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Abstract

Introduction: Electronic cigarette (e-cigarette) aerosol is understood to provide reduced exposure to harmful toxi-
cants compared with tobacco cigarette smoke, as it delivers nicotine and flavors without the use of tobacco. Published
studies have shown that e-cigarette aerosol is chemically simple compared with tobacco smoke and corresponding
reductions in toxicity in vitro have been demonstrated. However, comprehensive analytical and in vitro assessments
of many widely available and currently marketed products, including pod-based systems, are limited.
Materials and Methods: Here we report comparative data for aerosol emissions and in vitro toxicity, using the
neutral red uptake, the bacterial reverse mutation, and in vitro micronucleus assays, for a pod system e-cigarette
compared with 3R4F reference cigarette smoke.
Results and Discussion: Many of the harmful and potentially harmful constituents found in cigarette smoke were
not detected in e-cigarette aerosol. Using established in vitro biological tests, e-cigarette aerosol did not display
any mutagenic or genotoxic activity under the conditions of test. By contrast, 3R4F cigarette smoke displayed
mutagenic and genotoxic activity. E-cigarette aerosol was also found to be *300-fold less cytotoxic than cig-
arette smoke in the neutral red uptake assay.
Conclusion: Data presented here show clear differences between a tobacco cigarette reference product and a
commercially available nontobacco containing e-cigarette product in terms of emissions and in vitro toxicity pro-
file. Our results demonstrate that high-quality e-cigarettes and e-liquids may offer the potential for substantially
reduced exposure to cigarette toxicants in adult smokers who use such products as alternatives to cigarettes.
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Introduction

Electronic cigarettes (E-cigarettes) have been
characterized by Public Health England as being *95%

less harmful than conventional (traditional tobacco) cigarettes1

with research showing that these devices can assist smokers in
replacing conventional cigarettes and reducing their number
of cigarettes per day consumption.2,3 E-cigarettes are battery-
powered devices that have prefilled cartridges/pods or refillable
tanks containing a liquid mixture composed primarily of pro-
pylene glycol and/or glycerol, nicotine, and flavoring.4 Typi-
cally for pod-based e-cigarettes, drawing breath activates a

pressure-sensitive circuit that heats the atomizer and turns the
liquid into an aerosol (popularly referred to as ‘‘vapor’’) that
is inhaled by the user through the mouthpiece.

For decades, scientists have worked to characterize the tox-
icants in cigarette smoke5 and several regulatory authorities
have mandated the reporting of constituents in smoke emis-
sions from cigarettes.6–8 Given the rise in popularity of
e-cigarettes worldwide as an alternative to conventional cig-
arettes by adult smokers, there is increasing public health and
regulatory interest in toxicant emissions from e-cigarettes. On
May 10, 2016, the U.S. Food and Drug Administration (FDA)
published the final rule to deem e-cigarettes to be subject to
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the Federal Food, Drug, and Cosmetic Act, providing the FDA
authority to regulate e-cigarettes and e-liquids, and published in-
dustry guidance on premarket tobacco product applications for
e-cigarettes in June 2019.9 The guidance provided a list of
harmful or potential harmful constituents (HPHCs), which
includes certain analytes contained in the abbreviated HPHC
list for conventional cigarette smoke.8 During the development
and implementation of the European Union Tobacco Products
Directive (2014/40/EU), which also encompasses e-cigarettes,
the European Commission issued a data dictionary that includes
a recommended list of emissions for product notification pur-
poses across EU member states.10 Although there are standard-
ized analytical procedures for the measurement of toxicants in
conventional cigarette smoke, currently there are few standard-
ized test methods and no reference products for e-cigarettes.

The HPHCs in conventional cigarette smoke are well docu-
mented and have been linked to a number of negative health
outcomes, including cancer, emphysema, and cardiovascular
disease.4 Research has indicated e-cigarettes can provide re-
duced exposure to cigarette smoke constituents because
they deliver flavor and nicotine through aerosolization of a
liquid rather than by burning tobacco.11 The majority of stud-
ies in the literature performed on older generation e-cigarette
devices, typically using cartomizers, have demonstrated that
the limited number of constituents in e-cigarette aerosols
are tens to thousands of times lower on a per-puff basis
than in conventional cigarette smoke.12,13 Many of the toxi-
cants in tobacco smoke are simply not present in e-cigarette
aerosols at detectable levels when assessed using machine-
based aerosol generation or are at levels equivalent to the tol-
erances allowed in medicinal products.11–19

A recent review of chemical, toxicological, and clinical stud-
ies for both e-cigarette liquids and aerosols indicated that they
contain reduced levels of harmful chemicals and emissions, in-
duced significantly less cytotoxicity, and resulted in fewer car-
diovascular and respiratory functional effects when compared
with reported data on tobacco cigarettes.1 Romagna et al.
reported e-cigarette aerosol to be significantly less cytotoxic
than tobacco smoke in fibroblasts,20 and Farsalinos et al. con-
cluded the same findings in myocardial cells.21 Scheffler et al.
found cell viability was lower in primary human bronchial
cells exposed to tobacco smoke than in e-cigarette aero-
sol.22 Husari et al. found e-cigarette aerosols exhibited sig-
nificantly less toxic effects on lungs of experimental animals
and on A549 cell cultures than smoke from tobacco products.23

Wieczorek et al. (in press) compared two e-cigarette aerosols
from blu GO� disposable and blu PLUS+� rechargeable
cartridge-based devices with the smoke from a reference ciga-
rette (3R4F) in an in vitro battery of established assay: neutral
red uptake (NRU) for cytotoxicity, in vitro micronucleus
(IVM) for genotoxicity, and the bacterial reverse mutation
(Ames) assay for mutagenicity. Results from this study showed
that the e-cigarette fresh whole aerosol resulted in a significant
250–1000-fold reduction in in vitro cytotoxic response in the
BEAS-2B cell line compared with cigarette smoke and dis-
played no mutagenetic response in TA100 or TA98 or genotox-
icity in V79 cells. In addition, Wieczorek et al. (in press)
showed device type could impact the cytotoxicity of the aerosol.
Aerosol generated from blu GO was significantly more active
than blu PLUS+ aerosol in the NRU assay, although these re-
sponses were substantially less cytotoxic than cigarette smoke
exposure.24 The blu GO device operates at a much higher

power level than blu PLUS+; although this may generate larger
puff volumes and deliver higher doses per puff to the user than
the blu PLUS+ product, the differences seen is this study may
be due to changes in the chemical nature of the aerosol. Pub-
lished clinical research has shown that adult smokers who
switch to e-cigarettes have significantly lower exposure to
carcinogens and toxicants found in cigarette smoke, with reduc-
tions largely indistinguishable from complete smoking cessa-
tion or use of licensed nicotine replacement products.25–27

In summary, it has been demonstrated that older generation
e-cigarette aerosols are chemically simple when compared
with cigarette smoke. The inhalation of e-cigarette aerosol,
compared with cigarette smoke, has the potential to induce
significantly less adverse toxicological effects and reduce var-
ious negative health effects when used by adult smokers who
would otherwise continue to smoke. However, comprehen-
sive analytical and toxicological assessments of many widely
available and currently marketed e-cigarette products, includ-
ing pod-based products, are limited.

This study aimed to characterize the aerosol generated by
a commercially available e-liquid in the myblu e-cigarette
pod-system device and compare the emissions and in vitro
toxicity with the reference cigarette smoke. The e-cigarette
aerosol and tobacco smoke were characterized for 44 analy-
tes. These analytes included carbonyls, phenolics, tobacco-
specific nitrosamines, polyaromatic amines, and polycyclic
aromatic hydrocarbons. Many of these compounds are in-
cluded in guidance issued by the FDA,8 which includes report-
ing obligations for 20 HPHCs in cigarette smoke that the FDA
considers cause or could cause harm to smokers. In addition,
established in vitro toxicological assays were used to examine
the cytotoxicity (NRU), mutagenicity (Ames test), and geno-
toxicity (IVM test) of fresh cigarette smoke and myblu aerosol.

Materials and Methods

Reagents

All reagents and equipment were purchased from Sigma-
Aldrich (St. Louis, MO) unless stated otherwise. Aroclor
1254-induced rat liver microsomal fraction S9 (Lot Number:
MolTox S93604) was stored at �70�C until use.

Cultures of BEAS-2B (human bronchial epithelial)
(ECACC 95102433) and V79 (Hamster Chinese lung) cells
were obtained from the European Collection of Authenti-
cated Cell Cultures (ECACC). All cell stocks were stored
frozen in liquid nitrogen before use. Each batch was checked
for the presence of mycoplasma contamination using a stan-
dard polymerase chain reaction mycoplasma test kit. Salmo-
nella typhimurium strains, TA98 and TA100, were obtained
from Trinova Biochem GmbH (Giessen, Germany) and
stored frozen (�70�C) in aliquots before use.

Test articles

The test articles were the 3R4F Kentucky Reference Cig-
arette and a commercially available pod-based e-cigarette.

