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SINCE 2014,

OpenSciences gives support in the design
and chemical formulation of your products.
With high-performance equipment and
suitable analytical methods, our expertise
covers quality control, product compliance,
audit and advice.

At the same time, our teams perform a
scientific watch and lead innovative research
programmes mainly directed to inhalation
products. We are studying the influence

of the physical and chemical parameters
on vaporisation and also their biological
impact on cell tissues through the VapEcell
Programme.

Thanks to our technological tools, we are
able to master all of the physical, chemical
and behavioral parameters in product
analysis. This expertise allows us drawing
reliable, objective and realistic studies.




1.INTRODUCTION '

For some years now, vaping products with sweet flavours have been increasingly popular
with vapers and more particularly with young users'.

In response to this high demand, some liquid manufacturers have chosen to use sucralose
(CAS 56038-13-2) in the composition of their products, because of the physical-chemical properties
and the intensity of the sweet taste of this synthetic sweetener.

Sucralose (E955) is mainly used as a sugar substitute in agro-food products?. This chlorinated
organic compound obtained by the selective chlorination of sucrose (table sugar) (Figure 7) has a
sweetening power between 400 and 700 times more intense than the latter3#.
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Figure 1 - Chemical representations of the structure of sucralose (right) and sucrose or saccharose (left).

The French standard with voluntary application XP-D90-300 part-2°, on the composition and
manufacturing requirements of vaping liquids, has a list of sweeteners whose use is prohibited or
limited. Currently, sucralose is not included in this list.

However, the new consumption method of the molecule proposed by the popularity of sweet
vaping products raises new issues for its agro-food use.
Is sucralose stable in the heating conditions provided by a vaping device? What are the toxicological
consequences of its presence in a liquid for vapers? Are the benefits of its use in vaping products
greater than the risks that it creates?

Moreover, the Ingésciences laboratory wanted to carry out a study to attempt to answer
these questions. The first part of the study proposes to explore, through a bibliographic summary,
the toxicological aspects related to the consumption of sucralose and more particularly those
associated with its use in vaping. In the second part, the data of the literature will be compared with
the experimental study carried out in the laboratory intended to observe the behaviour of sucralose
during its vaporisation using different personal vaporisers.



2. BIBLIOGRAPHIC SUMMARY

a. Intrinsic toxicity of sucralose

Traditionally used in agro-food products, the gastro-intestinal ingestion and absorption of
sucralose have been the most studied. At the start of the 2000s, the sweetener is mainly considered
as non-toxic in ingestion®. Thus, in 1999, the American Food and Drug Administration (FDA) approves
its use in agro-food products and fixes a maximum daily dose consumed at 5 mg/kg of body weight”.
In Europe, from 2004, a directive authorises the use of this sweetener in agro-food products and
fixes a permitted maximum daily dose of 15 mg/kg®. Whether in the United States or in Europe, no
consumption restriction is applied especially concerning pregnant or nursing women, diabetics or
people receiving medical treatment.

With the popularity of its use, recent studies are questioning the compound’s safety. Indeed,
sucraloseintervenes inandinfluences many physiological functions once absorbed by the organism?.

Thus, it appears that sucralose consumption changes glycaemic regulation and certain physiological
mechanisms involved in body weight regulation®°.

It also affects the assimilation and metabolization of certain pharmaceutical active
ingredients pointing to the reduced effectiveness of certain medical treatments™.

The metabolic pathways specific to sucralose have been relatively well established but the
effects of its metabolization products with regular consumption remain unknown'.

More worryingly, there are doubts about the possible mutagenic nature of sucralose. It would
be capable of altering the structure and integrity of DNA in animals’s.

This non-exhaustive list of the physiological effects caused by sucralose consumption
contrasts then with the current regulation covering the use of this molecule in agro-food.

However, theresearch carried out on sucralose often deals with gastro-intestinal consumption
since this compound is used in products intended for ingestion. To date, little data is available as to
the effects in inhalation of sucralose.

Certain studies published in the scientific literature are nevertheless focussed on the thermal
stability of sucralose because of its presence in certain heated agro-food products.

b. Thermal stability and toxicity of the degradation products of sucralose

Not long after the approval of the use of sucralose in agro-feed products, much work was
committed to studying its thermal stability. First appearing as safe, its presence in current heated
consumer products has rapidly revealed the low tolerance of the molecule to temperature™.

