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Analysis of the Chemical Composition and Toxicity of Disposable E-
cigarette Aerosols and E-liquids to Guide Public Health Regulations

Abstract

Introduction

Disposable electronic cigarettes have gained popularity due to their ease of use and appealing
flavours. However, limited information exists on the chemical constituents and toxicity of their
e-liquids and aerosols. Understanding the health risks of these products is crucial for informing
public health policies and regulations. This study aims to evaluate the chemical composition

and toxicity of disposable e-cigarettes.

Methodology
We measured toxic substances, including carbonyl compounds, heavy metals, volatile organic
compounds, and nicotine salts, in liquids and aerosols from 16 disposable e-cigarettes available

on the Swiss market in 2022.

Results

Our analysis revealed discrepancies between labelled and actual nicotine content and e-liquid
volume. Nicotine was higher in 1 device and lower in 15 others, while 6 models contained
more e-liquid than labelled. Heavy metals, including antimony, nickel, chromium, arsenic, and
lead, were found in both aerosols and e-liquids, with three times more metals in the liquids.
The significantly different quantities measured in the liquids and the aerosols show that the
liquid can become concentrated with heavy metals and could produce charged puffs at the end
of the reservoir. Six devices emitted low but detectable levels of the aldehydes crotonaldehyde,
acetaldehyde, benzaldehyde, and isovaleraldehyde, while all devices emitted volatile organic

compounds, including aromatic hydrocarbons, alcohols and phenols.



Conclusion

Disposable e-cigarettes expose users to various chemical compounds, particularly to metals.
Device heterogeneity leads to variation in constituents and toxicological levels. This study
emphasizes the need for stricter regulation and monitoring of these products, especially

considering their popularity among youth.



Introduction

Electronic cigarettes have been presented as a potentially less harmful option than traditional
cigarettes (1). However, this has not yet been shown in comprehensive population-wide
research. Commonly also known as e-cigarettes or vapes, electronic nicotine delivery systems
(ENDS) are devices used to inhale an aerosol created by heating a liquid within the device.
ENDS are varied, with differences in e-liquids and devices impacting toxicant and aerosol
production, as well as nicotine delivery (2, 3). They range from open systems, allowing user-
mixed liquids, to closed, pre-filled cartridges (4, 5). Generally, ENDS consist of a mouthpiece,
a tank or a cartridge for e-liquid, a battery, and an atomizing device or heater (6).

Recently, disposable ENDS (D-ENDS) have surged in popularity, with the China
Electronics Chamber of Commerce reporting e-cigarette exports reaching USD 28 billion in
2022, a 180% increase in comparison with 2021 (7, 8). D-ENDS are single-use devices with a
pre-charged battery and pre-filled liquid, typically in a plastic tube. The battery connects to a
metal coil, which heats the e-liquid to produce aerosols (4). Although most manufacturing takes
place in China, Europe and the U.S. are among the main markets, especially after China's 2022

ban on the sale of flavoured e-cigarettes domestically (9).



Public Health Concern

The persistent discussion surrounding the potential risks of ENDS, or D-ENDS, stems in part
from the limited toxicological data on the e-liquids, the devices themselves, the aerosols
produced by different ENDS/D-ENDS and the health consequences following long-term
exposure (5). Moreover, the wide heterogeneity of ENDS/D-ENDS on the market represents a
challenge, mainly because consensus assessment frameworks with standardised methods and
quality benchmarks are sparse. Concerns, nevertheless, have been raised by Tehrani et al.
(2021) and Larcombe et al. (2021) about the presence of potentially harmful substances,
including chemical flavourings, industrial chemicals, and pesticides (10, 11). Other studies
raised concerns about content and toxicity of ENDS e-liquids, andaerosols, specifically
nicotine, carbonyl compounds, metals, and other toxic impurities due to heating heated (12—
19). Omaiye et al. (2022) evaluated the chemical composition of 16 Puff Bar devices, a popular
brand of D-ENDS, and also found that products from the D-ENDS brand Puff Bars contained
high levels of various potentially cytotoxic chemicals, including 126 identified flavour
chemicals and significant concentrations of synthetic coolants, which pose potential health
hazards when inhaled (20). Gordon et al. (2022) reviewed the current literature on e-cigarette
toxicology, listing adverse respiratory and cardiovascular effects following e-cigarette aerosol
exposures (21). Sapru et al. (2020) illustrate several of the potential health risks of ENDS on
health, which are determined by various factors such as particulate size, climate conditions,
battery voltage, use patterns, type of ENDS, age, gender, and health status (22). A more recent
scoping review on the toxicological effects of e-cigarette use in the upper airway by Worden
et al. (2024) showed increased cytotoxicity, pro-inflammatory effects, and genotoxicity across
different upper airway subsites of users. These effects appeared more pronounced when
flavourings and/or nicotine were present in e-cigarettes (23). None of these studies reported the

