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Smoke Break: Electronic vs Tobacco Cigarettes
Isaac Gallogly
The use of electronic cigarettes is beginning to surpass the use of tobacco cigarettes, especially
among youth and young adults. Because there is ample evidence that tobacco cigarettes are intrinsically more dangerous, the potential impacts of the growth of electronic cigarettes is often ignored.
In order to make inferences about the aforementioned impacts, a comparison was done between
the chemical components of e-cigarette aerosol, using the Pax Labs JUULTM, and that of tobacco
cigarette smoke. The analysis was done through the use of a gas chromatograph mass spectrometer.
It was found that there are a number of potentially dangerous compounds that are present in both
types of aerosols. Therefore, the health effects related to these compounds can affect users of either
type of cigarette. Based on the findings of this study, electronic cigarettes need to be considered
as much of a public health concern as tobacco cigarettes, and action must be taken accordingly.
The social and political campaign against tobacco cigarettes that has been witnessed in the United
States should be used as a model for a similar campaign against electronic cigarettes.
Keywords: electronic cigarette, tobacco cigarette, aerosol, health, JUUL
matography, a method of gas analysis, but many have
failed to evaluate modern electronic and tobacco cigarettes in the same experiment. In addition, a relatively
new electronic cigarette known as the JUULTM, which
uses nicotine salts found in leaf tobacco as opposed to
free-base nicotine, has not been studied extensively,
yet has become one of the most popular products on
the market.4 The purpose of this study is to evaluate
to what extent the chemical composition of e-cigarette
aerosol, using the JUULTM, compares to that of tobacco cigarette smoke and to evaluate what implications
particular similarities may have for the health of users
and the future of the electronic cigarette industry.

Introduction
Concurrent with modern advancements in technology, electronic cigarettes are replacing conventional tobacco cigarettes. Setting them apart, e-cigarettes
do not use tobacco and are comprised of a battery of
varying voltage, a container in which a flavoured solution is stored, a heating element such as a coil, and a
mouthpiece through which a user inhales an aerosol.1
For the purposes of this study, only electronic cigarettes which use a nicotine-containing solution will
be examined, and variances in battery voltage will be
deemed negligible. Many questions about the safety
of this emerging technology, especially when compared to conventional tobacco cigarettes, have been
raised.
Like tobacco cigarettes, e-cigarettes expose users to
a number of chemicals that have the potential to cause
adverse health effects; however, these consequences
are not fully understood.2,3 A number of studies have
attempted to explain the potential impacts of electronic cigarette usage through the use of gas chro-

Electronic Cigarette Industry
Growth
Recent studies reveal that the electronic cigarette
industry is growing exponentially, evidenced by the
sales of electronic cigarettes. In 2015, the e-cigarette/
vapor industry amassed $3.3 billion in sales, showing
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incredible market value.5 In the same year, an observational study done on a number of specialty vape
shops showed that 58.2 million nicotine-containing
electronic cigarette units were sold.6
The usage of electronic cigarettes has increased
considerably among youth and young adults. Usage
amid those aged 18-24 surpassed that of adults aged
25 or older in 2014, and the gap continues to grow.7
Additionally, electronic cigarettes have surpassed
conventional cigarettes in popularity among this age
group.7 This trend resembles the trend identified in
the 1964 Surgeon General Report on Smoking and
Health wherein conventional tobacco cigarette usage
was most popular among young adults.8 Such a resemblance may suggest that the scope of the electronic
cigarette industry will, at its height, be similar to that
of the tobacco industry in the mid 1900s. As these
numbers continue to grow, and electronic cigarettes
continue to be used in place of tobacco cigarettes, it
is increasingly vital that a comprehensive comparison
between the two be done in order to assess any potential impacts of the large-scale transition.

