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ABSTRACT

Introduction: Adolescent usage of electronic cigarettes has increased globally. Inconsistent,
or absent, labelling of nicotine and other ingredients requires chemical analysis to accurately
determine the chemical composition of these products.

Methods: Electronic cigarettes confiscated from public and private high school students
(N=598) were provided for analysis from three regions in New South Wales, Australia. The
products were examined for brand, model and flavour and a subset were further analysed for
chemical composition (n=410) quantifying nicotine, synthetic cooling agents, flavouring
chemicals and prohibited ingredients by gas chromatography-mass spectrometry (GC-MS).

Results: The majority of samples provided were fruity-flavoured disposable e-cigarettes
across three main brands (IGET, HQD and Gunnpod). Nicotine was quantified in 97.3% of
disposable samples with an average concentration of 40.0 mg/mL while one refill e-liquid was
found to contain nicotine at a low concentration. Almost all samples contained the coolant
WS-23 in relatively high concentrations compared to other flavouring chemicals present.
Chemicals prohibited under the TGO110 (Australian e-cigarette product standard) were
identified in 3.4% of the samples which were chemically analysed. This included the presence
of ethylene glycol in moderately high concentrations (up to 13.2 mg/mL).

Conclusions: Australian students’ preferences for fruity, disposable e-cigarettes were
identified regardless of region with the vast majority containing high concentrations of
nicotine. WS-23 was found in most disposable e-cigarettes, potentially to reduce the throat
irritation from nicotine and other flavouring chemicals. The inhalational safety of the samples
is of concern due to health risks associated with detected prohibited compounds, particularly
ethylene glycol.

IMPLICATIONS
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This is the first study to quantify nicotine, coolants and flavouring chemicals in e-cigarette
products seized from Australian high school students and has significant implications for
future policy development. Students appear to be almost exclusively using disposable
e-cigarettes with high nicotine concentrations and predominately fruity flavours. WS-23 may
potentially be added to disposable e-cigarettes to facilitate the uptake of these products by
adolescents unaccustomed to the throat irritation from nicotine and intense flavours. The
e-cigarette coils were found to have degraded over time, potentially affecting the
composition of the aerosol and leaching of metals.

INTRODUCTION

Adolescent usage of electronic cigarettes (e-cigarettes or vapes) is becoming increasingly
popular in many countries.>? The latest data from the Australian Bureau of Statistics®
reported that 7.6% of Australian adolescents had ever used an e-cigarette between 2020 and
2021, with recent research suggesting adolescent ever usage may be even higher.*®

E-cigarettes were originally designed as an alternative type of nicotine delivery system to
combustible cigarettes.” They contain a liquid, referred to as an e-liquid, that is vaporised to
produce an aerosol for inhalation by the user. The e-liquid generally contains the carrier fluids
propylene glycol (PG) and vegetable glycerine (VG), nicotine, flavouring chemicals and
occasionally synthetic cooling agents (referred to as coolants).21° There is little published data
on the inhalational safety of the flavouring chemicals and synthetic coolants and the long
term effects of e-cigarette usage is relatively unknown. Reactions between some flavouring
chemicals and the carrier fluids have been observed to form acetals in situ in e-liquids, the
toxicological properties of which are similarly understudied.'**3

In Australia, nicotine-containing vaping products are a Schedule 4 medicine, requiring
individuals to obtain a prescription from a medical practitioner for purchase.'* The standard
for nicotine vaping products (TGO110)* establishes guidelines for the contents of nicotine-
containing e-cigarette products and their labelling. There are eight ingredients
(2,3-pentanedione, acetoin, benzaldehyde, cinnamaldehyde, diacetyl, ethylene glycol,
diethylene glycol, and vitamin E acetate) that have been prohibited from inclusion in
e-cigarette products due to associated health risks. Nicotine is the only permitted active
ingredient. The presence of nicotine must be clearly labelled with the concentration of
nicotine in the product within 10% of the stated concentration.?®

According to current Australian legislation, e-cigarette products cannot be purchased by
anyone under 18 years of age in any state or territory, regardless of whether these products
contain nicotine. Despite this, Australian adolescents are accessing e-cigarette products,
reportedly from friends, online and instore, with relative ease.*® An audit of online retailers
that advertised delivery to the Australian city of Perth found only half required age
verification for purchase, often in the form of a simple age confirmation button or input of a
date of birth, which was easily falsified.'®

Trends in e-cigarette products can be observed to change as new device types are introduced,
evidenced by the introduction of JUUL pods in 2015 and Puff Bar disposable devices in
20198 in the US and their subsequent surge in popularity. Along with device trends, nicotine
strength has increased in the US for disposable e-cigarettes compared to refillable e-liquids
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since 2017,%° with recent research showing a similar trend for disposable devices on the
Australian market.?

