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Abstract

Introduction: The use of electronic vaping products (EVPS) containing nicotine, marijuana,
and/or other substances remains prominent among youth; with EVPs containing nicotine being
the most commonly used tobacco product among youth since 2014. However, a detailed
understanding of the chemical composition of these products is limited.

Aims and Methods: From February 25th to March 15th, 2019, a total of 576 EVPs, including
233 e-cigarette devices (with 43 disposable vape pens) and 343 e-liquid cartridges/pods/bottled
e-liquids, were found or confiscated from a convenience sample of 16 public high schools in
California. Liquids inside 251 vape pens and cartridges/pods/bottled e-liquids were analyzed using
a gas chromatography/mass spectrometry (GC/MS). For comparison, new JUUL pods, the most
commonly used e-cigarette among youth during 2018-2019, with different flavorings and nicotine
content were purchased and analyzed.

Results: For e-cigarette cartridges/pods/bottled e-liquids, nicotine was detected in 204 of

208 (98.1%) samples. Propylene glycol and vegetable glycerin were dominant solvents in
nicotine-containing EVPs. Among 43 disposable vape pen devices, cannabinoids such as
tetrahydrocannabinol (THC) or cannabidiol (CBD) were identified in 39 of 43 (90.1%) samples,
of which three contained both nicotine and THC. Differences in chemical compositions were
observed between confiscated or collected JUULs and purchased JUULs. Measured nicotine was
inconsistent with labels on some confiscated or collected bottled e-liquids.

Conclusions: EVPs from 16 participating schools were found to widely contain substances
with known adverse health effects among youth, including nicotine and cannabinoids. There was
inconsistency between labeled and measured nicotine on the products from schools.

Implications: This study measured the main chemical compositions of EVPs found at 16
California public high schools. Continued efforts are warranted, including at the school-level,
to educate, prevent, and reduce youth use of EVPs.

Introduction

Since 2014, electronic vaping products (EVPs) have been the most commonly used tobacco
product among middle and high school students.1:2 Youth are particularly attracted to

the wide variety of flavors available in these products, often have the perception that

these products are a less harmful alternative for combustible tobacco, and are drawn to

the modern-looking design.23 In 2020, 19.6% of high school students currently used
e-cigarettes, with 84.7% reported using flavored e-cigarettes®; in 2022, 14.1% of high
school students currently used e-cigarettes and 84.9% of those reported the use of flavored
e-cigarettes.! E-cigarette use among high school students slightly dropped from 2020 to
2022. Among high school current e-cigarette users in 2020, the most commonly used
device type was prefilled pods or cartridges (48.5%), followed by disposables (26.5%), and
tanks (14.8%),> however, by 2022 the most commonly used device types were disposables
(57.2%) followed by pods or cartridges (25.7%) and tanks (5.9%).1 Disposable EVPs instead
of prefilled pods or cartridges became the most popular device type among high school
students in 2022, while tank type use dropped from 14.8% in 2020 to 5.9% in 2022.1.5
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Many of these devices deliver nicotine in the form of nicotine salts, which can deliver
higher levels of nicotine with less irritation than the free-base form nicotine used in earlier
generations of e-cigarettes and conventional tobacco products.® The use of nicotine salts
could enhance the likelihood of nicotine dependence and addiction, particularly among
previously nicotine-naive populations such as youth.8 In addition to the risk for addiction,
nicotine exposure during adolescence can harm the developing brain and may increase the
likelihood of addiction to other tobacco products and other drugs.®

E-liquids contain propylene glycol (PG) and vegetable glycerin (VG), which are humectants
used to produce the aerosols delivered to the users.” Persons who use e-cigarettes have
reported that higher levels of PG lead to a better “throat hit” and deliver more flavors,

and higher levels of VG produce more exhaled aerosol.8 It has been found that e-liquids
also contain other harmful and potentially harmful ingredients, including flavorants that can
cause serious lung damage, volatile organic compounds (VOCs), cancer causing chemicals,
and heavy metals.3

In addition to nicotine, EVPs can also be used to deliver other substances, including
cannabis.® In a 2022 study, the past 30-day cannabis vaping among 12th grade students
was 14.8%, slightly higher than that reported in 2019 (14.0%).10:11 Research on the

health effects of using cannabis, including in EVPs, is emerging. However, recent studies
suggest that using cannabis via an EVP is associated with increased pulmonary irritation

in adolescents and increased risk of symptoms from bronchitis and wheezing in young
adults.12:13 During 2019-2020, an outbreak of severe lung injury called E-cigarette, or
Vaping, product use Associated Lung Injury (EVALI) occurred, with about half of cases
occurring among US youth and young adults. The outbreak, which occurred after this study
took place, was linked to an additive, vitamin E acetate, used in some tetrahydrocannabinol
(THC) containing EVPs.14