The 3R4F reference cigarettes (lot number V351X61B5)
were obtained from the University of Kentucky, Center for
Tobacco Reference Products (Lexington, KY). Before analysis,
3R4F sticks were conditioned at 22�C – 2�C and 60% – 5% rel-
ative humidity for a minimum 48 hours (but no more than 10
days), according to International Organization for Standardiza-
tion (ISO) method 3402.28
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E-cigarettes from brand myblu� contained tobacco fla-
vored e-liquid with 1.6% (w/w) nicotine and were purchased
from UK retailers. The myblu liquid is formulated using
pharmaceutical and food-grade ingredients. myblu (see Appen-
dix 1) is a rechargeable closed pod-system e-cigarette, consist-
ing of two segments: a rechargeable battery section (battery
capacity, 350 mAh) and a replaceable e-liquid containing pod
(volume, 1.5 mL; coil resistance, 1.3 O). E-liquids and devices
were stored at room temperature until use.

Smoke and aerosol generation

All smoking machines are validated for the specific tests,
as described hereunder.

For the characterization of analytes, mainstream smoke
and aerosol were generated on a linear smoking machine
LMC4 (Borgwaldt, Germany) and a rotary smoking machine
RM20D (Borgwaldt, Germany).

For mutagenicity assessment, aerosol from e-cigarettes
and smoke from 3R4F were generated using a three-port
adapter RM158 connected with a single-port smoking ma-
chine RM1 (Burghart Instruments, Wedel, Germany).

For the NRU and IVM assays, fresh aerosol/whole smoke
was generated using a bespoke smoking machine ‘‘Smoke
Aerosol Exposure In Vitro System’’ (SAEIVS) (Burghart
Tabaktechnik, Wedel, Germany) (Fig. 1). The SAEIVS is a
five-port smoking machine directly connected with the expo-
sure device and equipped with smoke ‘‘distributors’’ for 24
and 96 multiwell plates. A smoke distribution device dis-
perses the smoke/aerosol across the multiwell plate. All
wells of the plate are provided with separate smoke/aerosol
inlet and suction ducts. The computer-controlled smoke dilu-
tion system allows precise and rapid dilution of freshly gen-
erated cigarette smoke if necessary (e.g., high cytotoxicity)
in <10 seconds to prevent sample aging. The rapid mixing
and dilution process uses an exact predefined volume of hu-
midified and filtered air and is performed in a closed system
(using impingers). The two exposure chambers have separate
independent dilution systems to allow parallel exposure to
the same smoke/aerosol and their gas vapor phase at different

dilution levels. Smoke/aerosol is rapidly delivered to the cells
(*10 seconds). All wells of each plate are provided with an
individual smoke inlet and outlet ducts for exposure and extrac-
tion at the end of each puff. The use of a blanking plate in each
exposure chamber enables puff by puff determination for dose–
response analyses. Furthermore, the separate chambers enable
testing of the same product in two independent in vitro assays
and in different multiwell plates at the same time.

The SAEIVS system has been validated internally regard-
ing delivery of smoke/aerosol and the biological effects in-
duced by the gaseous components by using appropriate
positive controls and puffing parameters described herein.
E-cigarette aerosol is delivered undiluted and 3R4F smoke
diluted 1:6–1:16 dependant on the assay. After 3 seconds ex-
posure, the aerosols or smoke is removed by vacuum.

Cigarettes were machine smoked according to Health
Canada Intense smoking regime (55 mL puff volume, 2 sec-
onds puff duration, 30 seconds puff frequency; bell-wave
profile), with 100% ventilation block.29 For emissions test-
ing, the smoke was collected from three replicates.

The e-cigarettes were machine puffed according to the
CORESTA (Cooperation Centre for Scientific Research Rela-
tive to Tobacco) Recommended Method No. 81 puffing regime
(55 mL puff volume, 3 seconds puff duration, 30 seconds puff
frequency; square-wave profile).30

For emissions testing, the aerosols were collected from three
separate 50-puff blocks with three replicates measured. Each
test product was weighed before and after aerosol collection
to verify that product mass changes and filter pad mass changes
were comparable. For the determination of ammonia, a bell
profile rather than square was used for e-cigarette aerosol col-
lection due to methodological limitations.

Blanks were prepared by puffing ambient air (50 puffs)
through an empty smoking machine port to the appropriate
trapping system for the analysis method. These air blank
samples were prepared and analyzed in the same manner
and at the same time as the smoke and aerosol samples.
Blanks were included where appropriate to exclude environ-
mental contamination, if any, from the data assessment.

FIG. 1. Diagram of the SAEIVS
smoking machine. SAEIVS, smoke
aerosol exposure in vitro system.
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Characterization of smoke and aerosol

All methods used in this study were established and vali-
dated for factory made cigarette (FMC) ISO smoking regime
(35 mL puff volume, 2 seconds puff duration, 60 seconds
puff frequency; bell-wave profile).

All analyses measured and analytical methods used to
quantify the smoke and aerosol constituents are detailed in
Appendix 2.

In vitro biological test methods

Cytotoxicity: NRU assay. Cytotoxicity of whole fresh
e-cigarette aerosol and tobacco smoke was measured in
BEAS-2B using the NRU method of Borenfreund and Puer-
ner, 1985.31 Diluted 3R4F smoke was used as a positive con-
trol. BEAS-2B cells were routinely taken from a preprepared
stock and incubated with bronchial epithelial growth me-
dium (BEGM) (BEGM supplemented with Lonza Bullet
Kit, CC-3170).

A total of 100 ll of BEAS-2B cells (0.5 · 104/mL), in
serum-free medium, were seeded into each of the inner 60
wells of a 96-well tissue culture plate coated with Collagen
I solution (20%, PureCol� EZ Gel; 2%, 1 M HEPES buffer;
and 78% BEGM) and preincubated at 37�C in a humidified
incubator with 95% air and 5% CO2 for 20 – 3 hours.
Directly before exposure, the medium was removed by suc-
tion and reverse plate centrifuged (10 g for 10 seconds). The
plates were then placed in the SAEIVS chamber and the cells
were exposed to the e-cigarette aerosol (0 to 140 puffs, given
the maximum exposure time of 1 hour in this assay) or to di-
luted whole smoke from the 3R4F cigarette (0–10 puffs at
1:14–1:16 dilutions) at the air–liquid interface (ALI).

After ALI exposure, 200 lL of fresh medium was added to
each well and incubated for 65 – 2 hours. After incubation,
the medium was replaced by neutral red staining solution in
culture medium (supplemented with 20 mM HEPES and
10% fetal bovine serum) and further incubated at 37�C, 5%
CO2 for 3 hours to allow dye uptake by the viable cells.
After staining, the cells were washed with 150 lL of 1.34%
calcium chloride and lysed with 100 lL of ethanol/acetic
acid solution (1% glacial acetic acid and 50% in water) for
30 minutes at room temperature and pressure, with agitation.
The absorption was measured at 400 nm on a microplate
reader (Tecan Sunrise).

All exposures were conducted in triplicate with two inde-
pendent experiments.

Mutagenicity: Ames screen. The in vitro mutagenicity of
fresh 3R4F smoke and myblu was determined using the
in vitro Ames test. The Ames screen was employed using
S. typhimurium strains TA98 and TA100 (Trinova Biochem
GmbH) +S9 treatment, conducted in accordance with OECD
(Organisation for Economic Co-operation and Development)
test guideline 471.32

2-Aminoanthracene (1 lL/plate) was used as a positive
control for both S. typhimurium stains TA98 and TA100.
Each concentration of test vapor or smoke and positive con-
trols were testing in triplicate. Six replicate readings were
conducted for spontaneous revertants (vehicle).

An appropriate number of 16-hour Nutrient Broth No. 2
(OXOID) cultures of the TA98 and TA100 strains were pre-
pared by inoculating 30 mL of medium with 0.5 mL of a

6-hour preculture in a 100 mL Erlenmeyer flask with one
bacterium-coated CRYO-glass bead followed by incubation
overnight at 37�C while shaking at 120 rpm.

After overnight incubation, the bacterial suspensions were
prepared by centrifugation of 120 mL culture (four flasks of
30 mL) at 1800 g for 15 minutes and the pellet was resus-
pended in 12 mL of Ca2+, Mg2+-free Dulbecco’s phosphate
buffered saline (PBS).

The bacterial suspensions were exposed to test aerosol at
room temperature under protection from direct light. In
total, 10 ml of PBS bacteria suspension in a glass tube was
placed in an impinger and bubbled with freshly generated
smoke (1–5 cigarettes) and aerosol (up to 300 puffs) from
the RM1 smoking machine (Burghart Instruments).

After each puff, a flushing step with fresh charcoal filtered
ambient air was applied. After each exposure, 200 lL of bac-
teria suspension was taken from the tube and immediately
used for the Ames screen.

The S9 mix, bubbled bacteria suspension, and Top-Agar
were added to sterile 15 mL test tubes in the following
order: 50 lL culture of the bacteria suspension (TA98 or
TA100), 0.5 mL of S9 mix, then 2 mL of Top-Agar (45�C).

The solution was thoroughly mixed and then poured on
top of a Vogel-Bonner agar plate. The plate was rotated
and tilted to distribute the top agar evenly. When the top
agar was solidified, the plates were inverted and placed in
an incubator at 37�C. After 48 hours of incubation, the num-
ber of revertant colonies growing on the plates was counted.