Several recent surveys of Australian adolescents have provided insights into the current
landscape of e-cigarettes amongst this population.*®2% Disposable e-cigarette devices are
reportedly the most popular type of e-cigarette product obtained with fruity flavours being
preferred.*® Notably, adolescents have expressed a preference for nicotine-containing
e-cigarettes although a quarter of adolescents are unsure of the nicotine strength of their
products.” E-cigarettes are becoming a problem in schools with surveyed students commonly
reporting observing other students’ e-cigarette use in school bathrooms and locker rooms.*

To date, only two studies have analysed the chemical composition of e-cigarette products
confiscated from school students. Shamout, et al. 1° quantified nicotine, PG and VG in JUUL
pod devices (n=26) from US high school students while Frinculescu, et al. 2! quantified two
illicit drugs and qualitatively detected nicotine, solvents and flavouring chemicals in
e-cigarette products (n=70) from UK students aged 16-18. This study is the first, globally, to
focus on the analysis of disposable e-cigarette products seized from school-aged students and
perform quantitative analysis of flavouring chemicals along with nicotine. This paper will
examine the distribution of brands, models and flavours of devices confiscated from
Australian students and report the chemical composition for a large subset of the samples
including: nicotine content; compliance to TGO110; carrier fluid composition; and flavouring
chemicals present.

METHODS
Materials

Standards of carrier fluids (2), nicotine, synthetic coolants (2), flavours (39), internal standard
(1), additional bioactives (2) and prohibited ingredients as per TGO110 (8) were purchased
for chemical analysis. All analytical standards were of at least 98% purity. List of all purchased
standards and their origins is provided in supplementary information Table S1.

Study Samples

The current study investigated the brand, model and flavour of disposable e-cigarette devices
(n=593, from 18 high schools) and refill e-liquids (n=5) confiscated from Australian high school
students in New South Wales (NSW) from four distinct geographical regions: Western Sydney,
Northern Sydney, lllawarra Shoalhaven, Central Coast. For details on the origin and collection
date of the samples included in this study see supplementary information Table S2.

Device Flavour Classification

All samples (N=598) were visually examined and the brand, model and flavour were identified
from the exterior labelling of the disposable devices and the two bottled samples or, where
more information was required, a search of online retailers was conducted to identify the
sample. Any samples which did not have any clear indication of their brand, model and/or
flavour were recorded as unknown. The flavours were classified into seven categories
(Beverage, Candy, Cooling, Dessert, Fruit, Tobacco and Other) based on the flavour categories
established by Kriisemann, et al. 2> For flavours that would fit into two or more of the
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established flavour categories, classification was based on the highest priority flavour
category (see supplementary information Figure S1).

Chemical analysis

Chemical analysis was carried out using gas chromatography-mass spectrometry (GC-MS).
Quantification of nicotine, flavouring chemicals, and coolant molecules within e-liquids and
disposables was achieved through creation of internal calibration curves using quinoline as
the internal standard (25 pg/mL). Details about instrument conditions, solution preparation
and the quantitation process are provided in supplementary information Text S1. Due to an
extended time between analysis, two calibration sets (referred to as Set A and Set B) were
produced for accurate quantitation of all samples (see supplementary information Table S3).
Acetal peaks were identified by comparing their retention time and mass spectrum to an in
house database created from the analysis of acetals previously synthesised in our
laboratory.!! All samples were prepared and analysed in triplicate.

RESULTS
Refill E-liquids

Only four refillable devices were confiscated as part of this study, three of these containing
an unidentified e-liquid (SCH-007, SCH-184 and SCH-185) and the fourth in a case with two
labelled e-liquid bottles (SCH-029 and SCH-030). Identification of the brand and flavour of the
samples was only possible for the two refill e-liquids provided in bottles which were classified
as fruit and beverage flavoured. Analysis of the chemical content of the refill e-liquids was
conducted for SCH-007, SCH-029 and SCH-030. Only SCH-007 contained nicotine which was
detected at a low concentration (2.27 £ 0.07 mg/mL) with no benzoic acid. This was also the
only refill e-liquid that contained a cooling agent (WS-23, <LOQ). One flavouring molecule
(vanillin) was detected in SCH-007 while two were detected in SCH-029 (1,3-diacetin and ethyl
vanillin) all in concentrations <3 mg/mL. SCH-030 contained no detected flavouring
molecules. PG and VG were detected as the carrier fluids in all refill liquids.

All results below relate to the disposable e-cigarette samples.
Brand and Model

Of the 593 disposable devices analysed, 47 different models across 26 brands were
represented (models of the same name but different brands were counted separately). The
number of brands (n=5) in the Northern Sydney dataset was lower than the other regions
despite a larger number of samples (n=239). Across all four analysed regions (Western
Sydney, Northern Sydney, lllawarra Shoalhaven and Central Coast) the same trend was
observed in brand prevalence for the disposable devices; with the three most popular brands
being IGET (63.7%), HQD (16.9%) and Gunnpod (9.4%) (Figure 1A). The fourth most prevalent
brand overall, PuffBar (3.2%), was found in all regions except Northern Sydney. All other
brands combined accounted for <7% of all samples and, excluding Bang, were different for
each region. Of interest, one device (SCH-032, brand: Zefir) was advertised online as a
pharmacy only product.?® The Bar model of the IGET brand was the most common identified
device (Figure 1B), though it is worth noting that this trend is not reflected in the individual
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datasets. IGET Bar was the most common device for Western Sydney and Central Coast but
the second most popular for Northern Sydney and lllawarra Shoalhaven. The distribution of
model prevalence for HQD and Gunnpod devices was similar between all regions and is
reflected in the overall data (Figure 1B). Only nine samples were provided in the original
packaging, all IGET Bars from the Central Coast, and were seized from a student intending to
sell on school grounds. Neither the word nicotine nor any associated concentrations were
present on any of the packaging of these nine samples.
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Figure 1. Distribution of (A) brands for disposable e-cigarettes (n=593); (B) model distribution
for the top three brands (n=534); and (C) flavour categories from e-cigarette labelling (n=593).
Full details of Brand, Model and flavours are provided in the supplementary information Table
S4.
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Labelled Flavour