To date, many studies have evaluated nicotine content in EVPs available on the market

or assessed self-reported youth use of EVPs, including the use of products containing
nicotine or cannabis.1>-1% However, no known studies measured the chemical constituents of
products from school grounds that may have been used by youth. Further, due to social bias
of self-reported information on nicotine or cannabis use, inaccurate ingredient labels, and
informal or illicit sources of EVPs, the true nicotine concentration of products may differ
from results from self-report surveys and labels from the commercially available products

on the market. Therefore, it is necessary to assess chemical constituents in the EVPs found
on school grounds and that may be used by youth. This information can help further direct
studies on the potential health risks to youth from using these products, as well as strategies
to educate, prevent, and reduce use among this population. To address this gap, this study
assessed constituents of EVP liquids confiscated from students or from products found

on school grounds in a convenience sample of California high schools. This study further
compared the levels of nicotine, PG, and VG in the JUULSs from the school sample to
purchased commercial JUULSs, the most prevalent EVP used by adolescents in 2018-2019.19
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Electronic Vaping Products Collection

From February 25th to March 15th, 2019, an environmental assessment was conducted
among a convenience sample of California public high schools that confiscated EVPs from
students or found on school grounds. An e-mail invitation was sent to principals and
superintendents of 1456 California public high schools to participate in the assessment.
Public high schools were defined as traditional, charter, or magnet schools that serve

high school students (Grade level K-12, 7-12, 9-12). High school students in California
are typically ages 14-18. A total of 22 schools within the metropolitan areas of San
Francisco, Sacramento, Los Angeles, and San Diego voluntarily consented and self-selected
for the environmental assessment. Among the 22 schools invited to participate, 16 schools
participated and provided 576 EVPs, including 343 cartridges/pods/bottles and 43 vape pens
that contained e-liquids. This assessment was reviewed for human subjects determination
and was concluded to be exempt from Institutional Review Boards (IRB) approval. A
detailed description of this assessment can be found in a previous study.2°

Sample Sorting and E-Liquid Retrieval

Devices with missing e-liquid cartridges or pods, and those that were empty or had
insufficient e-liquid for extraction (ie, <0.3 mL) were excluded for chemical analysis. The
remainder of the samples were sorted into three types: e-liquid cartridge or pod, bottled
e-liquid, and vape pen, which are manufactured primarily for vaping cannabis.?! The pods
and cartridges were then further separated into subgroups according to brands: JUUL,
Suorin, SMOK, and miscellaneous. The miscellaneous category included brands with <10
samples and were batch analyzed together. From this, six analytical categories were created:
bottled e-liquid, JUUL pod, Suorin pod, SMOK pod or mod, miscellaneous pod or mod,
and vape pen (Table 1). All samples (251 of 386) with a sufficient amount of e-liquid

were then retrieved from the original containers. Additional information about extraction
techniques for each sample can be found in Section S1. The retrieved e-liquids were stored
in amber vials in a refrigerator at 4°C for chemical analysis by a gas chromatography/mass
spectrometry (GC/MS). More than 10% of the total samples were randomly chosen for
duplicate analysis.

For comparison, new commercially available JUUL pods with different flavorings (five
flavors with 3% nicotine and eight flavors with 5% nicotine, purchased online from JUUL.
com in May 2019) were also analyzed.

Chemical Analysis by GC/MS

A small portion of each e-liquid was dissolved in isopropanol (IPA, high performance liquid
chromatography grade) purchased from Fisher Scientific Co. (Pittsburg, PA, US) to achieve
a 10 times dilution. This solution was further diluted with IPA to a 100 times dilution,
arriving at a final 1000 (10 x 100) times dilution for GC/MS analysis. If precipitates

were found, the diluted e-liquids were filtered using a 0.45 pm syringe filter (Agilent
Technologies Inc., Santa Clara, CA, US), and then transferred into a GC vial for analysis.
An Agilent GC/MS (7890/5977) equipped with a liquid autosampler was used to measure
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the amount of nicotine, PG, and VG (in mg/mL). Because some nicotine labels were in
mg/mL; while some were labeled in percentage for original EVPs, it’s inconvenient to
compare for one another. For comparison, measured nicotine in mg/mL was converted to
weight% based on the density of a synthesized e-liquid: 1.1338 g/mL (an e-liquid with

