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ABSTRACT
Background: There is relatively little information available about the chemical constituents of tobacco and
individual toxic emissions from cigarettes and other
tobacco products.
Objective: To characterise 21 constituents in whole
tobacco and 41 constituents in the smoke emissions of
Canadian cigarettes, as well as to compare differences
between domestic and imported brands.
Methods: All data were released as part of Canada’s
Tobacco Reporting Regulations. Data are reported for 247
brands tested in 2004.
Results: The results indicate significant differences in the
constituent levels of domestic and imported cigarette
tobacco. Levels of ammonia compounds were significantly
higher in imported ‘‘US blended’’ tobacco compared to
domestically manufactured brands. Toxic emissions for
tobacco-specific nitrosamines were significantly higher for
imported cigarettes under both the ISO and Canadian
Intense testing methods; however domestic cigarettes
had higher levels of other toxic constituents, including
benzo[a]pyrene. The findings also highlight the extent to
which nicotine, heavy metals and tobacco-specific
nitrosamines are ‘‘transferred’’ from the whole tobacco to
the smoke.
Conclusions: The findings illustrate important differences
between domestically manufactured Virginia flue-cured
cigarettes and imported US blended cigarettes. Although
the findings suggest that domestic cigarettes had lower
levels of constituents such as ammonia, which are
associated with increased ‘‘additives’’, Canadian cigarettes were by no means ‘‘additive-free.’’ Overall, these
findings provide important benchmarks for making
historical and international comparisons across brands on
key constituents.

Tobacco use is responsible for one in 10 global
deaths and is the second major cause of mortality
in the world.1 The bulk of this health burden is due
to manufactured cigarettes, which account for a
majority of global tobacco consumption.2
Remarkably, cigarettes themselves remain lightly
regulated: in the vast majority of countries, there
are no effective regulations governing the contents,
design or emissions from cigarettes.
A prominent barrier to developing a regulatory
framework for tobacco products is a lack of
independent data. In most jurisdictions there is a
lack of information on basic product attributes,
including the chemical constituents of cigarette
tobacco. Tobacco constituents provide direct
information related to the blend, the amount of
nicotine potentially available to smokers, as well as
additives and other constituents associated with
the sensory, addictive and toxic properties of
i24

tobacco smoke.3 To date, more than 3000 chemicals
have been isolated from tobacco.4 5 Independent
research has focused primarily upon the nicotine
content of tobacco and, to a lesser extent, upon
specific classes of toxicants, such as heavy metals
and tobacco-specific nitrosamines (TSNAs).6–11
Much of the variation in these constituents across
cigarette brands reflects differences in tobacco blends
and growing conditions. For example, nicotine
content is typically higher in Burley air-cured
tobacco compared to Virginia flue-cured tobacco,
although in each case nicotine is also influenced by
the growing conditions.3 Similarly, heavy metals
such as cadmium are influenced by the metal
content of the soil, pH, stalk position and the use
of pesticides and fertilisers.12–14
Tobacco constituents are also modified during
the curing process. TSNAs form primarily during
the curing process and levels vary according to the
curing method. The use of heat-exchange methods
for Virginia flue-cured tobacco has been shown to
significantly reduce TSNA formation compared to
the use of propane gas heaters, for example.4 15
Rickert et al recently examined historical changes
in TSNA levels of flue-cured Canadian cigarettes
between 1970 and 1999, and noted that all of the
TSNAs (NNN, N-nitrosonornicotine; NNK, 4(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NAB,
N-nitrosoanabasine; and NAT, N-nitrosoanatabine) more than doubled during this period.16 17
Increases in the nicotine content of the tobacco
lamina and the total nitrate content of Canadian
cigarettes, which were also found to increase
between 1969 and 1995, may have contributed to
this rise, but the most important factor may have
been the introduction of propane gas heaters in the
mid 1960s for curing.16 The switch to heatexchangers around the year 2000 appears to have
resulted in a significant reduction of TSNAs in the
subsequent years.
Chemicals are also added to the tobacco during
the manufacturing process, including those that
serve to enhance the sensory properties of the
cigarette and the bioavailability of nicotine.18–20
Common ‘‘additives’’ include ammonia compounds, which alter the pH level of smoke and
increase the proportion of ‘‘free nicotine’’, as well
as sugars and other flavours used to mask the
harshness of smoke.21 Industry documents and
government disclosure suggest that additives such
as sugars, humectants, ammonia compounds,
cocoa and liquorice are commonly used; however,
the levels of these additives in specific brands are
largely unknown.22 23
More than 1000 of the chemical constituents
present in unburnt ‘‘whole’’ tobacco are also
Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778
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present as emissions in tobacco smoke.4 Emissions are measured
by machine-smoking cigarettes according to a particular
smoking protocol, typically using the ISO/FTC smoking
method.24 25 A vast literature has demonstrated that tar,
nicotine and carbon monoxide emissions generated under
machine-smoking methods have little or no association with
individual measures of exposure.26–28 More recent studies have
increasingly focused upon the individual toxic constituents in
‘‘tar’’, including heavy metals, polycyclic aromatic hydrocarbons (PAHs) and TSNAs.3 8 29–34 However, relatively few studies
have examined the association between the level of constituents
present in the unburned tobacco and the same constituents in
tobacco smoke emissions. This information has the potential to
highlight the transfer of chemicals to smoke during pyrolysis, as
well as to shed further light on the role of filtration and other
design features under machine-testing conditions.
In 2000, the Canadian government introduced regulations
that require disclosure of 26 chemical constituents in tobacco
and 41 smoke emissions for every brand sold in Canada.35 The
Canadian cigarette market is somewhat unusual in that it
consists almost exclusively of Virginia flue-cured tobacco.
Imported brands represent only a small market share and are
almost exclusively ‘‘US blended’’ cigarettes, which typically
contain approximately 35% Virginia flue-cured tobacco, 30%
Burley air-cured, 20–30% reconstituted tobacco, as well as
smaller amounts of Maryland air-cured and oriental tobaccos.3
In addition to differences in tobacco blend, anecdotal evidence
suggests that Canadian cigarettes also include relatively few
additives. However, to our knowledge, the constituents of
whole tobacco in contemporary Canadian cigarettes have yet to
be characterised in any systematic way in the published
literature.
The current study sought to characterise constituent levels in
unburned cigarette tobacco, as well as the smoke emissions
from Canadian cigarette brands. The study also sought to
examine the extent to which nicotine, heavy metals and TSNAs
were ‘‘transferred’’ from the whole tobacco to the smoke
emissions. Finally, the study examined differences between
domestic Canadian brands and imported brands to explore
possible blend-dependent differences in constituents and emissions.

