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Fig. 3 [E-cigarette atomizers that generated low and high concentrations of carbonyl compounds.

enhancing formaldehyde-induced cytotoxicity.!!

After smoking an E-cigarette, the atomizer that generated the
high concentrations of carbonyl compounds was burned black.
Figure 3 shows atomizers after smoking 10 puffs. The left
atomizer generated a low concentration. The right atomizer
generated a high concentration of carbonyl compounds, and the
color around Nichrome wire changed from white to black.
These results suggest that the compounds in the E-cigarette
liquid, such as glycerol and glycols, incidentally touch the
heated Nichrome wire and are oxidized to formaldehyde,
acetaldehyde, acrolein, glyoxal, and methylglyoxal.

Conclusions

E-cigarettes incidentally generate carbonyl compounds in the
E-cigarette smoke mist. A possible cause for carbonyl
generation is the oxidation of liquids in the E-cigarette, such as
glycerol and glycols, when they incidentally touch the heated
Nichrome wire in the atomizer, and are oxidized to formaldehyde,
acetaldehyde, acrolein, glyoxal, and methylglyoxal. In some
cases, these hazardous compounds are generated with extremely
high concentrations. Suppliers and users of E-cigarettes should
pay attention to this phenomenon.
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Abstract

Objectives  Although the relative risk of lung cancer due
to smoking is reported to be lower in Japan than in other
countries, few studies have examined the characteristics of
Japanese cigarettes or potential differences in smoking
patterns among Japanese smokers.

Methods To examine tar, nicotine and carbon monoxide
(TNCO) emissions from ten leading cigarettes in Japan,
machine smoking tests were conducted using the Interna-
tional Organization for Standardization (ISO) protocol and
the Health Canada Intense (HCI) protocol. Smoking
topography and tobacco-related biomarkers were collected
from 101 Japanese smokers to examine measures of
exposure.

Results The findings indicate considerable variability in
the smoking behavior of Japanese smokers. On average,
puffing behaviors observed among smokers were more
similar to the parameters of the HCI protocol, and brands
with greater ventilation that yielded lower machine values
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using the ISO protocol were smoked more intensely than
brands with lower levels of ventilation. The smokers of
“ultra-low/low” nicotine-yield cigarettes smoked 2.7-fold
more intensively than those of “medium/high” nicotine-
yield cigarette smokers to achieve the same level of sali-
vary cotinine (p = 0.024). CO levels in expiratory breath
samples were associated with puff volume and self-repor-
ted smoking intensity, but not with nominal values of
nicotine-yield reported on cigarette packages.

Conclusions Japanese smokers engaged in “compensa-
tory smoking” to achieve their desired nicotine intake, and
levels of exposure were greater than those suggested by the
nominal value of nicotine and tar yields reported on ciga-
rette packages.

Keywords CReSSmicro device - Cotinine - Carbon
monoxide - HCI protocol - Japanese smokers

Introduction

Tobacco use is responsible for one in ten global deaths and
remains the leading cause of preventable death world-
wide[1]. The health burden from tobacco reflects the wide
range of smoking-related diseases, including cardiovascu-
lar disease, respiratory disease, and ten different forms of
cancer [2].

In an effort to reduce the health effects of smoking,
many smokers have reported switching to cigarette brands
that yield lower tar levels under machine smoking test
conditions [3]. Indeed, the average tar rating of brands has
steadily decreased in many markets throughout the world,
including the USA, where machine-measured tar levels
decreased by more than 44 % from 1968 to 1998 [4].
However, it is well known that the use of low-tar-yield
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cigarettes has not reduced lung cancer deaths [5, 6]. In
machine testing, the yields of nicotine and tar are measured
in main stream smoke (MSS) generated by a smoking
machine operated under the International Organization for
Standardization (ISO) protocol: 35-mL puff volume, 60-s
puff interval, 2-s puff duration, and no blocking of venti-
lation holes. However, it has been demonstrated that
smokers smoke their cigarettes more intensely than is
simulated by smoking machines operated under the ISO
protocol [7-9]. Moreover, smokers tend to adapt smoking
behaviors upon changing from high- to low-nicotine-yield
cigarettes in an attempt to compensate for the lower
emission of nicotine in the MSS [7]. In order to reflect a
broader range of smoking behaviors, some governmental
agencies have adopted more intensive machine smoking
protocols on which to base their regulations, such as the
Health Canada Intense (HCI) protocol: 55-mL puff vol-
ume, 30-s puff interval, 2-s puff duration, and 100 %
blocking of ventilation holes [10]. The World Health
Organization (WHO) recommends that national health
authorities release their respective data on tar, nicotine, and
carbon monoxide (TNCO) yields per cigarette according to
both the ISO and HCI protocols [11].

The cigarette market in Japan is notable for the very low
levels of machine-measured tar in cigarettes, as well as the
popularity of charcoal filter cigarettes. Japan is also excep-
tional because of its lower relative risks for lung cancer
compared to many other countries: the relative risk for lung
cancer due to smoking among Japanese was recently esti-
mated to be 4.5, and the attributable risk of smoking was
about 70 % [12]. Potential explanations for the lower rates
of lung cancer include genetic differences, life-style factors
other than smoking, and differences in either the patterns of
smoking or the types of tobacco products used in Japan. In
the study reported here, we sought to characterize patterns of
smoking among Japanese smokers using their “usual”
brand, as well as the association between biomarkers of
exposure and machine-measured TNCO yields.

Materials and methods
Subjects

In 2007, we recruited 101 individuals from in and around
the Wako city region, Saitama prefecture, Japan, to our
study. The inclusion criteria were daily smokers, age of
between 20 and 65 years, no history of heart or lung dis-
ease, and reported smoking of one of ten leading Japanese
cigarette brands for at least the past 3 months. Table 1
shows a list of the top ten best selling Japanese brands
tested in our study. Table 2 shows the demographic char-
acteristics of the participants.