clinical impact of D-ENDS on the respiratory tract.



An additional public health concern is the rising trend of e-cigarette use among youths, as it
not only introduces them to nicotine addiction but also exposes them to various harmful
substances from a young age (24-27). Notably, Tattan-Birch et al. (2022) showed rapid growth
in youngadults aged 18-25, with an 18-fold increase in the percentage of e-cigarette users who
used D-ENDS (28). Significant findings from Kochvar et al. (2024) showed that among youth
aged 13-17 years, frequent users had higher concentrations of urinary lead and uranium than

occasional users (29).

Swiss Context

The HBSC (Health Behaviour in School-aged-Children) survey showed that 25.1% of boys
and 25% of girls aged 15 years in Switzerland had used e-cigarettes during the previous 30
days (30). D-ENDS first started to appear in Switzerland in 2019 and quickly grew in
popularity, with sales of D-ENDS in 2022 increasing by 30% each month (31). Switzerland
follows the European Union (EU) Tobacco Products Directive (2014/40/EU) (TPD) regulation,
where manufacturers and importers of tobacco products are required to include on the
packaging a list of ingredients contained in the product?, including the product's nicotine
content. Additionally, a leaflet with instructions for use, as well as information on adverse
effects, risk groups, addictiveness, and toxicity, must be/is provided (32). This, however, is
usually not controlled in Switzerland due to inadequate national control policies and
enforcement measures for ENDS. The TPD directive also sets limits for the amount of nicotine
(20 mg/ml) and liquid volume (2ml), but those limits are not respected, and a significant

proportion of the products on the markets are in violation of the TPD (33). For instance, a

@ The ingredients list is often only partial, mentioning glycerine, propylene glycol, nicotine (with the type
not always specified), and flavours. Other chemicals or components are largely omitted.



Basel-City Cantonal Laboratory report from Dussy & Heule (2022) showed that 36 (61%) of
59 tested e-liquids on the Swiss market were categorised with dangerous chemicals (34). Of
these 36, 22 (61%) were in violation of the TPD. The following year, Dussy & Heule (2023)
analysed 31 D-ENDS (29 with nicotine, 2 without nicotine) from 12 retailers in Switzerland
(35). They discovered that none of the D-ENDS complied with regulations. Two D-ENDS
exceeded the nicotine limit of 20mg/ml (reaching up to 35.9 mg/ml and 24.9mg/ml). The 28
other D-ENDS devices showed a deviation from the declared nicotine content of up to 48%
and had an e-liquid volume higher than the TPD limit of 2ml, further highlighting the lack of

adequate control and monitoring of D-ENDS entering the Swiss market (36).

While Dussy & Heule (2023) did analyse for the presence of carcinogens and other toxic
substances in the e-liquids of D-ENDS, they did not examine the toxicology of D-ENDS
aerosols or analyse the presence of heavy metals and volatile organic compounds (VOCs) (36).
To the best of our knowledge, apart from the study by Omaiye et al. (2022), no other published
studies have toxicologically assessed the e-liquids and aerosols of D-ENDS (20). Our study
builds on this existing research by addressing the gaps left by Omaiye et al. (2022) and others,
specifically by conducting a comprehensive toxicological analysis of both the e-liquids and

aerosols of D-ENDS, including assessments of heavy metals and VOCs.