The used bacteria were diluted to 1 · 10–6 with saline buf-
fer. Then, 100 ll of the bacteria suspension was mixed with
low melting top agar and poured on top of a Nutrient Broth-
Plate (three plates per test item, per test day).

The total number of colonies growing on the plates was
determined using the Synbiosis ProtoCOL SR—Automatic
Colony Counter (Meintrup-DWS) and recorded.

Genotoxicity: IVM assay. The IVM assay was performed
in concordance with OECD test guideline no. 487,33 but with
metabolic activation only.

Genotoxicity of whole fresh e-cigarette aerosol and tobacco
smoke was measured in the Hamster lung V79 cell line
(ECACC) with metabolic activation. The plates were placed
in the exposure chamber and the cells were exposed to the
e-cigarette aerosol or to diluted (1:6) whole smoke from the
3R4F cigarette at the ALI. Positive controls of fresh whole
smoke for 3R4F reference cigarettes (1:4 and 1:5 dilutions
with filtered air) were used to show the responsiveness of the
test system and cyclophosphamide A (CAS 6055-19-2) to
show the metabolic activity of the S9 fraction used.

Only the inner wells of each 24 multiwell plate were filled
with 250 lL/well of Dulbecco’s modified Eagles medium and
supplemented with 10% fetal calf serum. Inserts with 0.4 lm
membrane (Nunc; #140620) were inserted into the well and
filled with 10 · 104 V79 cells/mL. Preincubation time was
20 – 2 hours at 37�C and 5% CO2. Directly before the aerosol
or smoke treatment, the medium was removed and the inserts
were transferred into wells of a fresh multiwell plate filled
with 250 lL HEPES buffer (20 mM final concentration) sup-
plemented medium. The 24 multiwell plates were fixed in
the exposure chamber and the cells at the ALI were exposed
to the undiluted vapor from myblu or diluted (1:6) whole
smoke from the 3R4F reference cigarette.
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After ALI exposure, the cell-containing inserts were trans-
ferred to a new fresh serum-containing medium plate. Imme-
diately 300 lL of S9 mix was added to each insert and the
cells were incubated for 3 hours at 37�C. After incubation,
the apical S9 medium was removed, and the cells were cov-
ered with serum-containing medium. For the expression of
micronuclei, the inserts were incubated for another 20 – 2
hours to allow for at least one cell division cycle. Smoke/
aerosol was tested in three replicates.

After recovery, the cells were counted using a handheld cell
counter (Scepter� Cell Counter, Millipore). The cells were
then fixed to slides and DNA-containing structures were
stained with DAPI (1 lg/mL) in mounting medium (Vecta-
shield, H-1000). After 20 – 2 hours recovery, the cells were
harvested and number of cells of the treatment groups were
determined in a Vi-cell�XR cell counter (Beckman Coulter).
Relative cell count (RCC) was the cytotoxicity measure used
for the assessment.

The prepared slides were fully evaluated microscopically
using the Metafer imaging system coupled to a fully auto-
mated microscope (Imager, Z2; Zeiss) in >1000 cells per
slide of two parallel replicate cultures (slides).

Statistical analysis

In all cases, analysis was performed using the statisti-
cal software GraphPad Prism version 8.0. A p < 0.05 was
considered significant.

Cytotoxicity. A calculation of relative cell viability
expressed as relative NRU absorbance was made for each
concentration of the test sample by using the mean NRU of
the valid replicate values. This value was compared with
the mean of the control. Relative cell viability is expressed
as percentage of absorbance of untreated control. The EC50

is defined as the concentration that causes a response halfway
between minimum and maximum responses. The following
approach is used to determine the EC50 values:

Y = Bottomþ Top�Bottom

1þ 10 logEC50�Xð ÞHillscope
:

To fit a sigmoidal dose–response curve and determine the
best fit values for the logEC50, the Hill slope, and the bottom
and top plateaus, of a four parameter, the nonlinear regres-
sion model was applied.

Concentrations associated with 50% viability using the Hill
slope and EC50 from the Hill function analysis were also de-
termined. The Hill function analysis was performed using the
statistical software GraphPad PRISM� version 6.07. The cy-
totoxicity was deemed as significant, if confirmed in all three
replicates over EC20 ( p < 0.05 greater than the corresponding
unexposed control). If the EC20 is not reached, the test item is
not considered cytotoxic. Significant differences ( p < 0.05) in
cytotoxicity between myblu aerosol and 3R4F smoke were
determined using a one-way analysis of variance (ANOVA)
with a Dunnett’s post hoc comparison test.

Mutagenicity. The Ames assay acceptance criteria must
be met, including the mean negative control colony falling
within the normal historical range, the positive control induc-
ing a clear increase in revertant numbers, confirmation of an
active S9 preparation, and no more than 5% of the plates

were lost through contamination or other unforeseen event.
For consideration of a positive mutagenic result for the test
article, the following should be met: (1) it produces a twofold
increase in the number of induced revertants, compared with
negative control (ambient air), (2) revertant number of three
of more test substance concentrations are significantly higher
than the negative control, (3) a positive linear dose–response
is observed, and (4) the positive responses were repeatable.

Mutagenic activity was calculated from the linear slope of
the dose–response curve (nonthreshold model) using the sta-
tistical software GraphPad PRISM version 8.0. In the case of
results with a positive slope in the nonthreshold model and
Dunnett’s test ( p < 0.05 greater than the corresponding unex-
posed control), the tests were repeated. A test substance was
deemed as mutagenic if the effect was confirmed in three
replicates.

Genotoxicity. The IVM acceptance criteria must be met,
including the negative control micronucleus frequencies
should be in the range of historical data and positive controls
should induce a statistically significant increase in micronu-
cleus frequencies; at least one of the conventional smoke dilu-
tions applied should induce a statistically significant increase
in micronucleus frequencies and the population doubling of
the solvent/medium control cultures should match a range
between 1.0 and 2.5.

For consideration as a positive IVM response, there needs
to be (1) a reproducible dose-dependent increase in micronu-
cleus frequency and (2) the increased frequency, at any dose,
must be significantly different to that of the negative control.
The differences between median values were statistically an-
alyzed using the chi-square test ( p < 0.05 greater than the
corresponding unexposed control). Duplicate cytotoxicity
and micronucleus frequency determinations were made for
each dose of test article and control. For each test article,
three independent test days were conducted.

Results

Chemical characterization of smoke and aerosol

The aerosol from a myblu tobacco flavor e-cigarette was
compared with 3R4F cigarette smoke for toxicants of public
health interest, when generated under comparable smoking
regimens.

A standard of 150 puffs (in 3 blocks of 50 puffs) was adop-
ted for all e-cigarette analyses, which provides a similar col-
lected mass per filter pad between the e-cigarette samples
(aerosol collected mass [ACM]) and the conventional cigarette
testing (total particulate matter [TPM]). This represents *15
times more puffs than typically observed for conventional cig-
arette smoke chemistry studies; the 3R4F cigarette averaged
*10 puffs per cigarette when machine smoked. The device
mass loss for the myblu in this study was *7.7 mg per puff,
which is consistent with the ACM amounts.

Major constituents of 3R4F smoke and myblu aerosol are
given in Table 1. The percentage composition of nicotine in
the ACM from the tested e-cigarettes is around a third of
the nicotine in the TPM from the 3R4F cigarette. This is
reflected in the relative nicotine yields per puff from the
e-cigarettes. The nicotine yield for myblu was 85 lg per
puff, correspondingly this was 51% less than the 176 lg per
puff nicotine yield for the 3R4F cigarette.
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Aerosol emissions testing

A total of 44 analytes were quantified in the e-cigarette
aerosols and cigarette smoke. A comparison of the analytical
results for the various classes of analytes is reported in
Table 2 on a ‘‘total puff basis’’ (i.e., yields from the single
3R4F cigarette of *10 puffs were compared with yields
from 150 puffs on the e-cigarette product). The limit of de-
tection (LOD) and limit of quantification (LOQ) levels differ
between test articles due to the amount of used sticks for
level determination. LOQ and LOD values were derived
from analytical methods used for FMC products, which are
calculated on a per stick basis. The FMC values were adapted
to 50-puff blocks used in e-cigarettes aerosol testing. The
LOQ based on the concentration of aerosol or smoke is
equal. Individual replicates are shown in Appendices 3–5.

Of the 44 analytes investigated in the tested e-cigarette
aerosol, all were below the level of quantification or level
of detection, except for ACM, nicotine, and water.

The analysis of 20 HPHCs of smoke specified by the FDA
Tobacco Products Scientific Advisory Committee8 demon-
strated >99% reduction of e-cigarette aerosol compared
with cigarette smoke, on a per puff basis.

In vitro biological tests

All raw data for the NRU assay, Ames screen, and IVM
assay can be found in Appendices 6–8.

Cytotoxicity

The in vitro cytotoxicity of fresh smoke from the reference
cigarette and whole aerosol from the myblu e-cigarette were
determined using the in vitro NRU assay in BEAS-2B.