@ Springer

Participants were asked to visit the study laboratory,
provide informed consent and to complete a questionnaire on
their smoking habits. Based on the information supplied on
the completed questionnaires, the maximum smoking history
was 528 months, in a 64-year-old individual. Since most
participants stated that they had started smoking at 20 years
of age, we concluded that the age reflects the smoking his-
tory. Furthermore, salivary cotinine level and CO level in the
expiratory breath, which we focused on in this study, are
biomarkers that decay immediately after smoking; therefore,
smoking history was not counted as a statistical variable.

Questionnaire

Participants were asked to indicate their smoking intensity
on a scale between 0 and 100 depending on the depth of
inhalation and on the number of puffs they took. Partici-
pants were also asked to report the number of cigarettes
they smoked the day before and the time to their first
cigarette of the day, which we used as a proxy measure of
nicotine dependence [13].

Salivary cotinine

At the first visit, participants were asked to wear latex
gloves in order to collect salivary samples using sterile
cotton swabs (Salivette; Sarstedt, Niimbrecht, Germany).
Participants kept the Salivettes in their mouth for 2 min.
Samples were frozen at —30 °C until analysis. The levels
of cotinine in the saliva were not affected by the use of
cotton swab collection methods [14].

Cotinine assay

After thawing, the saliva samples were recovered from the
cotton swabs by centrifugation (1,000 g, 4 °C, 2 min) and
arbitrarily diluted tenfold with phosphate buffered saline
(Wako Pure Chemical, Osaka, Japan). Duplicate samples
(10 puL) were assayed by a Saliva Cotinine Microplate EIA
kit (Cozart, Milton Park, UK). Absorbance at 450 nm was
measured on an Ultrospec Visible Plate Reader 96 (GE
Healthcare Bio-Sciences, Little Chalfont, UK). The deter-
mination range of a Microplate EIA kit was from 5 to
50 ng/mL cotinine, and the mean and 95 % confidence
interval (CI) of the absorbance value at concentrations of 5,
10, and 50 ng/mL were 0.99 4 0.04, 0.72 £ 0.05, and
0.29 + 0.02, respectively (n = 16). Standard solutions
were assayed in 16 replicates. Samples were assayed in
duplicate, and the average of two results was taken as the
final salivary cotinine concentration. In the case that the
absorbance of the sample was out of range of the standard
curve, other dilutions of saliva were re-analyzed. Salivary
cotinine data were available for 94 subjects.
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Table 1 Top ten best selling cigarette brands in Japan in 2006

Brand name Categorization according Tar Nicotine Filter Ventilation Market share
to nicotine yield (mg/cigarette) (mg/cigarette) type® hole” (%)
Pianissimo One Ultra-low 1 0.1 P 40 1.5
Mild Seven One Ultra-low 1 0.1 DC 200 4.3¢
Mild Seven Extra Lights Low 3 0.3 DC 100 3
Caster Mild Low 5 0.4 NC 90 2.7
Mild Seven Super Lights Low 6 0.5 DC 100 6.8
Cabin Mild Medium 8 0.6 NC 50 1.9
Mild Seven Lights Medium 8 0.7 DC 50 6.2
Mild Seven Original Medium 10 0.8 DC 50 4.9
Hope High 14 1.1 P 0 1.3
Seven Stars High 14 1.2 DC 0 6.8°
% P Plain, DC dual charcoal, NC neo charcoal
 Number of ventilation holes
¢ Shares include box-type packaging
Table 2 Sample characteristics and smoking topography of Japanese smokers
Characteristic Total (n = 101)* Ultra-low (n = 14)  Low (n = 38)" Medivm (n = 27)  High (n = 22)
Male/female 88/13 10/4 33/5 24/3 21/1
Age (years) 40.0 £ 11.0 39.2 £10.2 40.1 £ 12.6 419+ 112 38.0 &+ 8.4
Cigarette consumption 184 £75 18.7 8.3 178 £ 7.2 182 & 6.6 19.3 £ 8.8
(cigarette/day)
Body mass index 232 £ 38 222 £26 22.8 + 3.0 239 £ 46 237 £ 4.5
Self-reported smoking intensity 57.8 £ 17.0 56.1 £ 17.3 57.0 £ 155 53.6 £ 15.6 65.5 + 19.5
Time to first smoking cigarette (%)
0-5 min 23.8 % 214 % 237 % 29.6 % 182 %
6-30 min 44.6 % 50.0 % 36.8 % 40.7 % 59.1 %
31-60 min 18.8 % 0.0 % 26.3 % 22.2 % 13.6 %
>61 min 129 % 28.6 % 132 % 7.4 % 9.1 %
Puff volume (mL) 543 £ 14.1 64.6 & 12.3 56.0 £ 12.2 46.9 & 12.3 53.8 £ 15.8
Puff volume/cigarette (mL) 767.2 & 259.5 1160.1 £ 302.7 810.0 + 179.6 609.4 £ 158.7 638.7 £+ 136.9
Puff number/cigarette 145 £ 3.6 179 £ 3.2 15.0 £ 3.1 134 £ 34 12.6 £3.1

Puff volume/day (mL)

14,456.2 & 8,769.0 22,579.9 & 15,5574

14,423.2 &+ 7,249.8

11,435.1 £+ 5,232.0

13,049.7 £ 5,556.8

Data are presented as the mean & standard deviation (SD), unless indicated otherwise

* Topographic data were not available for one smoker who smoked low nicotine-yield cigarettes, and there were therefore 100 and 37 smokers in

the “Total” and “Low” experimental smoking groups, respectively

CO in expiratory breath

The level of CO in the expiratory breath was measured by
the Micro Smokerlyzer (Bendfont Scientific, Rochester,
UK) according to the manufacturer’s instruction. Repeat
measurements of CO were made immediately after the
participants had smoked one cigarette. The average CO
value of each participant was used for the data analysis,
and data were available for all 101 subjects.

Smoking topography

The smoking topography of each participant was measured
for a 24-h period using a CReSSmicro device (Plowshare
Technologies, Baltimore, MD). CReSSmicro is a battery-
operated portable device (2.5 x 2.2 x 1.2 inch, 3.1 oz)
that measures a full complement of smoking topography
variables, including puff volume, puff count, puff duration,
average flow, peak flow, inter-puff interval, time, and date
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[7]. Participants were instructed to use the device for all
cigarettes smoked during a 24-h period and to keep a diary
of their smoking behavior. Puff volume/day was calculated
by multiplying the mean puff volume/cigarette by the
number of cigarettes smoked in a 24-h period. Smoking
topography data were available for 100 subjects.