METHODS
Canada’s federal Tobacco Reporting Regulations require that
manufacturers report the level of 26 chemical constituents in
the whole tobacco, as well as tobacco weight and pH on an
annual basis.35 For products with less than 1% of the Canadian
market share, manufacturers are only required to report
nicotine, nitrosamines, nickel, lead, cadmium, chromium,
arsenic, selenium and mercury content. Products must be
analysed according to ISO 824336 or Official Method T-40237,
developed by the Canadian Department of Health.37 The mean,
standard deviation and 95% confidence limit of the amount of
each constituent are based on three replicates and must be
reported in milligrams, micrograms or nanograms per gram of
tobacco and per cigarette.
The Tobacco Reporting Regulations also require disclosure of
41 smoke emissions tested under two machine smoking
conditions: (1) ISO 330825 (35 ml puff, drawn for 2 seconds at
60-second intervals) and (2) the ‘‘intense’’ Health Canada
method38 (55-ml puff, drawn for 2 seconds at 30-second
intervals, with all filter ventilation holes completely blocked
by tape). Tar, nicotine and carbon monoxide (TNCO) emissions
must be reported twice per year, and all other emissions must be
Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778

reported once per year. Cigarettes with total sales less than 1%
of the Canadian market share are only required to report
TNCO, benzene, hydrogen cyanide and formaldehyde every
two years. For smoke emissions, the mean, standard deviation,
and 95% confidence limits are based on 20 replicates in the case
of TNCO emissions, and seven replicates for other emissions.
We present data publicly released by Health Canada in 2007 for
247 brands tested in 2004.39 The dataset includes 22 tobacco
constituents, 41 smoke emissions, as well as pH levels and tobacco
weight. For both smoke emissions and whole tobacco, the
‘‘detectable limit’’ (DL) and ‘‘non-quantifiable limit’’ (NQL) of
constituents were based upon the lowest identifiable level from a
minimum of 10 separate analyses. The DL was calculated as three
times the standard deviation of these determinations, while the
NQL was calculated as 10 times the standard deviation of these
determinations. Values below these levels are not reported.
Cigarettes were categorised as either domestic or imported
brands based on information obtained from Health Canada. A
total of 15 imported brands from six brand families were
identified. All but two brand families (Gauloise Blonde and
Gitanes) were imported from the United States (Camel,
Winston, Salem and More). Fourteen of the 15 brands are
believed to be US tobacco blends; the one exception, Gitanes,
contains primarily dark air-cured tobacco.40 The remaining 232
brands were from Canadian manufacturers.

Analysis
All values are reported on a per cigarette basis, which was
calculated by multiplying the levels per gram of tobacco by the
total tobacco weight for each brand. Means and standard
deviations are reported. t Tests were conducted to examine
differences in the mean levels between domestic and important
brands. Pearson correlation coefficients were used to examine
bivariate associations between constituents in tobacco and
smoke emissions. All analyses were conducted using SPSS
(Version 15.0) statistical software.