Indeed, found in the literature are studies dealing with the thermal stability of the chemical
structure of sucralose in fairly harsh heating conditions (>250°C)'®. In these extreme conditions, the
molecule hydrolyses (breaks up), and produces chlorinated toxic compounds especially members
of the chloropropanol family.



In 2015, a research team also demonstrated, from several analytical technigues, the thermal
instability of sucralose?. Subject to a heating temperature greater than 120°C, i.e. a temperature less
than its melting point (=130°C), sucralose produces chlorinated compounds like hydrochloric acid,
chloroacetaldehyde, polychlorinated aromatic hydrocarbons and molecules of the chloropropanol
family.

Certain molecules of this chemical family (chloropropanols), more particularly 3-chloro-1,2-
propanediol (3-MCPD; CAS 96-24-2), have high toxicity and a carcinogenic aspect for humans’®.
From 1999, Hutchinson et al.’” show that sucralose in solution at different pH (acid, neutral, basic)
and heated for 1 hour is fully degraded at a temperature of 180°C. Different degradation products
such as furans and their derivatives are observed as well as acidification of the medium. More
specifically, the release of hydrochloric acid starts at 119°C and participates in the formation of
3-MCPD'.

The formation of chloropropanols from sucralose in the presence of glycerol was shown
in 2010". Indeed, Rahn et al. detected the presence of 3-MCPD and 1,2- and 1,3-dichloropropanols
(1,2-DCP & 1,3-DCP) during the pyrolysis of sucralose in the presence of glycerol.

Allthese items demonstrate the thermal instability of sucralose accompanying the production
of toxic species. It also drives certain scientists to strongly discourage use of the molecule in any
process involving a temperature greater than 120°C%°.

Thisbibliographic dataalsoindicatesthatthe degradation phenomena of sucralose could arise
with its use through a vaping device. Since personal vaporisers require e-liquid heating temperatures
between 189°C and 292°C?', it appears essential to study the behaviour of this molecule in heating
conditions representative of those inherent to its use.

c. Toxicological aspect of sucralose in vaping

Because of the increasingly frequent use of sucralose in vaping products, the scientific
community is starting logically to study its role and the toxicological consequences of its presence in
products linked to smoking cessation. This preliminary work points to the risks run by the presence
of sucralose in vaping liquids.

A publication dealing with the «sucralose/e-cigarettes couple» was listed in 2017%2. Rosbrook
et al. had the aim of determining the quantity of sucralose transmitted to the vaper and whether this
was sufficient to detect the sweetened flavour sought by vapers.

They showed that the type of equipment used had an influence on the delivery of sucralose
to the vaper. Indeed, in the vaporisation conditions selected by the authors, transmission of the
sucralose contained in the liquid to the aerosol generated by its vaporisation appeared ineffective:
only 10% of the quantity of sucralose of the liquid was found in the vapour, assuming low volatility
for the molecule.

This observation can be explained in various ways:
= Sucralose vaporises very poorly in the study conditions and remains in the heating element or
in the reservoir of the vaporisation system.
= Sucralose is not thermally stable and degrades during the heating required to vaporise the
liquid.
= The equipment selected for the study favours one or the other of the two hypotheses above.

However, the study does not show results related to a chemical measurement of the
emissions or a possible search for degradation products specific to sucralose.



A second more recent publication (May 2019) reports on an analysis of the emissions
produced from sucralose products?®. The authors propose a study more suited to recent vaping
products, conveyed by a choice of vaporisation conditions representative of the current market
(clearomizer, Subtank Nano from KangerTech fitted with a resistance of 1.2 ohm with vaporisation
power 20 watts).

After a measurement of the average concentration of sucralose present in market products
(between 2.7 & 6.4 mg/mL), the authors choose to compare the emissions of custom liquids to
contain a scale from 0 to 5.4 mg/mL of sucralose.

This work allowed them to produce different observations:

1) The quantities of certain specific degradation products of the propylene glycol /vegetable
glycerine (PG/VG) matrix of the liquid (propanol CAS: 123-38-6, acetaldehyde CAS: 75-07-0, acrolein
CAS: 107-02-8, formaldehyde CAS: 50-00-0 and glycolaldehyde CAS: 141-46-8) are greater after
vaporisation of a solution containing sucralose.