Study Aims

The widespread and continuously growing presence of D-ENDS in Switzerland, in
combination with weak regulation and poor enforcement, creates an interesting context to
research D-ENDS heterogeneity. With this study, we aim to present results on the contents and

the toxicant levels of a sample of D-ENDS available on the Swiss market. By analysing the



toxicity of different D-ENDS, we hope to inform future research approaches, as well as set a

foundation for future tobacco control regulations.

Methodology

Our study followed a systematic process to analyse the contents and toxicant levels of
disposable D-ENDS available in Switzerland. All analyses were conducted at the Forensic
Toxicology and Chemistry Unit, University Center in Forensic Medicine of Western

Switzerland, Lausanne and Geneva University Hospital, Switzerland.

1. Selection of D-ENDS
In January 2023, like Omaiye et al. (2022), we purchased 16 D-ENDS from wholesale or retail
sources, such as from online shops or directly from e-cigarette shops or kiosks in Switzerland
(20). Our selection criteria included variations in brand, popularity, aroma, liquid content
(including products exceeding the 2mL TPD limit), and nicotine content. The details of these

devices are shown in Table 1. All D-ENDS chosen stated that they contain nicotine.

Table 1: Sample List of D-DENDS from the Swiss Market

Number of
List of devices um ?r © Total liquid amount
. Brand Aroma advertised
Device ID labelled
puffs
POI Elfbar Blue Razz 2500 8.0
Lemonade
P02 Aroma King | Menthol 600 2.0
P03 Elfbar Blueberry 600 2.0
P04 Vozol Energy Drink 3000 8.0
P05 Elfbar Peach Ice 600 2.0
P06 VAAL Ice Skittles 1800 5.0
P07 Kyandi Shop | Super Troumpf 600 2.0
P08 Kyandi Shop | Super Gibus 600 2.0
P09 Aroma King | Frozen Litschi 700 2.0




P10 VAAL Gummy Candy 1800 5.0
P11 LikeMe Love 96 800 2.0
P12 Elfbar Strawberry Grape 1500 4.8
P13 Elfbar Watermelon Ice 5000 13.5
P14 Elfbar Blueberry ice 5000 13.5
P15 Elfbar Strawberry Banana 1500 4.8
P16 Puff bar Original 600 2.0

2. Aerosol generation
Aerosols were generated using an 1SO20768:2018 compliant smoking machine under the
CORESTA 81 (37) conditions: puff volume: 55mL, puff duration: 3 seconds, puff frequency:
30 second. The total liquid content in each D-ENDS was gravimetrically monitored to prevent

dry puffs, preventing aerosol generation from a nearly empty device.

3. Liquid extraction
After the aerosol generation, the remaining liquid was extracted directly from the tank of each
device. Soaked wick was removed from the plastic tank and was centrifuged at 800 G for 2
minutes in a double-bottomed polypropylene vial to recover the remaining liquid in the device.

The total liquid content was determined by gravimetry.

4. Chemical Analyses
4.1 Nicotine Content and Enantiomers
Liquid samples were diluted (1:10000) in ammoniated water (0.1%) and analysed using HPLC-
MSMS (Quantiva Thermo Scientific) with a C18 column. The mobile phases consisted of
water/ammonia (0.1%) and methanol. A calibration curve was prepared using analytical
nicotine standard, and nicotine-deuterated D4 was used as an internal standard (Cerilliant).

Nicotine enantiomers were determined by liquid chromatography HPLC-UV (Ultimate 3000



DAD at 210 nm, Thermo Scientific) with a CHIRALPAK IB-N, 250 x 4.6 mm, 5 pm column
under an isocratic flow of n-Heptane/Ethanol 97/3 at 1 ml / min, 25°C. Injection volume: 10 pl
ofa 1:100 diluted sample in water. A nicotine racemate standard (Toronto Research Chemicals)

was used for the calibration.