RESULTS
Tobacco constituents
Tobacco weight was significantly greater among domestic
cigarettes (mean 761.5 g, SD 100) compared to imported brands
(mean 721.0 g, SD 53.7; p,0.001). The pH level of tobacco was
significant higher for imported brands (mean 5.4, SD 0.3) than
domestic brands (mean 5.2, SD 0.1, p,0.001).
Table 1 shows the mean constituent levels in whole tobacco
for all domestic and international brands, as well as the number
of brands with levels below the detectable limit. Nicotine levels
per cigarette were significantly higher among domestic brands
(p = 0.002) and accounted for approximately 1.7% of the total
tobacco weight, compared to 1.5% of the total weight for
imported brands (NS). Nornicotine levels were higher among
imported brands (p,0.001), as were most heavy metals. For
example, the amounts of nickel in tobacco were 2.5 times higher
than domestic brands (p,0.001). The one exception was
cadmium, which was significantly higher among domestic
brands (p,0.001).
Nitrosamine levels were substantially higher among imported
brands. Levels of NNN were more than six times higher
(p,0.001), while total TSNA levels were more than 2.5 times
higher in imported than in domestic brands (3445.5 vs
1219.1 ng/cigarette, p,0.001). Nitrate, ammonia, glycerol and
propylene glycol were also significantly higher among imported
brands (all p,0.001).
i25
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Table 1 Constituents in whole tobacco (per cigarette)
Domestic

Constituent
Alkaloids
Nicotine (mg/cig)
Nornicotine (mg/cig)
Anabasine (mg/cig)
Anatabine (mg/cig)
Metals
Arsenic (ng/cig)
Nickel (ng/cig)
Lead (ng/cig)
Cadmium (ng/cig)
Chromium (ng/cig)
Selenium (ng/cig)
Mercury (ng/cig)
Nitrosamines
NNN (ng/cig)
NNK (ng/cig)
NAT (ng/cig)
NAB (ng/cig)
Other
Benzo[a]pyrene (ng/cig)
Triacetine (ug/cig)
Nitrate (mg/cig)
Ammonia (ug/cig)
Glycerol (mg/cig)
Propylene glycol (mg/cig)

Mean (SD)

12.6
289.3
67.1
477.1

(1.6)
(67.1)
(9.4)
(64.1)

151.4
250.4
257.7
929.7
353.3
–
26.8

(64.4)
(100.2)
(77.7)
(201.8)
(115.3)

Imported
Brands below
detection
limit

Mean (SD)

Brands below
detection
limit

0
0
0
0

11.1
422.5
63.3
398.0

(2.2)**
(98.4)***
(6.5)
(93.4)***

0
0
1
0

169.2
823.3
257.0
765.8
581.4
110.5
–

(26.2)
(121.9)***
(66.5)
(69.8)**
(103.0)***
(–)

(4.6)

5
0
0
0
0
236
169

0
0
0
0
0
11
12

286.9
448.5
378.8
82.0

(118.3)
(237.4)
(169.3)
(5.3)

14
39
0
232

1776.2
437.2
992.1
240.0

(817.2)***
(376.1)
(332.4)***
(–)***

0
8
0
11

6.1
23.1
1.2
261.1
13.2
1.7

(8.6)
(15.6)
(0.6)
(90.3)
(1.3)
(0.2)

0
11
0
0
223
207

5.7
36.3
5.9
1136.9
13.5
4.7

(7.8)
(9.3)**
(2.0)***
(613.8)***
(0.0)
(0.0)***

0
1
0
0
9
9

Significance level: *p,0.05, **p,0.01, ***p,0.001.
NNN, N-nitrosonornicotine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NAT, N-nitrosoanatabine; NAB, Nnitrosoanabasine.
Note that myosmine, sodium propionate, sorbic acid, eugenol and tri-ethylene glycol were below detectable limits for all brands.

Constituents in smoke emissions
Smoke pH level was significantly higher among imported than
domestic brands under both the ISO (mean 6.1, SD 0.1 vs mean
5.9, SD 0.2; p,0.001) and the Canadian Intense testing method
(mean 6.0, SD 0.2 vs mean 5.7, SD 0.1; p,0.001). Table 2 shows
the mean constituent levels in smoke emissions using the ISO
method and Canadian Intense method. No significant differences between domestic and imported brands were observed for
tar, nicotine or CO. However, some significant differences were
observed for individual toxic emissions. Imported cigarettes
were higher in non-nicotine alkaloids, TSNAs, gas-phase
constituents such as hydrogen cyanide, nitric oxide and
nitrogen oxide, and isoprene under both testing methods; levels
of acetaldehyde and propionaldehyde were significantly higher
among imported cigarettes only under the Canadian Intense
method. In contrast, domestic cigarettes had significantly
higher levels of benzo[a]pyrene, formaldehyde, acrolein, resorcinol under both methods; hydroquinone and catechol were
higher among domestic cigarettes only under the Canadian
Intense method, and crotonaldehyde was only higher under the
ISO method. Few differences were observed among the heavy
metals, with the exception of higher mercury levels in imported
cigarettes under the Canadian Intense method.
In general, differences between domestic and imported brands
were consistent across the ISO and Canadian Intense methods.
The primary effect of the Canadian Intense testing method was
to increase the absolute value of emissions considerably. For
example, tar levels under the ISO method almost tripled, while
nicotine levels under the ISO method more than doubled under
the Canadian Intense method. Although the absolute values
i26