Cytotoxicity was assessed on the basis of the concentra-
tion of aerosol or smoke that resulted in a 50% inhibition
of cell viability (EC50), shown in Figure 2. EC50 values are
reported in Table 3. Compared with the negative control cul-
tures, the e-cigarette showed weak, but statistically signifi-
cant, cytotoxicity in the in vitro NRU assay. The smoke of
the reference cigarette 3R4F presented >300 times higher cy-
totoxicity than the e-cigarette.

Mutagenicity

All positive controls significantly increased the revertant
number. The mutagenic activity of whole smoke/aerosol
from the myblu e-cigarette and 3R4F cigarette product is
shown in Figures 3 and 4.

For each strain, mutagenic activity was calculated from
the linear slope of the dose–response curve (nonthreshold

model) with differences in the number of revertants on the
treated plates and the untreated controls tested for signifi-
cance (Tables 4 and 5).

A statistically significant ( p < 0.05) dose-dependent increase
in revertant number was observed in both TA98 and TA100
with S9 metabolic activation after 3R4F cigarette smoke expo-
sure. In contrast, the e-cigarette aerosol did not induce any sta-
tistically significant increase in number of revertants compared
with the negative control in either stain (up to 300 puffs).

Genotoxicity

In all studies, the positive control induced a statistically sig-
nificant increase in cytotoxicity and micronucleus frequency
when compared with the vehicle control. This positive response
in micronucleus frequency indicates a responsive assay, regard-
less of the exposure matrix. No precipitate or significant mor-
phological changes were observed for ambient air control. For
e-cigarette aerosol and diluted 3R4F smoke, the average maxi-
mum cytotoxicity (RCC) ranged between 47% and 57%.

The activity in the IVM assay is shown in Figure 5. The
micronucleus values induced by the different treatment
groups were compared pairwise with those from the corre-
sponding negative controls using chi-square analysis per
test day. Diluted smoke from the 3R4F cigarette induced
reproducible and significantly increased micronucleus frequen-
cies compared with the negative control cultures ( p < 0.05),
indicative of significant genotoxic potential in this assay.
Conversely, the e-cigarette aerosol did not induce any sig-
nificant increase in micronucleus formation in V79 cells
over 100 puffs on any test day.

In addition to the standard OECD guidance for genotoxic-
ity determination, for product comparison, the dose levels
needed to induce the threefold increase in micronucleus for-
mation over background (EC-MN3) was calculated (dotted
gray line in Fig. 5).34,35 For example for 3R4F smoke, the
values from the three test days were averaged and the effec-
tive concentration to achieve EC-MN3 was calculated using
nonlinear regression (Table 6). No statistical comparison
could be modeled for the myblu aerosol because it did not in-
duce any significant increase in micronuclei frequencies in
V79 cells (Table 6).

Discussion

This study was designed to compare the emissions and
in vitro toxicity of the myblu closed pod-system e-cigarette
with those of the 3R4F reference cigarette. Clear and sub-
stantial differences between the e-cigarette aerosol and to-
bacco smoke have been demonstrated.

Table 1. Summary of Major Constituents of Cigarette Smoke and myblu E-Cigarette

Aerosol (Milligrams per Total Puffs Collected)

Product Puffs TPM/ACM (mg) Water (mg) Nicotine (mg) CO (mg)

3R4F Cigarette 10.24 36.59 10.11 1.80 29.78
myblu� e-cigarettea 150 833.53 51.48 12.81 <0.01

aThree replicates for each 50-puff block; values represent the average of 3 replicates of 50-puff blocks.
‘‘<’’ indicates some or all of the values were below the LOD or LOQ; where below the LOD or LOQ, the LOD or LOQ value is used in

calculation (see Appendices 3 and 4).
ACM, aerosol collected mass (relevant for e-cigarettes); e-cigarette, electronic cigarette; LOD, limit of detection; LOQ, limit of quanti-

fication; TPM, total particulate matter (relevant for cigarettes).
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Levels of chemicals from the myblu e-cigarette aerosol
were found to be substantially lower than those from ciga-
rette smoke. Analytical results indicate the relative chemi-
cal simplicity of the e-cigarette aerosols with no detectable
levels of the toxicants analyzed for, compared with ciga-
rette smoke. Substantially more ACM was generated from
the e-cigarette aerosol than 3R4F TPM; however, the com-
position between ACM and TPM is considerably different.
ACM is predominantly formed of liquid droplets contain-
ing nicotine, propylene glycol, and glycerol, recognized
impurities in Pharmacopoeia-quality nicotine, and eight
thermal decomposition products of propylene glycol or
glycerol, whereas TPM contains solid particles, formed
from tobacco combustion, with the majority of these parti-
cles identified as carbon.15,36 The data are consistent with
other studies in older generation e-cigarette products that
have found no quantifiable levels of tested toxicants, in-
cluding HPHCs, or extremely low levels of measurable
constituents relative to cigarette smoke in older generation
products.11,15,18,37 Although this study included a wide
range of potential toxicants, heavy metals were not ana-
lyzed. The literature suggests that although e-cigarettes
are less likely to increase exposure to cadmium, as is asso-
ciated with the use of combustible cigarettes, exposure to
other metals, including chromium and nickel, may still in-
crease with the use of e-cigarettes compared with nonusers.
Several studies suggest that exposure to metals associated
with the use of e-cigarettes is likely associated with the de-

vice itself as opposed to the e-liquid.38–42 Extractable and
leachable studies conducted on the e-cigarette device should
address this risk for new products before market launch.

Established in vitro toxicological studies, the NRU assay
to assess product cytotoxicity,31 the IVM assay for mamma-
lian genotoxicity (OECD, 2016. Test No. 487),33 and the
Ames screening assay to determine mutagenicity (OECD
1997, Test No. 471)32 in TA98 and TA100 were adopted
to assess the toxicity of e-cigarette aerosol to cigarette
smoke. Under the test conditions, e-cigarette aerosol demon-
strated significantly less toxicity than 3R4F smoke.

The smoke from the 3R4F cigarette was highly cyto-
toxic to cells in the NRU assay, presenting >300 times higher
cytotoxicity than the e-cigarette aerosol. The cytotoxicity

FIG. 2. The puff-specific cytotoxicity of the myblu
e-cigarette (blue line) aerosol and smoke from 3R4F ciga-
rette (black line) in the NRU assay with the BEAS-2B cell
line. Three independent experiments per test article were per-
formed with six replicate measurements per dose level. Sin-
gle data points represent the average of replicates – the
standard error of the mean. A nonlinear regression curve fit
was applied to illustrate the dose–response behavior. The
dotted gray line represents the EC50 value. e-cigarette, elec-
tronic cigarette; NRU, neutral red uptake.

Table 3. Puff-Specific Cytotoxicity in BEAS-2B

Cells Expressed as EC50

Product EC50 95% confidence interval

3R4F 0.236 0.226–0.246
myblu 75.35 70.65–80.37

FIG. 3. Puff-specific mutagenicity in Salmonella typhimu-
rium TA98 with S9 metabolic activation after exposure to
aerosol from myblu e-cigarette (blue line) or smoke from
3R4F cigarette (black line) cigarette using the in vitro bacte-
rial reverse mutation test (Ames test). At least two indepen-
dent experiments per test article were performed with two to
three different dose ranges each. Each data point in Figure 3
represents the average of three replicate agar plates – stan-
dard error of the mean (Dotted line represents the standard
error of the mean of linear regression).

FIG. 4. Puff-specific mutagenicity in S. typhimurium
TA100 with S9 metabolic activation after exposure to aero-
sol from myblu e-cigarette (blue line) or smoke from 3R4F
cigarette (black line) cigarette using the in vitro Ames test.
At least two independent experiments per test article were
performed with two to three different dose ranges each.
Each data point in Figure 4 represents the average of three
replicate agar plates – standard error of the mean (Dotted
line represents the standard error of the mean of linear
regression).
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findings from this study are consistent with those from a
number of other in vitro studies in different cell lines. Misra
et al.43 showed that older closed system e-cigarette products
displayed no cytotoxic effects in human alveolar basal ep-
ithelial cells. Romagna et al.20 reported e-cigarette aerosol
to be significantly less cytotoxic than tobacco smoke in fibro-
blasts, and Farsalinos et al.21 concluded the same in myocar-
dial cells. In addition, Scheffler et al.22 demonstrated that
exposure of primary human bronchial cells to tobacco
smoke significantly lowered cell viability compared with
e-cigarette aerosol.

The OECD guideline 471 for the Ames test recommends
at least five bacterial strains to detect point mutations by
base substitutions or frameshifts, incorporating four S. typhi-
murium strains (TA98, TA100, TA1535, and TA1537) and
the TA102 strain.32 Two strains, TA98 and TA100, are of

particular interest for tobacco products because they have
been shown to be sensitive to combustion products, notably
nitroarenes and aromatic amines.44 TA98 is sensitive to basic
and neutral fractions, such as the heterocyclic amines and ar-
omatic amines that are one of the primary sources of muta-
genicity in TPM and smoke extracts and TA100 because
of its added sensitivities to carbonyl compounds in the gas
vapor phase45 compared with TA98 and ability to distinguish
between tobacco products.46,47 There are no test guidelines
currently available for testing of e-cigarette aerosols; therefore,
TA98 and TA100 were selected as the most appropriate and re-
sponsive strains for this study. In this study, neither TA98 nor
TA100 demonstrated a mutagenic response after e-cigarette ex-
posure, whereas clear mutagenicity was observed for cigarette
smoke, in line with the results reported by Wieczorek et al.
(in press). To fully determine the mutagenicity of e-cigarette
aerosol, the full set of Ames strains should be incorporated
according to the OECD guideline 471.32 The use of strains in-
cluding TA104 may bring value to a more extensive testing
strategy beyond mutagenicity screening, due to its known sen-
sitivity to carbonyl compounds.45,48 It should, however, be
noted that in this study that all carbonyls measured were
below the LOD for the myblu aerosol.