A total of 132 unique flavours were recorded with fruity flavours being the most prevalent
accounting for 85.7% of all products (Figure 1C). Tobacco flavours were the least prevalent
and were only present in the Northern Sydney and Central Coast samples. Dessert flavours
were only identified in the Western Sydney samples. Beverage flavours were present in all of
the datasets but were higher in the lllawarra Shoalhaven samples (17.9%). Almost half (n=267,
45.0%) of all flavours contained a cooling component in their flavour name (e.g. “ice”, “iced”,
“frozen” or “cool”). Only 7 samples (1.2%) were classified in the cooling category based on
the flavour priority list (see supplementary information Figure S1 and Table S4, flavours such

as “Apple Ice” were classified as fruit according to the priority list).
Nicotine

Nicotine was detected in 396 disposable e-cigarettes (n= 407, 97.3%) with concentrations
ranging between 16.5 + 0.4 mg/ml (SCH-006) and 63 + 2mg/mL (MOH-328) and a mean of
40.0 mg/mL (Table 1). Figure 2A shows the distribution of nicotine concentrations for all
analysed e-cigarette samples. Nicotine was confirmed as the nicotine benzoate salt in all
samples except SCH-039 (99.75%). A total of 11 disposable e-cigarette samples (2.7%) were
identified as being nicotine-free. Of the 11 nicotine-free samples, six were identical in brand,
model, flavour and packaging to at least one other nicotine-containing sample in this study
(for an example see Figure 2B and 2C). Two of these six devices appeared to have been
opened previously, indicating that the contents of the device, including the e-liquid, may have
been tampered with. Comparison of nicotine concentrations between any identical devices
(brand, model and flavour) where four or more were present generally exhibited large
variations in nicotine concentration (>5 mg/mL).
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Figure 2. (A) Distribution of nicotine concentration in disposable e-cigarettes (n=407) and
comparison of (B) nicotine-free (MOH-649) and (C) nicotine-containing (MOH-300) devices of
the same brand, model and flavour. Detailed measurements for each analysed sample are
provided in the supplementary information Table S5 along with a short list providing the list
of samples that were found to be nicotine free (Table S6).
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Table 1. Summary of analysed disposable e-cigarettes (n=407) for detected compounds.

Nicotine
Nicotine 396 97.3 396 40.0 16.5+0.4 63 %2
Flavour Chemicals
p-Anisaldehyde ("butter almond") 10 2.5 6 0.37 0.18 +0.02 0.67 £ 0.02
Benzyl alcohol (“cherry, floral”) 136 33.4 49 1.26 0.406 £0.004 6.8%0.1
Benzyl benzoate (“faintly fruity”) 25 6.1 11 0.34 0.069+0.002 0.75+0.01
Butanoic acid ("pungent, acidic") 11 2.7 2 1.41 1.03 +0.05 1.78 £ 0.05
6-Decalactone (“coconut, creamy”) 6 1.5 0 - - -
v-Decalactone (“fruity, peach”) 153 37.6 73 0.28 0.0612 +0.0009 0.93 +0.01
1,2-Diacetin (“fatty, buttery”) 195 47.9 182 4.40 0.048 £0.005 23.9+0.6
1,3-Diacetin (“fatty, buttery”) 225 55.3 192 11.8 0.090+0.005 101+4
Diethyl succinate (“winey”) 7 1.7 1 0.18 0.176 +0.004  0.176 % 0.004
Ethyl butanoate (“pineapple”) 7 1.7 1 0.86 - -
Ethyl maltol (“sweet, caramel”) 173 42.5 78 3.25 0.718+0.009 18.1+0.4
Ethyl vanillin (“vanilla”) 30 7.4 16 1.00 0.29+0.01 2.06 £0.04
cis-3-Hexene-1-ol (“green, grassy”) 114 28.0 68 0.42 0.171+ 0.004 1.51+ 0.05
Isoamyl acetate (“banana”) 4 1.0 2 0.47 0.46 + 0.01 0.48 £ 0.04
Isoamyl isovalerate ("fruity, apple") 1 0.2 0 - - -
Maltol (“sweet, candy”) 11 2.7 1 4.77 - -
Menthol (“mint”) 100 24.6 51 0.74 0.40 £0.02 1.81+0.05
Methyl cinnamate (“cinnamon”) 84 20.6 33 0.21 0.097 £0.005  0.66 +0.01
3-Methyl-1,2-cyclopentanedione
(“caramel, maple”) 2 0.5 1 0.60 - -
v-Nonalactone (“sweet, vanilla”) 12 2.9 12 5.09 4.0+0.2 6.1+0.5
Piperonal (“cherry, spicy”) 3 0.7 0 - - -
Sulfurol (“meaty, roasted, nutty”) 6 1.5 1 2.54 - -
v-Undecalactone (“fatty, creamy”) 98 24.1 44 0.22 0.078£0.009 0.74 +£0.05
Vanillin (“vanilla”) 175 43.0 110 1.33 0.23 £0.02 8.2+0.3
Coolants
Ws-23 405 99.5 403 14.2 0.278 £+0.006 32.5+0.7
WSs-3 63 15.5 60 1.15 0.250 £ 0.007 2.70+£0.04
Prohibited Compounds
Acetoin ("buttery") 2 0.5 0 - - -
Benzaldehyde ("almond") 3 0.7 2 0.31 0.30+ 0.01 0.310 + 0.009
Cinnamaldehyde ("cinnamon" 5 1.2 1 2.23 - -
Ethylene glycol (odorless, "sweet
tasting") 4 1.0 3 9.22 3.35+0.08 13.2+0.2

* Chemical flavours associated with this chemical as identified from Good Scents database?