increased, changes in relative amounts of certain constituents
were less uniform. Table 3 shows the level of smoke emissions
per mg of nicotine. For example, the level of tar per mg of
nicotine increased 14% under the Canadian Intense method,
while the level of quinoline decreased by 33%.

Association between constituents in tobacco and smoke
emissions
Table 4 shows the correlation between constituents in whole
tobacco and constituents in smoke emissions under both ISO
and Canadian Intense testing methods. Table 4 also shows the
amounts in smoke as a percentage of the amounts present in the
whole tobacco (‘‘percentage transfer’’). The results indicate that
the strength of association varies significantly depending upon
the constituent. The correlation between the amount of
nicotine present in the tobacco and the smoke emissions was
modest, whereas the correlation for other constituents, such as
NNN and benzo[a]pyrene was high regardless of the emission
testing method used. Although there was relatively little
difference between emission testing methods, correlations
tended to be somewhat higher under the Canadian Intense
method, particularly for mercury and ammonia.

DISCUSSION
The product information released by Health Canada is among
the richest public source of information on tobacco products.
Although the primary purpose of this paper is to provide an
overview of this information, several findings merit particular
attention.
Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778
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Table 2 Constituents in smoke emissions: ISO and Canadian Intense machine-smoking methods
ISO method

Constituent
Tar (mg/cig)
Alkaloids
Nicotine (mg/cig)
Pyridine (mg/cig)
Quinoline (mg/cig)
Metals
Lead (ng/cig)
Cadmium (ng/cig)
Mercury (ng/cig)
Nitrosamines
NNN (ng/cig)
NNK (ng/cig)
NAT (ng/cig)
NAB (ng/cig)
Polyaromatic hydrocarbons
Benzo[a]pyrene (ng/cig)
Volatile organic compounds
Benzene (mg/cig)
1,3-Butadiene (mg/cig)
Toluene (mg/cig)
Styrene (mg/cig)
Formaldehyde (mg/cig)
Acetaldehyde (mg/cig)
Propionaldehyde (mg/cig)
Crotonaldehyde (mg/cig)
Butyraldehyde (mg/cig)
Acrolein (mg/cig)
Isoprene (mg/cig)
Hydroquinone (mg/cig)
Other gas-phase
Carbon monoxide (mg/cig)
Hydrogen cyanide (mg/cig)
Nitric oxide (mg/cig)
Nitrogen oxide (mg/cig)
Acetone (mg/cig)
Aromatic amines
1-Aminonaphthalene (ng/cig)
2-Aminonaphthalene (ng/cig)
3-Aminobiphenyl (ng/cig)
4-Aminobiphenyl (ng/cig)
Other
Ammonia (mg/cig)
Acrylonitrile (mg/cig)
Resorcinol (mg/cig)
Catechol (mg/cig)
Phenol (mg/cig)
m,p-Cresol (mg/cig)
o-Cresol (mg/cig)

Canadian Intense method

Domestic

Imported

Domestic

Imported

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

10.7 (4.1)

11.6 (4.0)

30.4 (3.9)

31.3 (5.6)

0.9 (0.3)
12.6 (4.0)
0.2 (0.3)

0.9 (0.2)
15.5 (6.2)*
0.5 (0.5)*

2.4 (0.3)
34.9 (3.1)
1.0 (0.3)

2.2 (0.3)
46.1 (6.1)***
1.1 (0.3)

16.7 (6.2)
57.6 (21.6)
3.2 (0.6)

11.3 (9.0)
52.3 (20.4)
3.5 (1.1)

37.2 (13.9)
160.8 (32.1)
6.5 (0.8)

34.2 (7.7)
157.1 (28.7)
7.2 (0.9)*

53.1
110.3
81.9
6.7

353.3
212.1
106.0
79.7

25.2
54.0
40.6
3.8

(7.8)
(18.6)
(11.4)
(1.3)

11.8 (5.0)

168.1
101.0
49.5
35.6

(52.6)***
(45.8)***
(64.7)
(12.1)***

7.1 (1.6)**

(12.6)
(33.2)
(17.2)
(1.8)

24.1 (8.4)

(91.3)***
(90.8)***
(134.6)
(26.0)***

15.9 (2.0)***

45.6
42.9
69.8
11.5
72.7
590.6
49.3
28.1
32.2
71.7
288.6
62.6

(12.1)
(11.0)
(22.5)
(10.4)
(31.3)
(173.1)
(14.4)
(7.8)
(9.3)
(21.1)
(89.3)
(15.4)