tributed to the growth of the electronic cigarette industry. A study done to determine the concentration
of nicotine in the blood of users of electronic cigarettes
and that of users of tobacco cigarettes concluded that
the two amounts are very similar.11 These findings
suggest that the two modes are equally as effective at
delivering nicotine. Therefore, the health effects associated with nicotine in e-cigarettes are generally
the same as for typical tobacco cigarettes.2 This is of
particular concern because nicotine has been found
to affect brain development of adolescents which are
the most common users of electronic cigarettes.7,8 On
top of that, nicotine is a highly addictive drug and is
the catalyst in the transition from experimentation
with electronic or conventional cigarettes to sustained
smoking.8
Third, the public perception of e-cigarettes is conducive to the prolonging of their use. A number of
studies have shown that the most commonly cited reasons for first using electronic cigarettes among youth
and young adults are flavouring/taste, curiosity, and
most importantly, low perceived harm as compared
to tobacco products. The use of e-cigs as a means to
quit smoking tobacco cigarettes was not found as a
commonly cited reason among this age group.2,12,13,14,15
According to these findings, electronic cigarettes as a
whole are perceived as less harmful than conventional
cigarettes, and this is leading people to begin using
them for recreational purposes rather than to stop
smoking tobacco cigarettes.2
As the electronic cigarette industry continues to grow, the tobacco cigarette industry continues
to decline. Regulation, on both the product itself and
advertising, has played a large role in this decline.16
Similar regulation does not currently exist to this degree for electronic cigarettes but may be an effective
means at curbing the further growth of the industry.

Reasons for Growth
Accumulating research indicates that the increase
in popularity of electronic cigarettes, especially among
youth, can be attributed to three factors. The first of
which is accessibility and appeal. Producers of electronic cigarettes intentionally design flavourings, like;
fruit, cotton candy, and mint, to appeal to the group
that has the most interest in their products, young
adults aged 18-24.2,9,10 Additionally, the accessibility of
e-cigarettes resembles that of tobacco cigarettes as both
are available for purchase at various convenience stores,
gas stations, specialty shops, and online.2 Currently,
the FDA does not have the authority to regulate electronic cigarette advertising, and has yet to implement
a labeling system for e-cigarette packaging. On the
contrary, the FDA, a U.S. regulatory agency, does both
for tobacco cigarettes. Consequently, consumers living
in the U.S. are not exposed to a printed record of the
potential risks associated with electronic cigarettes, like
they are with tobacco cigarettes, during the purchase.10
This lack of regulation effectively increases the appeal
and accessibility of electronic cigarettes.
Second, the efficiency of nicotine delivery has con-

Existing Knowledge
A recent study conducted by affiliates of the University of Rochester Medical Center substantiates that
exposure to e-cigarette aerosol causes measurable oxidative and inflammatory effects in human lung cells.17
The scope of these consequences is unknown because
the topic is so modern. A prospective study on the
current generation of e-cigarette users is needed to
truly understand the effect of the inhalation of elec-
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tronic cigarette aerosol on the human body.
However, there are a number of potentially harmful compounds that are known to be found in said
aerosol. Based on several exploratory studies, these
can be grouped into three categories of carbon-based
compounds.3,10,18 The first of which is carbonyls. One
study observed the presence of carbonyls in 47 of 51
electronic cigarette flavourings tested.10 The second
category is volatile organic compounds. A separate
study found that multiple VOCs were found present
in electronic cigarette aerosol.18 The third category is
carcinogens. A study done by researchers at the Institute of Occupational Medicine and Environmental Health showed that the levels of formaldehyde,
a carcinogen, observed in select electronic cigarette
aerosols was in the range of levels reported in tobacco
smoke. These researchers concluded that in some
cases, electronic cigarettes “might expose their users to the same or even higher levels of carcinogenic
formaldehyde than tobacco smoke.” 3 This collection
of studies also revealed that a number of metals are
found in electronic cigarette aerosol, including nickel,
cadmium, and lead.18 However, for the purposes of
the current study, metals will not be analyzed or considered.
Though there are indeed harmful compounds
found in electronic cigarette aerosol, there are significantly more found in tobacco cigarette smoke.3,17,18
Because of this, it is important to note that the use of
electronic cigarettes is a popular strategy for the cessation of tobacco cigarette smoking. The effectiveness
of this strategy varies.19

pare the composition of electronic cigarette aerosol to
the composition of tobacco cigarette smoke. It is hypothesized that the results will support the assertion
that e-cigarettes are harmful to the user’s health. Such
a finding would promote initiatives leading to a public
health campaign to curb their use and the growth of
the industry, similar to the campaign against the tobacco industry.