Flavour chemicals which were not identified in any samples: 4-acetylanisole, 2-acetylpyridine, p-anisyl
alcohol, p-dimethoxybenzene, ethyl hexanoate, furfural, guaiacol, 1-methylnaphthalene,
valeraldehyde, veratraldehyde. Prohibited compounds which were not identified in any samples:
diacetyl, diethylene glycol, 2,3-pentanedione, vitamin E acetate.
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Other bioactive compounds

Cannabidiol (CBD) and A-9-tetrahydrocannabinol (THC) were included as standards for the
chemical quantification of all analysed samples. Neither of these bioactive compounds were
detected in any samples in this dataset (see supplementary information Table S5).

Flavour Chemicals

There was a large variation observed in the frequency of appearance and concentration of
flavours detected among the samples (Table 1). The most commonly detected flavouring
chemicals were 1,3-diacetin (55.3%), 1,2-diacetin (47.9%), vanillin (43.0%) and ethyl maltol
(42.5%). The most concentrated flavouring chemical was 1,3-diacetin with concentrations as
high as 101 + 4 mg/mL (MOH-269). With the exception of 1,3-diacetin, flavour concentrations
were, on average, present in all samples either in low concentrations (<2 mg/mL) or moderate
concentrations (2-6 mg/mL). Raspberry ketone, triethyl citrate and ethyl-3-methyl-3-
phenylglycidate were detected but not quantified in 82 (20.1%), 40 (9.8%) and 32 (7.9%) of
samples respectively. The composition of flavouring chemicals in identical devices (brand,
model and flavour) where four or more were present were different, however large variations
(>5 mg/mL) were generally only observed for flavouring chemicals in high concentrations. The
large variation value was selected as an appropriate range due to the large spread in
concentrations for different flavouring molecules. Concentration measurements for each
sample analysed are provided in the supplementary information Table S7. PG and VG were
detected as the carrier fluids in every sample with an average ratio of 30%PG/70%VG.

Coolants

WS-23 was detected in 405 of the samples (99.5%), of which 63 also contained WS-3, with
average concentrations of 14.20 mg/mL and 1.15 mg/mL respectively (Table 1, with full
details provided in supplementary information Table S7). There was no correlation between
the inclusion of a cooling component in the flavour name and the presence of a coolant.
WS-23 was, on average, the second most concentrated ingredient in the disposable e-
cigarettes and more concentrated than most flavouring chemicals. Comparison of WS-23
concentrations between any identical devices (brand, model and flavour) where four or more
were present generally exhibited large variations (>5 mg/mL).

Prohibited compounds

Four compounds prohibited by the TGO110 were detected in disposable e-cigarettes in this
study. A total of 14 samples (3.4%) contained one prohibited compound, no samples
contained more than one prohibited substance. The detected prohibited compounds were
acetoin (n=2), benzaldehyde (n=3), cinnamaldehyde (n=5) and ethylene glycol (n=4) (Table 1,
with full details provided in supplementary information Table S8 and S9). Two of these
samples (MOH-304 and MOH-649) did not contain any nicotine and therefore their content
is not required to abide by TGO110.

Acetals

The PG acetal of p-anisaldehyde and the PG and VG acetals of vanillin and benzaldehyde were
detected in this study. Formation of acetals was only detected in six samples (1.5%) (see
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supplementary information Table S10), all of which were shown to also contain the original
flavouring molecule.

Coil degradation

Coils in the disposable e-cigarettes were observed in various stages of degradation via the
blackening of the metal coil and scorching of the surrounding fabric (Figure 3). The degree of
blackening was considerably different between samples with some showing little to no
blackening and some where the coil was indistinguishable from the scorched fabric (Figure 3).
A greater degree of blackening was generally found in devices with lower volumes of e-liquid
remaining or tampered devices.

2 SR
NEW ‘%\ J )
CcoIL ‘

(A)

USED
COIL

Figure 3. Comparison of new (top) and used (bottom) metal heating coils of types (A) vertical
coil in a new device and MOH-646, (B) horizontal coil in a new device and SCH-022 and (C)
mesh coil in a new device and MOH-633.

DISCUSSION

Australian high school students were found to primarily use disposable e-cigarette products
with high concentrations of nicotine regardless of region or type of school (public vs private),
some of which contained potentially harmful compounds. These results are consistent with
several recent surveys of Australian adolescents where they expressed preferences for
nicotine-containing, fruity flavoured disposable e-cigarettes.*® High school students in NSW,
Australia are generally between the ages of 12 and 18, with almost all students below the
minimum legal age to purchase e-cigarettes.