5% nicotine, 500 mg/mL PG, and 500 mg/mL VG). The actual density for each e-liquid
may be slightly different depending on chemical composition (ie, the weight percentage

of nicotine, PG, and VG). An Agilent J&W DB-HeavyWAX capillary column (length: 30
m; 1.D.: 0.25 mm; film thickness: 0.25 um) was used in the GC/MS. The GC oven was
programmed to optimize the separation of nicotine, PG, VG, and other chemical compounds.
Nicotine, PG, and VG were identified and quantified by comparing GC retention time, mass
spectra, and selected ions with their analytical standards purchased from Sigma-Aldrich

(St. Louis, MO, US). Analytical grade quinoline from Sigma-Aldrich was used as an
internal standard for instrument calibration. Method Detection Limit (MDL) was 0.3, 7.4,
and 4.1 mg/mL for nicotine, PG, and VG, respectively. More details for the analytical
method performance can be found in Table S4. All chemicals were used without further
purification. THC and cannabidiol (CBD) were qualitatively identified using an instrument
embedded mass spectral database Version14 from the National Institute of Standards and
Technology (NIST). Their concentrations were not evaluated because the above GC/MS
analytical method was not optimized for their quantification.

The measured concentration of nicotine, PG, and VG from all EVPs from schools was
plotted in Figure 1 (nicotine) and Figure 3 (PG and VG), respectively. Measured nicotine
from bottled e-liquid from the school sample was also compared with labeled nicotine in
Figure 2.

Results

Electronic Vaping Products for Chemical Analysis

The collected EVPs included a variety of types, brands, models, and flavorings. JUUL
(31.7%, 101/319), Suorin (23.5%, 75/319), and vape pen (20.4%, 65/319) were the three
most commonly collected brands of cartridges/pods/vape pens, excluding the 67 bottled
e-liquids. Among them, 135 cartridges/pods were empty or contained very little e-liquid;
while others had varying amounts of extractable levels of e-liquids. Following adherence to
the sorting exclusion criteria as mentioned in the methods, a total of 251 e-liquid samples
remained for chemical analysis (Table 1).

Nicotine Concentration and/or THC and CBD in Electronic Vaping Products From California
Schools

From the 208 e-liquid cartridges/pods/bottles (not including the 43 vape pens), nicotine
was detectable in 204 (98%) samples. The measured nicotine concentration was between
0% and 5% (0-56.6 mg/mL) for most (99%) of all chemically analyzed samples from
schools (Figure 1). Out of 208 samples, three samples had concentrations higher than 5%
(56.6 mg/mL), with the highest one at 6.5% (corresponding to 73.3 mg/mL); two of which
were from bottled e-liquids (73.3 and 58.5 mg/mL) and the third was from a JUUL pod
from the school sample (5.6%, 63.5 mg/mL). Nicotine was identified in 4 of 43 vape pen
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samples. Among these four samples, three contained both nicotine and THC. An example of
a GC/MS chromatogram showing nicotine and THC peaks can be found in Section S2. THC
was identified in 39 of 43 analyzed vape pens. Among these 39 vape pens, 11 of them were
also found to have detectable CBD. No CBD only vape pens were found for the 43 measured
samples.

Nicotine in Purchased JUUL Pods Versus JUUL Pods From California Schools

For the purchased nicotine JUUL pods, the average measured nicotine concentration was

3.0 £ 0.1% (33.5 £ 0.9 mg/mL) for 17 pods (3% nicotine pod) and 4.7 £ 0.2% (54.9 £ 1.8
mg/mL) for 27 pods (5% nicotine pod). However, for JUUL pods from the 16 California
public high schools, the nicotine content ranged between 0.5% and 5.6% (5.3-63.5 mg/mL.
Figure 1); concentrations did not cluster around either 3% or 5% nicotine concentrations, the
two commercially available nicotine levels of JUUL pod on the US market.