TNCO yields by machine smoking

Tar and nicotine in the MSS were collected by a smoking
machine (Borgwaldt single-channel linear smoking
machine model LM1; Borgwaldt KC, Hamburg, Germany)
operated under the conditions specified by either the ISO
4387 protocol or the HCI T-115 protocol. Cigarettes were
conditioned prior to machine smoking according to the ISO
3402 protocol. MSS was collected on a 44-mm Cambridge
filter pad (Borgwaldt KC) and was immediately extracted
with 20 mL of 2-propanol (Wako Pure Chemical) by gentle
shaking for 20 min using an electric shaker (Personal-11;
Taitec, Saitama, Japan). For the nicotine analysis, 50 pL of
extracted solution was dissolved in 5 mL of 2-propanol
containing 1 pg/mL isoquinoline (Tokyo Chemical Indus-
try, Tokyo, Japan) as an internal standard, and 1 pL (model
7683B autosampler; Agilent Technologies, Santa Clara,
CA) was separated by gas chromatographically on a 30-m
DB-17 column (J&W Scientific, Cordova, CA; internal
diameter 0.25 mm; film thickness 0.25 pm) in a gas
chromatography system (HP 6890; Hewlett-Packard, Palo
Alto, CA) under the following conditions: (1) temperature
program: 2 min at 50 °C, then to 200 °C at the rate of
15 °C/min, then to 280 °C at a rate of 5 °C/min, and hold
at 280 °C for 5 min; (2) flow rate: 1 mL/min. Nicotine was
quantified using m/z 84 amu after electron impact ioniza-
tion at 70 eV (internal standard: m/z 129 amu; mass
selective detector model 5975, Agilent Technologies).
Determination of water in the 2-propanol extraction solu-
tion was carried out in accordance with the ISO 10362-1
protocol using a gas chromatograph equipped with a ther-
mal conductivity detector. Tar was calculated by deducting
the nicotine and water content from the total particulate
matter of crude smoke condensates according to the ISO
4387 protocol. CO was determined used a modified ISO
8454 protocol.

Statistical analysis

We used one-way analysis of variance (ANOVA) to test
differences in the CO concentrations of the expiratory
breath, salivary cotinine concentrations, and puff volume/
day, across categories of nicotine yield. The Bonferroni
method was carried out to reduce the chance of false
positives in multiple comparisons. The association between
cotinine in saliva and nominal brand tar yield, nominal
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brand nicotine yield, number of cigarettes’ filter ventilation
holes, cigarette consumption, number of cigarettes smoked
the day before, number of cigarettes smoked after getting
up in the morning, self-reported smoking intensity, puff
volume/day, time to first smoking cigarette, height, and
weight was evaluated by a simple linear regression analy-
sis. Variables at either significant (p < 0.05) or suggestive
levels (p < 0.1) were re-analyzed for their association with
salivary cotinine by a multivariable regression analysis.
The same statistical analyses were conducted using CO in
the expiratory breath as the outcome variable. All analyses
were conducted using SPSS software ver. 16.0 (SPSS,
Chicago, IL).

Results
Analysis of MSS by smoking machine

Figure 1 shows the tar, nicotine, and CO yields in MSS
generated by the smoking machine operated under the ISO
and HCI protocols. The yields were categorized into four
groups according to the nominal brand nicotine yield
expressed on the cigarette packages: “ultra-low”- (0-0.1
mg nicotine/cigarette), “low”- (>0.1, <0.6 mg nicotine/
cigarette), “medium”- (>0.6, <1.0 mg nicotine/cigarette),
and “high”-yield brands (>1.0 mg nicotine/cigarette) [15,
16]. Under the ISO protocol, the experimentally deter-
mined yields were the same as those appearing on the
packages. Under the HCI protocol, the nicotine yields
determined in the “ultra-low”-, “low”-, “medium”-, and
“high”-yield groups were 5.0-, 3.3-, 2.3-, and 1.9-fold
higher, respectively, than those obtained under the ISO
protocol (Fig. la). Similarly, tar yields under the ISO
protocol were the same as the values appearing on the
cigarette packages, while under HCI protocol, the yields
increased 11.9-, 3.9-, 2.7-, and 2.1-fold for the “ultra-low”-,
“low”-, “medium”- and “high”-yield brands, respectively
(Fig. 1b). CO concentrations under the ISO protocol were
4.6, 10.6, 13.8, and 17.9 mg/cigarette for the “ultra-low”-,
“low”- “medium”-, and “high”-yield brands, respectively
(Fig. 1c). In contrast to tar and nicotine yields, CO con-
centrations under the HCI protocol were very similar
across groups, with a mean of 33.6 &+ 1.3 mg/cigarette
(Fig. 1c).

Smoking topography data of Japanese smokers

Table 2 shows the smoking topography data of 100 Japa-
nese smokers. Overall, the mean puff volume and mean
puff volume per cigarette were closer to the puffing
parameters of the HCI protocol (55 mL per puff) than the
ISO protocol (35 mL per puff). In addition, “ultra-low/
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Fig. 1 Tar, nicotine, and carbon monoxide (TNCOQO) yields by
machine smoking tests. Ten cigarette brands were categorized into
four groups according to the nicotine yields expressed on the cigarette

packages: “ultra-low”- (0-0.1 mg nicotine/cigarette), “low”- (>0.1,

<0.6 mg nicotine/cigarette), “medium”- (>0.6, <1.0 mg nicotine/
cigarette), and “high”-yield brands (>1.0 mg nicotine/cigarette).
Numbers over the columns of Health Canada Intense (HCI)
measurements indicate the increase (in percentage) compared with
the corresponding International Organization for Standardization
(ISO) measurements

low” nicotine yield brands were smoked significantly more
intensely than “medium”- and “high”-yield brands: for
example, the puff volume per day was 37 % greater for
“ultra-low/low” brands.