42.0
42.8
68.6
9.8
40.1
576.9
48.9
22.9
33.1
56.7
318.7
57.2

(9.6)
(11.6)
(17.1)
(3.6)
(17.2)***
(160.7)
(13.3)
(8.8)*
(9.5)
(17.5)*
(80.5)
(18.8)

89.3
92.9
155.1
28.1
181.5
1230.3
105.0
67.8
69.9
160.2
608.8
150.1

(8.7)
(7.6)
(29.2)
(23.4)
(32.0)
(103.0)
(8.5)
(7.8)
(6.5)
(19.4)
(97.2)
(20.1)

90.9
98.2
163.1
26.5
100.2
1352.8
115.0
64.0
77.5
142.9
740.0
127.0

(6.7)
(11.8)*
(11.9)
(2.6)
(20.7)***
(174.1)***
(15.9)*
(8.4)
(11.3)*
(17.3)*
(81.3)***
(30.8)***

10.5
119.0
63.7
70.2
307.0

(4.2)
(40.6)
(19.6)
(20.9)
(82.2)

12.2
145.1
199.1
205.1
308.0

(3.8)
(58.6)*
(41.9)***
(44.4)***
(86.5)

27.2
293.5
138.7
150.5
630.3

(2.8)
(41.2)
(24.0)
(28.1)
(51.9)

29.3
423.1
421.8
460.1
686.6

(4.9)
(84.6)***
(114.8)***
(123.8)***
(82.3)*

13.7
8.5
1.9
1.7

(2.9)
(1.7)
(0.4)
(0.5)

19.1
12.1
2.7
2.2

(4.3)***
(2.4)***
(0.5)***
(0.4)***

22.7
21.0
3.7
3.7

(5.9)
(6.2)
(0.7)
(0.8)

34.5
21.9
5.8
4.7

(6.8)***
(3.6)
(0.9)***
(0.6)***

12.4
9.2
1.1
74.2
22.2
12.4
4.7

(3.3)
(2.4)
(0.2)
(18.7)
(13.7)
(4.9)
(2.2)

13.7
9.7
0.8
69.9
23.3
14.4
5.7

(4.3)
(2.9)
(0.6)*
(23.3)
(13.1)
(5.9)
(2.4)

26.5
21.8
2.9
170.0
42.2
24.1
9.9

(4.4)
(2.4)
(0.6)
(28.2)
(26.7)
(10.7)
(4.9)

40.5
24.3
2.5
145.7
41.4
26.1
10.2

(18.0)***
(1.6)***
(0.8)*
(40.0)*
(27.4)
(13.2)
(5.0)

NNN, N-nitrosonornicotine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NAT, N-nitrosoanatabine; NAB, N-nitrosoanabasine.
Significance level: *p,0.05, **p,0.01, ***p,0.001.

The nicotine content of whole tobacco showed little
variation, with only modest differences between domestic
and imported brands. Canadian cigarette tobacco had an
average of 12.6 mg of total nicotine, only slightly lower than
13.5 mg reported from a sample of 23 Canadian brands tested
in 1998.6 More recent findings released by the state of
Massachusetts reported a mean nicotine content of 13.9 mg/
cigarette for US cigarettes, which is somewhat higher than the
11.1 mg/cigarette found among the 15 imported brands sold in
Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778

Canada.7 These differences are most probably due to differences in the number and type of cigarettes included in each
analysis, although others have reported recent increases in the
nicotine level of whole tobacco for US cigarettes.41 It
also appears that the main reason for the higher levels in
domestic cigarettes was the greater amount of tobacco per
cigarette; indeed, nicotine levels per gram of tobacco were not
significantly different between imported and domestic
tobacco.
i27
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Table 3 Difference between ISO and Canadian machine-testing methods in smoke emission levels per mg of
nicotine{
Constituent (per mg nicotine)
Tar (mg)
Alkaloids
Carbon monoxide (mg)
Pyridine (mg)
Quinoline (mg)
Metals
Lead (ng)
Cadmium (ng)
Mercury (ng)
Nitrosamines
NNN (ng)
NNK (ng)
NAT (ng)
NAB (ng)
Other
Hydroquinone (mg)
Resorcinol (mg)
Catechol (mg)
Phenol (mg)
m,p-Cresol (mg)
o-Cresol (mg)
1,3-Butadiene (mg)
Isoprene (mg)
Acrylonitrile (mg)
Benzene (mg)
Toluene (mg)
Styrene (mg)
Ammonia (mg)
1-Aminonaphthalene (ng)
2-Aminonaphthalene (ng)
3-Aminobiphenyl (ng)
4-Aminobiphenyl (ng)
Benzo[a]pyrene (ng)
Formaldehyde (mg)
Acetaldehyde (mg)
Acetone (mg)
Acrolein (mg)
Propionaldehyde (mg)
Crotonaldehyde (mg)
Butyraldehyde (mg)
Hydrogen cyanide (mg)
Nitric oxide (mg)
NOx (mg)

