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Removal of mango-flavoured Juul pods created
opportunity for adulterated mango Juul-compatible
pods with altered chemical constituents
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ABSTRACT

Introduction Juul is a leading electronic cigarette
(e-cigarette) brand in the USA. By November 2019, Juul
pre-emptively limited online and in-store sales of non-
tobacco or menthol-flavoured pods ahead of impending
flavour bans. Since this removal, sale of mango-flavoured
Juul-compatible pods was introduced to the market by
smaller companies. The aim of this study was to compare
chemical constituents of original Juul mango pods with
mango-flavoured Juul-compatible pods.

Methods Juul and 16 brands of Juul-compatible
mango-flavoured pods were purchased online in

May 2018 (original Juul) and November 2019 (Juul-
compatible), after Juul voluntarily removed their
flavoured pods from the market. Liquid was extracted
from pods and analysed using chromatography and mass
spectrometry methods for nicotine concentration, solvent
ratios, nicotine salt identification, as well as flavouring
identification and quantitation.

Results Juul-compatible pods had a significantly lower
average nicotine concentration compared with original
Juul pod (42.8+8.9 vs 57.2+0.9 mg/mL, p<0.0001).
Nicotine benzoate was used in original Juul pod and

all Juul-compatible pods. The propylene glycol to
vegetable glycerin volumetric ratio of Juul-compatible
pods averaged 55:45, while the original Juul pod was
35:65 (p<0.0001). Total number of flavouring chemicals
detected was significantly higher in Juul-compatible pods
as compared with Juul (p<0.0001). In Juul-compatible
pods, average concentrations of benzyl alcohol (fruity
flavouring) were 0.8+1.3 mg/mL, approximately 27 times
higher than in original Juul pod (p<0.0001).
Conclusions Adulterated Juul-compatible products
may expose e-cigarette consumers to more chemical
constituents at higher concentrations than previously
found in the original product, despite similarity in
product design.

BACKGROUND

Electronic cigarettes (e-cigarettes) have evolved
since their introduction to the USA in 2007.' The
fourth generation of e-cigarette devices uses high-
concentration nicotine salts with either disposable
or refillable cartridges referred to as pods.” Juul is
one of the most popular pod brands in the USA.’
This popularity was largely driven by its ease of
use as well as availability of assorted flavours, with
mango the most popular flavour in 2018, as seen in
the annual national youth tobacco survey.* During
this same time period, Juul was primarily adver-
tising to younger users and was found guilty of
this practice in North Carolina in late 2021.> This
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Flavoured electronic cigarettes (e-cigarettes)
are appealing to youth.

= Increased quantity and concentration of
flavouring chemicals in e-cigarettes could
negatively affect potential risk to users.

WHAT THIS STUDY ADDS

= Comprehensive federal restrictions of non-
tobacco flavours that reduce the appeal of
flavoured vaping products to youth, while
avoiding unintended negative impacts on
adult e-cigarette users who have effectively
transitioned from tobacco cigarettes, are
needed.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Mango-flavoured knockoff Juul-compatible
pods are chemically diverse products that
have significantly more flavour chemicals and
significantly less nicotine than original Juul
pods.

= Smaller manufacturers may respond to
policy changes differently than their larger
counterparts. This may lead to smaller
manufacturers selling adulterated knockoffs,
filling the gap left by larger companies’
compliance with new policy.

= This study supports the need for comprehensive
restrictions of non-tobacco flavours in e-
cigarettes including sale of adulterated vaping
products.

resulted in one in eight US high school students
reportedly vaping Juul in 2019.°

In response to youth-targeted marketing, the
Food and Drug Administration (FDA) issued letters
to Juul as well as other e-cigarette manufacturers in
September 2018 requiring them to cease marketing
to youth within 60 days.” In November 2018, Juul
announced that it planned to stop selling flavoured
pods other than tobacco, menthol and mint in
stores.® In February 2020, the FDA used discre-
tionary enforcement, informing manufacturers
to remove unauthorised flavoured cartridges and
pods, other than tobacco and menthol from the
market. A survey of e-cigarette users aged 21+ years
founda significant decrease in the use of mango
Juul pods after Juul announced stopping selling of
flavoured pods.” The same study found that more
than 10% of users aged 21+ years continued to use
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generic Juul-compatible pods largely driven by the availability
of flavours.” In one study that analysed nicotine and solvent
concentrations in pods collected from high schools, it was deter-
mined that most contained concentrations not consistent with
original Juul products.® This study acknowledged that those
pods could have been counterfeit or Juul-compatible.

While Juul has been shown to produce less free radicals and
carbonyls than older generations of e-cigarettes,'® use of highly
concentrated nicotine in Juul pods can result in increased risk
of nicotine dependence in adolescents.'' Additionally, several
flavouring compounds identified in Juul have been shown to
cause epithelial cell and DNA damage in cell lines.'* With many
Juul-compatible pods introduced on the market after original
products had been withdrawn by Juul, there is a knowledge gap
regarding potential differential risk from using Juul-compatible
products.”” The aim of this study was to compare nicotine,
solvents, nicotine salts and flavouring chemicals (flavourings) in
original Juul with those used in Juul-compatible pods.