Biomarker levels in smokers

Levels of salivary cotinine were correlated with the nom-
inal nicotine levels of brands smoked by each participant
according to ANOVA analysis (p = 0.002) and multiple
comparison (Fig. 2a). Puff volume/day was negatively
correlated with the nominal nicotine levels of brands
smoked by the respective smoker by ANOVA analysis

(p = 0.001) and multiple comparison (Fig. 2b) and by
simple linear regression analysis (r = —0.295, p = 0.003,
n = 100). In order to examine whether the association
between salivary cotinine levels and puff volume/day was
constant across different nominal yields, we tested “utra-
low/low” yield brands separately from “medium/high”
nominal nicotine brands (Fig. 3). From the linear slope of
each figure, we determined that smokers of the former
smoked 2.7-fold more intensely than those of the latter in
terms of puff volume/day to achieve the same levels of
salivary cotinine (p = 0.024). Thus, the topographical data
in Table 2 and biomarker results in Fig. 3 demonstrated
that Japanese smokers also practiced so-called compensa-
tory smoking. In contrast, the levels of CO in the expiratory
breath were not associated with the nominal nicotine levels
of the brands they smoked. The pattern of CO levels in the
expiratory breath more closely mimicked the pattern of CO
emissions by HCI than that by ISO in Fig. lc.

Multivariable regression analysis

From the results of simple linear regression analysis, sali-
vary cotinine was associated with nominal brand tar yield
(r =0.362, p =0.001), nominal brand nicotine yield
(r = 0.371, p < 0.001), number of cigarettes, filter venti-
lation holes (r = —0.341, p = 0.001), cigarette consump-
tion (r = 0.336, p = 0.001), number of cigarettes smoked
the day before (r = 0.314, p = 0.003), number of ciga-
rettes smoked upon waking up (r = 0.194, p = 0.072),
self-reported smoking intensity (r = 0.228, p = 0.034),
and time to first smoking cigarette (r = —0.210,
p = 0.050). CO in the expiratory breath was associated
with number of filter ventilation holes in a cigarette (r =
—0.168, p = 0.092), cigarette consumption (r = 0.299,
p = 0.002), number of cigarettes smoked the day before
(r = 0.306, p = 0.002), number of cigarettes smoked after
waking up (r = 0.230, p = 0.020), self-reported smoking
intensity (r = 0.367, p <0.001), puff volume/day
(r = 0.312, p = 0.002) and time to first smoking cigarette
(r = —0.183, p = 0.067).

A multivariable regression analysis was performed to
examine predictors of salivary cotinine and CO in the
expiratory breath. Variables that were correlated at p < 0.1
in the simple regression analysis and which had no multi-
collinearity were selected and included in the model as
independent variables (Table 3). As shown in Table 3,
salivary cotinine levels were positively associated with
puff volume/day (f = 0.27, p < 0.01) and nominal brand
nicotine yield (f = 0.44, p < 0.01), and negatively asso-
ciated with time to first smoking of a cigarette (f = —0.18,
p = 0.05). Thus, even after the nominal nicotine levels
were adjusted, smokers smoked more intensely in terms of
puff volume/day to increase plasma nicotine levels as
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Fig. 2 a Salivary cotinine (a) p=0.013 (b) p =0.006
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judged by salivary cotinine. We also performed multivar-
iable regression analysis between the levels of CO in the
expiratory breath and other independent variables. CO
levels in expiratory breath was positively associated with
puff volume/day (f = 0.27, p = 0.01) and self-reported
smoking intensity (5 = 0.30, p < 0.01), and negatively
associated with time to first smoking of a cigarette (f =
—0.19, p = 0.03), but not with nominal nicotine levels of
the different brands.

Discussion

This study is among the first to characterize the TNCO
emissions of the best-selling cigarettes in Japan, a critically
important tobacco market. We observed significant
increases in emissions under the more intensive smoking
protocol of the Health Canada. The association between the
ISO and HCI values varied depending upon the emission
parameter measured: whereas tar and nicotine yields under
the ISO and HCI yields appeared to be highly correlated,
CO yields under the HCI protocol showed very little
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Nicotine yield categorization

difference across cigarette brands, in contrast to the ISO
values.

This study is also the first to report measures of puffing
behavior among Japanese smokers and to examine the
behavioral measures of smoking compensation. Topo-
graphical data on the smoking behavior of each participant
were collected by a CReSSmicro device for one whole day.
Puff volume and puff volume per cigarette, as measured by
machine smoking under the ISO or HCI protocols, were 35
or 55 mL, and 203-245 or 385-534 mL, respectively (our
unpublished data). These findings demonstrate that Japa-
nese smokers engage in compensatory smoking: brands
with lower nominal tar and nicotine yields and higher
levels of ventilation are smoked systematically more
intensely than higher yield brands. The average puff vol-
ume per cigarette recorded among our Japanese smokers
(767.2 mL) is somewhat higher than previous estimates
from the UK [17] and the USA [8], but similar to estimates
from Canadian smokers who switched to cigarettes with
4 mg of ISO tar [7]. The differences between our values
and those of the UK and USA studies may reflect the
higher levels of filter ventilation and lower tar and nicotine
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machine yields included in our study. The average puff
volume in our study for “ultra-low/low” brands (58 mL)
was similar to that reported in previous studies conducted
with similar brand categories in the USA (57 mL) [8] and
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= 800 y = 0.0086x
£ r=0.833
2 700 p < 0.001
2 800 n=45
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S 400 | S e
O ) o o o
> 30| g, T
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Fig. 3 Correlation between puff volume/day and salivary cotinine for
“ultra-low/low” nicotine yield smokers (a) and for “medium/high
nicotine” yield smokers (b). Salivary cotinine concentrations were
normally distributed whether or not they were log-transformed. When a
subject [(x, y) = (68764.8, 351.4)] was excluded in a, regression
parameters changed only slightly: y = 0.0097x, r = 0.845, p < 0.001,
n=44

Table 3 Predictors of biomarkers of exposure

in Canada (58 mL) [7]. Together, these data suggest that
behavioral compensation in response to more heavily
ventilated, “lower tar” cigarettes may be a universal phe-
nomenon among smokers. The findings also underscore the
fact that the Health Canada “Intense” protocol does not
represent an “upper limit” in terms of its smoking
parameters. Indeed, the puff volume used in the HCI pro-
tocol was lower than the average puff volume observed
among the smokers of “ultra-low” and “low” brands in our
study. Although the HCI protocol also blocks filter venti-
lation holes, the Our findings nevertheless suggest that a
considerable number of smokers may be exposed to greater
levels of chemical emissions than the “intensive” method
would suggest.

