)

NR

14 participants;
natural conditions

5.2 ± 1.9 s

NR

38.1 s
(from 24.7 to
51.4 s)
319 ± 332 s

35 ± 35.2

NR

NR

2 participants;
laboratory;
different e-cig
generations
12 participants;
laboratory;
controlled study
29 participants;
laboratory; adlibitum for 90
minutes
16 participants,
laboratory;
different nicotine
concentrations (0,
8, 18, 36 mg/L)
10 participants;
ad-libitum for 7
hours.
E-cig prototype.

Spindle et al.
(2015) described
in Coresta (2018)
Spindle et al.
(2016) described
in Coresta (2018)

Tank; 2nd
generation

NR

4.2 ± 1.1 s

101.4 ± 50 mL

30 s (controlled)

10
(controlled)

24.2 ± 10.7 mL/s

NR

Tank; 2nd
generation

NR

5.3 ± 2.2 s

148.5 ± 119.6 mL

102.8 ± 63.1 s

62.6 ± 32.3

27.5 ± 22.6 mL/s

NR

Ramöa et al.
(2015) described
in Coresta (2018)

Tank; 2nd
generation

NR

Nic. 0: 5.6 ± 2.1 s
Nic. 8: 5.8 ± 2.2 s
Nic. 18: 5.2 ±1.8 s
Nic. 36: 4.1 ±1.5 s

Nic. 0: 196±215 mL
Nic. 8: 193±152 mL
Nic. 18: 119±66 mL
Nic. 36: 81±42 mL

30 s (controlled)

10
(controlled)

Nic. 0: 33±32 mL/s
Nic. 8: 31±21 mL/s
Nic. 18: 23±10 mL/s
Nic. 36: 20±8 mL/s

NR

Vansickel et al.
(2018)

2nd
generation?
(cartridge
based closed
system)

147 ± 93
(for 7
hours!)

3.0 ± 1.3 s

53.4 ± 19.2 mL

78.6 ± 27.3 s
(23.9 to 118.1 s)

NR

19.6 ± 5.0 mL/s

415 ± 305 mg
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Reference

Device type/
generation

Puffs per
day
(number)

Puff duration
(seconds)

Puff volume
(mL)

Robinson &
Hensel (2020)

Pen; 2nd
generation

NR

Nic. 6: 3.4 ± 1.5 s
Nic. 12: 2.8 ±0.8 s
Nic. 18: 3.1 ±1.0 s

Nic. 6: 120 ± 71 mL
Nic. 12: 117 ±62mL
Nic. 18: 87 ± 50 mL

St Helen et al.
(2016) described
in Coresta (2018)

Tank; 2nd
generation

NR

3.2 ± 1.4 s

Data based on newer generations of e-cigarettes
St Helen et al.
Modifiable;
NR
(2016) described
3rd generation
in Coresta (2018)

Puff
frequency/
interval
(seconds)
NR

Puffs per
session
(number)

Flow rate
(mL/second)

E-liquid
consumption
(mL or mg)

Comments

NR

Nic. 6: 34 ± 14 mL/s
Nic. 12: 42 ± 25 mL/s
Nic. 18: 28 ± 15 mL/s

NR

NR

80.7 ± 51.3 s

80.2 ± 35.2

NR

NR

33 participants
natural conditions
for one week;
different nicotine
concentrations (6,
12 and 18 mg/L)
8 participants;
laboratory;
different e-cig
generations

3.2 ± 0.7 s

NR

82 ± 81 s

38 ± 30.8

NR

NR

Farsalinos et al.
(2015) described
in Coresta (2018)

Mod; 3rd
generation

NR

3.5 ± 0.2 s

NR

NR

89 ± 14

NR

Jones et al. (2020)

3rd
generation?

NR

1.5 ± 0.6 s

41.2 ± 17 mL

23.3 ± 17.3 s

NR

NR

0.052 mL
consumed in 5
minutes.
0.181 mL
consumed in
20 minutes.
NR

Son et al. (2018)

3rd generation

NR

3.69 ± 1.16 s
(max. 5.77 s)

100.2 ± 55.6 mL
(max. 251 mL; 90%
percentile 160 mL)

24.3 ± 17.3 s
(max. 69.4 s)

NR

NR

NR

3 participants;
laboratory;
different e-cig
generations
45 participants;
laboratory

50 participants;
Newest version
of prototype e-cig
23 participants
Different nicotine
concentrations.