2) The vaporisation of sucralose using a personal vaporiser is accompanied by a release
of acids as some previous publications had suggested'?°. The acids produced (hydrochloric acid,
acetic acid, etc.) change the form of the nicotine present in the aerosol. Indeed, the presence of acids
in the aerosol transforms 25% of the nicotine under its ionised form after vaporisation.

3) The production of certain specific degradation compounds of sucralose is also observed.
3-MCPD, result of the reaction between hydrochloric acid and VG, is identified (Figure 2) like all other
chlorinated organic compounds such as 1,6-dideoxy-1,6-dichlorofructose (CAS 69414-08-0).
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Figure 2 — Chemical reactions acting during the heating of sucralose in the presence of glycols?*

Degradation of the cotton present in the heating element of the vaping device is also favoured by the
presence of sucralose. This is indicated by an increased presence of levoglucosan (CAS 498-07-7),
a specific degradation product of the pyrolysis of cellulose, in the emissions of sucralose liquids.
Catalysed by the acid conditions, degradation of the wick can then be indirectly related to the release
of acids coming from the heating of the sucralose. This phenomenon explains the decreased lifetime
of the heating elements observed during the consumption of this type of product.

4) Finally, the greater the concentration of sucralose in the liquid, the greater the quantity of
all the mentioned degradation products.

A third publication published in July 2019 attempts to study quantitatively the production of
two chlorinated compounds, 3-MCPD and 1,3-dichloropropanol (1,3-DCP; CAS 96-23-1) during the
vaporisation of a sucralose liquid?.

Initiated and in part funded by the «Food and Drug Administration» (FDA), the study shows
the formation of 3-MCPD and 1,3-DCP in soft vaporisation conditions (2.2 ohms; 5 & 11 watts) as
well as in extreme conditions (0.15 ohm; 100, 150 & 200 watts). Surprisingly, the concentration of
sucralose present in the liquid influences the quantity of degradation products much more than the
conditions of vaporisation. In other words, the more the sucralose is concentrated, the more there is
3-MCPD and 1,3-DCP in the vapour, without considering the conditions of vaporisation.



While there is only little information on the toxicity induced by the consumption of 3-MCPD
and 1,3-DCP?, the IARC (International Agency for Research on Cancer) classes them as probable
carcinogens for humans (group 2B)?. The toxicological risk of these two compounds is added to
those induced by the «classic» degradation products found in the emissions of a personal vaporiser.

As far as we know, there is only one provisional maximum tolerable daily intake (PMTDI)
covering the consumption of chloropropanols?. It is 2 ug/kg of body weight per day. According to
the measurements of the authors and assuming consumption of 150 puffs per day, a vaper of 70 kg
could be exposed to doses of chloropropanols between 0 and 18 times more than the PMTDI during
the consumption of a sucralose product.

Faced with the recent conclusions of these scientific articles, it is more than reasonable
to think that the consumption of a vape liquid containing sucralose, in any conditions, will entail a
greater toxicological risk than the consumption of a liquid not containing it. While clear, the increase
of this risk will be difficult to estimate and measure.

The above bibliographic items show that the use of sucralose in vaping products raises
legitimate toxicological questions. Ingésciences has therefore carried out an experimental study in
order to substantiate the results available in the literature.

3. STUDY OF THE VAPORISATION OF SUCRALOSE
AND THE FORMATION OF 3-MCPD USING DIFFERENT
VAPING DEVICES '

The objectives of this experimental study are:
= To qualify the efficiency of vaporisation of sucralose using different vaping devices.
= To quantitatively evaluate the production of chloro-1,2-propanediol (3-MCPD) during the
vaporisation of vaping products containing sucralose.
= Todraw the main toxicological conclusions related to the use of sucralose in vaping products.

For this purpose, 3 vaping devices were used. For each of them, two chemical parameters are studied:
= Influence of the level of sucralose (1.5 to 10 mg/mL)
= Influence of the level of propylene glycol (PG) and vegetable glycerine (VG) in the liquid matrix.

a. Equipment and methods
I Mode and parameters of vaporisation

During the study, aerosols were emitted from our robot vaper U-SAV. It makes it possible
to simulate in the lab the behaviour of vapers, associated with the variability of equipment and the
diversity of vape liquids and thus to study the composition of the aerosol in actual vaping conditions.