There was positive association with the levels of sali-
vary cotinine levels and the nominal nicotine levels of
brands being smoked. The same trend has also been
reported between nominal nicotine levels and urinary
cotinine levels [15], serum cotinine levels [16], and sali-
vary cotinine levels [18]. It is noteworthy, however, that
the median value of salivary cotinine concentration,
124 ng/ml., in smokers who smoked “ultra-low” nicotine
yield brands and the concentration, 368 ng/mL., in smokers
who smoked “high” nicotine yield brand are much closer
than differences in the nominal nicotine value would sug-
gest. Although nominal nicotine levels on packages dif-
fered more than tenfold under the ISO protocol, the
difference in salivary cotinine levels was only threefold.
Nakazawa et al. also reported that there was only a twofold
difference in urinary cotinine concentration between Jap-
anese smokers who smoked “ultra-low” nominal nicotine
brands and those who smokes “high” nominal nicotine
brands [19]. Although the association between filter ven-
tilation levels, puffing behaviors, and nominal yields under
the ISO protocol were not explicitly tested in the current
study due to missing data for some “ultra-low/low” brands,

Predictors Partial regression  Standardized partial Significance 95 % confidence interval for B
coefficient B regression coefficient f  probability p — —
Lower limit Upper limit
Salivary cotinine (ng/mL)
Puff volume/day (mL.) 0.01 0.27 <0.01 <0.01 0.01
Nominal brand nicotine yield (mg/cigarette) 214.32 0.44 <0.01 118.25 310.38
Self-reported smoking intensity 1.25 0.11 0.22 —-0.74 3.23
Time to first smoking cigarette -0.24 —0.18 0.05 —-047 <0.01
CO in expiratory breath (ppm)
Puff volume/day (mL) <0.01 0.27 0.01 <0.01 <0.01
Nominal brand nicotine yield (mg/cigarette) 2.35 0.09 0.40 —3.05 7.76
Self-reported smoking intensity 0.17 0.30 <0.01 0.06 0.29
Time to first smoking cigarette —0.02 —0.19 0.03 —0.03 <0.01

Multiple correlation coefficient is * = 0.275 (upper model) and * = 0.239 (lower model), respectively
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the data depict a positive association of salivary cotinine
with puffing behavior and a strong negative association of
puffing behavior with nominal nicotine yields under the
ISO protocol. This pattern is consistent with previous
research indicating that the primary design strategy for
lower tar and nicotine yields under the ISO protocol is to
increase filter ventilation as opposed to “genuine” reduc-
tions in the nicotine content [20]. CO in the expiratory
breath showed very modest differences across brands
regardless of the nominal nicotine yields listed on the
cigarette package or nominal CO yield under ISO protocol,
similar to previous findings [15, 16]. This finding is also
consistent with the notion that CO is primarily a measure of
smoking intensity and that it is less dependent on differ-
ences in tobacco blend or product design.

More generally, the findings highlight the elastic nature
of cigarette design and the fact that all conventional ciga-
rette brands are capable of delivering a wide range of
emission levels. For example, salivary cotinine levels
varied by more than tenfold for the same brand. In other
words, the consumer controls his/her level of chemical
exposure from each brand by changing his/her smoking
behavior to a much greater extent than does the design of
different cigarette brands. Our data on biomarkers of Jap-
anese smokers resembled the smoking pattern of the HCI
protocol.

Overall, our results suggest that smokers who smoke
“ultra-low/low” nominal nicotine brands tend to draw
smoke more deeply into the lung and take more puffs. The
findings underscore the fact that tar and nicotine levels
from machine smoking protocols should not be used as
indicators of risk. They also highlight the importance of
using measures of human exposure to understand cigarette
delivery and potential differences between brands. Finally,
our findings provide additional evidence on the misleading
nature of tar and nicotine values from machine smoking
protocols as a source of consumer information on packs.
Cigarette properties, smoking patterns, lifestyles (including
dietary habits), and genetic difference are considered to be
reasons why lung cancer risk is lower in Japan than in other
countries. In our study, we have found that smoking pattern
was not the main cause of this difference. Exposure to
tobacco-specific nitorosamines and aldehydes may also
differ according to the charcoal filter. Future research
should therefore focus on cigarette properties.
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Determination of Tobacco-Specific N'-Nitrosamines in Mainstream Smoke
from Japanese Cigarettes
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Abstract Objectives: Mainstream smoke from cigarettes contains tobacco-specific /V'-nitrosamines
(TSNAGs) listed as Group 1 and 3 carcinogens by the International Agency for Research on Cancer (IARC).
Herein, we report on a method of measuring the concentrations of TSNAs in mainstream smoke from the
ten top-selling Japanese cigarette brands using an ISO regime by International Organization for Standard-
ization (ISO) and HCI regime of Health Canada.

Methods: Tar in mainstream smoke was collected on a Cambridge filter pad using a smoking machine.
The filter pad was immersed in 40 mI. of ammonium acetate (pH 6.8) and shaken for 30 min. The extract
was then loaded into a C18 column. After washing with 5 mL of 10% methanol and eluting with 5mL of
70% methanol, the eluate was concentrated to 1 mL for LC-MS/MS analysis.

Results: The concentrations of TSNAs in all cigarette brands were higher when determined using the
HCI regime than when determined using the ISO regime. Furthermore, the concentrations of TSNAs
measured using both the ISO and HCI regimes showed negligible correlation to the tar and nicotine con-
centrations indicated on package labels. The cigarette samples used in the study were categorized into four
classes: ultralow-, low-, medium-, and high-yield brands, which corresponded to 1, 3-6, 8-10, and 14 mg
tar/cigarette, respectively. The concentration of TSNAs in ultralow-yield cigarettes was 210 ng/cigarette, as
measured using the HCI regime, which was nearly equal to that in high-yield cigarettes (180 ng/cigarette).