Methodology
Initially, a qualitative method involving the survey
of high school students in regards to their use of electronic and tobacco cigarettes was considered. However, because the medical field is concentrated with
surveys of this nature, a quantitative scientific design
was chosen instead and modelled after a number of
studies which detail the use of gas chromatography to
observe the presence of various compounds within an
aerosol.18,21 Gas chromatography was chosen because
it is widely considered to be one of the most effective
methods of analyzing gaseous samples.33 The intent
of this design was to gather data that could clarify the
link between electronic cigarette usage and potential
health risks in order to show the possibility of impacts
on public and individual health similar to those of tobacco cigarettes.

Setup
For the purposes of this study, an electronic
cigarette and tobacco cigarette were acquired. The
JUULTM e-cigarette was chosen because of its patented
use of nicotine salts as opposed to free-base nicotine
and the lack of available research involving this new
technology.4 The JUULTM utilizes disposable cartridges to store the electronic cigarette flavouring liquid
called pods. Each pod contains .7 mL of liquid and is
5% nicotine by weight. Four flavours of JUULTM pods
were chosen: mint, fruit, mango, and creme brulee. A
Pall Mall Menthol cigarette was chosen as the tobacco
sample because of its affordability and convenience.
All steps of the procedure were done in a local environmental laboratory specializing in the analysis of
air and dissolved gases.

Hypothesis
Because of the presence of the previously mentioned compounds in electronic cigarette aerosol, the
popularity of these devices is a public health concern.2
Exacerbating the problem, electronic cigarettes are
perceived to be significantly less harmful than tobacco cigarettes.2 In addition, the use of electronic
cigarettes is high among youth, paralleling trends in
tobacco cigarette usage at the height of their popularity.20 These factors illustrate the need for more information about electronic cigarettes in order to avoid
the impacts of another cigarette smoking epidemic.
The current investigation has been designed to com-
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was unsuccessful for the creme brulee JUULTM pod.
The mass spectrometer assigned a retention time to
every measured compound. Each retention time was
then matched to the name of its specific compound
using a reference library unique to the machine. The
mass spectrometer also produced a graph for each
sample which matches each retention time to the relative abundance of that particular compound. Relative
abundance peaks can only be compared quantitatively
within the same sample.

Procedure
The first step of the experiment involved designing a device that would mimic human inhalation in
order to extract gas from the two types of cigarettes.
For this, a number of devices were tested, all taking
advantage of pressure differences to force the gas out
of the cigarette and into a syringe. The final design of
the apparatus was modelled after the device described
in “Universal electronic-cigarette test: physiochemical
characterization of reference e-liquid.” 21 It was comprised of a soft plastic tube that was stretched around
the mouthpiece of the electronic cigarette or the tip of
the tobacco cigarette and then connected to a valve. A
45 mL disposable plastic syringe was connected to the
valve to measure the amount of gas being collected.
The valve was included to ensure that no gas would
escape the device during the extraction procedure.
Once the syringe was full, the gas was then transferred to a 22 mL evacuated glass vial using a disposable needle. The syringe was discharged entirely. The
collection process was repeated twice for each of four
flavours of JUULTM pods as well as for the Pall Mall
Menthol cigarette. The vials were labeled accordingly
and recorded on the chain of custody form.
One vial of each type of sample was run through
a gas chromatograph specifically built for the lab in
use and calibrated to analyze a specific set of volatile
organic compounds. This particular calibration only
included compounds expected to be found in contaminated ambient air, so it did not test for many of
the compounds that are generally found in e-cigarette
flavourings. Regardless, the test was run to ensure
that a more thorough and expensive test using a mass
spectrometer was truly necessary in order to gather
useful data.
Because the results of the first test were inconclusive, the remaining five vials (one for each JUULTM
flavour and one for the Pall Mall Menthol cigarette)
were sent through a PerkinElmer GC/MS/ATD Work
Station, equipped with a Clarus SQ8T Mass Spectrometer as well as a Clarus 680 Gas Chromatograph,
configured to run EPA Method 325B which tests for a
much larger array of organic compounds than the first
gas chromatograph that was used. This test was successful for the mango, mint, and fruit JUULTM pods
as well as for the Pall Mall sample; however, the test