Refillable e-cigarette devices accounted for <1% of samples in this study suggesting that these
types of e-cigarette products are uncommon among high school students in NSW. The small
number of refill e-liquids analysed were more likely to be nicotine free and coolant free
compared to the disposable devices analysed. Whilst the sample size for refillable e-liquid
analysis was small, these results are consistent with previous research comparing Australian
refillable e-liquids and disposable e-liquids.® Reports that disposable e-cigarettes will be
banned under future legislation in Australia?®> may have a significant effect on youth vaping
as the vast majority of students currently use disposable devices.
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Trends in brands and flavours of disposable e-cigarettes were similar across the four datasets
with slight differences in the distribution of models. One disposable device in this study was
identified as the brand Zefir, which was advertised on the website as a prescription vape
available from pharmacies around Australia.? The three most popular brands were IGET, HQD
and Gunnpod which accounted for 90% of all disposable samples. The most common device
overall, the IGET Bar, comprised a quarter of all samples. PuffBar products, which were
identified by Pettigrew, et al. # as the most popular brand among Australian 15-21 year olds
only accounted for 3.2% of the samples confiscated from high school students in this study.
Additionally, JUUL, which was reported by Pettigrew, et al. 4 as the third most common brand
among this age group was not present among the confiscated samples. JUUL is known to be
a common brand in the US'” and the term ‘JUULing’ is sometimes used interchangeably with
‘vaping’.?%27 It is possible that students are self-reporting the term ‘JUUL’ to describe any
disposable vaping device rather than identifying a specific brand. Alternatively, differences
between this study and Pettigrew, et al. 4 could reflect broader variations in the Australian
market following the regulatory changes in October 2021.

Consistent with the literature,*® fruity flavours were the most popular and accounted for the
majority of samples (85.7%). Tobacco flavoured devices were the least common flavour
category identified (2 devices, 0.3% overall) and were only found in two of the four datasets.
These results provide further confirmation that tobacco flavours are unpopular amongst
adolescents while fruity flavours are preferred.*>?8 An online search (August 2023) of the two
most popular models from this study, the IGET Bar and XXL, identified a wide range of fruity
flavours available for purchase but no tobacco flavours.?%:3°

Chemical analysis was only conducted on one of the tobacco flavoured devices which was
found to contain mainly “sweet” flavouring chemicals (3-methyl-1,2-cyclopentanedione,
ethyl maltol, vanillin and ethyl vanillin) and the “meaty” flavouring chemical sulfurol.?* These
sweet flavouring chemicals were observed in concentrations similar to or exceeding that of
the fruity flavoured disposable e-liquids. Recommendations to restrict e-cigarette flavours,
such as those in Australia,? often recommend allowing tobacco to remain available and some
research has found that tobacco flavours may be less appealing.?® However, without
limitations on what flavouring chemicals comprise tobacco flavours, and evidence here of
sweet flavouring chemicals, it is unclear how effective this would be in eliminating fruity and
sweet flavours.

Virtually all of the disposable e-cigarettes confiscated from high school aged students
contained nicotine in salt form (97.1%) at relatively high concentrations. Conversion of
nicotine to its salt form via the addition of acid reduces the throat harshness associated with
its inhalation and allows for higher concentrations of nicotine to be tolerated.3! Additionally,
the coolant WS-23 was detected in >99% of the disposables analysed at concentrations higher
than most of the other flavouring chemicals present. The only two disposable devices which
did not contain WS-23 were a Watermelon Mint Ice flavoured device, which contained
menthol, and a Classic Tobacco flavoured device. WS-23 may be added to disposable
e-cigarettes to further reduce the throat irritation associated with high nicotine
concentrations and intense flavours among naive users.® A recent survey suggested that more
than half of adolescents who reported e-cigarette ever-use had never previously smoked and
would therefore be unaware and unaccustomed to the throat irritation.® The high
concentrations of WS-23 observed throughout this study are noteworthy as previous research
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has found comparable concentrations to be unsafe based on in vitro studies and may
adversely impact the inhalational safety of these products.3%33

Current Australian product guidelines for nicotine vaping products (TGO110) requires the
labelling of nicotine, its concentration and warning statements on the packaging. Additionally
it is a requirement that the nicotine concentration is within 10% of the labelled
concentration. While no details were provided from the origin of these samples (how/where
these products were purchased/obtained), it cannot be excluded that these devices were
legally obtained via one of the currently available pathways, therefore all samples containing
nicotine were compared against the TGO110 requirements to assess compliance. Of all the
samples tested, only 21 devices (3.5%, 19 Puff Bar, 1 MHK and 1 Xtra) were labelled with any
type of concentration, shown as “5%”, all without the inclusion of the word nicotine. Eighteen
of these “5%” labelled products were analysed for content and none of them met the £10%
criteria outlined in the TGO110.

An additional requirement of the TGO110 is the prohibition of eight specific chemicals which
have been banned in nicotine-containing e-cigarettes due to health risks.'> Four prohibited
compounds (acetoin, benzaldehyde, cinnamaldehyde and ethylene glycol) were detected in
14 of the disposable e-cigarettes (3.4%, n=407). All four of these compounds were prohibited
due to their potential inhalational health risks; including possible lung damage, respiratory
failure, cytotoxicity and depression of the central nervous system. Of particular concern,
ethylene glycol was found in moderate to high concentrations in two samples
(11.1 £ 0.2 mg/mL in MOH-325 and 13.2 + 0.2 mg/mL in SCH-070). Ethylene glycol has been
found to cause respiratory irritation and is a toxicological hazard.343> Whilst ethylene glycol
has been observed in e-cigarette products previously,® this is the first study to identify and
guantify it in Australian e-cigarette products. It is worth noting that two of the 14 samples
that contained prohibited compounds did not contain nicotine and consequently their
contents are not required to abide by current Australian legislation which applies only to
nicotine vaping products.

