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Abstract

The mainstream smoke yields of five volatile organic compounds (VOCSs) were determined from
60 commercial U.S. little cigar products under 1SO 3308 and Canadian Intense (CI) smoking
regimens on linear smoking machines using a gas sampling bag collection. The five VOCs,
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1,3-butadiene, acrylonitrile, benzene, isoprene, and toluene were analyzed using an automated
GC/MS analytical method validated for measuring various VOCs in mainstream smoke. The
VOCs range in amounts from micrograms to milligrams per little cigar. VOC deliveries vary
considerably among the little cigar products under the 1ISO smoking regimen primarily due to
varying filter ventilation. Under the CI smoking regimen where filter ventilation is blocked,

the delivery range narrows, although individual and total VOC yields are approximately 2 fold
higher than those under the 1SO smoking regimen. Correlation analysis reveals strong associations
between acrylonitrile and 1,3-butadiene or toluene under the 1ISO smoking regimen. Compared to
cigarettes, little cigars delivered substantially higher VOC mainstream smoke yields under both
ISO and CI smoking regimens. Moreover, little cigar smoke also contains higher VOCs than
cigarette smoke when adjusted for mass of tobacco.
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INTRODUCTION

While cigarette consumption has been on a steady decline in recent decades, cigar
consumption has increased dramatically since the 1990s.1 This is due largely to the less
stringent regulations particularly on cigar advertising and promotional activities, and the
relatively lower cost of cigars as a result of tax rate disparities between cigars and
cigarettes.? Additionally, some smokers misperceive cigar smoking as being less harmful
than cigarette smoking.3# Moreover, unlike cigarettes, cigars are often marketed in a wide
variety of flavors making them more appealing, particularly to adolescents and young
adults.5 Because tobacco smoke from both cigarettes and cigars is formed from incomplete
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combustion of tobacco, cigar smoke has been shown to contain the same or higher
concentration of toxic and carcinogenic chemicals than cigarette smoke.® Cigar smoking

is known to cause adverse health effects such as cancers of the lung, larynx, oral cavity, and
esophagus.b7 Regular cigar smokers who consume several cigars per day have an increased
risk of coronary heart disease (CHD) and chronic obstructive pulmonary disease (COPD).6:7

The U.S. Department of the Treasury defines a cigar as a roll of tobacco wrapped in leaf
tobacco or in a substance that contains tobacco.8 Cigars are typically divided into four

main categories according to their dimensions and manufacturing processes: little cigars,
small cigars (or cigarillos), regular cigars, and premium cigars.® Little cigars have many
product dimensions similar to cigarettes such as shape, size (70-100 mm in length), filters
(cellulose acetate), and packaging (20/package).® However, their tobacco can differ from
that used in cigarette tobacco filler. Little cigars contain air-cured and fermented tobaccos,
and are wrapped either in reconstituted tobacco or in cigarette paper that contains tobacco
and/or tobacco extract.® In contrast, American blended cigarettes typically contain a blend
of mainly flue-cured tobacco together with burley, oriental, and reconstituted tobaccos, and
are wrapped in cigarette paper.10 Little cigars are often longer and can contain more tobacco
mass than cigarettes on a per stick basis.1! Cigarette smoke is fairly well-characterized, but
limited information exists on mainstream and sidestream smoke constituents of little cigars.
Previous studies indicated that mainstream smoke yields of little cigars differ from those of
cigarettes.%11:12 |n particular, little cigar smoke tends to contain higher level of free-base
nicotine than cigarettes.13 Additionally, certain little cigar products delivered higher yields
of carbon monoxidel# and carcinogens such as tobacco-specific nitrosamines (TSNAs) and
benzo(a)pyrene than cigarettes.}1 Moreover, some smokers inhale little cigar smoke similar
to inhaling cigarette smoke.” In May 2016, the Federal Food and Drug Administration
issued a rule extending its authority to regulate all tobacco products including cigars.1®
Given the public health and regulatory importance of cigars, our current research effort
focuses on increasing the available data on cigar products and their toxicant delivery. Toward
this end, we investigated the mainstream smoke yields of five volatile organic compounds
(VOCs) from 60 commercial U.S. little cigar products under both nonintense and intense
machine smoking regimens. These five VOCs include 1,3-butadiene, acrylonitrile, benzene,
isoprene, and toluene. Based on findings of the International Agency for Research on
Cancer, the U.S. Environmental Protection Agency, the National Toxicology Program, the
National Institute for Occupational Safety and Health, or the Agency for Toxic Substances
and Disease Registry, the FDA identified 1,3-butadiene, acrylonitrile, benzene, and isoprene
as carcinogens, and 1,3-butadiene, acrylonitrile, benzene, and toluene as respiratory or
cardiovascular toxicants and/or developmental toxicants in its published list of 93 harmful
and potentially harmful constituents (HPHCSs) in tobacco products and tobacco smoke in the
Federal Register.1® The FDA also recommends cigarette manufacturers to test and report
the quantities of these five HPHCs (and others) in cigarette smoke.” Additionally, to gain
qualitative insight into their relative toxicities, we also compared the measured mainstream
smoke VOC levels of the 60 little cigar products to those of the 50 popular commercial U.S.
cigarette products studied previously.18.19
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MATERIALS AND METHODS

Little Cigar Samples.