In this study, the robot vaper U-SAV ensures compliance with the vaporisation parameters of
the standard AFNOR XP-D90-300-3?” on the emissions of vaping products. The automaton allows us
to obtain and to reproduce 5 series of 20 puffs of 3 seconds at a flow rate of 1.1 L/min. The series
being each spaced by 300 s and puffs by 30 s.



The experiments were carried out using the different devices and resistances described in the table
below:

Table 1. Summary of the devices and resistances used during the experiments.

Devices Zenit_h Cubis Veco Tank
(Innokin) | (Joyetech) | (Vaporesso)
S esictances 0,50hm/ ‘I_ ohm / Acier O,_5 ohm / Acier
(value of resistance/ material of resistance Kanthal / moxydable / inoxydable /
~ wire/typeof wick) _ Coton _ Coton Céramique
Power applied 12W 15W 30W

i, Trapping method

The system used to trap the vapours is a cryogenic trap. Developed within our laboratory, it is
capable of condensing the vapours generated by the robot vaper U-SAV at a temperature of -45°C.

In a single generation, this technique makes it possible to analyse and to look for the different
compounds present in the aerosol. A specific rinsing protocol with methanol was used in order to

optimise the extraction of the trapped molecules.

The efficiency of trapping the 3-MCPD by the cryogenic system was characterised by
vaporising a liquid composed of PG/VG (50/50; v/v), nicotine (20 mg/mL) and 3-MCPD (5 mg/mL).

This was done for all the equipment chosen and described above.

The different average rates of recovery of 3-MCPD are given in Table 2.

Table 2: Summary of the average rates of recovery obtained for trapping the molecule 3-MCPD.

Equipment used Zenith Cubis Vecotank
Average rate of
recovery of the 82% */10% 89% */.8% 83% */.16%.

molecule 3-MCPD

iil. The formulations studied

Throughout the operations, the liquids used were composed of 20 mg/mL nicotine. The
nicotine analysed in the emissions acts as control and makes it possible to check proper running of
the operation.

In order to study the influence of the level of PG and VG on the production of 3-MCPD,
different liquids were made up ranging from a matrix 100% PG to 100% VG each containing 10 mg/
mL of sucralose.

In order to evaluate the impact of the level of sucralose, several products were prepared in an
interval of concentration ranging from 1.5 mg/mL to 10 mg/mL. For these liquids, the level of PG/VG
20/80 (v/v) is fixed.

No flavour was added to the liquids so as to prevent any interference with the studied
phenomenon capable of leading to errors of interpretation.




\Y Chemical products and analytical apparatus used

The target molecules like 3-MCPD and sucralose and the methanol used as solvent during the
analyses have analytical quality (purity > 98.0%).

The solutions of PG and VG meet the quality requirements of the European Pharmacopeia (Ph.
Eur.) and have purity greater than or equal to 99.5%.

The molecule 3-MCPD was quantified by gas phase chromatography coupled with mass
spectrometer: GC-MS (Thermo Trace GC 1300 ISQ). This analysis method was developed within our
lab. Thus, a validation dossier was written, which allowed us to define the uncertainty of the method at
22.6%.

The sucralose and nicotine were quantified by ultra-high-performance liquid chromatography
coupled with a UV detector and a mass spectrometer: UHPLC-UV/MS (Waters Acquity UPLC H-Class
PDA QDA).

The different analytical methods used during this study were qualified for their accuracy,
robustness and repeatability.

b. Results
I Vaporisation of sucralose

Sucralose is a molecule having a relatively important molecular weight. The weight of the
molecule (398 g/mol), more than 2 times greater than that of nicotine (162 g/mol), could be a potential
brake to efficient vaporisation.

The Figures 3 and 4 below show the rate of recovery of sucralose in the condensers according
to the device used for different concentrations of sucralose and different PG/VG ratios in the liquid.

Overall, the quantities of sucralose recovered in the condensers appear to depend on the
chemical composition of the vaporised solution (concentration of sucralose and PG/VG ratio) and
different according to the device in question.
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Figure 3: Quantity of sucralose recovered in the aerosol with each vaporisation condition according to the sucralose
concentration of the liquid (PG/VG, 20/80 (v/v)) before vaporisation.