ISO

Canadian Intense

Mean (SD)

Mean (SD)

11.5 (2.5)

13.1 (1.0)***

11.3 (2.8)
13.8 (3.5)
0.3 (0.3)

11.8 (1.6)**
16.5 (2.7)***
0.4 (0.1)***

17.6 (7.7)
58.6 (14.3)
3.4 (0.6)

18.6 (6.8)
71.4 (10.3)***
3.0 (0.4)***

50.5
64.2
45.7
10.1

(53.0)
(25.1)
(30.5)
(13.7)

44.0
56.7
38.0
9.0

(46.6)***
(22.3)***
(24.5)***
(13.4)***

66.7
1.0
79.4
23.1
13.3
5.1
46.3
319.7
9.8
49.2
76.4
12.0
13.2
16.0
10.0
2.2
1.9
12.0
70.8
628.8
331.2
73.4
52.5
28.3
34.8
129.5
90.9
97.8

(8.3)
(0.4)
(9.0)
(10.2)
(3.2)
(1.6)
(8.6)
(86.0)
(2.4)
(11.3)
(21.6)
(7.6)
(3.3)
(3.2)
(2.1)
(0.6)
(0.7)
(5.4)
(33.6)
(144.6)
(66.0)
(17.3)
(12.2)
(8.0)
(7.9)
(44.3)
(56.6)
(57.7)

66.0
1.1
75.4
18.3
10.8
4.3
42.6
288.9
10.1
40.7
71.6
12.3
12.8
10.8
9.8
1.8
1.8
10.5
77.2
566.1
288.8
71.3
48.2
30.3
32.3
143.7
82.0
89.6

(9.2)
(0.2)*
(10.8)***
(8.8)***
(3.8)***
(1.6)***
(7.2)***
(72.4)***
(1.9)
(7.3)***
(17.8)***
(7.4)
(3.0)*
(2.7)***
(3.5)
(0.4)***
(0.5)*
(4.7)***
(25.0)**
(93.2)***
(42.7)***
(11.8)
(7.4)***
(4.8)**
(5.4)***
(36.0)***
(48.7)***
(53.8)***

NNN, N-nitrosonornicotine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NAT, N-nitrosoanatabine; NAB, Nnitrosoanabasine.
*p,0.05 **p,0.01 ***p,0.001.
{Among brands with detectable limits.

The variation in ISO nicotine emissions measured in cigarette
smoke emissions was substantially greater than the variation in
nicotine content. Whereas nicotine content of unburned
tobacco showed less than a twofold difference, ISO nicotine
emissions showed a 25-fold difference from lowest to highest.
The variation in nicotine emissions was considerably less when
cigarettes were tested under the Canadian Intense emission
testing method and only slightly greater than the variation
measured in whole tobacco. This suggests that cigarette design
parameters—most notably filter ventilation—can produce
much larger differences under machine-smoking conditions
than are found in the tobacco itself. Indeed, many brand
variants within the same brand family (for example, Export A
i28

Full Flavour, Export A Light, etc) contained identical tobacco, but
yielded very different levels under machine testing.
Perhaps most important, all 247 brands contained ample
nicotine to promote and sustain addiction.42 This fundamental,
though unremarkable, finding should not be obscured by the
apparent differences in nicotine emissions generated under
machine-testing methods, none of which are related to human
exposure or uptake, which is relatively constant across
conventional cigarette brands.26 43
Nitrate levels were significantly higher in both the whole
tobacco and the smoke emissions of imported cigarettes. Higher
nitrate levels in the Burley tobacco used in US blended cigarettes
result in much higher levels of nitrogen oxides, which influence
Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778
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Table 4 Association between constituents in tobacco and smoke emissions.
ISO emissions
Tobacco constituents
Alkaloids
Nicotine (mg/g)
Metals
Lead (ng/g)
Cadmium (ng/g)
Mercury (ng/g)
Nitrosamines
NNN (ng/g)
NNK (ng/g)
NAT (ng/g)
Other
Ammonia (mg/g)
Benzo[a]pyrene (ng/g)
Nitrate (mg/g) vs nitric oxide (mg)
Nitrate (mg/g) vs NOx (mg)

Canadian Intense emissions

Correlation

Mean transfer %{
(SD)

Correlation

0.28***

3.6 (1.6)

0.44***

7.9 (2.9)

0.63***
0.36**
0.02

4.9 (2.1)
6.8 (2.7)
11.7 (2.7)

0.73***
0.59***
0.56***

11.8 (3.9)
19.5 (5.4)
25.8 (4.3)