Use of the Ames assay to evaluate the mutagenicity of
e-cigarette aerosol has been reported in multiple studies,
with results in line with what has been reported in this
study. Misra et al. showed that ACM from older closed sys-
tem e-cigarette products displayed no mutagenic activity
in the Ames assay.43 Thorne et al. used two exposure meth-
ods (ACM and aerosol) for Ames testing of e-cigarettes

Table 4. Puff-Specific Mutagenicity in Salmonella typhimurium TA98 with S9 Metabolic Activation:

Analysis of the Slope of the Dose–Response Curve (Fig. 3)

Product
Slope of the dose–response

curve in Figure 3
95% confidence

interval
Significant mutagenic activity

(treatment vs. control; p < 0.05)

3R4F 2.097 – 0.160 1.775 to 2.419 Yes ( p £ 0.05)
myblu 0.0202 – 0.0138 �0.00765 to 0.0480 No ( p ‡ 0.05)

Table 5. Puff-Specific Mutagenicity in S. typhimurium TA100 with S9 Metabolic Activation:

Analysis of the Slope of the Dose–Response Curve (Fig. 4)

Product
Slope of the dose–response

curve in Figure 4
95% confidence

interval
Significant mutagenic activity

(treatment vs. control; p < 0.05)

3R4F 3.241 – 0.195 2.846 to 3.636 Yes ( p < 0.05)
myblu �0.0314 – 0.0168 �0.0652 to 0.00236 No ( p > 0.05)

FIG. 5. Puff-specific genotoxicity in Chinese hamster
lung V79 cells in the in vitro micronucleus assay. Percent-
age micronucleus dose–response curve after exposure to
aerosol from myblu e-cigarette (blue line) or 3R4F smoke
(black line). Three independent experiments per test article
were performed. Single data points represent the average of
replicates – the standard error of the mean. The dotted line
represents the corrected threefold background value of
micronuclei frequency for 3R4F (0.18%). Values were sub-
tracted by average background MN frequencies (back-
ground for 3R4F = 0.09%; for myblu experiments = 0.18%)
of the replicate experiments to focus on the smoke/aerosol-
induced genotoxicity. Only non zero dose level micronuclei
values are shown.

Table 6. Determination of Genotoxic Activity

in Chinese Hamster Lung V79 Cells

Product
EC-MN3
[puffs]

95%
confidence

interval

Significant
genotoxic
activity

(treatment
vs. control;
p < 0.05)

3R4F 0.3097 �0.1035 to 0.7192 Yes ( p < 0.05)
myblu Not

applicable
— No ( p > 0.05)
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compared with a combustible reference cigarette (3R4F).49

Both e-cigarette ACM and whole aerosol were found to be
negative for mutagenicity in TA98 and TA100. In addition,
Thorne et al. evaluated the mutagenic potential of direct
e-cigarette aerosol exposure in S. typhimurium (TA98,
TA100, TA97, and TA104) and E. coli WP2 uvrA
pKM101.50 This exposure paradigm revealed no statistically
significant increase in mutagenicity for any e-cigarette aerosol
up to and including the maximum 900-puff exposure, in any
strain, both with and without metabolic activation.

The myblu e-cigarette aerosol did not display genotoxic
effects in the IVM assay; by contrast, the smoke from the
3R4F cigarette was found to exhibit genotoxicity. The
IVM assay used V79 cells, as recommended by the OECD
guideline 487.33 V79 cells show a good responsiveness to
cigarette smoke extracts and that the use of V79 cells results
in robust reproducible genotoxicity results.35,51,52 Within
this study, OECD guidelines were followed, although e-cigarette
aerosol and cigarette smoke were tested with metabolic activa-
tion only (no�S9 condition within the study); although this is a
potential study limitation, the treatment V79 cells do not ex-
press P450 enzymes and the inclusion of metabolic activa-
tion increases the human relevance of the assay. However,
Thorne et al. showed that V79 cells were most responsive
to cigarette smoke constituents after an extended recovery/
expression period without S9.52 Therefore, future studies
should consider following the OECD test guideline for
both short- and long-term treatment. Two different cigarette
smoke dilutions (1:4 and 1:5 with filtered air) are included
as positive controls within the assay, due to the known gen-
otoxicity of cigarette TPM or whole smoke without meta-
bolic activation.52–54 This is to ensure a minimum of one
concentration will induce micronucleus generation and con-
firm efficient smoke delivery to the cellular system. Future
studies should validate the cigarette smoke as a positive con-
trol in the IVM assay against OECD recommended positive
controls. Published studies using the IVM assay for e-cigarette
genotoxicity testing are limited. Misra et al. found that direct
e-liquid or ACM from e-cigarettes did not affect micronucleus
induction, whereas combustible cigarettes caused a dose-
dependent induction of micronucleus formation.43

A further limitation of this research is that no smoking reg-
imen accurately reflects actual user puff topographies, thus
the actual dose of compounds an e-cigarette user inhales
may be different to that measured in the study. To address
this, further research on pod-based e-cigarette systems
would be informative, particularly, topography, clinical bio-
marker, and behavioral and population studies.

The myblu e-cigarette device and liquids undergo strin-
gent toxicological and product stewardship assessment be-
fore launch, including the exclusion of ingredients with
carcinogenic, mutagenic, or reproductive toxicity properties.
Although e-cigarettes, including myblu, are not risk free,
they are a potentially less harmful alternative to cigarettes
for the adult smoker.1 Within this study, results have shown
that the myblu e-cigarette aerosol displayed a reduced hazard
profile compared with the 3R4F reference cigarette. To assess
the biological effect of e-cigarettes, these results should be
incorporated into a larger assessment framework using a
weight-of-evidence approach. This can include other in vitro
human-based assays such as 3D lung models and high content
screening.55,56

Conclusions

The in vitro toxicity data show that the e-cigarette has a
low toxicity profile compared with the reference cigarette
under the conditions applied. This is perhaps unsurprising,
given the demonstrated relative simplicity of the heated
e-cigarette aerosol compared with the combusted cigarette
smoke, including the absence of many of the analytes tested
for. The results obtained in the aforementioned studies and in
this study demonstrate that high-quality e-cigarettes and
e-liquids offer the potential for substantially reduced expo-
sure to cigarette toxicants in adult smokers who use such
products as an alternative to conventional cigarettes. Further
studies, including biomarkers of exposure studies in adult
smokers, are required to validate the findings in the presented
study and to establish the reduced toxicant exposure for the
myblu e-cigarette. The findings of this study are an encourag-
ing starting point for future research and development.
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39. Badea M, Luzardo OP, González-Antuña A, et al. Body bur-
den of toxic metals and rare earth elements in non-smokers,
cigarette smokers and electronic cigarette users. Environ
Res 2018:166;269–275.

40. Jain RB. Concentrations of cadmium, lead, and mercury in
blood among US cigarettes, cigars, electronic cigarettes, and
dual cigarette-e-cigarette users. Environ Pollut 2019:251;
970–974.

41. Jain RB. Concentrations of selected metals in blood, serum,
and urine among US adult exclusive users of cigarettes, ci-
gars, and electronic cigarette. Toxicol Environ Chem 2018:
100;134–142.

42. Prokopowicz A, Sobczak A, Szuła-Chraplewska M, et al.
Exposure to cadmium and lead in cigarette smokers who
switched to electronic cigarettes. Nicotine Tob Res 2019:
21;1198–1205.

43. Misra M, Leverette RD, Cooper BT, et al. Comparative
in vitro toxicity profile of electronic and tobacco ciga-
rettes, smokeless tobacco and nicotine replacement ther-
apy products: e-liquids, extracts and collected aerosols.
Int J Environ Res Public Health 2014:11;11325–11347.

44. Hollings M, Woodhams A, Seymour A, et al. An Evaluation
of Cigarette Smoke Aerosols In Vitro Using a Modified
Ames Methodology and the Balb/c 3t3 Neutral Red Uptake
Cytotoxicity Assay. In Palm Beach Gardens, FL: Tobacco
Science Research Conference; 2016.

45. Dillon D, Combes R, Zeiger E. The effectiveness of Salmo-
nella strains TA100, TA102 and TA104 for detecting muta-
genicity of some aldehydes and peroxides. Mutagenesis
1998:13;19–26.

46. Johnson MD, Schilz J, Djordjevic MV, et al. Evaluation of
in vitro assays for assessing the toxicity of cigarette smoke

and smokeless tobacco. Cancer Epidemiol Biomarkers Prev
2009:18;3263–3304.