Figure 3 shows considerable variability in the recovery of sucralose between the 3 devices
tested. These differences are all the greater as the sucralose concentration of the liquid is low.

We observe that for the «Zenith» and «Cubis» devices the lower the initial concentration of
sucralose in the solution, the higher its rate of recovery after vaporisation. For the «Veco tank» device
the rate of recovery of sucralose varies very little according to the sucralose concentration of the
liquid tested.
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Figure 4: Quantity of sucralose recovered in the aerosol at each vaporisation condition according to the PG/VG
ratio of the liquid ([sucralose] = 10 mg/mL) before vaporisation

Figure 4 tends to show that an increased proportion of VG in the solution favours sucralose
recovery in the condenser. However, it is difficult to reach any conclusion on the significance of this
phenomenon because of the variability of the measured results.

These measurements highlight the dominance of the device in the efficiency of sucralose
vaporisation.

Several hypotheses can then be put forward:
(1)Sucralose does not vaporise correctly and accumulates in the reservoir or in the wick of
the heating element.
(2)Sucralose is mostly degraded during vaporisation.
(3) The cryogenic trapping used is not suited to recovery of sucralose.

Hypotheses 1 and 2 remain plausible at this stage of the study and agree with the results
available in the scientific literature?.

Indeed, Rosbrook, K et al. (2017) measure only 10% of the quantity of sucralose of the liquid
in the latter's vapour. This is with the use of a trapping typology different from that used in the
present study.

Thus, hypothesis 3 would appear improbable since similar results are obtained by the use of different
trapping systems.

Consideredtogether, theseresults then suggest poor sucralose vaporisation, high degradation
of the molecule or the coexistence of both these phenomena in the conditions tested.



i, Visual appearance of the wicks and resistance wires

Before studying 3-MCPD production, the lab verified the visual appearance of the heating
elements of the devices used after the different operations.

The cotton wicks of the heating elements have a «brown» even «black» appearance and a
characteristic burnt odour.

In general, the higher the concentration of sucralose and the proportion of PG in the liquid,
the greater this colouring is. In parallel with the colouring of the wicks, the resistances have black
particles deposited on the resistance wires.

The colouring of the liquid varies according to the equipment but reproduces the same
scheme as obtained with observation of the wicks. The higher the concentrations of sucralose and
PG, the stronger is the colouring (Appendix).

These observations confirm the hypothesis according to which sucralose vaporises poorly
in the conditions used for performing the operations.

il Influence of the PG/VG ratio on 3-MCPD production

The bibliographic summary suggests the formation of 3-MCPD during the vaporisation of
sucralose using a vaping device. This phenomenon would be favoured by the presence of VG.

The lab now wishes to verify the production of 3-MCPD during vaporisation of solutions
containing 20 mg/mL of nicotine; 10 mg/mL of sucralose and different PG/VG ratios. This is with the
3 devices and resistances selected for carrying out this study.

Figure 5 below shows the quantities of 3-MCPD produced during vaporisation of the liquids
for each personal vaporiser:
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Figure 5: Influence of the PG and VG ratio of a liquid containing sucralose on the production of 3-MCPD during its
vaporisation.



Given the results, the PG/VG ratio of the liquid only seems to influence very little the quantity
of 3-MCPD generated during its vaporisation apart from those constituted uniquely of PG. This is for
all the devices tested.

3-MCPD is detected in the emissions generated in each of the experimental conditions
implemented.

Like the rate of recovery, the vaping device considered seems to influence the quantity of
3-MCPD generated during the heating of the liquids. These differences appear more marked between
the «Zenith» and the two other devices («Cubis» & «Veco tank»).

V. Influence of the level of sucralose on 3-MCPD production

In order to have an overall idea of the parameters of influence on the degradation of sucralose
into 3-MCPD during its vaporisation using a vaping device, we now wish to study the impact of the
sucralose concentration of the liquid on this phenomenon.

Thus, for each of the devices and resistances selected, different solutions containing
sucralose concentrations varying from 1.5 to 10 mg/mL were vaporised. All the liquids are made up

with 20 mg/mL of nicotine and with a PG/VG ratio of 20/80.