Nine disposable e-liquids from the Central Coast region were included for chemical analysis.
These samples were packaged and unused when confiscated from a student who was
intending to sell them. These samples followed the trends observed throughout this study
being fruity-flavoured IGET Bars. All of these unopened devices contained nicotine with no
mention of nicotine on the packaging or appropriate warning messages. This supports
previous findings that some adolescents are sourcing their nicotine e-cigarettes from a friend
or associate and provides evidence that this is occurring within school cohorts.*® Moreover,
reports that a quarter of adolescents are unaware of the nicotine concentration of their
e-cigarette products is likely due to a lack of information on the packaging of these devices.®

The large variation in the number and concentration of flavouring chemicals in each sample
and frequency of appearance reflect the large range of unique flavours analysed. Two of the
four most commonly detected flavours were sweet flavours,?* vanillin and ethyl maltol,
reflecting the overwhelming number of fruity and sweet flavoured samples in this study.
1,3-Diacetin and 1,2-diacetin were the most common flavouring chemicals and 1,3-diacetin
was, on average, at least double the concentration of any other flavouring chemical.
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The samples were provided at different stages of use (new vs empty) which prevented the
chemical analysis of some samples due to low e-liquid yield and may have affected the
composition of the collected e-liquids. Volatile flavouring molecules were detected in low
concentrations in some identical devices (<2 mg/mL) and were absent in others. This is
possibly due to preferential vaporisation of these compounds resulting in low concentrations
or their absence at the end of the device life.2 However, this does not necessarily account for
the large differences in nicotine and WS-23 concentrations in many of the identical devices.
It is more likely that this is reflective of irregularity in the manufacturing of these devices3? or
student tampering replacing the original e-liquid.

Many of the samples from this study had coils with differing levels of blackening, occurring
over time as the coil undergoes repeated heating and cooling cycles to vaporise the e-liquid.
Figure 3 shows the excessive blackening on some coils and additional scorching of the
surrounding fabric. The level of blackening differed, likely due to the different stages of usage
of the samples. Degradation of e-cigarette coils and loss of metals, possibly into the aerosol,
has been found previously3®37 and may contribute to the observed coil blackening. This is an
important issue for future research as it is unclear how this degradation may affect the
composition of the aerosol and the inhalational safety of e-cigarettes. The blackened coils
were generally observed in samples with low e-liquid volumes remaining or evident
tampering, suggesting that these devices are being used beyond the expected puff capacity
of the coils leading to substantial degradation.

While a large number of samples were analysed, this study is limited by the fact all samples
were confiscated by high school staff and all regions of study were within NSW. Similar
research should be conducted across Australia to confirm if the results of this study are
reflected in high schools across the country. The specific dates the e-cigarettes were
confiscated were not provided for the majority of the samples, preventing the analysis of
broader trends over time. The e-cigarette market is rapidly changing and requires regular
research to identify potential variations over time, particularly as legislation is modified.

The present study provides the first analysis of e-cigarette products confiscated from
Australian students. The findings of this study indicate that Australian adolescents are using
fruity flavoured disposable e-cigarette devices, most commonly the IGET Bar, that generally
contain high concentrations of nicotine and WS-23. Compounds prohibited due to their
associated inhalational health risks were found in 3.4% (n=14) of the chemically analysed
samples. Four of these samples were found to contain the prohibited ingredient ethylene
glycol, the first quantified identification of this compound in Australian e-cigarette products.
Future policy should focus on preventing adolescents from accessing disposable e-cigarettes.
Potential flavour limitations should be approached cautiously as the flavouring chemicals that
are present in the fruity products appear to also be present in comparable abundance in
tobacco flavoured products.

FUNDING

This project was funded by the NSW Ministry of Health and the University of Wollongong,
Faculty of Science, Medicine and Health Small Grant Scheme.

Page | 12

https://doi.org/10.26434/chemrxiv-2023-rimhl ORCID: https://orcid.org/0000-0003-0032-9650 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-rlmhl
https://orcid.org/0000-0003-0032-9650
https://creativecommons.org/licenses/by-nc-nd/4.0/

DECLARATION OF INTEREST

The authors have no conflicts of interest to declare.

ACKNOWLEDGEMENTS

The authors acknowledge all schools who provided samples for this research, the NSW
Ministry of Health, the Unpacking Vaping in Schools Project team (PERU), Illawarra
Shoalhaven Local Health District, Central Coast Local Health District and the University of
Wollongong Mass Spectrometry User Research and Resource Facility (MSURRF).