NR = Not reported
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8.1 Discussion of data
The result of the findings for new data for vaping topography compared to the
older data for vaping topography (Table 4), does not present a clear trend.
Furthermore, it has not been possible to find that many data on vaping topography
for third-generation e-cigarettes. No data for fourth-generation e-cigarettes has
been identified. Many of the studies identified are using fixed puff volumes in their
tests in order to measure e.g. the effect of concentrations in the vapour or similar.
As described in section 6.1 “Differences in e-cigarette devices and consequences
for puff topography”, several studies conclude that the nicotine concentration is a
major determinant of the e-cigarette puffing topography (National Academy of
Sciences, 2018; Robinson & Hensel, 2020; Smets et al., 2019). The nicotine
concentration should therefore also be kept constant in order to be able to compare
the different data for vaping topography. The nicotine concentrations used in the
studies are not always described or may also vary between the different users in the
different studies.
Soulet et al. (2019) describe that because of the difference in resistance between
the different generations of e-cigarettes (lower resistance in third-generation ecigarettes compared to first- and second-generation devices), the inhalation profile
will also be different. Soulet et al. (2019) describes two different behaviors:
• Mouth-to-lung (MTL) – where the user keeps the vapour in his mouth,
stops vaping and inhales air in order to dilute and move the vapour to his
lungs. The estimated puff volume is here close to the volume of the mouth
(55 mL).
• Direct-to-lung (DTL) – where the user inhales as he breathes – here there
is no inhalation stop and the vapour goes directly into the lungs. The
estimated puff volume is here closer to the volume commonly inhaled by
humans – also named the tidal volume (500 mL).
According to Soulet et al. (2019), the puff topography studies of the first- and
second-generation devices, have measured a puff volume between 50 and 100 mL,
corresponding to an MTL inhalation profile, with a puff duration between 2 and 4
seconds. However, Soulet et al. (2019) argue that the inhalation profile on thirdgeneration devices is closer to DTL behavior (500 mL), i.e. corresponding more
closely to normal breathing. Therefore, they suggest using a puff volume of 500
mL, but the same puff duration of 3 seconds as a standard for describing thirdgeneration devices. This data has not been entered into Table 4, as no comparable
data was described. Looking at the newest data on puff duration, the average puff
duration seems to be between 3 and 4 seconds, with 5.8 seconds as the highest puff
duration.
This theory of direct-to-lung behaviour is to some degree confirmed by the survey
carried out by Smets et al. (2019). Here two large groups of e-cigarette vapours
were investigated (by use of questionnaires) – one Dutch group consisting of 150
people and one Belgian group consisting of 274 people. This survey showed some
interesting differences between the two different groups as illustrated in Table 5
below. The people in the survey either used a second-generation or a thirdgeneration vaping device. The differences observed are:
• One group (the Belgian) seemed mainly to use third-generation devices
where it is possible to regulate wattage, voltage and perhaps temperature,
whereas the other group (the Dutch) had a larger percentage of people
mainly using second-generation devices with no possibility to regulate
wattage, voltage and temperature.
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•
•
•

The Belgian group using the newest devices, used a considerable higher
amount of e-liquid per week compared to the Dutch group primarily using
older devices.
The Belgian group, however, used a e-liquid with a much lower nicotine
concentration compared to the Dutch group. However, the total nicotine
consumption was not that different between the two groups.
The Belgian group (with the newest devices) seemed to have a different
pattern of inhalation: mostly direct-to-lung, i.e. where the puff volume is
considerably higher according to Soulet et al. (2019).