Comparison of Measured Nicotine With Labeled Nicotine in Bottled e-Liquid

Fifty-six of the bottled e-liquids had labels which indicated their nicotine content. Whereas
the labeled nicotine content ranged from 0 to 60 mg/mL, the measured nicotine content
ranged from 0.3 to 73.3 mg/mL (Figure 2). Three of the 56 bottled e-liquid samples that had
labels (labels were missing on some bottled e-liquids) contained detectable nicotine but were
labeled as nicotine-free. The measured nicotine concentration was 9.3, 3.2, and 19.6 mg/mL,
respectively (green bars in Figure 2). Also, two samples of the 56 had a measured nicotine
higher than the labeled concentration (negative blue bars in Figure 2, the difference between
measured and labeled nicotine >5%). Since there is no regulated tolerance level for the
difference between measured and labeled nicotine currently, we chose 5% as a cutoff value.
This included the sample with the highest nicotine amount of 73.3 mg/mL or corresponding
to 6.5%. In 42 samples of the 56, the measured nicotine amount was lower than the labeled
concentration (positive blue bars in Figure 2, difference >5%). For only nine samples of the
56, the measured nicotine amount was consistent (red bars in Figure 2, difference <5%) with
that labeled on the bottle.

PG and VG in Electronic Vaping Products From California Schools

Except for the vape pens, PG and VG total concentration exceeded 800 mg/mL in most

of the tested samples, accounting for >70% of the e-liquid (Figure 3). The average carrier
amount of PG and VG was 945 + 132.4 mg/mL, excluding the highest one of around 1800
mg/mL (Figure 3). PG or VG were detectable in 9 of the 43 tested vape pens (21%). In

7 of these 9 samples, the levels of PG/VG amount were comparable to that seen in the
nicotine-containing EVPs.

PG and VG in Purchased JUUL Pods Versus JUUL Pods From California Schools

According to the manufacturer,22 JUUL uses a 30/60 (PG/VG) ratio in their pods and the
percentage of PG and VG solvents is >90%. In this investigation, the average measured PG
amount was 392.4 + 23.1 mg/mL and 362.2 = 23.5 mg/mL in the commercial 3% nicotine
and 5% nicotine JUUL pods, respectively. The average VG amount was 724.3 + 38.9 mg/mL
for 3% nicotine and 699.3 + 32.9 mg/mL for 5% nicotine JUUL pods, respectively. The

Nicotine Tob Res. Author manuscript; available in PMC 2025 July 22.
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ratio of PG/VG is 30/56 (392.4/724.3) for 3% nicotine pods and 30/60 (362.2/724.3) for
5% nicotine pods. The total solvent contributed more than 90% of the JUUL e-liquid. In
contrast, JUUL pods from schools had an average of 367.3 + 63.5 mg/mL PG and 584.8 +
79.2 mg/mL VG concentrations, respectively. The PG/VG ratio is 30/48 (367.3/584.8).
Discussion

In this work, we assessed the main chemical compositions in EVPs confiscated from youth
or found on school grounds in 16 California public high schools. Nicotine was detected

in 98% of e-cigarette cartridges/pods and bottled e-liquids, with a nicotine concentration
range of 0-73.3 mg/mL. The measured nicotine in bottled e-liquids from schools varied
and was not always consistent with labeled concentrations on the bottles. Moreover, the
nicotine concentrations in confiscated JUUL pods did not cluster around 3% or 5%, the two
commercially available nicotine levels on the US market. PG and VG were predominant
solvents in most of the nicotine-containing EVPs. Among the 43 confiscated vape pens,
THC or CBD was identified in 91% of samples; 7% of samples contained both nicotine and
cannabinoids; PG or VG was detected in only 21% of the vape pens.

Many studies about nicotine or cannabis use among youth rely on student self-reported
data.1723.24 However, in some cases, adolescents may not know whether their EVPs contain
nicotine or cannabis.2®> Some additives, such as flavors, can mask or reduce the harshness of
nicotine or cannabis, potentially increasing unintentional nicotine or cannabis use among
youth.26 “Do-it-yourself” (DIY) e-liquid videos can be found on many social media
platforms using materials obtained from informal or illicit sources such as friends, family,
and online retailers, often without any ingredient information.2’-29 Even though many
commercial EVPs are sold as “closed” systems, they can be manipulated by consumers

to alter their contents.29-22 In addition to the health risks from harmful and potentially
harmful substances in EVPs, filling “closed” EVPs with additional externally acquired
substances can be dangerous if those substances are not safe for inhalation. Characterization
of chemical compositions and their amount in the EVPs found on school grounds or
confiscated from youth is important in understanding youth’s potential exposure to modified
products, as well as to psychoactive substances and other chemicals.