The little cigar products selected for this study consist of 60 U.S. little cigar products chosen
to represent the majority of the U.S. little cigar market share based on Neilson’s 2012 and
2013 sales data which includes many high market share products as well as some select

low market share products. The 60 little cigar products consist of 40 brands with various
sub-brands, lengths (70-100 mm), tobacco weight (0.7-1.3 g) and package types (hard pack
or soft pack). They contain various flavor descriptors including light, mild, classic, natural,
regular, menthol, and full flavor, as well as characterizing flavors that were banned in U.S.
cigarettes such as caramel, cherry, coffee, grape, and peach. Most (57) little cigar products
contain a cellulose acetate filter. The three shortest little cigar products that are 70 mm in
length do not contain a filter. All little cigar products were purchased between July 2016 and
May 2017 from retail outlets in the greater metropolitan Atlanta area in Georgia, U.S. The
little cigar packs were assigned unique identification numbers, and logged into a database.
Samples were stored at =80 °C in their original packaging until needed. A 3R4F reference
cigarette (University of Kentucky, Lexington, KY) was included with each smoking machine
run for quality control (QC). Seven little cigars of each brand variety were smoked and
individual VOC analyte levels were measured simultaneously for each cigar.

Reagents and Materials.

Mainstream smoke VOC levels analyzed in this study included 1,3-butadiene, acrylonitrile,
benzene, isoprene, and toluene. Custom VOC calibration and deuterated internal standard
mixtures were purchased from O2Si Smart Solutions (Charleston, SC). The formulation of
the VOC calibration mixture is 500 mg/L 1,3-butadiene, 100 mg/L acrylonitrile, 500 mg/L
benzene, 5000 mg/L isoprene, and 500 mg/L toluene. The formulation of the deuterated
VOC internal standard mixture is 500 mg/L 1,3-butadiene-d6, 200 mg/L acrylonitrile-

d3, 500 mg/L benzene-d6, 500 mg/L furan-d4, and 500 mg/L toluene-d8. All dilutions
were prepared in methanol. Methanol (P&T grade) was purchased from Fisher Scientific
(Suwanee, GA). Tedlar sampling bags (1 L) were purchased from NewStar Environmental
(Roswell, GA) and were fitted with butyl rubber O-rings.

Sample Preparation and Analysis Procedure.

Little cigars were conditioned at 22 °C and 60% relative humidity for at least 48 h prior

to smoking according to 1SO 3402:1999. Prior to use, each port of the smoking machine
was flushed with 85 blank puffs to remove any remaining VOCs in the lines from previous
smoke runs. Background levels were assessed from a blank port of the smoking machine
with each sample run and were below VOC limits of detection (LOD). LODs were as
follows: 1,3-butadiene (0.732 wg/cig), acrylonitrile (0.152 tg/cig), benzene (0.431 (g/cig),
isoprene (5.43 (g/cig), and toluene (0.478 yg/cig). Internal standard (20 £1) was added

to each Tedlar bag via gastight syringe, and the Tedlar bags were connected and opened.
Little cigars were then smoked according to 1SO 3308 and CI protocols using equipment
and procedures reported previously.29 After smoking, methanol (5 mL) was injected into
the Tedlar bags through the syringe port. The bags were then placed onto an orbital shaker
for 15 min at 130 rpm. After shaking, an aliquot of the methanol extract was removed and
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placed into an autosampler vial for GC/MS analysis. VOCs were quantitatively analyzed
using a 7890A/5975C GC/MS (Agilent Technologies, Palo Alto, CA) with a Dual Rail
Autosampler (Leap, Carrboro, NC). Chromatographic separation was achieved with an
Agilent DB-VRX capillary column (40 m x 0.18 mm x 1 um). The GC inlet temperature
was maintained at 220 °C with a 50:1 split ratio. A 1 gL liquid sample injection was made
into a constant flow of helium carrier gas at 1 mL/min. The GC oven was initially held at 35
°C for 5 min, then ramped to 215 °C at 10 °C/min. Mass spectrometry was performed using
electron ionization in selective ion monitoring (SIM) mode with the source heated to 230 °C.
lons monitored were as follows (quantitation, confirmation, internal standard): 1,3-butadiene
(m/z 54, 53, 60); acrylonitrile (52, 53, 56); benzene (78, 77, 84); Isoprene (67, 68, 72);
toluene (91, 92, 100). The data was processed using the instruments quantitation software
(MassHunter). Calibration curves were constructed as the response ratio vs the calibration
standard amount using a linear regression with 1/x weighting. Calibration curve R2 was
>0.990. Method accuracy was assessed by evaluating the accuracies of spikes at the low,
middle, and high range of the calibration curve for each analyte. Accuracies ranged from
91.2 to 108%. Unknown samples were quantitated against the calibration curve with final
results reported as g/cigar.