Figure 6 below shows the quantities of 3-MCPD produced during vaporisation of the liquids
for each personal vaporiser studied.
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Figure 6: Influence of the level of sucralose in a liquid on the production of 3-MCPD during its vaporisation.



The results show that the presence of sucralose in the liquid induces production of 3-MCPD
in its emissions.

In particular it appears that the more the sucralose concentration increases in the liquid to be
vaporised, the more the concentration in 3-MCPD increases in the aerosol. This is for all the vaping
devices used in this study.

Finally, for each of the sucralose concentrations tested, the production of 3-MCPD during the
vaporisation of the liquids varies according to the vaping device considered.

c. Interpretation and discussions

The results presented in this report indicate that the presence of sucralose in a vape liquid
induces the formation of 3-MCPD during its vaporisation. This is in all the conditions tested during
the study.

The results appear to be influenced by the vaping device considered in conformity with what
is suggested by the literature on the subject?.

The concentration values of 3-MCPD measured during the different experiments should
be interpreted in relation to the toxicological aspect of the molecule by the oral (ingestion) and
respiratory (inhalation) routes.

Toxicological data

To date, too few toxicological studies on 3-MCPD in inhalation have been carried out to make
any conclusions on the specific toxicity of the compound by the respiratory route. The great majority
of data found concerns exposure by the oral route, i.e. by ingestion.

The CIRC (Centre International de Recherche sur le Cancer) concluded that there is sufficient
proof of the carcinogenicity of 3-MCPD by ingestion, in animals. According to their overall assessment,
3-MCPD would be likely to be carcinogenic for humans (CMR group 2B), in ingestion®.

In addition, the expert group of the EFSA (European Food Safety Authority) in 2017 assessed
the potential risks of the target molecule in ingestion?®.

The tolerable daily intake (TDI) of 3-MCPD is 2.0 ug/kg (body weight), in ingestion?.

The TDI for a woman of 63 kg29 is thus 126 pg/d and 154 pg/d for a man of 77 kg by
ingestion.

In order to understand the impact that 3-MCPD could have, in inhalation, the lab approached
Dr Eric Blouin, toxicological expert with PHYSIOTOX. According to his thorough research®3 the
toxicity data after chronic exposure by inhalation to 3-MCPD is very little and the acute toxicity data
available shows comparable toxic doses by ingestion and inhalation.

Thus, without direct proof of greater toxicity by the respiratory route, the tolerable intake in
inhalation will be related to that in ingestion and inhalation, that is: 2 ug/kg per day.



i In vaping products

In order to assess the toxicological impact of the use of sucralose in vaping products of
and the inhalation of 3-MCPD that it imposes on vapers, the TDI (in ug of 3-MCPD per mL of liquid
consumed) were calculated (Figures 5 & 6) based on the following argument:

= According to the tolerable daily intake of 3-MCPD in ingestion, a female vaper of 63 kg «could»
consume up to 126 ug of 3-MCPD per day while a male vaper of 77 kg «could» consume up to
154 ug of it daily.

=  Given an average daily consumption of 5 mL of liquid, a female vaper of 63 kg should then
vape so as to inhale a maximum of 25.2 pg of 3-MCPD per mL of liquid consumed in order to
follow the TDI of the molecule in ingestion.

= Inthe same way, a male vaper of 77 kg, consuming 5 mL per day, should vape so as to inhale
a maximum of 30.8 ug of 3-MCPD per mL of liquid consumed in order to follow the TDI of the
molecule in ingestion.

As Figures 5 and 6 of this report show, most of the experimental conditions used in this study
lead to 3-MCPD generation greater than the theoretical limits.

Most of the quantities of 3-MCPD obtained by the lab then exceed the tolerable daily intake
of 3-MCPD as far as to exceed them by a factor of 10 in certain conditions.

It should be noted that the results presented in this report are specific to the conditions
employed: chemistry of the liquid and physics of vaporisation. As the liquids do not contain flavours,
possible interactions with other chemical compounds traditionally present in vaping products cannot
be excluded.

Inthis study, thelab concentrated uniquely onthe production of 3-MCPD during the vaporisation
of sucralose. However, it is important to recall that 3-MCPD is only one of many degradation products
of sucralose. In order to carry out an overall study on the toxicological consequences related to the
use of this sweetener, it would be necessary to study all of its specific degradation products and its
influence on the degradation phenomena traditionally found in the vaping context.