Table 5: Differences in vaping parameters between a Dutch and a Belgian group (Smets et al.,
2019)
Parameter
Dutch group
Belgian group
(150 people)
(274 people)
Volume e-liquid (mL/week)
21.8 (± 15.2)
62.9 (± 51.0)
Nicotine concentration
8.9 (± 5.3)
3.3 (± 3.9)
(mg/mL)
Total nicotine consumption
(vol. e-liquid × nicotine conc.)
194
208
(mg/week)
Coil resistance (ohm)
1.3 (± 0.7)
0.4 (± 0.4)
Power (W)
26.6 (± 36.9)
61.0 (± 40.4)
Type of device:
- with possibility to regulate
16.6%
61.0%
wattage or voltage with
temperature control
- with possibility to regulate
wattage or voltage but no
41.4%
22.7%
temperature control
- no possibility to regulate
wattage/voltage/ temperature
35.9%
16.3%
Inhalation:
- usually mouth-to-lung
66.9%
16.2%
- usually direct lung inhalation
17.2%
60.8%
- both
15.9%
23.0%
* Here the remaining replied “I don’t know”

It should, however, be emphasised that this survey with the differences between
Dutch and Belgian vapours was carried out as an online questionnaire, which
means that no actual measurement of the puff volume was carried out. This means
that the questions on inhalation, whether the mouth-to-lung technique or direct lung
inhalation technique has been used, are described in words somehow by the
questions in the questionnaire (the precise question is not described in the article) –
and the users have responded based on the description.
8.1.1 Discussion of amount of e-liquid used per day
In the former projects an e-liquid consumption of 3.3 mL/day has been used and a
puff volume of 55 mL. The survey described above by Smets et al. (2019) would
imply using an e-liquid consumption of 9.0 mL/day in average but could be as high
as 16.3 mL/day (data from the Belgian group where most e-cigarette vapours are
using third-generation e-cigarette devices).
Other studies show a consumption of e-liquid of 4.1 (± 3.9) mL/day (Jankowski et
al, 2019) and between 1 and 30 mL/day with a mean value of 7.3 mL/day (Hart et
al., 2018), but it is not clear which type of generation of e-cigarette devices that
have been used.
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8.1.2 Discussion of puff volume
Soulet et al. (2019) argue that the inhalation profile on third-generation devices is
closer to normal breathing. Therefore, they suggest using a puff volume of 500 mL,
but the same puff duration of 3 seconds as a standard for describing thirdgeneration devices. However, no tests have been identified supporting this high
puff volume. Actually, the data described by Son et al. (2018), are the only data
identified for newer generations of e-cigarette devices. Here the mean puff volume
was 100.2 mL with a standard deviation of 55.6 mL. The maximum puff volume
reported was 251 mL and the minimum value was 10 mL. The 90% percentile was
160 mL. This suggest that there is a large user variability, and as also stated, the
puff volume is increased with more experienced e-cigarette users.
It is suggested to use a puff volume of 160 mL as listed as the 90% percentile value
for the puff volume by Son et al., 2018.

8.2 Discussion of method / model
Based on the description in section 6.1 “Differences in e-cigarette devices and
consequences for puff topography”, it is clear that the newer generation of ecigarette devices (third-generation devices) produce more vapour and may be used
in a different way – direct-to-lung inhalation, which means that the puff volume
may be higher (measured as high as 251 mL) compared to 55 mL in the firstgeneration devices.
There is, however, no standardised way for measuring different vapour data when
using different e-cigarette devices, and the different vaping data across different
tests is difficult to compare.
It is therefore suggested to use the identified data of the investigation by Smets et
al. (2019) where an average e-liquid consumption of 9.0 mL/day is reported. It
should, however, be emphasised that this is not a worst-case assumption, as this is
the average consumption as a result of the study.
It is therefore suggested that the following new data should be used for the
calculations:
𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛_𝑖𝑖𝑖𝑖_𝑒𝑒_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑎𝑎𝑎𝑎𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿_𝑝𝑝𝑝𝑝𝑝𝑝_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

Old data (based on puff volume of 55 mL):
𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑒𝑒_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
3.3 𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑

𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖_𝑒𝑒_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
9.0 𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑

New data (based on higher puff volume):
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This actually means that the limit values that were calculated in the former project
(Poulsen, 2020) should be a factor of 9.0 / 3.3 = 2.7 lower than the proposed
values.
It should, however, be emphasised that the used value of 9.0 mL of e-liquid per day
is an average value and not representing a worst-case situation. According to Smets
et al. (2019), the value could be as high as 16.3 mL/day (data from the Belgian
group where most e-cigarette vapours are using third-generation e-cigarette
devices). For this reason, the factor of 2.7 is rounded up to 3. In Appendix 1, the
limit values listed in Poulsen (2020) has been lowered by use of this factor of 3.
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9 Discussion and recommendations
This report has discussed both long-term (part II) and short-term effects (part I) for
substances contained in e-liquids and some of the resulting substances that can be
found in the e-cigarette vapour. The former projects carried out for the Austrian
Consumer Council at Austrian Standards International regarding the use of flavours
in e-liquids had proposed limit values for the concentration of a large number of
flavour substances and the main solvents used in e-liquids.
These proposed limit values were calculated based on a screening approach and
based on long-term effects to address the possible health effects of years of vaping
on e-cigarettes. The approach was based on an assumption of the daily use of eliquid based on the use of the first and/or second generation of e-cigarettes.
However, the third generation of e-cigarettes are devices that have higher voltage
(more power), more user flexibility, and thereby a possible higher use of e-liquid
per day. Furthermore, the puff volume seems to be higher by use of the newer
generation of e-cigarettes.
In part II of this report, new data for new generations of e-cigarettes was therefore
investigated and the resulting effect of the puff topography was studied. This
resulted in a recommendation of raising the daily amount of e-liquid to 9.0 mL/day
in contrast to the former used amount of 3.3 ml/day. This actually means that all
the proposed limit values calculated for the concentration in the e-liquids in the
former project (Poulsen, 2020) should be a factor of 3 lower (rounding up). This is
primarily relevant for the limit values that were proposed for the substances formed
in the vapour when vaping on e-cigarettes (part I). Furthermore, it was suggested
that a higher puff volume of 160 mL should be used in the calculations. This means
that all the proposed limit values for concentrations in the vapour from the former
projects (Poulsen et al., 2017b; Poulsen et al., 2018b) should be a factor of 3 lower
(the limit values discussed in part I of this project).
In one of the former projects carried out for the Austrian Consumer Council at
Austrian Standards International (Poulsen, 2017b), limit values were also proposed
for some of the substances formed during the evaporation of e-liquids used in ecigarettes. Here the proposed limit values were exceeded especially for
formaldehyde and acrolein. Some of the measurements carried out illustrated that
the maximum concentrations measured in e-cigarette vapour were exceeded by
very high factors, but the measurements also illustrated that in some cases the
proposed limit values would not be exceeded. The calculated limit values were
here also based on long-term effects but should be a factor of 3 lower based on the
updated data on newer generations of e-cigarettes.
This project has also been looking at short-term effects, especially sensory
irritation, in order to determine, whether the proposed limit values would be
acceptable for short-term effects as well or if other limit values (lower limit values)
should be set in order to take sensory irritative effects into account as well.
In general, the human data available for sensory irritation is very limited, and
primarily relevant data was found for formaldehyde and acrolein, which also seem
to be the most important substances formed in the vapour when vaping on ecigarettes. Some data was also identified for acetaldehyde as well. The level of
sensory irritation in humans compared with the proposed limit value in the vapour
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for these three substances show that the proposed limit values in the former project
(Poulsen et al., 2017b and Poulsen et al., 2018b) are a factor of about 23 (for
formaldehyde) and a factor of 2 (for acetaldehyde) higher than the respective
concentrations that may induce sensory irritation in humans. For acrolein the
proposed limit value seems to be on the same level or a bit lower than the level of
sensory irritation.
However, the proposed limit values for the concentration of the substances in the
vapour were based on an assumption of a puff volume of 55 mL. The puff volume
is suggested to be changed to 160 mL for the newer generations of e-cigarettes as
discussed in part II of this project. When taking the new data for puff volume into
account, which will lower the proposed limit values with a factor of 3, the new
proposed limit values for formaldehyde is a factor of about 8 higher than the
concentration that may induce sensory irritation in humans. Using the factor of 3
will ensure that the new proposed limit values for both acetaldehyde and acrolein
will be lower than the level of sensory irritation for these two substances.
This could suggest that the proposed limit values should be lower than the
proposed values for formaldehyde. However, there is several factors that have been
discussed in part I of this report that should be taken into consideration as well
before changing the proposed limit values:
1. Dilution factor of measured vapour concentration
2. Different types of sensory irritation
3. The severity of sensory irritation
4. Recovery period
5. Short exposure time may imply that higher concentrations are tolerated
6. User is in control of the e-cigarette device
7. Vaping on e-cigarettes is a voluntary action
First of all, a suggestion for a dilution factor has been discussed based on the
RIVM (2012) study. The reason for considering the dilution factor is that the
measured concentration in the e-cigarette vapour is not the actual concentration in
the respiratory tract. Air is already present in the respiratory tract, when the user is
inhaling the e-cigarette vapour. Some kind of dilution of the substances measured
in the vapour will therefore take place, and the resulting concentration in the
respiratory tract will be lower. The dilution factor will depend on factors like the
puff volume used when vaping. Especially for local effects like sensory irritation, it
may be relevant to consider this dilution factor, when concluding on the risk of
sensory irritative effects. It was suggested using a dilution factor of 10.
However, especially for formaldehyde, which mainly is taken-up in the body or
deposited in the upper airways, and therefore very little of the amount reaches the
lower airways (Nielsen & Wolkoff, 2017), this suggested dilution factor will not be
as high, but still some kind of dilution takes place with the air already present in
the mouth/upper airways.
Secondly, the sensory irritation levels identified are mainly based on sensory
irritation of the eyes, which are more sensitive compared to the nose or throat.
Except for acetaldehyde, the sensory irritation thresholds are only identified for the
eyes. No thresholds are listed for the throat or nose for formaldehyde or acrolein,
but it is stated that the eyes are more sensitive than the nose or throat. This means
that a higher concentration is tolerated in the nose or throat before sensory irritation
will be felt by the user.
Thirdly, it must be pointed out that sensory irritation is not a severe effect. Sensory
irritation in the nose or throat may be an itching feeling, tingling or some kind of
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discomfort feeling. If the vaping is stopped – and the user can of course choose to
do that, when irritation occurs – the effect is reversible. Higher concentrations and
for a longer time are needed in order to obtain more severe irritative effects or even
tissue damage. Furthermore, the exposure time when vaping on e-cigarette is very
short (seconds, minutes) with longer recovery periods. As discussed in part I of this
report, much higher concentrations are tolerated, when the exposure time is short
(seconds/minutes), and when recovery periods are in between the exposures. Many
of the data that exist for sensory irritation is based on several hours of continuous
exposure, where the exposure time relevant for vaping on e-cigarettes are only
seconds or minutes at the time.
With the newer generation of e-cigarettes, it is possible for the user to control more
features of the e-cigarette device, like e.g. the power and the airflow. This means
that the user besides control of the puff volume and puff duration, also have more
control of the vapour and the intensity of the vapour – even though it is stated that
it is possible to produce more intense vapour and more vapour with the newer
generations of e-cigarettes. This means that the use of course has the possibility to
control and lower the intensity and puff volume if needed.
Finally, it must be pointed out that vaping is a voluntary action. This means that the
user may tolerate some kind of sensory irritative effects, especially if they are
reversible.
These listed arguments are all arguments that points to the fact that the actual
measured concentration in the vapour may be lower when it enters the respiratory
tract or that higher concentrations may actually be tolerated in the respiratory tract.
For this reason, it may not be necessary to lower the proposed limit values for the
substances formed in the vapour when using e-cigarettes. The effects are minor
(sensory irritation) and reversible, and perhaps even higher concentrations may be
tolerated as the exposure time when vaping is very short (only seconds or minutes).
However, all these aspects should be taken into consideration, when setting limit
values in the vapour when using e-cigarettes. As described in the introduction, the
main purpose of these reports has been to initiate a debate on limit values for
substances formed, as well as for solvents and flavour substances in the e-liquids
and point out that further work and discussions in this area are needed.
One aspect that is clear, is that puff volume, puff duration, puff frequency, airflow,
power (voltage), battery charge status etc. all are aspects that will have an effect on
the resulting concentration of substances in the vapour. Even the nicotine
concentration will influence, how users use their e-cigarette device. It is therefore,
necessary to develop a standard way to produce vapour on a standard device, in
order to set limit values for concentration in the produced vapour.
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Appendix 1
In this appendix the formerly proposed limit values for flavour substances in eliquids (Poulsen, 2020) and for substances formed during the evaporation of the eliquid (Poulsen, 2018b) have been recalculated by lowering the formerly proposed
limit values with a factor of 3. This factor of 3 is due to use of both a higher puff
volume and a higher amount of e-liquid with the newer generations of e-cigarettes
(se Part I and Part II respectively for calculation details).
Table 6: Proposed limit for selected substances present in vapour from e-cigarettes – based on
500 puffs per day (the formerly proposed limit values from Poulsen (2018b) has been reduced
by a factor of 3). The limit values listed are valid for the concentration in the vapour.
Substance
CAS No.
Concentration in vapour
(500 puffs)
μg/500 puffs
μg/m3
Acetaldehyde
75-07-0
853
31,030
Acetone
67-64-1
1,066,667
38,787,879
Acrolein
107-02-8
4.3
155
Aluminium
7429-90-5
29
1,067
Cadmium
7440-43-9
0.05
2.0
Chromium (elemental)
7440-47-3
1.0
36
Chromium (III)
0.53
19
Formaldehyde
50-00-0
533
19,394
Glyoxal
107-22-2
32
1,164
Lead
7439-92-1
2.7
97
Nickel
7440-02-0
0.01
0.50
Toluene
108-88-3
20,267
736,970
Xylene
1330-20-7
2,667
96,970