0.94***
0.62***
0.52***

7.4 (2.7)
9.8 (3.7)
8.0 (3.8)

0.96***
0.54***
0.49***

15.6 (4.7)
20.9 (7.9)
16.8 (7.6)

0.30**
0.84***
0.87***
0.88***

3.6 (1.6)
–
–
–

0.87***
0.89***
0.93***
0.94***

7.9 (2.9)
–
–
–

Mean transfer % (SD)

NNN, N-nitrosonornicotine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NAT, N-nitrosoanatabine.
*p,0.05, **p,0.01, ***p,0.001.
{Transfer % = constituent levels/smoke emission level.
NAB excluded owing to insufficient data (n = 5).
Brands with levels below detectable limits were excluded from each analysis.

TSNA formation.3 Not surprisingly, the TSNA levels of
imported brands were significantly higher than domestic
Virginia-flue cured cigarettes. The TSNA levels of domestic
Canadian cigarettes were at the lower end of values reported in
Canadian cigarettes tested in 1990 and substantially lower than
values measured in 2000.9 17 The current data were collected in
2004, following a $20 million government subsidy in 2001 to
replace propane gas heaters with heat-exchange curing methods
for domestically grown Virginia-flue cured tobacco. The lower
levels of TSNAs reported in the current paper appear to reflect
the impact of these new curing practices.
Although domestic Virginia flue-cured cigarettes had significantly lower levels of TSNAs than imported brands with US
tobacco blends, other toxic constituents were notably higher,
including volatile organic compounds such as formaldehyde,
acrolein and crotonaldehyde, as well as benzo[a]pyrene.3 An
‘‘inverse’’ relation between TSNAs and PAHs such as benzo[a]pyrene has previously been noted with respect to Canadian
cigarettes.44 45 One potential explanation is that nitrate, which is
present in higher levels in Burley air-cured tobacco and
contributes to TSNA formation, may serve as a free-radical
scavenger during combustion/pyrolysis and reduce PAH formation.3 The nature of this relation, however, remains unclear.
Whatever the differences in emissions between blends may be,
the current findings underscore the extraordinary range of
toxicants present in all cigarette smoke.
The smoke emissions data provide an opportunity to examine
the impact of different smoking conditions on the chemical
profile of tobacco smoke. The comparison between ISO and the
Canadian Intense method indicates that different smoking
conditions can change both the absolute level, as well as the
relative levels of chemicals in many cases. The levels of various
toxicants per mg of nicotine changed by as much as 33%,
depending upon which smoking method was used. Using the
Canadian Intense method increased the levels per mg of
nicotine for eight constituents and lowered the levels per mg
for 24 constituents. Overall, the use of two testing methods
underscores the basic finding that all cigarettes are capable of
delivering a wide range of constituents depending upon how
Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778

they are smoked, and there is no single ‘‘tar’’ or nicotine level
associated with each product. More comprehensive discussions
of the different smoking methods are provided elsewhere.24 45 46
The data appear to provide partial support to anecdotal
evidence and industry assertions that Canadian cigarettes
contain fewer chemical ‘‘additives.’’ In particular, ammonia
compound levels of imported cigarettes were more than four
times greater than domestic cigarettes, as were other ‘‘additives’’ such as triethylene glycol. Ammonia levels can be
manipulated in various ways during manufacturing, including
the addition of ammonia-related compounds, including ammonium hydroxide; ammonium bicarbonate, diammonium phosphate (DAP) and urea—none of which were included in the
Canadian reporting guidelines.21 The level of ammonia in
tobacco smoke is closely related to nitrate and has a strong
effect on the pH level of smoke, which was also significantly
higher among imported cigarettes. Higher smoke pH levels can
increase the proportion of unprotonated or ‘‘free’’ nicotine,
which increases the efficiency and rate at which nicotine is
absorbed into the bloodstream; however, it is unclear whether
the magnitude of difference in pH levels observed between
imported and domestic Canadian cigarettes is sufficient to
significantly alter free nicotine levels.18
At the same time, the current data clearly indicate that the
tobacco in Canadian cigarettes is by no means ‘‘additive-free.’’
Domestic brands had similar levels of glycerol and detectable
levels of propylene glycol—both of which serve as humectants
to retain moisture and alter flavour. In addition, many additives
applied to cigarette paper and the filter are exempt from
reporting guidelines, including adhesive and binders, plasticisers,
colours for papers and salts, all of which can leach into the
tobacco after it is packaged. Other common tobacco additives,
including theobromine, menthol and cocoa, were also exempt
from reporting. As a result, it is not possible to fully evaluate the
level of additives in domestic Canadian cigarettes.