4.2 Carbonyls

The sampling and dosing method we based on the CORRESTA 74 guidelines (38), taking the

following steps:

1. Aerosol was passed through an impinger containing 80 mL of an acidified solution of 2,4-
dinitrophenylhydrazine in acetonitrile.

ii.  After aliquot filtration (0.45 pm) and dilution in 1% trizma base in acetonitrile, selected
carbonyls were quantified by HPLC-UV (Ultimate 3000 DAD system, Thermo Scientific)
with a Hypersil Gold column (1.9 pm, 100 x 0.1 mm; Thermo Scientific). The injection
volume was 5 pL, and the column temperature was maintained at 40°C. The mobile
phases were water/tetrahydrofuran (95:5, v/v) and acetonitrile. The chromatographic part
of the method was fully validated and regularly audited under an ISO 17025 accreditation.

Dry puff formation was avoided to achieve realistic operating conditions.

4.3 Metal Analysis

The metal quantification was performed using inductively coupled plasma mass spectrometry
(ICP-MS iCAP TQ, Thermo Scientific). Instrument was operated at 1550 W, with an argon
cool flow of 14 L / min. The nebulizer flow was 1.1 L / min, and the auxiliary flow was 0.8 L
/ min. The spray chamber temperature was 2.7°C. Collision cell was operated with kinetic

energy discrimination (KED). The standard solutions of metals for calibration curves were



bought from Labkings (Hilversum, Netherlands), except Iron from SCP Science
(Marktoberdorf, Germany). Yttrium was used as internal standard. LOD was 0.003 pg/ ml and

LOQ 0.01 pg/ ml.

4.5 Metals in Coil and Soldering
The soldering and coil structures (e.g. soldering between connection wires and triggering
electronics) were further examined using scanning electron microscopy (PHENOM XL at 20

kV, Thermo), with elemental composition determined via EDX microprobe analysis.

4.6 Volatile Organic Compounds (VOCs) in Aerosols

Aerosols were collected on 37 mm glass filters (Whatman B) following by a glass impinger
with a fritted nozzle containing 15 ml of distilled dichloromethane, which was cooled in a
water-ice bath at 0°C . After generating the aerosols, the filters were immersed in the impinger
containing dichloromethane and shaken for 20 minutes. 1 pl of the extracts was injected into a
GC-MS instrument (Thermo ISQ LT) equipped with a 30 m VF-WAX column (0.25 mm, 0.25
um, Agilent). Toluene-D8 (Merck KGaA) was used as the internal standard. The calibration

curve for each compound ranged from 10 ng/mL to 1 pg/mL.

4.7 Organic Acids

Samples of e-liquids were diluted 1:1000 in 95:5 water/methanol and injected onto a C18
column. The analytes were eluted using a gradient of 0.3 % formic acid in water (A) and 2 %
formic acid in methanol (B) from 60:40 A:B to 10:90 A:B over 7 minutes, at a flow rate of 0.4
mL/min. The mass spectrometer (Thermo TSQ Quantiva) was operated in the negative ion
heated electrospray ionization mode. Data was acquired in the full scan mode. For data

analysis, the molecular ions (M-1) were extracted to generate ion chromatograms, allowing



comparison of LC retention times and molecular masses with authentic standards for

1dentification.

5. Quality assessment

Carbonyls and Metals analyses were conducted by an ISO17025-accredited laboratory.

Results

All 16 D-ENDS showed a variation in the tested nicotine and the nicotine labelled, as well as
a variation in the tested total e-liquid and the labelled e-liquid amount (see Table 2). Except for
P16, all analysed devices showed lower nicotine levels than those labelled. In terms of e-liquid
amount, P02, P05, P07, P08, P09, and P11 contained more e-liquid than labelled on the
packaging. A full laboratory report with an overview of all quantitative analyses are available

in Supplemental material 1.