Conclusions: Exposure to TSNAs from mainstream smoke from ultralow-yield cigarettes is compara-
ble to that from high-yield cigarettes. To properly evaluate the risk of smoking, not only the concentrations
of tar and nicotine but also those of other chemicals, including TSNAs, should be printed on package labels.

Key words: tobacco-specific N'nitrosamines (72t¥ZfiRAI =t 2 v 7 3 V),
Japanese cigarettes ([EEE721E ), mainstream smoke (FFEME), smoking protocol (BAREEHE),
solid-phase extraction ([EAH#fH) , high-performance liquid chromatography/tandem mass
spectrometry (BRI ME7 v~ 777 4 — /& v 7 2 BESHD
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Fig. 1 Formation and generation of TSNAs. 4 tobacco-specific N-nitrosamines (above), 4 alkaloids in tobacco (below).
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Table 1 Monitoring conditions of TSNAs and its internal standards

m/z (min) (V) V)
Analyte
Precursor ion Product ion Monitoring time Collision energy Cone voltage
NNN 178 > 148 0-6 10 17
NNN-dj 182 > 152 11 17
NAT 190 > 160 10 17
NAT-d, 194 > 164 6-9 10 17
NAB 192 > 162 11 12
NAB-d, 196 > 166 11 12
NNK 208 > 122 0-13 12 17
NNK-d; 211 > 122 11 17
x 108 s
5.5 10° NNK %107 NNK-d,
0 L ! 0
5 5
6.0 % 10 NAB 5*10 NAB-,
£ I 0 Jo
‘G 1.0 % 10° X 6 -
£ { NAT 1010 NAT-d,
Lo 0
X 105 ¢ 5
8.0 x 10 NNN 55%10 NNN-d,
0 . . 0 - !
0 5 10 15 0 5 10 15

Time (min)

Time {(min)

Fig. 2 Chromatogram of TSNAs by LC-MS/MS. The concentrations of TSNAs and TSNAs-d are 100 ng/mL.
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113%, 70% T 100 ~ 107% TH - 7co DLEDOFERND,
BB D 2 2 7 — AR 10% & Lic, ¥70, BHEIZ
T0% 2 & ) — AR & Lice

Fre, By 7 2~ ORBE AR R S, 10, 15, 20,
30mL & LTRSS LT, © o&fihciy, EE-IEs
~OFAEBWME LT, o MEERE —ALED, 6,
14 mg ® 721X Z #4#5 Mild Seven One, Mild Seven Super
Lights, Seven Stars % ISO ¥ & HCIH: OB E: THEZE Le
ot a i, FORER, TNToREE b RRE

B0 20mL F T, TSNA EUEDEHBEA IR
LCHEmMUCh, BRRREARR 30 mL O&MTix, %
F — VBN HCLIBEREE, TSNA OEIRE KT
BB LI, PLEORRENS, FREARN S ~20mL
OHEFAPITITS 2 ERTRETH o1z, £ 2T, APFED

2) FRFBRMRER

R SR TR T 3 SR O 2 B R O
WA (6 #R) VT, EIEME & LC-MS/MS %
& do f EWRE R TSNA Ol EE © [T 5k
EAT ot (BT 7T BN . 6 Bk % TSNA DRE
HEPAIE, NNN 28 9.4 ~ 86 ng/cig, NNK 7% 6.4 ~ 58 ng/cig,
NAT 25 11 ~ 100 ng/cig, NAB 23 3.1 ~ 29 ng/cig TH - 72, &
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Table 2 Regression equation, correlation coefficient values (r), limits of detection and liner range of TSNAs

. . Correlation Limits of detection Liner range
Analyte Internal standard Regression equation coefficient (1) (ng/mL) (ng/mL)
NNN NNN-d4 y=0.01689x+0.00806 0.9999 0.3 1.0-200
NNK NNK-ds y=0.00970x+0.00640 0.9999 0.2 0.5-200
NAT NAT-d, y=0.01084x+0.00613 0.9998 0.2 0.5-200
NAB NAB-d, y=0.00581x+0.00128 0.9999 0.4 1.0-200

Table 3 Results of simultaneous reproductivity of TSNAs analysis in mainstream smoke from Japanese cigarettes (n=7)

TSNA (ng/cig)

Regime Cigarette brands NNN NNK NAT NAB

Ave SD CV(%) Ave SD CV(%) Ave SD CV(%) Ave SD CV (%)

ISO Mild Seven One 94 +02 2.1 6.4+0.1 1.9 11£0.1 1.2 3.1£0.1 2.4
Mild Seven Super Lights 31 =+ 1.0 33 18 +£03 1.7 33205 1.5 10 +0.2 2.1
Seven Stars 25 19 75 19 +£03 1.5 3805 1.4 10 £02 1.9
HCI Mild Seven One 58 1.2 2.0 42 £06 1.3 59 £0.5 0.9 17 £06 3.8
Mild Seven Super Lights 86 =+ 3.1 3.6 5& £0.7 1.1 100 £ 2.5 2.4 29 £0.5 1.6
Seven Stars 57 £2.0 35 50 +0.8 1.5 78 1.9 24 21 £1.0 49

X Ave, average; SD, standard deviation; CV, coefficient of variation.