REFERENCES

1. Katherine AE, Jessica LR, David H. Smoking and vaping among Canadian youth and
adults in 2017 and 2019. Tob Control. 2023;32:259-262. doi:10.1136/tobaccocontrol-2021-
056605

2. Jebai R, Osibogun O, Li W, et al. Temporal trends in tobacco product use among US
middle and high school students: National Youth Tobacco Survey, 2011-2020. Public Health
Rep. 2022;138(3):483-492. d0i:10.1177/00333549221103812

3. Australian Bureau of Statistics. Smoking. 2022.
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/smoking/latest-
release

4, Pettigrew S, Miller M, Alvin Santos J, Raj TS, Brown K, Jones A. E-cigarette attitudes
and use in a sample of Australians aged 15-30 years. Aust N Z J Public Health.
2023;47(2):100035. doi:10.1016/j.anzjph.2023.100035

5. Jongenelis M. E-cigarette product preferences of Australian adolescent and adult
users: a 2022 study. BMC Public Health. 2023;23:220. do0i:10.1186/s12889-023-15142-8
6. Watts C, Egger S, Dessaix A, et al. Vaping product access and use among 14—-17-year-

olds in New South Wales: A cross-sectional study. Aust N Z J Public Health. 2022;46(6):814-
820. d0i:10.1111/1753-6405.13316

7. Caponnetto P. Well-being and harm reduction, the consolidated reality of electronic
cigarettes ten years later from this emerging phenomenon: A narrative review. Review.
Health Psychol Res. 2021;8(3):200-211. doi:10.4081/HPR.2020.9463

8. Jenkins C, Morgan J, Kelso C. Synthetic cooling agents in Australian-marketed e-
cigarette refill liquids and disposable e-cigarettes: Trends follow the U.S. Market. Nicotine
Tob Res. 2023:ntad120. doi:10.1093/ntr/ntad120

9. Kriisemann EJZ, Havermans A, Pennings JLA, de Graaf K, Boesveldt S, Talhout R.
Comprehensive overview of common e-liquid ingredients and how they can be used to
predict an e-liquid’s flavour category. Tob Control. 2021;30:185-191.
doi:10.1136/tobaccocontrol-2019-055447

10. Shamout M, Wang P, Wong F, et al. Chemical composition of JUUL pods collected
from students in California high schools. J Adolesc Health. 2021;69(2):342-345.
doi:10.1016/j.jadohealth.2020.11.023

11. Gschwend G, Jenkins C, Jones A, Kelso C, Morgan J. A wide range of flavoring—carrier
fluid adducts form in e-cigarette liquids. Chem Res Toxicol. 2023;36(1):14-22.
doi:10.1021/acs.chemrestox.2c00200

Page | 13

https://doi.org/10.26434/chemrxiv-2023-rimhl ORCID: https://orcid.org/0000-0003-0032-9650 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://www.abs.gov.au/statistics/health/health-conditions-and-risks/smoking/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/smoking/latest-release
https://doi.org/10.26434/chemrxiv-2023-rlmhl
https://orcid.org/0000-0003-0032-9650
https://creativecommons.org/licenses/by-nc-nd/4.0/

12. Erythropel HC, Jabba SV, DeWinter TM, et al. Formation of flavorant—propylene
glycol adducts with novel toxicological properties in chemically unstable e-cigarette liquids.
Nicotine Tob Res 2018;21(9):1248-1258. d0i:10.1093/ntr/nty192

13. Jabba SV, Diaz AN, Erythropel HC, Zimmerman JB, Jordt S-E. Chemical adducts of
reactive flavor aldehydes formed in e-cigarette liquids are cytotoxic and inhibit
mitochondrial function in respiratory epithelial cells. Nicotine Tob Res.
2020;22(Supplement_1):525-S34. doi:10.1093/ntr/ntaal85

14, Therapeutic Goods (Poisons Standard—June 2023) Instrument 2023 (2023).

15. Therapeutic Goods Administration. Guidance for the Therapeutic Goods (Standard
for Nicotine Vaping Products) (TGO 110) Order 2021 and related matters. 2021.
https://www.tga.gov.au/sites/default/files/nicotine-vaping-products-and-vaping-

devices 0.pdf

16. Wood N. Charlotte’s accessible web: How West Australian children and adolescents
can access e-cigarettes online. Aust N Z J Public Health. 2021;45(1):81-82. doi:10.1111/1753-
6405.13056

17. Romberg AR, Miller Lo EJ, Cuccia AF, et al. Patterns of nicotine concentrations in
electronic cigarettes sold in the United States, 2013-2018. Drug Alcohol Depend.
2019;203:1-7. doi:10.1016/j.drugalcdep.2019.05.029

18. Anuja M, Zheng X, Samuel A, Nigar N. Trends in public interest in shopping and
point-of-sales of JUUL and Puff Bar 2019-2021. Tob Control. 2023;32:e236-e242.
doi:10.1136/tobaccocontrol-2021-056953

19. Wang X, Ghimire R, Shrestha SS, Borowiecki M, Emery S, Trivers KF. Trends in
nicotine strength in electronic cigarettes sold in the United States by flavor, product type,
and manufacturer, 2017-2022. Nicotine Tob Res. 2023;25(7):1355-1360.
doi:10.1093/ntr/ntad033

20. Thoonen KAHJ, Jongenelis MI. Perceptions of e-cigarettes among Australian
adolescents, young adults, and adults. Addict Behav. 2023;144:107741.
doi:10.1016/j.addbeh.2023.107741

21. Frinculescu A, Coombes G, Shine T, Ramsey J, Johnston A, Couchman L. Analysis of
illicit drugs in purchased and seized electronic cigarette liquids from the United Kingdom
2014-2021. Drug Test Anal. 2022:1-9. doi:10.1002/dta.3277

22. Kriisemann EJZ, Boesveldt S, de Graaf K, Talhout R. An e-liquid flavor wheel: A shared
vocabulary based on systematically reviewing e-liquid flavor classifications in literature.
Nicotine Tob Res 2018;21(10):1310-1319. d0i:10.1093/ntr/nty101