The flavour substances presented below are listed in the same order as presented in
Poulsen (2020), i.e. in prioritized order – the first mentioned flavour substances are
used in the highest concentrations in e-liquids.
Table 7: Proposed limit for selected flavour substances in e-liquids based on 500 puffs per day
(the formerly proposed limit values from Poulsen (2020) has been reduced by a factor of 3). The
limit values listed are valid for the concentration in the e-liquid.
Substance
CAS No.
Concentration in eliquid (500 puffs)
mg/L
Vol %
Vanilin
121-33-5
60,000
6
Ethyl vanilin
121-32-4
14,000
1.4
Menthol
89-78-1
26,080
2.61
Benzyl alcohol
100-51-6
640
0.064
Isoamyl acetate
123-92-2
8,160
0.82
n-butyric acid
107-92-6
592
0.059
Allyl hexanoate (or allyl caproate)
123-68-2
5,920
0.59
Ethyl 2-methylbutyrate
7452-79-1
20,720
2.07
Hexyl acetate
142-92-7
19,200
1.92
Benzaldehyde
100-52-7
32
0.0032
γ-undecalactone (or gamma-undecalactone or aldehyde
7,488
0.75
C-14 or undecan-4-olide)
104-67-6
Anisaldehyde (p-methoxy benzaldehyde)
123-11-5
6,960
0.70
Isoamyl alcohol
123-51-3
1,168
0.12
Ethyl acetate
141-78-6
587,200
58.72
Ethyl maltol (2-Ethyl-3-hydroxy-4-pyranone)
4940-11-8
27,840
2.78
Ethyl butyrate
105-54-4
3,552
0.36
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Substance