Table 4 Results of TSNAs in mainstream smoke from Japanese top 10 seller cigarette brands at 2006 (n=5)

TSNA (ng/cig)
Regime Cigarette brands Tar  Nicotine Categorl- NNN NNK NAT NAB
(mg) (mg) zation

Ave SD Ave SD Ave SD Ave SD

1SO Pianissimo One 1 0.1 Ultra low 10 1.6 84 + 0.1 11+£04 3.1+0.1
Mild Seven One 1 0.1 94+ 1.7 6.3+ 0.5 12+ 14 33+03

Mild Seven Extra Lights 3 0.3 Low 20 +46 10 £1.9 22+29 63 +09

Caster Mild 5 0.5 18 +1.2 10 +0.8 20+ 1.5 57+06

Mild Seven Super Lights 6 0.5 35 +14 20 +04 39 £ 0.6 11 £06

CABIN Mild 8 0.6 Medium 46 +£5.5 31 +6.7 45 + 4.2 13 +1.0

Mild Seven Lights 8 0.7 43 +£23 26 +2.4 45+29 12 +0.6

Mild Seven Original 10 0.8 46 +34 28 4.2 54+ 64 15 +1.9

HOPE 14 1.1 High 26 £3.0 20 +3.1 38+£3.2 10 +£05

Seven Stars 14 1.2 21 £3.0 18 *1.9 36 £ 2.5 93+£1.0

HCI Pianissimo One 1 0.1 Ultralow 59 £48 67 +12 65 +2.5 16 * 1.1
Mild Seven One 1 0.1 67 +39 49 +3.7 78 £ 3.0 12 £0.6

Mild Seven Extra Lights 3 0.3 Low 8 =17 45 £3.8 89 + 10 24 +27

Caster Mild 5 0.5 53 +32 36 +2.9 66 £ 3.3 18 +1.0

Mild Seven Super Lights 6 0.5 : 100 £7.0 63 +49 120+ 7.2 31 +25

CABIN Mild 8 0.6 Medium 110 £ 12 68 +59 110+ 16 32 +49

Mild Seven Lights 8 0.7 98 +382 67 +9.0 120 £ 4.7 33 +1.7

Mild Seven Original 10 0.8 110 +£6.6 70 +8.9 130 £ 2.6 36 +1.0

HOPE 14 1.1 High 43 +£3.1 36 +4.1 65+ 6.4 18 +22

Seven Stars 14 1.2 55 +£52 40 +3.0 82+28 22 +14

X Ave, average; SD, standard deviation.

D & & D% TSNA BE OBERE (CV) 1k, NNN 2.0 3) EELIEIEHRES TSNA DAlE

~ 7.5%, NNK Z*1.1 ~1.9%, NAT 709 ~2.4%, NAB Table 4 123, FEAIEFEC X HAEEITT 10 8
25 1.6~4.9% TH -7z (Table3), DL TSNA HIERE R AR LI, ISOMETHE, NNN

D3 9.4 ~ 46 ng/cig, NNK %56.3 ~ 31 ng/cig, NAT 2311 ~
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Fig. 3 Amounts of TSNAs in mainstream smoke from Japanese cigarettes. Category of cigarette samples is Ultra low (tar; 1 mg), Low (tar;
3-6 mg), Medium (tar; 8-10 mg) and High (tar; 14 mg). The differences in concentration among groups were as analyzed with one-way ANOVA

following Scheffe’s post hoc test (**: p<0.01, ***: p<0.001).

54 ng/cig, NAB 2% 3.1 ~ 15 ng/cig TH - #o, —J5, HCI
Tli¥, NNN 2543 ~ 110 ng/cig, NNK 2> 36 ~ 70 ng/cig,
NAT 7% 65 ~ 130 ng/cig, NAB 7% 12 ~ 36 ng/cig TH - 2o
Table 4 D % TSNA OJIE RS T A BLREL & 7 Z Z SMEFER
Z— VO EY BN &35 B OS5 HS M E 1T -
ok ZH, TSNARCUHZENOBME L BEBECRE
TroFo (WAL - F (1, 92) =468.186, p <0.001 ; 721 = M8
TR — L BOGIH F(3,92) =53.106, p<0.001), ¥7c,
ZHERORRL MR I NI GEAIER F(3,92) =9.522,
p<0.001), KB CREIMERE, o AEERRE —
VEDGEOEEC O TC—TEBES O 21T - 1.
FOFRER, ISORE BT AERZ -V EODE X B8
Bz s\ T TSNA BIXEBEEP R DL (F(3, 46
=84.757, p<0.001), Scheffe % JH\ 7= & Hiliic X A,
Ultralow t%, Low, Medium % U8 High & ORICH B2 D -
7z (p<0.001) (Fig. 3A), Rk HCIIEIC W % sy
Wi qT - Too & DFERIT, ISO B ORER & Ak FoR & —
L EOSEEMIC RS\ T TSNA BREBENRD bz
(F (3, 46) =35.740, p<0.001) , Scheffe % FI\ 7% H il
XA, Ultra low b3, ISO OFEHR & 70 ) Medium &
DR D BBREEN D -T2 (p<0.001) (Fig.3B) , b
=, ISO ¥ & HCI# D High ® TSNA &%, Medium & b
HECEZ EAER IR (p<0.001),
% =

1) BEEORE

AN E B T L7 LC-MS/MS @ TSNA E & FIRE
Eix, Wu S E L 02ngml L D E < 05 £k
1.0ng/mL TH -7z (12), L Lind S, KRIEHEL TSNA
MR BRI X - T 10 5B 570, THRY
TRt 1 AR B I ) OEWM A TSNA #H TREE R,
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ISO f#EE B2 0.4 ~ 0.8 ng/eig, HCI HHEIEI 0.68 ~
1.36 ng/cig & Ta o foo & OPREY, AR OEREIIZT 10
RO TSNA BT oM CcE 2IRETHY, Wu b
D ISO i X %2 FIREFELHEET 0.360 ~ 0.656 ng/cig
CRAIFEORETH -7 (12), IHEHREIOHKE LC-
MS/MS 1%, TSNA 7E & FREE 2 0.005 ~ 0.069 ng/mL &
W et L B A (25), EEED OZFLE TSNA
ZET S LC-MS/MS AR PERE CHEM L icEE ©
T TH oo WARBIEDE & TSNA hhH ¥ % H B 508
HEALBEES B Xiong B DTk & 45 & AFHED
NNN ® CV 25 2.0 ~ 7.5% it LT 3.3 ~ 7.8%, NNK it
1.1~ 1.9% 1=k LT 4.9 ~ 8.5%, NAT (£ 0.9 ~ 2.4% iZkf
LT3.9~53%% L TNABIL1.6~4.9% X L T4.6~