23. Zefir. Accessed 3 August 2023, https://zefirvape.com.au/

24. The Good Scents Company. The Good Scents Company Information System.
Accessed 9 August 2023, http://www.thegoodscentscompany.com/index.html

25. Chrysanthos N. ‘This must end’: Butler to ban disposable vapes as part of black
market crackdown. The Sydney Morning Herald. Accessed 9 August 2023.
https://www.smh.com.au/politics/federal/this-must-end-butler-to-ban-disposable-vapes-
as-part-of-black-market-crackdown-20230501-p5d406.html

26. Jidong H, Zongshuan D, Julian K, et al. Vaping versus JUULing: how the extraordinary
growth and marketing of JUUL transformed the US retail e-cigarette market. Tob Control.
2019;28:146-151. doi:10.1136/tobaccocontrol-2018-054382

27. Hendricks KJ, Temples HS, Wright ME. JUULing epidemic among youth: A guide to
devices, terminology, and interventions. J Pediatr Health Care. 2020;34(4):395-403.
doi:10.1016/j.pedhc.2019.12.008

Page | 14

https://doi.org/10.26434/chemrxiv-2023-rimhl ORCID: https://orcid.org/0000-0003-0032-9650 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://www.tga.gov.au/sites/default/files/nicotine-vaping-products-and-vaping-devices_0.pdf
https://www.tga.gov.au/sites/default/files/nicotine-vaping-products-and-vaping-devices_0.pdf
https://zefirvape.com.au/
http://www.thegoodscentscompany.com/index.html
https://www.smh.com.au/politics/federal/this-must-end-butler-to-ban-disposable-vapes-as-part-of-black-market-crackdown-20230501-p5d4o6.html
https://www.smh.com.au/politics/federal/this-must-end-butler-to-ban-disposable-vapes-as-part-of-black-market-crackdown-20230501-p5d4o6.html
https://doi.org/10.26434/chemrxiv-2023-rlmhl
https://orcid.org/0000-0003-0032-9650
https://creativecommons.org/licenses/by-nc-nd/4.0/

28. Helgertz S, Kingsbury J. Teens less susceptible to vaping when restricted to tobacco-
flavored e-cigarettes: Implications for flavored tobacco policies. Nicotine Tob Res.
2023;25(5):991-995. doi:10.1093/ntr/ntac272

29. IGET Bar. Accessed 3 August 2023, https://igetvapesaustralia.com/collections/iget-
bar-collection

30. IGET XXL. Accessed 28 August 2023, https://igetvapesaustralia.com/collections/iget-
xxl-collection

31. Leventhal AM, Madden DR, Peraza N, et al. Effect of exposure to e-cigarettes with
salt vs free-base nicotine on the appeal and sensory experience of vaping: A randomized
clinical trial. JAMA Netw Open. 2021;4(1):e2032757.
doi:10.1001/jamanetworkopen.2020.32757

32. Jabba SV, Erythropel HC, Torres DG, et al. Synthetic cooling agents in US-marketed e-
cigarette refill liquids and popular disposable e-cigarettes: chemical analysis and risk
assessment. Nicotine Tob Res. 2022;24(7):1037-1046. doi:10.1093/ntr/ntac046

33. Omaiye EE, Luo W, McWhirter KJ, Pankow JF, Talbot P. Disposable Puff Bar electronic
cigarettes: Chemical composition and toxicity of e-liquids and a synthetic coolant. Chem Res
Toxicol. 2022;35(8):1344-1358. doi:10.1021/acs.chemrestox.1c00423

34, Fowles J, Banton M, Klapacz J, Shen H. A toxicological review of the ethylene glycol
series: Commonalities and differences in toxicity and modes of action. Toxicol Lett.
2017;278:66-83. doi:10.1016/j.toxlet.2017.06.009

35. Hutzler C, Paschke M, Kruschinski S, Henkler F, Hahn J, Luch A. Chemical hazards
present in liquids and vapors of electronic cigarettes. Arch Toxicol. 2014;88(7):1295-1308.
doi:10.1007/s00204-014-1294-7

36. Mulder HA, Stewart JB, Blue IP, et al. Characterization of e-cigarette coil temperature
and toxic metal analysis by infrared temperature sensing and scanning electron microscopy—
energy-dispersive X-ray. Inhal Toxicol. 2020;32(13-14):447-455.
doi:10.1080/08958378.2020.1840678

37. Zhao D, Navas-Acien A, llievski V, et al. Metal concentrations in electronic cigarette
aerosol: Effect of open-system and closed-system devices and power settings. Environ Res.
2019;174:125-134. doi:10.1016/j.envres.2019.04.003

Page | 15

https://doi.org/10.26434/chemrxiv-2023-rimhl ORCID: https://orcid.org/0000-0003-0032-9650 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://igetvapesaustralia.com/collections/iget-bar-collection
https://igetvapesaustralia.com/collections/iget-bar-collection
https://igetvapesaustralia.com/collections/iget-xxl-collection
https://igetvapesaustralia.com/collections/iget-xxl-collection
https://doi.org/10.26434/chemrxiv-2023-rlmhl
https://orcid.org/0000-0003-0032-9650
https://creativecommons.org/licenses/by-nc-nd/4.0/