Table 2: Tested vs labelled nicotine and e-liquid amount

List of devices | mg / ml of liquid ml
Device ID
Nicotine | Nicotine | Labelled- E- E-liquid | Labelled-
tested labelled | Tested liquid | total Tested
Inconsistency | total amount | Inconsistency
amount | labelled
tested
PO1 19.3 20 0.7 6.7 8 1.3
P02 17.1 20 2.9 2.5 2 -0.5
P03 16 20 4 1.9 2 0.1




P04 17.3 20 2.7 6.4 8 1.6
P05 7.6 10 24 3.1 2 -1.1
P06 15.1 17 1.9 4.4 5 0.6
P07 8.5 10 1.5 2.1 2 -0.1
P08 15.3 20 4.7 2.1 2 -0.1
P09 nd 0 - 2.8 2 -0.8
P10 15.7 17 1.3 4.2 5 0.8
P11 15.3 20 4.7 2.9 2 -0.9
P12 17.9 20 2.1 3.6 4.8 1.2
P13 16.8 20 3.2 9.2 13.5 4.3
P14 16.3 20 3.7 9.1 13.5 4.4
P15 16.1 20 3.9 3.9 4.8 0.9
P16 20.4 20 -0.4 2 2 0

Carbonyls and Aldehydes

Formaldehyde was detected in four D-ENDS, with P11 having a quantifiable level. The
concentration measured in this puff is comparable to levels previously measured in electronic
cigarettes under typical usage conditions (39). Acetaldehyde was detected in two puffs at non-
quantifiable levels, as were acrolein, propanal, butyraldehyde, and tolualdehyde.
Crotonaldehyde was detected in four puffs, with three of them at quantifiable levels.
Benzaldehyde and isovaleraldehyde were detected in P6 and P3, respectively, with both being

quantifiable in P16.

For most of the detected aldehydes, the level measured in the aerosol is slightly higher than

that found in the liquid. This difference could result from aldehyde formation during the



heating of the liquid. However, this effect is marginal since all the aldehydes detected in the
aerosol are also present in the liquid. It is likely that the concentration of aldehydes is mainly
due to the ingredients or flavours. This could also explain the significant variability between
D-ENDS. The carbonyls 2,5 dimethylbenzaldehyde, hexanal, valeraldehyde, and acetone
were measured as well, but none of these compounds were detected among the 16 D-ENDS

analysed (see Supplementary Table 5 and Supplementary Table 6).

Metals

We found traces of metals present in both e-liquid and aerosols of all D-ENDS devices. Our
analyses found that 95% of metals in the aerosol in order of abundance are: zinc, antimony,
iron, aluminium, nickel, chromium, and copper, with selenium, palladium, and cobalt used as
catalysts and could be found in the liquid as production impurities. Notably, the levels of zinc,
copper, lead, nickel, tin, and cadmium were high or very high in e-liquids or aerosols from two
models of D-ENDS (P04 and P10), potentially originating from soldering joints or the coil.
There were three times more metals in the liquid than in the aerosol, with the dominant sources
of variability including:

e Zinc, copper, and lead, which are indicative of leakage from soldering materials,

e Chromium, nickel, and silver, which are characteristic of heating of the coil or the
metals, are used as catalysts and may thus be found in the liquid as production
impurities.

The higher concentration of certain components in the liquid compared to the aerosol suggests
a partitioning of the liquid composition during vaporization. More volatile elements tend to
preferentially remain in the volatile phase. However, an over-concentration of heavier elements
in the liquid may result in puffs with an elevated metal content, particularly in the final puffs

when the reservoir is nearly depleted. Williams et al. (2013) showed that the identified tin may



also stem from soldering joints (40). The following elements were also measured: vanadium,
platinum, molybdenum, palladium, cadmium, cobalt, beryllium, silver, selenium, arsenic, and
manganese. These elements were detected in trace amounts, and their sum represents less than

5% of the total metals analysed (see Supplementary Table 7 and Supplementary Table 8).

Volatile Organic Compounds
Among the list of 18 VOC:s selected in the analysis method, ethylbenzene, glycidol, diethylene
glycol, and triacetin were systematically detected in all aerosols, while the most variable ones

were xylenes and cresols. (see Supplementary Table 9).