ZENGhot, ZO—RE, BEBEHBETES L
X o T TSNA OEFEMT sk, OB IELEDE
LBREEN TV HLDICETOBER ENREDLRI &
HERI L T 5,

2) EEIE IO TSNA DIER

Fig. 311, 7o /EER2 -1 BOSE GRED) &
5 TSNA B L OBIfR%E R Uiz, By, Krafz s
FoRk g — L BEF I Ulralow (1 mg), Low (3~ 6mg),
Medium (8 ~ 10 mg), High (14 mg) @ 4 K/ L 7z,
—7, HEy, FETH O TSNA BE 2508 & L i
L7fBETH %, TSNA 1%, EEENAPZEHE] (International
Agency for Research on Cancer; IARC) DFENPAMEY A 7
—EIZHWTNNK & NNN 23 IARC 7 v — 7 112, NAT
L NABZNARC 7 v — 7 3 0 & iz 4 I TR &
ATED, 7L 1 RERET 2846, 4 Hc RS
Bahs, 2 TIERDY) ORBERLEHL, K7
W9e & O H1T 5 oD R in - OFEEEEH L
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7oo 1SO ¥ & % Ultra low, Low, Medium 3 J (8 High @
SEH TSNA HIERE RN, &« 31, 72, 130 35 & UV 89 ng/eig
Tdh-7c (Fig. 3A), %72, HCIEORAIERRITE 2 210,
240, 330 % J 07180 ng/cig TH - 7z (Fig. 3B), T
TSNA BE B WK SE, Medium THo-7z, Fh, HCI
5 CHI%E L= Ultra low & High © TSNA IEREELL, 210
L 180 ng/cig TH b, WL X - Tkt L % High 7o
X AEEEYEOBENE L Inh T Litlh o,
ARG HIERER & FEHENT 225, ISO U HCL = Fh
DOWLBEET X 5 R MER D TSNABE 1L, BRE—1E
X AGBEIIBWNTERBERRE -1, MMEFERBITR
ENBEEZIRD NI o7, & HICHCIEE & 1SO
ETHE LSS LD (HCIISO) 1%, Ultra low 2%
6.7, Low 71 3.3, Medium 28 2.5 CHigh 7320 TH % & & 125,

Z—n, =aF vEREMECTEZ O TSNA &
1}, BEEOFELZITRT N ERA ST, D

HCI/ISO Koo fEF 13, Endo HOE 10D & —, =2
F v RE O HCIISO M & [ O[T TH - 1z (26),

WiC, WAREE O TSNA BEE A #GT T 2BED oW
TFHIT R T e - Too Jarvis BlY, =29 VERED 0mg
Plotifc#®KImgEFT0lmg TR G L, #hF
NORGIHLTHREE 1 KBl D=a5 VI DA
ZBEHELECDA, =aF vERDAREE, 097~
139mg DEIFATH -1 QN Fle s &=aF b
ALBEFER=aFVvELIOHL, K= a5 viRE:Es
EFEWEENME D NI, &kiZ, Kozlowski HIk{K =2
VERRIEC D7 4 4 2 —BRILORD CEE BT
BAH LML TS (28), ZHIZ L » THEE MBS
HIERLIETEE, BWMIAL & o i E B s
OkERFERO—2s b tHELTV5, Ebic, &%
Kbig, REEHEEZETEHARS bRCBEE (Ulta
low K O" Low 7o E & B O —[E DR AR A 58 mL TH
HERHELTVA (19, LoT, —EIOREERI 55mL
T, BRALAECREETH S HCIIETHEL, AEL
FYEBRHET A LB THLEELDRD, X
DICEAR D OIEI X 5 & LELLM O Medium & High @
B S WEEN S0mL THDH Z L0vH, Medium Bk
DL ZBEE TH SO DRERRD EOBER 6D
EDBHEHITE B, Frie, BEPREFEAR D%\ Ultra low
o, BETENC X o C, R TSNA S 0%
BAKE N ENIE RS ED, ISO B E HCLE
TERELRHELACTAZ LT, BEEOREINS
TSNA BEDOTR» G EREEL B ENHBVLO TR
D EHRTE B,

AWM BT, High @hBEINEIERED
TSNA # 2° Medium & LB T 5 ERVEETH -
(Fig. 3), #E T 1L, BEROCIEIEXREG L <8
FEAEL T3 (29), X » T, &0, a4 E Lic High
SNl S #H Tl TSNA B2VEW T 23
FALTWAD TR EE L T,

WA, FWEFRTSNA DX 50NV A2 DBHBE
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ALY E ORE NN FCERIN TN, T DT,
WL X AEE T A, F—, =as v
WO FEWERYRETHI L LEETHHEELLR
%o

3) EELIET &BN LT ERETSNA & O

SEIPIE LIz TSNA o\ TEAE S B K 11-12
SFEOREEREY AL TS (16), EEIET D IS0
B X B EF MR TSNA B34 EEE L-EEEC &
ISR E L% LB % & 88 TSNA 21327 ~ 57% 4 L
TWBZ ERGhate, UL LA b, Rickert HH -
FREIIEC 6 IO WM TSNA B RIS L C
FH, 20032005 F ORI EFEFFA TSNA B2 1SO
THRK 66%, HCIHETERK 71% BB L Tk 30), F
fo, EIRMEHHE TSNA B L 2005 £ORE S Th AT
1SO ¥ Tl 39 ng/eig, HCI B G 73 ngleig &, HARERIE
ZDFNF R 130 ng/eig ISO), 330 ngleig (HCD) L9 %
KIBZER L ToB 2 03D ote, 2D ED, H
FETE @B TH TSNA B & THEYE o8I % £l
LCW5hZ EDREEI N, B L RAREOFEYE
DRBIEEITIIE - T\ E NG s 72,

BAE, 7 FUEER TSNA @ Y R 7 BHIFE R X
NTWInTod, SEREENMEY T 5 2 L L,
SE DG T — & DEIEE ORI E T 5 F —
ZRIEDSDEHFL T 5D,

5t &

KW CHITEE ¥ Le, BESTREERBSEEAT
BUEI M O BRI BBl £, Ei, AW, B
R BRI IR E RS (5F 3 KO MDA EMIEIT R E
¥, TSI E S CRE(EYBEOH L v
FE B B Bk B OV DM S6) SR 2 R i & L e ST
AT T 5828 X0 BIRE S CiThh g
L7,

X 213
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