Statistical Analysis.

Pearson product-moment correlation coefficients () were calculated using Microsoft Excel
2013 software with the correlation data analysis function. P-values, which measure
statistical significance of correlation, were calculated using Microsoft Excel 2013 software
with the regression data analysis function. Correlations are considered statistically
significant when p-values are less than 0.05.

RESULTS AND DISCUSSION
VOC Yields in 3R4F Reference Cigarette.

At the time this study was conducted, there were no cigar reference products that were
widely accepted by the scientific community. However, since little cigars have similar
product dimensions to cigarettes, and some smokers inhale little cigar smoke similar to
inhaling cigarette smoke, machine cigarettesmoking parameters have been employed for
smoke analyses of little cigars. Thus, for data quality control, we measured the levels of the
five VOCs in mainstream smoke of 3R4F reference cigarette using both 1SO (nonintense)
and CI smoking regimens. Results are provided in Table 1 and depicted in Figure 1. 3R4F
VOC values are an average of 73 experiments with the 1ISO smoking regimen and 67
experiments under the CI smoking regimen. As shown in Figure 1, compared to the 3R4F
mainstream smoke VOC data reported in 201420 the levels of 1,3-butadiene, acrylonitrile,
benzene, and toluene are comparable for both smoking regimens.

Figure 2 shows the relative standard deviation (RSD) of 3R4F VOC yields which range from
12.6% to 21.1% using the 1SO smoking regimen and from 6.7% to 20.5% using the ClI
smoking regimen. As shown, other than 1,3-butadiene yield, the ISO smoking regimen has
substantial higher VOC yield variability than the Cl smoking regimen as indicated by their
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RSD values. Similar higher VOC yield variability associated with 1ISO smoking compared to
Cl smoking was also observed in 3R4F mainstream smoke VVOC data reported in 2014.20

VOC Yields in U.S. Little Cigars.

The mainstream smoke yields for the five VOCs, 1,3-butadiene, acrylonitrile, benzene,
isoprene, and toluene, in 60 commercial U.S. little cigar products measured using both 1SO
and CI smoking regimens are provided in Table 1. Little cigar brands are sorted by total ISO
VOC smoke yield. As shown, the five VOCs were detected in all 60 little cigar products at
levels ranging from 12 /g to 1.4 mg. As expected, all individual Cl VOC yields are higher
than individual 1SO VOC vyields, with an average increase of approximately 2.2 fold.

Total VOC yield of the little cigar products were calculated by summation of individual
amounts of the five VOC yields. Figure 3 depicts total mainstream smoke VOC vyields of
the 60 little cigar products measured with both ISO and CI smoking regimens. As shown,
total VOC yields with the SO smoking regimen vary considerably among the commercial
little cigar products ranging from 0.39 mg to 1.25 mg per cigar. Thus, the ISO VOC vyield
difference between the highest and lowest VOC delivery little cigars is 3.2 fold. For the

Cl smoking regimen, total VOC yields, which range from 1.0 to 2.8 mg per cigar, are
greater than total 1ISO VOC vyields with an average increase of approximately 2 fold over
ISO smoking. However, CI VOC relative yield difference between the highest and lowest
VOC delivery little cigars is smaller at 2.2 fold. The wide filter ventilation range among

the little cigar products (0.13-54%) contributes to the wide range of VOC deliveries for

the 1SO smoking regimen. Indeed, Santa Fe SP Menthol and Santa Fe SP Mild with high
filter ventilation (42.1% and 53.9%, respectively) generated the lowest total ISO VOC yields
(Table 1). In contrast, VOC delivery range narrows for the Cl smoking regimen where filter
ventilation is blocked. Notably, Panter Desert Tin Coffee and Cafe Creme Original Tin, both
of which contain a substantial tobacco mass (1.03-1.04 g/cigar) and lack a filter, generated
the highest total VOC yields for both ISO and CI smoking regimens. However, product
flavor profile based on package labeling and/or package type do not appear to affect VOC
yields (Table 1).