47. Zeiger E. Carcinogenicity of mutagens: predictive capabil-
ity of the Salmonella mutagenesis assay for rodent carcino-
genicity. Cancer Res 1987:47;1287–1296.

48. Marnett LJ, Hurd HK, Hollstein MC, et al. Naturally occur-
ring carbonyl compounds are mutagens in Salmonella tester
strain TA104. Mutat Res 1985:148;25–34.

49. Thorne D, Crooks I, Hollings M, et al. The mutagenic as-
sessment of an electronic-cigarette and reference cigarette
smoke using the Ames assay in strains TA98 and TA100.
Mutat Res 2016:812;29–38.

50. Thorne D, Hollings M, Seymour A, et al. Extreme testing of
undiluted e-cigarette aerosol in vitro using an Ames air-
agar-interface technique. Mutat Res Genet Toxicol Environ
Mutagen 2018:828;46–54.

51. McAdam KG, Gregg EO, Liu C, et al. The use of a novel
tobacco-substitute sheet and smoke dilution to reduce toxi-
cant yields in cigarette smoke. Food Chem Toxicol 2011:49;
1684–1696.

52. Thorne D, Leverette R, Breheny D, et al. Genotoxicity eval-
uation of tobacco and nicotine delivery products: part two.
In vitro micronucleus assay. Food Chem Toxicol 2019t:
132;110546.

53. Massey E, Aufderheide M, Koch W, et al. Micronucleus in-
duction in V79 cells after direct exposure to whole cigarette
smoke. Mutagenesis 1998:13;145–149.

54. Combes R, Scott K, Crooks I, et al. The in vitro cytotoxicity
and genotoxicity of cigarette smoke particulate matter with
reduced toxicant yields. Toxicol In Vitro 2013:27;1533–
1541.

55. Czekala L, Simms L, Stevenson M, et al. High Content
Screening in NHBE cells shows significantly reduced bio-
logical activity of flavoured e-liquids, when compared to
cigarette smoke condensate. Toxicol In Vitro 2019:58;
86–96.

56. Czekala L, Simms L, Stevenson M, et al. Toxicological
comparison of cigarette smoke and e-cigarette aerosol
using a 3D in vitro human respiratory model. Regul Toxicol
Pharmacol 2019:103;314–324.

Address correspondence to:
Kathryn Rudd

Group Science and Regulatory Affairs
Imperial Brands PLC
121 Winterstoke Road

Bristol BS3 2LL
United Kingdom

E-mail: kathryn.rudd@uk.imptob.com

(Appendix follows/)

CHEMICAL COMPOSITION AND IN VITRO TOXICITY PROFILE 23



Appendix

Appendix 1

(Appendix follows/)

Image published with permission from Imperial Brands PLC.

24 RUDD ET AL.



Appendix 2

ISO 10315:2000 - Cigarettes – Determination of nicotine
in smoke condensates: gas chromatographic method

ISO 10362-1:1999-12 Amd.1:2011-07) Cigarettes –
Determination of water in smoke condensates – part1: gas
chromatographic method

ISO 8454:2007-06/Amd.1:2009-10) Cigarettes – Determi-
nation of Carbon Monoxide in vapour phase of cigarette
smoke NDIR method

Determination of phenolic compounds in
mainstream smoke of tobacco products;
UPLC method

Cigarettes were smoked on a rotary smoking machine to
generate TPM on Cambridge filter pads. For myblu 50
puffs per block were smoked on a linear smoking machine.
The smoked Cambridge filter pads were transferred to a cap-
ped 150 mL Erlenmeyer flask and extracted in 40 mL extrac-
tion solution for 30 min. An automated shaker at a speed of
around 160 rpm was used. 5 mL of the extract is filtrated
using a membrane filter. The first eluted mL was discarded.
Depending on the TPM value the extract is further diluted.
The diluted extract is analysed using an UPLC-FLD analysis
with the following parameter:

Apparatus: Waters Acquity
Column Luna PFP (2), 3 lm, 100x2 mm
Injection volume: 2 lL
Autosampler temperature: 2-8 �C
Flowrate: 0.17 mL
Column temperature: Room Temperature

Gradient:

Time (minutes) Eluent A [%] Eluent B [%] 

0.00 80 20 

4.00 80 20 

4.10 55 45 

16.30 0 100 

20.31 80 20 

22.80 80 20 

Eluent A: acetic acid (1%)

Eluent B: acetic acid in methanol (1%)

Detection:

Compound Exication wavelength 

[nm] 

Emission wavelength[nm] 

Hydrochinon 280 310 

Resorcinol 280 310 

Catechol 280 310 

Phenol 274 298 

p-Cresol 274 298 

m-Cresol 274 298 

o-Cresol 274 298 

Determination of carbonyls in mainstream smoke
of tobacco products; HPLC method

Cigarettes were smoked on a rotary smoking machine. For
myblu 50 puffs per block were smoked on a linear smoking ma-
chine. The unfiltered mainstream smoke was guided through
two impingers containing 35 mL DNPH solution. Following
smoking the impingers were combined and transferred in a cap-
ped Erlenmeyer flask. The derivatisation of carbonyls was ex-
ecuted for 30 min. Aliquots are stabilized using Trizma base
and following membrane filtration analysed via HPLC-DAD.

Apparatus: Agilent 1100 series
Column RP C18, 125 Å,

150x4.6 mm, 3 lm
Injection volume: 20 lL
Column temperature: 40 �C
Flowrate: 1.2 mL/min
Detector: 365 nm

Gradient:

Time (minutes) Eluent A [%] Eluent B [%] Eluent C [%] 

0.0 60 40 0 

12.0 60 40 0 

15.0 60 40 0 

21.0 0 100 0 

22.2 0 0 100 

25.2 0 0 100 

28.2 100 0 0 

34.2 100 0 0 

Eluent A: ACN/THF/IPA/H2O (30:10:1:59)

Eluent B: ACN/ H2O (65:35)

Eluent C: ACN

Determination of vapour phase compounds
in mainstream smoke of tobacco products; gas
chromatographic method

Cigarettes were smoked on a rotary smoking machine col-
lecting the TPM on Cambridge Filterpad. For myblu 50 puffs
per block were smoked on a linear smoking machine. The va-
pour phase was collected in a Tedlar bag connected with the
filter pad. The sample is injected directly using a specific gas
chromatographic system with MS detection using following
parameters.

GC system: Agilent 7890 A
MS-System: Agilent 5975 C
Loop-filling Manager: LFM 205, Teutner

Analysentechnik GmbH

Transferline Temperature: 130 �C
GC column: DB624 UI 60 m x0.25 mm
GC oven:
Temperature: 40�C for 6 min
Heating rate: 20 �C/min
Temperature: 230�C for 5 min
Split: 1:20
Flowrate: 1.5 mL/min
MS Source: 230�C
MS Quad: 150�C
Transfer line: 230�C

(Appendix continues/)
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Determination of aromatic amines in mainstream
smoke of tobacco products; GC-MS method

Cigarettes were smoked on a rotary smoking machine. For
myblu 50 puffs per block were smoked on a linear smoking ma-
chine. The smoked Cambridge filter pads were transferred to a
capped 250 mL Erlenmeyer flask and extracted for 30 min in
100 mL 5% HCl. 50 mL of the acidic extract was transferred
in 250 mL separating funnel adding the internal standard. The
extract was extracted two times using 25 mL dichlormethane.
The dichlormethane phase is discarded and the acidic extract
is extracted using 25 mL cyclohexane. The aqueous layer was
drained into a beaker containing about 60 mL crushed ice cubes.
The ice cubes act as cooling during subsequent addition of so-
dium hydroxide solution. The beaker was placed on a magnetic
stirrer and while stirring about 5 mL of 50% sodium hydroxide
solution was added until a pH not less than 10 was reached. The
pH was checked using pH test sticks. The alkaline solution was
transferred back into the separating funnel and extracted three
times with 25 mL of n-hexane each. The hexane layers were
drained through a glass funnel with sodium sulphate and com-
bined in a 500 mL round-bottomed flask. For derivatization,
70 lL of pyridine and 50 lL of pentafluoropropionic acid anhy-
dride (PFPA) were added while stirring. The resulting solution
was kept at room temperature for at least 30 min to complete
derivatisation. The solvent was completely evaporated at a
maximum temperature of 40 �C using a rotary evaporator. Fol-
lowing SPE cleaning, complete evaporation and dilution in
n-hexane the solution is analysed using GC-MS with the fol-
lowing parameters:

GC-System Agilent 7890B;
MS-System Agilent MSD 5977B
GC-Capillary HP-5MS, 30 m x 0.25 mm i.D.,

0.25 lm Film
GC-Temperature

program
80�C hold 2 min., 10�/min.

to 220�C, 20�/min. to 280�C,
15 min. 280�C isotherm

Flow rate: 1 mL/min.
Injector temperature: 250�C
Injection volume: 2 lL splitless
MS Source: 230�C; 70eV
MS Quad temperature: 150�C

Determination of tobacco specific nitrosamines
in mainstream smoke of tobacco products;
LC-MS/MS method

Cigarettes were smoked on a rotary smoking machine. The
smoked Cambridge filter pads were transferred to a capped
100 mL Erlenmeyer flask and extracted for 60 min in
40 mL MeOH : H2O (1:1). An automated shaker at a speed
of around 180 rpm was used. An aliquot of the extract is
membrane filtered and analysed via LC-MS/MS.