Organic Acids and Nicotine Chirality

We assessed the D-ENDS for the presence of organic compounds in the e-liquids and only
found benzoic acid and lactic acid. Of the 15 D-ENDS containing nicotine, 13 contained
benzoic acid and lactic acid in quantities equivalent to nicotine. These organic acids maintain
nicotine in its protonated form, known as salts. The other two D-ENDS contained nicotine in
free-based solution form. Levulinic acid, malic acid, tartaric acid and salicylic acid were not
detected among the 16 D-ENDS analysed. When present, nicotine was in the chiral S form for

all devices (see Supplementary Table 10).

Discussion

Our analysis of D-ENDS marketed in Switzerland revealed significant variability in the
nicotine and toxicant levels present in the e-liquids and aerosols. As suggested in other studies,
our data shows that there are inconsistencies and a lack of standardization among industrial
companies and products (17-19, 21). Similar to the results from Dussy & Heule (2023) the

labelled liquid amounts were found to be unreliable, with 30% of D-ENDS containing more



liquid than indicated (36). Nicotine was detected in all tested devices, but 19 devices had lower
levels than stated on the labels, with underdosing ranging from 3.5% to 24% below the
expected level, and one device showing a minimal overdosing of 2%. Furthermore, all D-
ENDS contained the chiral S form of nicotine, confirming the absence of synthetic nicotine

using not asymmetric synthesis methods.

Ten (62%) D-ENDS contained no or negligible amounts of aldehydes in both liquids and
aerosols. However, six (38%) D-ENDS contained low but detectable levels of crotonaldehyde,
acetaldehyde, benzaldehyde, and isovaleraldehyde, suggesting that the potential toxicity and
carcinogenicity of aldehydes are likely low or minimal in comparison with aldehyde levels

found in similar studies.

Our results also indicated that D-ENDS can expose users to potentially harmful levels of heavy
metals. In the aerosol, we identified that 95% of metals are zinc, antimony, iron, aluminium,
nickel, chromium, and copper. Especially the high or very high levels of zinc, copper, lead,
nickel, tin, and cadmium in e-liquids or aerosols from two models of D-ENDS (P04 and P10)
are a cause for concern. We did not find adequate data on pulmonary exposure to heavy metals
for comparisons, nor are there guidelines establishing safe and toxic levels of inhaling heavy
metals. Additionally, the heterogeneity in D-ENDS composition that we found makes the
assessment of health risks complicated and creates challenges for clear public health
messaging. Thus, it is difficult to provide a definitive health risk assessment. However, we
extrapolated the levels of lead intake using the national trend of 0.04 pg/m? in the air in 2022,
as defined by the US Environmental Protection Agency (EPA). Given that the average human
inhales 15 m? of air per day, this corresponds to a daily lead intake of 0.6 ug. With a daily puff

consumption of 1 ml/day, users of D-ENDS 4 and 10 would inhale 13 pg and 7.79 ug of lead



daily, respectively. These amounts are 12.9 and 21.7 times higher than the average lead
inhalation (41). Some publications also show that exposure to heavy metals, either acute or
long-term, is met with adverse health effects on cardiovascular and renal systems, as well as
respiratory issues, neurodevelopmental impairments, carcinogenesis and increased cancer risk
in humans (42—44). Especially the levels of lead intake from the two D-ENDS models, P04 and
P10, may be in the toxic range, as they significantly exceed the average level in the air defined
by the US EPA (41). Future research monitoring long-term use may provide more insights into

the risks of exposure among different groups of users.

Policy Relevance
A significant proportion of D-ENDS analysed in our study are in violation of the TPD.
Moreover, the huge variability between actual and labelled contents of D-ENDS products
highlights the need for comprehensive policy measures to protect consumers from potential
health risks. Such measures should include rigorous quality control of all marketed D-ENDS
products, standardised labelling of contents, and clear warning labels to communicate the
possible and established health risks associated with the inhalation of various harmful
substances found in D-ENDS aerosols. Given their popularity among youth, policies should
also enforce laws prohibiting sales to minors and restrict the general advertisement and
promotion of all D-ENDS products (28). It is likely that these issues are not unique to
Switzerland. For instance, Smith et al. (2023) showed that e-cigarettes are portrayed positively
on social media, with the vast majority of YouTube and Instagram content promoting their use,
thus reaching a global audience (45).