MATERIALS AND METHODS

Juul and Juul-compatible pods

A single pack of original mango Juul pods (n=4 pods) was
purchased directly from the manufacturer’s website in February
of 2018. One pack of each brand of mango-flavoured Juul-
compatible pods was selected based on an observational study of
Instagram and YouTube users in Fall 2019 (online supplemental
table 1). One pack per each brand of mango Juul-compatible
pods (n=16 brands, n=4-5 pods per pack) was purchased online
from the retail site Ziip Stock in November 2019. Upon arrival
to the laboratory, a single pod was randomly selected from each
pack and e-liquid was manually removed from each pod. All
extracted e-liquid was stored in Eppendorf tubes at 4°C in a dark
place until analysis.

Measurement of nicotine concentration and solvent ratio
Nicotine concentration and solvent ratios were determined
using gas chromatography mass spectrometry (GC-MS) with an
Agilent 7890B (GC) and 5977A (MS) using a modified version
of a previous method."* Calibration levels were prepared starting
with 100:0 propylene glycol to vegetable glycerin (PG:VG) and
0.1 mg/mL nicotine, with decreasing ratios of PG to VG until
0:100PG:VG and 74.1 mg/mL nicotine. Limits of quantitation
(LOQs) for each compound were as follows: nicotine 0.1 mg/
mL, PG 10V/V and VG 15 V/V.

Analysis of flavourings, salts and other additives

Ingredients in e-liquids were identified using GC-MS as described
previously.”” Quantitation of select flavours was conducted
with GC quadrupole time-of-flight (GC/Q-TOF) using Agilent
7890B (GC) and 7250A (Q-TOF) and a fully validated method
as described previously.'® Flavour calibration range was between
0.02 and 10.0mg/mL. LOQs values can be found in online
supplemental table 1.

Statistical analysis

Kruskal-Wallis non-parametric tests were performed using Prism
GraphPad V.8.4.3 (San Diego, California, USA). Dunn’s multiple
comparisons tests were also performed comparing the mean rank
of Juul (control) with the mean rank of all other Juul-compatible
pods. All samples were run at least in triplicate.

RESULTS

Nicotine concentration

Nicotine concentrations of Juul-compatible pods varied greatly,
with an average of 42.8 8.9 mg/mL, significantly lower than the

original Juul mango pod that contained 57.2+0.9 mg/mL nico-
tine (p<0.0001, figure 1A). Over half of Juul-compatible pods
(56.3%) had >20% difference between their labelled versus
determined nicotine concentrations (online supplemental table
1). We found that Mngo 1, Carbon, Plus Pods, Fuma, Eonsmoke
and Mngo 2 had significantly less nicotine (p<0.0443) than the
original Juul pod (figure 1A).

Solvent volumetric ratio

The PG:VG volumetric ratio of the Juul-compatible pods was
about 55:45, while the original Juul mango pod contained a volu-
metric ratio of 35:65 (figure 1B). Overall, Juul-compatible pods
contained significantly less VG than original Juul (p<0.0001,
figure 1B). We found that Lovo and Puff had significantly less
VG (p<0.0002) than the original Juul pod (figure 1B).

Identified flavouring chemicals, nicotine salts and other
additives

On average, Juul-compatible pods contained significantly more
flavouring chemicals than original Juul pod: 48=7 vs 22+0
(p<0.0001, figure 1C). We also detected significantly more
non-flavouring chemicals including minor tobacco alkaloids
like nicotyrine and anabasine in Juul-compatible pods (26+4)
than in the Juul pod (4+0) (p<0.0001, figure 1C). We observed
a significant increase in total number of chemicals in Juul-
compatible pods (73+15) as compared with original Juul pod
(26+0) (p<0.0001, figure 1C). We found that Plus Pods, Deli-
cious Pods, Carbon and Skol had significantly more flavouring
chemicals (p=<0.0308) than the original Juul pod (figure 1C). We
also found that Lovo, Plus Pods, Carbon, J-Fit and Mngo 2 had
significantly more non-flavouring chemicals (p<0.0462) than the
original Juul pod (figure 1C), and Skol, Lovo, Plus Pods, Carbon
and Mngo 2 had significantly more total chemicals (p<0.0308)
than the original Juul pod (online supplemental table 2). Benzoic
acid (used to create nicotine benzoate) was found in all Juul and
all Juul-compatible pods (online supplemental table 2). Lactic
acid (nicotine lactate) was also found only in Mngo 1. See online
supplemental table 2 for a complete list of detected chemicals in
all products.