Laboratory assessments of nicotine concentration in e-liquids can facilitate understanding
of the scope of exposure to nicotine levels in EVPs. This is of particular importance

among youth as they are especially susceptible to nicotine addiction and can show signs

of dependence quickly, even before the onset of regular use.6:39-32 Nicotine exposure

can also harm adolescent brain development and may prime the brain for addiction to

other substances.® In 2016, the European Union issued regulations limiting nicotine to <20
mg/mL in commercial e-liquid to allow “for a delivery of nicotine that is comparable to the
permitted dose of nicotine derived from a standard cigarette.”33 Sales of e-cigarettes with
the highest levels of nicotine (5% or greater nicotine strength) increased nearly 15-fold in 5
years, from 5% of total e-cigarette sales in 2017 to 81% in 2022.3* Our finding that nicotine
was found in 98% of analyzed non-vape pen products is consistent with sales data showing
that almost all EVPs sold in US retail outlets (excluding vape shops and online retailers)
contain nicotine.3> Nicotine was undetectable (<MDL, 0.3 mg/mL) in only four samples. In
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some samples, the nicotine concentration was as high as 6.5% and was inconsistent with the
labeled information (5%) on the e-liquid bottle.

THC or CBD was identified in 39 of 43 (91%) vape pens from schools. Four vape pens
had detectable nicotine, all with concentrations <1%. Unlike conventional e-cigarettes,
these devices were designed and sold primarily for cannabis vaping.18:21 We were unable
to determine whether the nicotine was intentionally added to those vape pens by the
manufacturer or added by consumers. Three vape pens contain both nicotine and THC;
more information is needed to understand the potential health effects of inhaling nicotine
and cannabinoids simultaneously. The risks of using inhaling nicotine through devices
designed to vape THC are unknown because coil temperatures for such devices are usually
higher than those designed for nicotine vaping,36:37 and which may emit more degradation
chemicals.38

The most recently reported top brands of EVPs used among youths included Puff Bar,
VUSE, SMOK, and JUUL.I During the time of this study, JUUL was the most commonly
used device type used by adolescents (2018-2019).1° These e-devices are disposable and
prefilled with a solution containing nicotine salt, which usually has a higher concentration
of nicotine than solutions with free-base nicotine. Many of them are non-refillable and not
intended to be reused according to the manufacturers. However, counterfeit pods can be
purchased, and the original pods can be opened and refilled with other e-liquids containing
nicotine, THC, CBD, or other substances.?239 It is important to raise youth awareness of
the potential risks of changing e-liquid composition, especially considering the modifiable
nature of some e-cigarette products, which includes some products that were not intended
to be modified after sale and that can be used to deliver illicit substances in addition to
nicotine.

Some previous studies have found there is consistency between measured nicotine and what
is reported on vape product labels, while others showed wide inconsistencies between the
labeled and measured nicotine concentration.1>49 We also observed some discrepancies
between labeled and measured nicotine content on confiscated bottled e-liquids. As the
origin of the bottled e-liquids found or confiscated at these schools wasn’t clear, we are not
able to determine if these differences were due to inconsistencies or errors in labeling or
due to manipulation by the user. Another possibility for the lower nicotine levels and altered
PG/VG ratio could be due to nicotine oxidation or evaporation. Regardless, this could be a
health concern, especially for youth, particularly for those products labeled as nicotine-free.
On the other hand, we found that some e-liquid bottle labels only indicated the presence

or absence of nicotine without further information about concentration. Additionally, some
nicotine labels on the e-liquid bottles contained contradictions. For example, in two samples,
the product’s general description indicated “no” nicotine, but the nicotine level was labeled
as “11 mg/mL and 24 mg/mL,” respectively. For another sample, the nicotine amount

was labeled as “12 mg/15 mL,” which could be misinterpreted by consumers because the
nicotine strength is 12 mg/mL, and the total volume of e-liquid is 15 mL. A recent study has
shown that young adults have difficulty understanding nicotine concentrations labeled using
the two most common metrics (mg/mL and percent nicotine).*! An easy-to-understand,
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standardized labeling system for EVPs may be warranted to convey accurate information
about nicotine strength.