Results
Using gas chromatograms retrieved from the mass
spectrometer (see Figure 1 in the appendix), the top
fifteen most concentrated compounds found within
each sample were compiled. Only fifteen were chosen
because at lower concentrations, health effects are of a
far smaller magnitude and not pertinent to this study.
Each compound was then cross-referenced with all
four individual samples in order to observe possible
overlap. The results of this analysis are reflected in
Table 1. Unsurprisingly, a number of the same compounds were found within each of the electronic cigarette samples. Comparatively, nine of the compounds
observed in the tobacco cigarette sample were also
observed in at least one of the electronic cigarette
samples. These particular compounds are highlighted
in red in Table 1.

Health Hazards
The Globally Harmonized System (GHS) for Hazard Communication is a United Nations initiative
which works to create a uniform method for the classification and labeling of chemicals. The United States
is an active participant.22 With respect to this system,
and with reference to the National Center for Biotechnology Information’s PubChem database, each compound was paired with its corresponding GHS hazard
codes and its potential inhalation symptoms. This
data can be found in Table 2. This table also includes
the PubChem CID of each compound which can be
used to quickly find the compound in the database.
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Table 1. Compounds Found in E-cig and/or Tobacco Cigarette Aerosol
Compounds highlighted in red were found in the tobacco cigarette sample as well as at least one
of the electronic cigarette samples.
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etone, often used in nail polish remover because of its
solvent properties.24 Acetone is associated with seven
GHS hazard statements including “may cause respiratory irritation,” “suspected of damaging fertility or the
unborn child,” and “caused damage to organs through
prolonged or repeated exposure.” Found only in the
tobacco cigarette sample, toluene can be associated
with the most GHS hazard statements (sixteen).

To evaluate the potential health effects of a specific
compound, each GHS hazard code corresponds to a
hazard statement; the statements offer a brief description of a possible health effect resulting from exposure
to the compound. Most of the compounds are associated with multiple hazard statements which range in
severity. For a list of the GHS hazard codes identified
in Table 2 and their corresponding hazard statements,
see Table 3 which can be found in the appendix.
The total number of GHS hazard codes/statements
associated with each compound is communicated in
Figure 1. Found in all three of the JUULTM samples as
well as the tobacco cigarette sample, acetaldehyde is
one of the most dangerous compounds identified. It
can be associated with fifteen GHS hazard statements,
including but not limited to the following: “toxic if inhaled,” “may cause drowsiness or dizziness,” and “may
cause cancer.” Also found in all four samples was ac-

Discussion
Prior to the completion of this study, very little scientific research surrounding the composition of vapor
generated by the JUULTM electronic cigarette existed
even though it has become one of the most popular
products in the e-cigarette market. Its patented use
of nicotine salts found in tobacco leaves, as opposed
to freebase nicotine, makes it difficult to draw conclu-

Figure 1. Frequency of GHS Hazard Codes by Compound
Frequency of hazard codes calculated using information from the National Center for Biotechnology
Information PubChem compound database.23

57

SMOKE BREAK: ELECTRONIC VS TOBACCO CIGARETTES
Tobacco Cigarettes

sions about the JUULTM based on past studies.4 However, the JUULTM is just one of many products that
comprise the e-cigarette industry—an industry which
is currently experiencing a growth that resembles
that of the tobacco cigarette industry in the twentieth
century.5,6 The data collected and presented in this
study allow for comparisons to be made between the
health hazards of the two types of cigarettes. With
this in mind, the following was hypothesized before
any collection of data was done: e-cigarettes contain
types and quantities of molecules with the potential
be harmful to the user’s health.