Global approaches to e-cigarette regulation often focus on the banning of specific
substances or characterising flavour chemicals, including diacetyl, which have been linked to

lung diseases (46, 47). However, the practical implementation of such bans is fraught with



challenges, particularly in countries with strong resistance to e-cigarette regulation. A pro e-
cigarette lobby frequently advocates for the benefits of flavours in helping smokers’ transition
away from traditional tobacco use, often citing the controversial notion of tobacco harm
reduction. Moreover, as studies such as ours and that of Kriisemann et al. (2021) demonstrate,
e-cigarettes contain a vast array of substances and chemicals, many of which are flavourings
whose long-term health consequences remain largely unknown (48). Compiling a
comprehensive list of chemicals to ban is an arduous process, further complicated by the fact
that the hundreds of flavour combinations on the market and the continuous emergence of new
chemicals render such lists prone to loopholes, as new substances inevitably evade regulation.
This ongoing regulatory cycle would continually place public health lagging one step behind
industry tactics. As a result, we propose an alternative approach: rather than focusing on
banning specific chemicals and engaging in the complex, time-consuming and often futile task
of identifying which substances should be prohibited; we instead recommend policies that
focus on permitting a limited range of flavourings in e-cigarette liquids, effectively excluding
all others not authorised for consumption. This approach, not without precedent, was also
successfully introduced in the Netherlands, where a restricted list of solely tobacco-related
flavouring ingredients was used to reduce the appeal of e-liquids to youth (49).

Finally, the environmental impact of D-ENDS is also multifaceted and concerning. As
D-ENDS are, by definition, disposable, there is a high risk that empty D-ENDS are thrown
away by consumers and create more waste products with a negative impact on the environment
(50). These products contribute significantly to plastic and electronic waste, compounding the
existing challenges of global waste management systems. Additionally, the manufacturing and
disposal of e-cigarettes involve the use of toxic metals and chemicals, which can leak into
ecosystems, affecting water quality and wildlife health, highlighting the importance of safe

disposal practices and policies (50).



Limitations

16 D-ENDS represent arguably a small sample compared to the thousands of brands available
on the market. Although purchased in 2023, these devices represent popular models still
available on the market today. We recognize that the disposable e-cigarette market evolves
rapidly, and this study sheds a spotlight on these swiftly changing products, further
emphasising our policy recommendations. Future research should broaden the scope by
examining a wider range of devices and exploring additional factors, such as the environmental
leeching and the possible environmental impact of disposable e-cigarettes, including waste
from plastics, toxic chemicals, and heavy metals. Finally, the puff regimen we applied is that
of a standardized test and likely does not account for real use patterns. Further investigation
may test more real use patterns, as well as evaluate the long-term health effects of various

compounds found in the aerosol with in-vitro studies.

Conclusion

Since their introduction to the Swiss market just five years ago, D-ENDS have spread
dangerously without legislative or policy responses. Clinical and epidemiological research is
raising public health alarm bells. Our study shows that there are significant discrepancies
between real and labelled contents of D-ENDS in Switzerland. Moreover, D-ENDS e-liquids
and aerosols seem to contain various chemical compounds and metals, which might cause
adverse health risks with prolonged use. The variability of toxicant levels spans several orders
of magnitude, indicating poor manufacturing quality and inconsistent production standards.
They create concern for the health of D-ENDS users, particularly amongst young and
vulnerable populations and require the rapid implementation of standardised information and

marketing policies about these products. Our results contribute to raising awareness and



concern of public health authorities and urge them to establish and enforce policies and
regulations of D-ENDS which causes a potential threat to public health, particularly among

youth and young adults.
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