Finally, to date no exposure limit value of 3-MCPD exists in inhalation since so far there is no
case of chronic exposure. However, it is highly probable that the toxicological risk of the molecule in
inhalation is at least as great as in ingestion.



;. CONCLUSION'

In response to the demand of the market for sweetened products, certain manufacturers of
vaping liquids have incorporated sucralose in the formulation of their products.

Analysis of the scientific literature was required to understand the thermal degradation of
sucralose, identify its main degradation products as well as their toxicological profile.

Following this bibliographic summary, Ingésciences wished to carry out an experimental
study in order to estimate the toxicological issues related to its use in vaping products.

This showed that very little sucralose is transmitted to the vaper during vaporisation of a
liquid containing it. The study also showed the degradation of sucralose into 3-MCPD and after
vaporisation using three separate devices.

The vaping device considered and the sucralose concentration of the vaping product
influence these phenomena particularly.

3-MCPD is recognised as CMR (group 2B) at least in ingestion. Its regular inhalation above
the tolerable daily intake in ingestion could represent a risk for the consumer.

While the literature indicates several products of thermal degradation related to sucralose,
only 3-MCPD was studied by the lab. And the list of the degradation molecules of sucralose contains
compounds recognised as toxic in inhalation (such as 1,2 & 1,3-chloropropanols®2°).

The consumption of a liquid containing sucralose thus entails a greater toxicological risk
than that of a product free from it.

The vaping products industry is already aware of these issues and its attention is currently
drawn to other alternative sweeteners. Unlike sucralose, the thermal stability and the toxicological
impact of the use of these compounds should be studied before their incorporation in a vaping
liquid.
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6. APPENDIX’

a. Vaporisation using the clearomizer, CUBIS 15W, 1 Q

)

N
L90n PHINn PG 1V Pl el VG
w ::Co .bg? 2o 180 ) 2o (2o
4+ A, 6 mainl - g imL + L 6malal T egiml  wlomgimis
Aucralos Aucialcse uuaicw Aucrolone Sucralow

Figure 7: Wicks of resistances obtained during the vaporisation of e-liquids (PG/VG 20/80), nicotine at 20 mg/mL
and with different levels of sucralose with the CUBIS clearomizer. From left to right, the sucralose concentrations
are 16,23 46,87, 10 mg/mL.
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Figure 8 Wicks of resistances obtained during the vaporisation of e-liquids with different PG/VG ratios and each
containing 20 mg/mL nicotine and 10 mg/ml sucralose with the CUBIS clearomizer. From left to right, the PG/
VG ratios are: 100% PG; 80/20; 70/30,; 50/50; 30/70; 20/80; 100% VG.

b. Vaporisation using the clearomizer, Zenith 12 W, 1.6 Q

Figure 9: Wicks of resistances obtained during the vaporisation of e-liquids (PG/VG 20/80), nicotine at 20 mg/mL
and with different levels of sucralose with the Zenith clearomizer. From left to right, the sucralose concentrations
are 15,3 5658 10mg/mL.
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Figure 10: Wicks of resistances obtained during the vaporisation of e-liquids with different PG/VG ratios and each
containing 20 mg/mL nicotine and 10 mg/mL sucralose with the Zenith clearomizer. From left to right, the PG/VG
ratios are: 100% PG, 80/20; 70/30; 50/50; 30/70; 20/80; 100% VG.

c. Vaporisation using the clearomizer, Veco tank 30 W, 0.5 Q
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Figure 11: (Top) Wicks of resistances obtained during the vaporisation of e-liquids with different PG/VG ratios and
each containing 20 mg/mL nicotine and 10 mg/mL sucralose with the Zenith clearomizer. From left to right, the
PG/VG ratios are: 100% PG; 80/20; 70/30; 50/50; 30/70; 20/80; 100% VG.

(Bottom) Wicks of resistances obtained during the vaporisation of e-liquids (PG/VG 20/80), nicotine at 20

mg/mL and with different levels of sucralose with the Veco tank clearomizer. From left to right, the sucralose
concentrations are 0, 1.5, 3, 5, 6.5, 8 10 mg/mL. (The e-liquid not containing sucralose has PG/VG ratio at 50/50).