In terms of health risks, this study confirms that
the inhalation of tobacco cigarette smoke is more
dangerous than the inhalation of electronic cigarette
aerosol. The top four most hazardous compounds (as
measured by frequency of hazard codes) were found
in the tobacco cigarette sample. These compounds are
toluene, acetaldehyde, chloromethane, and propane.
Comparatively, the only one of these four found in
any of the electronic cigarette samples is acetaldehyde.
In general, the most severe hazard statements can be

Table 2. Potential Health Hazards and Inhalation Symptoms of Identified Compounds
Information retrieved from the National Center for Biotechnology Information PubChem compound database.23

58

SMOKE BREAK: ELECTRONIC VS TOBACCO CIGARETTES
associated with compounds found in the tobacco cigarette sample. The most serious hazard statements include
“fatal if inhaled (H330),” “fatal if swallowed (H300),”
“may damage fertility or the unborn child (H360),” and
“causes damage to organs (H370).” All four of which
can be associated with at least one compound found in
the tobacco cigarette sample. Additionally, the tobacco
cigarette sample contained more compounds suspected
of being human carcinogens than any of the three electronic cigarette samples. The compounds found in the
tobacco cigarette sample associated with GHS hazard
statements relating to carcinogenicity include the following: propane, benzene, butane, chloromethane, and
acetaldehyde. Three of the five—benzene, chloromethane, and acetaldehyde—were identified in past studies as
potential human carcinogens.18,25 Relatedly, a number of
studies confirm that combustible tobacco cigarettes are
inherently more dangerous to the user’s health than electronic cigarettes.3,17,18

In some cases, the highly toxic compounds formaldehyde, acrolein, and o-methyl benzaldehyde were
detected in e-cigarette vapour; however, they were not
detected in this screening of the JUULTM.26,27
The compounds found in the electronic cigarette
samples varied slightly. There were 13 compounds
found in only one of the e-cigarette samples. This
variation likely exists in order to give each pod its
unique flavour. For example, levomenthol, which was
found only in the mint sample is derived from mint
oils and is commonly used as a flavouring.29

Comparison
A specific goal of this study was to evaluate an electronic cigarette and a tobacco cigarette in the same
experimental environment and through the same analytical lense. Past research has shown similarities between the composition of electronic cigarette vapour
and combustible cigarette smoke, but has been wary
to relate the health effects of the two. However, the
GHS communication system provides a way to compare the potential, rather than the observed, hazards
of each compound found in the aerosols. These hazards can be compared because in both types of cigarettes, the compounds are being heated and burned to
a similar temperature in order to produce an aerosol
that is then inhaled into the lungs.
Specific to this study, there were nine compounds
that were detected in the tobacco cigarette sample and
at least one of the three electronic cigarettes. This includes acetaldehyde, one of the most dangerous compounds detected. Across the nine compounds (highlighted in red in Table 1), there are a large number of
severe GHS statements that can be attributed to the
vapour/smoke generated by both types of cigarettes.
In addition, past studies, compiled in the PubChem
compound database, have identified a number of potential inhalation symptoms that are associated with
the compounds that are consistent between the tobacco cigarette and electronic cigarette samples including
sore throat, cough, drowsiness, dizziness, headache,
and nausea to name a few.23 This compositional congruity provides convincing evidence that the chemicals found in electronic cigarettes are significantly
similar to those found in combustible tobacco cigarettes; consequently, inferences can be made about the