For myblu 50 puffs per block were smoked on a linear
smoking machine. The smoked Cambridge filter pads were
transferred to a capped 50 mL Erlenmeyer flask and extracted
for 60 min in 20 mL MeOH : H2O (1:1). An automated shaker
at a speed of around 180 rpm was used. An aliquot of the ex-
tract is membrane filtered and analysed via LC-MS/MS.

Column: Gemini 3lm C18, 150 x 4.6 mm,
110 Å

Injection volume: 40 lL
Column temperature: 55 �C
Flowrate: 660 lL/min

Gradient:

Time (minutes) Eluent A [%] Eluent B [%] 

0.0 40 60 

5.0 10 90 

7.0 40 60 

11.0 40 60 

Eluent A: 0.1% acetic acid in H2O

Eluent B: 0.1% acetic acid in MeOH

MSMS-SYSTEM API 6500 QTRAP
Ion source/ ionization mode Turbo Spray /ESI positive
Voltage 4500 V
Temperature (TEM) 350 �C
Gas1 (GS1) Nebulizing Gas 50 psi
Gas2 (GS2) Turbo Heater Gas 60 psi
Dwell time 50 ms

Determination of ammonia in mainstream smoke
of tobacco products; photometric method

Cigarettes were smoked on a rotary smoking machine. For
myblu 50 puffs per block were smoked on a linear smoking
machine. The TPM was electrostatically precipitated onto a
glass tube. In addition an impinger containing 25 mL of
0.05 N sulphuric acid was placed between the glass tube for
electrostatic precipitation and the pump of the smoking ma-
chine. Following one-side sealing of the precipitation tube
with a ground cap, 50 ml of water and a few stainless steel
balls were added, the precipitation tube was closed and
extracted for 5 min. The extract was transferred into a
250 mL Erlenmeyer flask and the precipitation tube was
extracted again using 50 mL of water for one minute. The com-
bined extracts (100 mL) were transferred to the 250 mL flask.
The content of the impinger and the smoke condensate extract
were combined, treated with 0.05 N sulphuric acid, filtered
through a membrane filter. The derivatisation to a coloured
complex with salicylate reagent and analyses via photometer
was executed in an Alliance Evolution autoanalyzer.

Determination of Benzo[a]pyrene in cigarette main-
stream smoke; GC-MS method

Cigarettes were smoked on a rotary smoking machine. For
myblu 50 puffs per block were smoked on a linear smoking
machine. The smoked Cambridge filter pads were transferred
to a capped 100 mL Erlenmeyer flask and extracted for
20 min in 60 mL Cyclohexane containing the internal standard
B[a]P d12). Aliquots of 15 mL were reduced to 3 mL under re-
duced pressure using a Turbovap apparatus. These are cleaned
using solid phase extraction and analysed using GC-MS.

GC-System HP 6890 series
MS Detector: HP 5973
GC-Capillary J&W DB-17ms, 30m, 0.25mm,

0.25 lm
GC-Temperature

program
Initial temperature: 120 �C, 1 min,

30 �C/min auf 310 �C, 20 min
Flow rate: 1 mL/min.
Injector temperature: 300�C
Injection volume: 2 lL splitless
MS Source: 230 �C
MS Quad temperature: 150 �C
Transfer line temperature 300 �C

(Appendix continues/)
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Appendix 3 – 3R4F raw data

3R4F

Analyte Unit LOQ LOD Rep 1 Rep 2 Rep 3 mean sd COV

TNCO Puff count 9.97 10.25 10.49 10.24 0.26 2.5%

TPM (ACM) mg/Cig. 35.83 37.5 36.43 36.59 0.85 2.3%

Water mg/Cig. 9.51 10.64 10.17 10.11 0.57 5.6%

Nicotine mg/Cig. 1.77 1.81 1.81 1.80 0.02 1.3%

CO %Vol 4.44 4.87 4.59 4.63 0.22 4.7%

CO mg/Cig. 27.768 31.313 30.204 29.76 1.81 6.1%

Tobacco-specific
N-nitrosamines

Puff count 10.6 10.38 10.36 10.45 0.13 1.3%

NNN ng/Cig. 8 2.7 372.09 364.58 355.23 363.97 8.45 2.3%

NAT ng/Cig. 8 2.7 326.44 317.82 321.52 321.93 4.33 1.3%

NAB ng/Cig. 4 1.3 35.50 34.78 40.68 36.99 3.22 8.7%

NNK ng/Cig. 8 2.7 232.71 249.15 231.74 237.87 9.78 4.1%

Total TSNA ng/Cig. 966.75 966.33 949.17 960.75 10.03 1.0%

Hydrochinon lg/Cig. 1.98 0.66 115.4 109.4 107.5 110.78 4.14 3.7%

Resorcinol lg/Cig. 0.2 0.07 0.4 0.3 0.3 0.32 0.05 16.5%

Catechol lg/Cig. 0.98 0.33 100.4 93.7 93.3 95.82 4.02 4.2%

Phenol lg/Cig. 1.3 0.43 19.9 18.8 18.4 19.02 0.79 4.2%

p-Cresol lg/Cig. 0.22 0.07 5.2 4.8 4.4 4.79 0.38 7.9%

m-Cresol lg/Cig. 0.42 0.14 6.4 6.4 6.1 6.31 0.18 2.9%

o-Cresol lg/Cig. 0.38 0.13 8.1 8.1 7.7 7.97 0.20 2.5%

Polyaromatichydrocarbons Puff count 10.1 10.1 9.8 10.00 0.17 1.7%

Benzo[a]pyrene ng/Cig. 1.00 0.33 13.57 14.01 13.09 13.56 0.46 3.4%

Carbonyls Puff count 11.68 11.76 11.8 11.75 0.06 0.5%

Formaldehyde lg/Cig. 9.0 3.0 91.5 92.8 97.7 93.99 3.28 3.5%

Acetaldehyde lg/Cig. 60.0 30.0 1572.0 1588.9 1685.8 1615.56 61.38 3.8%

Aceton lg/Cig. 30.0 10.0 573.0 568.6 605.5 582.36 20.15 3.5%

Acrolein lg/Cig. 15.0 5.0 161.6 161.9 174.8 166.11 7.56 4.5%

Propionaldehyde lg/Cig. 15.0 5.0 128.6 128.6 137.6 131.62 5.22 4.0%

Crotonaldehyde lg/Cig. 15.0 5.0 51.5 51.2 55.4 52.68 2.33 4.4%

Ethylmethyl ketone lg/Cig. 15.0 5.0 170.2 163.6 166.2 166.66 3.33 2.0%

Butyraldehyde lg/Cig. 15.0 5.0 83.6 83.9 89.0 85.49 3.04 3.6%

Aromatic
Amines

Puff count 10.02 10.08 9.92 10.01 0.08 0.8%

1-Aminonaphthalin ng/Cig. 0.17 0.06 29.7 28.6 28.3 28.88 0.70 2.4%

2-Aminonaphthalin ng/Cig. 0.12 0.04 18.6 18.1 18.2 18.31 0.23 1.2%

3-Aminobiphenyl ng/Cig. 0.10 0.03 4.6 4.4 4.4 4.47 0.12 2.8%

4-Aminobiphenyl ng/Cig. 0.10 0.03 3.8 3.7 3.7 3.72 0.08 2.2%

Gas phase compounds Puff count 10.6 10.38 10.36 10.45 0.13 1.3%

Vinyl chloride lg/Cig. 0.06 0.02 <LOQ <LOQ <LOQ

1,3-Butadiene lg/Cig. 0.24 0.08 107.6 102.8 101.8 104.06 3.09 3.0%

HCN lg/Cig. 0.56 0.19 379.9 354.9 332.4 355.74 23.78 6.7%

Acetaldehyde lg/Cig. 5.32 1.77 1533.6 1516.3 1484.1 1511.31 25.11 1.7%

Methanol lg/Cig. 0.39 0.13 447.5 437.8 442.3 442.52 4.87 1.1%

Ethylene oxide lg/Cig. 0.09 0.03 36.8 38.0 39.2 38.01 1.22 3.2%

Furan lg/Cig. 2.35 0.78 56.3 53.2 53.8 54.44 1.66 3.0%

Isoprene lg/Cig. 0.17 0.06 632.2 557.0 564.5 584.58 41.43 7.1%

Propylene oxide lg/Cig. 0.12 0.04 2.5 2.4 2.3 2.44 0.09 3.8%

Acrolein lg/Cig. 0.19 0.06 182.4 174.5 170.2 175.71 6.17 3.5%

Acetone lg/Cig. 0.20 0.07 740.1 739.4 725.7 735.04 8.09 1.1%

Acetonitrile lg/Cig. 0.20 0.07 340.3 339.0 327.8 335.72 6.91 2.1%

Acrylonitrile lg/Cig. 0.14 0.05 29.3 28.0 27.4 28.26 0.99 3.5%

Vinyl acetate lg/Cig. 0.23 0.08 0.8 0.9 0.8 0.86 0.02 2.0%

Methane, nitro- lg/Cig. 0.14 0.05 1.6 1.3 1.2 1.39 0.17 12.6%

Benzene lg/Cig. 0.11 0.04 103.3 103.1 99.8 102.06 1.99 1.9%

Propane, 2-nitro- lg/Cig. 0.10 0.03 1.9 1.9 1.8 1.88 0.06 3.4%

Toluene lg/Cig. 0.11 0.04 197.9 198.9 196.3 197.68 1.33 0.7%

Ethyl benzene lg/Cig. 1.52 0.51 22.0 22.3 22.1 22.12 0.16 0.7%

Styrene lg/Cig. 0.03 0.01 14.9 15.3 15.3 15.17 0.23 1.5%

Total Vapor Phase lg/Cig. 4831.0 4687.0 4608.9 4709 112.63 2.4%
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myblu