We also examined correlations among the little cigar VOC yields. Pearson correlation
coefficients (s) and p-values were calculated using Microsoft Excel 2013 software and are
provided in Table 2. For the ISO smoking regimen, all correlations among the five VOCs
and total VOC show high statistical significance with p-values below 0.01. Most correlations
between the five VOCs and total VOC range from moderate (r> 0.46) to strong linear
relationships (> 0.94). Strong associations exist between acrylonitrile and 1,3-butadiene

or toluene, and between total VOC and 1,3-butadiene or isoprene (r= 0.9). Correlation
between benzene and isoprene is weak with an rvalue of 0.36. For the Cl smoking regimen,
correlations among all VOC yields are considerably weaker than under the 1SO regimen
with several rvalues below 0.5 (Table 2). Some associations are statistically insignificant
with p-values higher than 0.05. Notably, no correlation exists between isoprene and benzene
or toluene under the CI smoking regimen.

Figure 4 depicts the average individual VOC yields of the 60 little cigar products measured
using both ISO and CI smoking regimens. As shown, similar to total VOC vyields, yields of
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all individual VOCs are higher with Cl smoking than I1SO smoking. The order of decreasing
VOC smoke yield is isoprene > toluene > benzene >1,3-butadiene > acrylonitrile under
both smoking regimens. Compared to the average individual VOC yields of 50 popular
commercial U.S. cigarette products reported in 2014,20 VOC yields of little cigars are
substantially higher (80-300%) than those of cigarettes measured under both ISO and CI
smoking regimens (Figure 4). The higher VOC yields of little cigars are in part attributable
to their substantially higher average tobacco filler mass of 1085 mg/cigar, which is 416 mg
more than the average cigarette tobacco filler mass of 669 mg/cigarette. Little cigars are also
longer which allows them to hold more tobacco filler mass than cigarettes.!! The average
length of the 60 little cigars is 97 mm, whereas the average length of the 50 cigarettes is
90.2 mm. Similar to little cigars, yields of cigarette individual VOCs are also higher with CI
smoking than 1SO smoking (Figure 4). Since little cigars contain higher tobacco filler mass
than cigarettes, VOC yields are normalized per gram of filler tobacco (Table 1). As shown
in Figure 5, little cigar smoke also contains considerably more 1,3-butadiene, acrylonitrile,
benzene, and toluene per gram of tobacco burned than cigarette smoke2? under both 1SO
and CI smoking regimens. However, the adjusted VOC yield increase for little cigar smoke
narrows (12-150%) compared to the unadjusted VOC yield increase (80-300%).

We also compared VOC vyield variability between little cigar and cigarette products. As
shown in Figure 6, under the 1ISO smoking regimen, little cigars exhibit lower VOC yield
variability than cigarettes.20 This is in part attributable to the wider filter ventilation range of
cigarettes (range: 0.1-67%, average: 30.3%)21 compared to that of little cigars (range: 0.13—
54%, average: 11.0%). Conversely, little cigars exhibit comparable VOC yield variability to
that of cigarettes when filter ventilation is blocked under the CI smoking regimen (Figure
6). In particular, Cl smoke yield variabilities of acrylonitrile, benzene, and toluene are
equivalent between little cigars and cigarettes.

In summary, this study provides measurements of five mainstream smoke VOC yields
generated from 60 popular U.S. little cigar products for both the ISO (nonintense) and ClI
machine smoking regimens. The study is limited to little cigar products purchased in the
Atlanta, Georgia area between July 2016 and May 2017 that represent the majority but not
total U.S. little cigar market. The study identifies considerable differences in mainstream
smoke VOC levels among different little cigar brands. Highest VOC levels were found in
Panter Desert Tin Coffee and Cafe Creme Original Tin, both of which lack a filter. Similar
to cigarettes, all individual and total VOC yields in little cigars are higher with Cl smoking
than I1SO smoking. However, little cigars delivered substantially higher VOC smoke yields
than cigarettes under both ISO and CI smoking regimens. Moreover, little cigar smoke also
contains considerably higher VOCs than cigarette smoke when smoke yields are adjusted for
mass of filler tobacco. Correlation analysis reveals strong associations between acrylonitrile
and 1,3-butadiene or toluene under the ISO smoking regimen. Correlations among individual
VOC yields are considerably weaker under the CI smoking regimen.
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VOC yields adjusted for mass of filler tobacco.
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Comparison of VOC yield variability between little cigar and cigarette products.
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