PG and VG are two of the most common solvents used in e-liquids. Both are listed as
generally recognized as safe (GRAS) by the Food and Drug Administration (FDA) for use
in foods.*2 However, GRAS determinations pertain only to ingestion, not inhalation. Besides
PG and VG, some other solvents such as ethylene glycol (EG), polyethylene glycol (PEG),
medium chain triglyceride (MCT) oil, and vitamin E have also been identified in e-liquids.*3
The carrier concentration varies among different EVPs, between approximately 80% and
97% of the e-cigarette liquid.** Our results were consistent as PG and VG were dominant
carriers in 208 nicotine-containing EVPs; while they were detected in only 9 of 43 vape
pens, which are designed mainly for cannabis vaping. Whether there exist other carriers

in the cannabis vape pens warrants further analysis. Because of the lipophilic nature of
cannabis oils, some other alternative solvents such as MCT oil, or terpene oils are commonly
used as thinning agents in vape pens.*3 The health consequences of vaping these solvents
are not known. Additionally, vitamin E acetate was reported to be strongly associated with
the outbreak of EVALLI in the US which had a peak of hospitalized cases in September 2019
and a total of 2807 hospitalized cases reported.144> Carrier or solvent labels on EVPs may
be warranted. Additionally, our results suggest that consumers may manipulate the “closed”
pods, such as by refilling them with liquids containing different nicotine concentrations

or other substances (eg, THC) as well as carriers. It has been found that changing the
PG/VG ratio in e-liquids can affect the formation of harmful degradation products such

as formaldehyde.*® Modification of the PG/VG ratio can also alter the nicotine delivery
efficiency in fine aerosols.4’

Our results for chemical compositions demonstrate the prevalence of nicotine and
cannabinoids in EVPs found or confiscated among 16 participating California public high
schools. We’ve identified the possibility that manipulation of devices and liquids may be
occurring either by the youth themselves or prior to their purchase. This indicates the
necessity of education programs among youth to improve their knowledge about e-cigarette
contents, perceptions of harm and addiction, and the dangers of manipulation.

Limitations

Our findings are subject to some limitations. First, this study used a convenience sample
of 16 public high schools, so the results may not be representative of other schools in
California or elsewhere in the US. Second, we only measured nicotine, PG, and VG
quantitatively, and screened cannabinoids in e-cigarette liquids without quantitation of
them individually. The psychoactive THC delta 9 and the less psychoactive THC delta

8 were not chromatographically separated. The chemical compositions in corresponding
aerosols (ie, the substances inhaled and exhaled by users) were not assessed. Third, we
were unable to evaluate all of the collected e-liquid cartridges/pods/bottles because there
was not enough liquid for chemical analysis in some devices. Further, any products that
were not confiscated by staff or discarded in trash or removed from school property
prior to our study, but nonetheless used at schools were unable to be tested and may
have different characteristics than those analyzed. As such, the confiscated products and
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products collected on school grounds might not be representative of constituents from all
products. Given complex e-liquid formulas, more continued work is warranted to better
understand what chemicals the youth are vaping. Fourth, while the devices confiscated
from students were used by students, devices found on school grounds could include
products used by adults and that were discarded on school property. Fifth, the differences in
nicotine and PG/VG levels in confiscated JUUL versus purchased JUUL could arise from
counterfeit use, consumer refilling of pods, or less likely, chemical degradation or other
environmental factors such as rain or water that could also potentially dilute the e-liquid.48
Only confiscated JUUL products were compared with commercially available products. It
is not possible to determine whether there was post-manufacturer manipulation from other
brands.

Conclusions

EVPs confiscated from students or collected on school grounds in 16 California public
high schools were found to contain substances that can adversely impact the health of
youth, including nicotine and cannabinoids. The measured nicotine concentration for most
samples was between 0% and 5% for the confiscated nicotine-containing EVPs, with the
highest one at 6.5%. Both nicotine and cannabinoids were detected in some collected
vape pens. The inconsistency of measured nicotine, PG, and VG in confiscated JUUL
pods with new commercial JUUL pods indicates the “closed” EVPs may be manipulated.
The detailed results have been specifically reported before.20 Inconsistencies between
labeled and measured nicotine on collected bottled e-liquids were also observed. Although
it is unknown whether these discrepancies are due to inaccurate manufacturer labels or
manipulation, our results demonstrate the importance of continued efforts to prevent youth
access to and use of e-cigarettes.
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Figurel.
Nicotine amounts in electronic vaping products confiscated by California School

Administrators or found on school grounds.
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Figure 2.

Percentual discrepancies between labeled and measured nicotine on bottled e-liquid
confiscated by California School Administrators or found on school grounds.
Note: xZero-nicotine labeled samples with measured amounts in mg/mL.
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Figure 3.

The concentration of propylene glycol and vegetable glycerol in e-cigarette liquid from

products confiscated by California School Administrators or found on school grounds.
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