Rep 1

Analyte block 1 block 2 block 3 total mean sd COV

Unit x LOQ LOD 50 puffs 50 puffs 50 puffs 150 puffs 50 puffs

Weight loss weight loss (TNCO) mg 398.69 389.95 356.47 1145.11 381.70 22.29 5.8%

TNCO, Menthol TPM (ACM) mg/x puffs 294.3 301 310.5 905.80 301.93 8.14 2.7%

Water mg/x puffs 19.53 20.14 19.81 59.48 19.83 0.31 1.5%

Nicotine mg/x puffs 4.45 4.59 4.69 13.74 4.58 0.12 2.7%

CO %Vol <0.01 <0.01 <0.01 <0.01 <0.01 0.00 #DIV/0!

CO mg/x puffs <0.01 <0.01 <0.01 <0.01 <0.01 0.00 #DIV/0!

Tobacco- specific N-nitrosamines NNN ng/x puffs 20 6.7 <LOD <LOD <LOD

NAT ng/x puffs 20 6.7 <LOD <LOD <LOD

NAB ng/x puffs 10 3.3 <LOD <LOD <LOD

NNK ng/x puffs 20 6.7 <LOD <LOD <LOD

Total TSNA ng/x puffs

Phenolic compounds Hydrochinon lg/x puffs 1.98 0.66 <LOD <LOD <LOD

Resorcinol lg/x puffs 0.2 0.07 <LOD <LOD <LOD

Catechol lg/x puffs 0.98 0.33 <LOD <LOD <LOD

Phenol lg/x puffs 1.3 0.43 <LOD <LOD <LOD

p-Cresol lg/x puffs 0.22 0.07 <LOD <LOD <LOD

m-Cresol lg/x puffs 0.42 0.14 <LOD <LOD <LOD

o-Cresol lg/x puffs 0.38 0.13 <LOD <LOD <LOD

Polyaromatichydrocarbons Benzo[a]pyrene ng/x puffs 10.0 3.33 <LOD <LOD <LOD

Carbonyls Formaldehyde lg/x puffs 7.88 2.63 <LOD <LOD <LOD

Acetaldehyde lg/x puffs 52.5 17.5 <LOD <LOD <LOD

Aceton lg/x puffs 26.3 8.75 <LOD <LOD <LOD

Acrolein lg/x puffs 13.1 4.38 <LOD <LOD <LOD

Propionaldehyde lg/x puffs 13.1 4.38 <LOD <LOD <LOD

Crotonaldehyde lg/x puffs 13.1 4.38 <LOD <LOD <LOD

Ethylmethyl ketone lg/x puffs 13.1 4.38 <LOD <LOD <LOD

Butyraldehyde lg/x puffs 13.1 4.38 <LOD <LOD <LOD

Aromatic Amines 1-Aminonaphthalin ng/x puffs 10.0 3.33 <LOD <LOD <LOD

2-Aminonaphthalin ng/x puffs 10.0 3.33 <LOD <LOD <LOD

3-Aminobiphenyl ng/x puffs 2.0 0.67 <LOD <LOD <LOD

4-Aminobiphenyl ng/x puffs 2.0 0.67 <LOD <LOD <LOD

Gas phase
compounds

Vinyl chloride lg/x puffs 0.11 0.04 < LOQ < LOQ < LOQ

1,3-Butadiene lg/x puffs 0.47 0.16 < LOQ < LOQ < LOQ

HCN lg/x puffs 1.1 0.37 < LOQ < LOQ < LOQ

Acetaldehyde lg/x puffs 10.05 3.35 < LOQ < LOQ < LOQ

Methanol lg/x puffs 0.78 0.26 < LOQ < LOQ < LOQ

Ethylene oxide lg/x puffs 0.18 0.06 < LOQ < LOQ < LOQ

Furan lg/x puffs 4.62 1.54 < LOQ < LOQ < LOQ

Isoprene lg/x puffs 0.33 0.11 < LOQ < LOQ < LOQ

Propylene oxide lg/x puffs 0.24 0.08 < LOQ < LOQ < LOQ

Acrolein lg/x puffs 0.37 0.12 < LOQ < LOQ < LOQ

Acetone lg/x puffs 0.39 0.13 < LOQ < LOQ < LOQ

Acetonitrile lg/x puffs 0.39 0.13 < LOQ < LOQ < LOQ

Acrylonitrile lg/x puffs 0.28 0.09 < LOQ < LOQ < LOQ

Vinyl acetate lg/x puffs 0.46 0.15 < LOQ < LOQ < LOQ

Methane, nitro- lg/x puffs 0.28 0.09 < LOQ < LOQ < LOQ

Benzene lg/x puffs 0.21 0.07 < LOQ < LOQ < LOQ

Propane, 2-nitro- lg/x puffs 0.19 0.06 < LOQ < LOQ < LOQ

Toluene lg/x puffs 0.21 0.07 < LOQ < LOQ < LOQ

Ethyl benzene lg/x puffs 2.99 1.00 < LOQ < LOQ < LOQ

Styrene lg/x puffs 0.05 0.02 < LOQ < LOQ < LOQ

Total Vapor Phase lg/x puffs 0 0 0 0.00 0.00 0.00 #DIV/0!

Appendix 4
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myblu

Rep 2 Rep3 Average Replicates

block 1 block 2 block 3 total mean sd COV block 1 block 2 block 3 total mean sd COV mean/replicate sd COV

50 puffs 50 puffs 50 puffs 150 puffs 50 puffs 50 puffs 50 puffs 50 puffs 150 puffs 50 puffs 150 puffs

424.13 373.18 346.09 1143.40 381.13 39.62 10.4% 412.03 405.57 365.16 1182.76 394.25 25.40 6.4% 1157.09 22.25 1.9%

272.8 267.2 284.8 824.80 274.93 8.99 3.3% 258.5 250.3 261.2 770.00 256.67 5.68 2.2% 833.53 68.32 8%

16.58 15.95 16.85 49.38 16.46 0.46 2.8% 14.85 15.27 15.47 45.59 15.20 0.31 2.1% 51.48 7.18 14.0%

4.16 4.18 4.38 12.73 4.24 0.12 2.9% 4.00 3.94 4.01 11.95 3.98 0.04 1.0% 12.81 0.90 7.0%

<0.01 <0.01 <0.01 <0.01 <0.01 0.00 #DIV/0! <0.01 <0.01 <0.01 <0.01 <0.01 0.00 #DIV/0! <0.01 0.00 #DIV/0!

<0.01 <0.01 <0.01 <0.01 <0.01 0.00 #DIV/0! <0.01 <0.01 <0.01 <0.01 <0.01 0.00 #DIV/0! <0.01 0.00 #DIV/0!

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOQ (3.03) <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

<LOD <LOD <LOD <LOD <LOD <LOD

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

< LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

0 0 0 0.00 0.00 0.00 #DIV/0! 0 0 0 0.00 0.00 0.00 #DIV/0!
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Appendix 5 – Ammonia testing

Unit LOQ LOD Rep 1 Rep 2 Rep 3 Mean sd COV (%)

3R4F lg/stick 3.88 1.29 35.9 37.3 37.0 37.2 0.7 1.98

myblu lg/150 puffs 15.5 5.17 <LOQ <LOQ - - - -

Appendix 6 – Raw Data Neutral Red Assay

ABSORBANCE DATA - Outliers are highlighted in italics and grey.

(Appendix continues/)
30



(Appendix continues/)

CHEMICAL COMPOSITION AND IN VITRO TOXICITY PROFILE 31



32 RUDD ET AL.



Appendix 7 – Raw Ames Screen data

(Appendix continues/)
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Appendix 8 – Raw IVM data

IVM test – 1st Assay with whole smoke from the 3R4F reference cigarette

IVM test – 2nd Assay with whole smoke from the 3R4F reference cigarette

(Appendix continues/)
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IVM test – 3rd Assay with whole smoke from the 3R4F reference cigarette

IVM test – 1st Assay with e-vapour from myblu eliquid (1.6% nicotine) generated in myblu device

(Appendix continues/)
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IVM test – 2nd Assay with e-vapour from myblu eliquid (1.6% nicotine) generated in myblu device

IVM test – 3rd Assay with e-vapour from myblu eliquid (1.6% nicotine) generated in myblu device

CHEMICAL COMPOSITION AND IN VITRO TOXICITY PROFILE 41