CAS No.

Limonene-D (or p-Mentha-1,8-diene)
Phenolethyl alcohol (phenethyl alcohol)
Furfuryl alcohol
Isobutyl acetate
Triethyl citrate
Beta-pinene
Hexanal, aldehyde C-6
Allyl heptanoate
Alpha-terpineol
Methyl anthranilate
Geranyl acetate
Hexanoic acid (or caproic acid)
Mentha x piperita
Benzyl propionate
Cinnamaldehyde
Carvone
Cis-3-Hexen-1-yl acetate (or cis 3 hexenyl acetate)
Propionic acid (or propanoic acid)
(E)-Anethole
Delta-Dodecalactone
Acetyl propionyl (AP)
Cis-3-Hexen-1-ol (or Leaf alcohol or cis-3-Hexanol)
Piperonal
Linalool
Eugenol
Tetrahydrolinalol
Anisyl Acetate
Hexyl Alcohol (1-hexanol)
Citral
Melonal
Thymol
Benzyl acetate (Carvone) (acetic acid phenylmethyl
ester)
Methyl cinnamate
Menthone (p-menthone)
L-Menthyl Acetate
α,α-dimethylphenethyl butyrate
Beta-Ionone
Ethyl cinnamate
Styralyl Acetate
γ-Nonalactone
Citronellyl acetate
Cinnamyl alcohol
Alpha-Ionone
cis-Citral (neral)
Pyridne
Ethyl phenylacetate
Citronellol
Furfural
Methylhept-5-en-2-one (6-methyl-5-heptene-2-one)
Rheosmin (Raspberry ketone)
Nerol Special
Ethyl Acetoacetate
Dihydro Jasmonate Or Hedione
Diethyl Malonate
Delta-Decalactone
Neryl Acetate (Nerol acetate)
Methyl N-Methylanthranilate
Linalyl Acetate
Koolada-3
Methyl Amyl Ketone
4-methyl acetophenone