Measured concentrations of flavouring chemicals

Of the 20 flavouring chemicals that we attempted to quantify,
only 5§ had concentrations above LOQs. Quantifiable flavour-
ings included: benzyl alcohol (fruity), ethyl maltol (sweetener),
furaneol (caramellic), L-menthol (coolant) and triacetin (creamy)
(online supplemental table 1). Among those five flavourings, on
average higher concentrations were found in Juul-compatible
pods as compared with Juul pod (online supplemental table
1, p<0.0001). Notably, triacetin (creamy) and benzyl alcohol
(fruity) were both detected in 81.3% (13) Juul-compatible pods
at an average concentration of 2.6+2.7and 0.8%=1.3 mg/mL,
respectively. Those two flavourings, were below LOQ for tria-
cetin and 0.03=0.00 mg/ml for benzyl alcohol in the original
Juul pod (figure 1D). Average concentrations of ethyl maltol
(sweetener) were 1.8%+0.7mg/mL in 75.0% Juul-compatible
pods and 1.1%£0.1 mg/mL in the original Juul pod (figure 1D).
We found triacetin (creamy) concentrations that were signifi-
cantly higher in Fruyt, Mngo 2, Carbon and Mngo 1 as compared
with original Juul (figure 1D, p<0.0385). Benzyl alcohol (fruity)
concentrations were significantly higher in Lovo and Mngo 1 as
compared with original Juul (figure 1D, p<0.0355). Although
ethyl maltol (sweetener) was present in more than half (56.3%
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Comparison of e-liquid characteristics of mango Juul and Juul-compatible pods. Error bars represent SD. Juul e-liquid was significantly

different compared with average Juul-compatible e-liquid for: nicotine concentration (A), volumetric solvent ratio (B), number of compounds (C) and
concentrations of flavouring (D), p<0.0001 for all. * and # indicate significance (p<0.05) as compared with Juul using Dunn's multiple comparison.
(D) * indicates significance for benzyl alcohol and # indicates significance for triacetin. No significance was found for ethyl maltol using multiple

comparisons.

(9)) of Juul-compatible pods, its concentration was not signifi-
cantly higher than in original Juul (figure 1D).

DISCUSSION

This study investigated chemical ingredients of Juul and Juul-
compatible pod products. Our results demonstrate that Juul-
compatible pods use the same nicotine salt as Juul and contain
lower nicotine concentrations. However, more than half of
purchased products were mislabeled as they contained at least
20% less nicotine than listed (online supplemental table 1). As a
result, pod users may adjust puffing behaviour to compensate for
lower nicotine concentrations found in Juul-compatible pods as
shown in a previous study.'” These potential changes in vaping
patterns may result in consumers using Juul-compatible products
more intensively than original Juul (eg, puffing more frequently),
thus increasing exposure to flavouring compounds.

On average, Juul-compatible pods contained more than
double the number of flavouring chemicals as original Juul, as
well as almost four times the average concentration of those
flavouring compounds. As previous studies have shown, some
flavour categories (eg, creamy/buttery, strawberry) can have
a significant impact on toxicity in immortalised cell lines'® '%;
however, more work is needed to examine respiratory effects
of specific flavourings (eg, butyric acid, furaneol). While many
flavourings were identified in this study (online supplemental
table 2), several including ethyl maltol, benzyl alcohol and tria-
cetin were found in most pods tested including both Juul and
Juul-compatible pods. These flavourings, also identified in a
previous Juul study,”® when tested individually, were shown to
have cytotoxic effect on cell lines.”' Comprehensive restrictions

on specific flavouring chemicals rather than broad categories (eg,
tobacco) may better assist in harm prevention.

By removing mango-flavoured Juul pods from the market,
a void was created and filled by smaller competitors allowing
continued sale of flavoured Juul-compatible pods. At the time
of this study, Juul was one of the most popular devices used
among youth,?* driven by its easy concealability,”® high nicotine
content' and availability of flavourings.”* These same charac-
teristics also make Juul an appealing device for adult tobacco
cigarette users to switch to.”> While comprehensive regulation
restricting access to flavoured vaping products could prevent
further youth initiation, potential unintended consequences of
such regulatory approaches, such as impeding combustible adult
users from switching to less harmful vaping products, need to
be recognised, monitored and mitigated. For example, enhanced
regulation of online sales requiring age verification that is not
easily bypassed as well as enforcement of regulation on small
online retailers who are not following current regulation is
needed. Of the 16 mango Juul-compatible pods purchased in
November of 2019, 2months prior to the FDA’s enforcement
on flavoured pods, all 16 were still available for sale as of March
2022. Since the deadline for marketing applications of e-ciga-
rette products was 9 September 2020, without authorisation,
these products remain on the market illegally. The only mango
product examined in this study that is currently not available is
original Juul.

This study has several limitations that should be noted. First,
a single pack of Juul and Juul-compatible pods was purchased
for each brand, limiting generalisability within brands. Second,
this study only determined the chemical composition of select
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mango-flavoured Juul and Juul-compatible pods. Comprehen-
sive toxicity studies are needed to fully understand the long-term
health effects of all flavour chemicals present in e-cigarettes
included in this study.

In conclusion, implementation of comprehensive flavoured
e-cigarette policy intended to reduce vaping rates among youth
should also consider unintended consequences including sale of
adulterated replacement products. Such regulations should also
take into consideration accessibility of vaping products to adult
smokers who switched completely from combustible products.
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