Electronic Cigarettes
Though the tobacco cigarette sample contained
the majority of the most dangerous compounds, each
of the electronic cigarette samples also contained a
number of compounds associated with alarming GHS
statements. All three of the samples contained acetaldehyde, acetone, benzoic acid, propionaldehyde, and
isopropanol which were among the compounds associated with the most severe GHS hazard statements.
These compounds have been identified in electronic
cigarette vapour in past studies; the following information summarizes these findings:
t Acetaldehyde was detected unanimously.26,27
t Acetone was detected in all studies in which it
was tested.26,27
t One study which tested JUULTM vapour for the
presence of benzene found a large concentration
of benzoic acid in the sample, concurrent with
the findings of this experiment.28 However, benzoic acid has not been identified in samples of
other types of electronic cigarettes.
t Propionaldehyde was only found in samples
from electronic cigarettes when the battery voltage was increased considerably.
t There is no evidence that isopropanol has been
found in any e-cigarette vapour samples before
this study.26
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health effects of e-cigarette use based on the effects of
tobacco cigarette use that have already been identified.
With this in mind, it is important to evaluate the
full scope of these health effects as they may impact
users and public health in general. In the twentieth century, combustible tobacco cigarettes grew in
popularity until the growth plateaued in response to
new information about the health effects associated
with their use. Shortly after, ad campaigns and new
FDA regulated labelling assisted in further halting the
cigarette smoking epidemic, but these new cessation
methods did not take into consideration electronic
cigarettes.20 Now, the United States is experiencing
a similar phenomenon; however, instead of combustible tobacco cigarettes, the use of electronic cigarettes
is growing. Based on the findings of this study, this
growth could prove to be as substantial and impactful
as the growth of the tobacco industry many years ago.
Furthermore, the health effects of electronic cigarettes have the potential to be nearly as harmful to the
human body as tobacco cigarettes; therefore, action
must be taken to curb the growth of the electronic
cigarette industry and the use of its products in order
to avoid impacts similar to those caused by tobacco
cigarette use. This could likely be accomplished by
targeted ad campaigns and FDA regulated labelling
which have already proven to be successful in reducing the number of tobacco cigarette smokers. For example, the first federally funded anti-smoking media
campaign, coined “Tips From Former Smokers,” reportedly motivated 1.64 million Americans to try to
quit smoking in the year 2012 alone.30 A similar offensive must be taken against electronic cigarettes to
reduce their use, especially amongst youth and young
adults.
Another tactic that could potentially assist in
achieving this is the implementation of regulated
labelling on, and the disclosure of chemicals found
within, electronic cigarettes and related products.
Though the FDA has made it clear that warning labels will be made mandatory in the near future, the
content of these labels is still unknown.31 Ideally, ecigarette warning labels will be modelled after those
that can be found on packs of tobacco cigarettes. Also
worth noting, consumers are generally unaware of the
chemicals found within electronic cigarette juice and
the health hazards associated with them. A system resembling the Globally Harmonized System of hazard

communication, which makes the chemicals found
within specific products public knowledge, could potentially assist in notifying consumers of the dangers
of using these products and motivate producers to be
more careful about the chemicals that are used. Ultimately, targeted ad campaigns, regulated labelling,
and public ingredient lists should be implemented
with the intention of creating a more informed and
wary consumer base in order to decrease the use of
electronic cigarettes and stifle the growth of the ecigarette industry.

Future Direction
Limitations
The GC Mass-Spec used in this experiment was
only capable of identifying carbon-based compounds,
as its intended purpose is to measure environmental
contaminants. Therefore, the presence of metals in
the vapour samples was not determined. There are
a number of metals that can potentially be dangerous
when inhaled, so a test for the presence of these metals
would contribute to a more thorough understanding
of the effects of electronic cigarette use. In addition,
only one sample of each flavour of JUULTM Pod and
one sample of the Pall Mall cigarette were run through
the GC Mass-Spec because of the cost associated with
operating the machine. A study which conducts multiple trials may add credibility to the findings, but
the lack of trials should have no effect on the results
presented in this report because the Mass-Spec is extremely accurate. However, it is unable to quantitatively compare the concentration, or abundance, of a
compound between multiple samples; it can only do
so within the same sample. Thus, in order to provide
uniformity, only the top fifteen most abundant compounds found in each sample were documented.
Most importantly, the only electronic cigarette
that was tested in this study was the JUULTM and the
only tobacco cigarette was a Pall Mall Menthol. The
JUULTM was the subject of this study because of its
popularity and originality, but it does not necessarily
represent the entire population of e-cigarettes. In order to fully understand the impact that this technology may have on public health, more e-cigarettes would
need to be tested. In terms of the tobacco cigarette,
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it is likely that there are many different compounds
found in other brands of cigarettes, but the variation
has no effect on the conclusions made in this study.
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Appendix
Figure 2. Compiled Sample Chromatograms
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Table 3. Hazard Codes and Corresponding Statements
Information retrieved from GHS seventh revised edition, published by the United Nations Economic Commission for Europe32
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