5989-27-5
60-12-8
98-00-0
110-19-0
77-93-0
127-91-3
66-25-1
142-19-8
98-55-5
134-20-3
105-87-3
142-62-1
8006-90-4
122-63-4
104-55-2
6485-40-1
3681-71-8
79-09-4
4180-23-8
713-95-1
600-14-6
928-96-1
120-57-0
78-70-6
97-53-0
78-69-3
104-21-2
111-27-3
5392-40-5
106-72-9
89-83-8
140-11-4

Concentration in eliquid (500 puffs)
mg/L
Vol %
26,560
2.66
28,320
2.83
14,880
1.49
7,680
0.77
46,080
4.61
2,240
0.22
1,440
0.14
1,168
0.12
3,600
0.36
2,080
0.21
24,640
2.46
784
0.078
13,920
1.39
2,960
0.30
3,840
0.38
462
0.046
4,640
0.46
496
0.050
10,400
1.04
4,640
0.46
20.3
0.0020
4,640
0.46
6,880
0.69
1,120
0.11
8,352
0.84
4,400
0.44
592
0.059
39,200
3.92
4,320
0.43
2,784
0.28
46,400
4.64
8,800
0.88

103-26-4
89-80-5
79-20-9
10094-34-5
79-77-6
103-36-6
93-92-5
104-61-0
150-84-5
104-54-1
127-41-3
106-26-3
110-86-1
101-97-3
106-22-9
98-01-1
110-93-0
5471-51-2
106-25-2
141-97-9
24851-98-7
105-53-3
705-86-2
141-12-8
85-91-6
115-95-7
39711-79-0
110-43-0
122-00-9

11,136
9,472
209,600
3,520
4,960
2,058
3,472
6,352
6,720
1,904
278
4,320
960
1,184
76,480
12,800
13,920
95,200
1,744
10,000
13,904
3,370
13,920
1,744
3,392
1,088
1,872
134,896
8,048

1.11
0.95
20.96
0.35
0.50
0.21
0.35
0.64
0.67
0.19
0.028
0.43
0.10
0.12
7.65
1.28
1.39
9.52
0.17
1.00
1.39
0.34
1.39
0.17
0.34
0.11
0.19
13.49
0.80
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Substance

CAS No.

Diethyl Succinate
α,α-Dimethylphenethyl acetate
Lemon Oil
3-methyl-3-phenylglycidate
Diacetyl (DA)
Menthyl Acetate
Menthol Or L-Menthol
Strawberry Glycidate A
Camphor
Gamma Terpine (gamma-terpinene)
Coumarin
L-Menthone
Diisobutyl phthalate
1,2-Hexanediol
1,8-Cineol (eucalyptol)
Alpha-Pinene
Geraniol (Geraniol Pur)
Butyl carbitol
(1S)-6,6-dimethyl-2-methylenebicyclo[3.1.1]heptane
((-)-β-pinene)
Diethylene glycol ethyl ether
Acetylbenzene (Acetophenone)
Tert- Butyl Alcohol
Beta-Ionone
(+)-alpha-pinene
alpha-terpinolone

123-25-1
151-05-3
8008-56-8
93-18-5
431-03-8
89-48-5
2216-51-5
77-83-8
76-22-2
99-85-4
91-64-5
14073-97-3
84-69-5
629-11-8
470-82-6
80-56-8
106-24-1
112-34-5
18172-67-3
111-90-0
98-86-2
71-36-3
14901-07-6
7785-70-8
586-62-9

Concentration in eliquid (500 puffs)
mg/L
Vol %
4,640
0.46
3,520
0.35
9,280
0.93
67,520
6.75
9.39
0.00094
13,280
1.33
52,800
5.28
976
0.10
6,957
0.70
1,160
0.12
293
0.029
10,240
1.02
1,152
0.12
13,920
1.39
2,784
0.28
1,078
0.11
76,480
7.65
64,800
6.48
1,600
0.16
59,200
8,640
88,571
994
747
1,440

5.92
0.86
8.86
0.10
0.075
0.14
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