Limitations
The data released by Health Canada represent information
reported directly by tobacco manufacturers. Although there is
i29
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What this paper adds
Relatively few studies have examined the association between
the level of constituents present in the unburned tobacco and the
same constituents in tobacco smoke, particularly using marketwide data. The current paper presents comprehensive constituent
and emission data on Canadian cigarettes that helps to
characterise variations across brands and tobacco blends.

date very little of the information collected by regulators has
been publicly released and subject to scientific scrutiny. In the
future, regulators should strive for common reporting guidelines
across jurisdictions, as well as measures to ensure public access
to this information. These measures will be especially important
to help develop product testing and reporting guidelines under
Articles 9 and 10 of the Framework Convention on Tobacco
Control, the world’s first public health treaty.
Acknowledgements: We thank Murray Kaiserman for comments at an early stage of
this draft, as well as Alex Lee for assistance with manuscript preparation.

no feasible way to verify all of this information, subsequent
analyses of smoke emissions commissioned by Health Canada
did not reveal any systematic biases or errors in the data
reported by manufacturers. The low number of imported
brands included in this dataset should also be noted. The
imported brands included several leading international varieties;
however, it would be inappropriate to generalise data from the
current study to all US blended cigarettes. In addition, the
constituent levels reported in the current paper for unburnt
tobacco only included brands that tested above the minimum
detectable and quantifiable limits. As a result, the mean levels
presented in this paper will be somewhat higher than the actual
means for all brands sold in Canada.
Although the Canadian reporting requirements are among
the most comprehensive in the world, they do not include a
number of constituents that may be of interest to public health
authorities, including chemicals such as glucose, sucrose,
menthol and urea. These constituents are particularly important given their potential to enhance the addictive properties of
smoking. In addition, the Canadian requirements fail to include
basic design features, such as filter ventilation, that are critical
to understanding how cigarettes perform under emission testing
and how consumers use the product. Differences between
cigarette brands in the level of ISO smoke emission have been
shown to be almost perfectly correlated with filter ventilation.6
Filter design also has an important influence upon smoking
behaviour and the intensity with which each cigarette is
smoked. As a result, this information is critical to interpreting
the data reported in the Health Canada dataset. Filter efficiency
for nicotine (that is, the amount of nicotine trapped in the filter
of the smoking machine) is included in the Canadian reporting
requirements, although no data have been publicly released to
date.
Finally, there are no reporting regulations that require in vivo
measures of product use. Thus, reporting requirements give no
indication of how products are used by consumers or the level of
consumer exposure. It remains possible, but unclear, whether
future reporting regulations could evolve to include biomarker
profiles or patterns of use collected through ‘‘clinical trials’’ of
tobacco products. Irrespective of whether mandatory reporting
regulations should include in vivo measures, information on
human patterns of use and exposure is essential in order to
interpret the product measures reported by tobacco companies.
Product measures alone—ingredients, design and emissions—
are not reliable indicators of a product’s risk or likely exposure
level. Indeed, on their own, these measures can be seriously
misleading to the public and regulators when interpreted out of
context.

Funding: This research was funded by grants from the National Cancer Institute of the
United States (through R01 CA 100362 and through the Roswell Park Transdisciplinary
Tobacco Use Research Center, P50 CA111236), Robert Wood Johnson Foundation
(045734), Canadian Institutes of Health Research (57897), National Health and
Medical Research Council of Australia (265903), Cancer Research UK (C312/A3726),
Canadian Tobacco Control Research Initiative (014578), with additional support from
the Centre for Behavioural Research and Program Evaluation, National Cancer Institute
of Canada/Canadian Cancer Society.
Competing interests: None.

REFERENCES
1.
2.
3.

4.
5.

6.

7.

8.
9.
10.

11.

12.

13.

14.
15.
16.

17.

18.

Conclusions
The framework for collecting information on tobacco product
design and constituents is rapidly evolving. Although this
information has the potential to inform product regulation, to
i30

19.

World Health Organization. Tobacco free initiative. http://www.who.int/tobacco/
health_priority/en/index.html.
Euromonitor International. The world market for tobacco. November, 2007. http://
www.euromonitor.com/The_World_Market_for_Tobacco (accessed 4 April 2008).
Hoffmann I, Hoffman D. The changing cigarette: chemical studies and bioassays. In:
Boyle P, Gray N, Henningfield J, et al, eds. Tobacco: science, policy and public health.
New York: Oxford University Press, 2004:53–92.
Roberts DL. Natural tobacco flavor. Recent Adv Tob Sci 1988;14:49–81.
WHO Study Group on Tobacco Product Regulation. Guiding principles for the
development of tobacco research and testing capacity and proposed protocols for the
initiation of tobacco product testing, 2004. http://www.who.int/tobacco/
global_interaction/tobreg/goa_2003_principles/en/index.ht ml (accessed 20 April
2007).
Kozlowski LT, Mehta NY, Sweeney CT, et al. Filter ventilation and nicotine content
of tobacco in cigarettes from Canada, the United Kingdom, and the United States.
Tob Control 1998;7:369–75.
Connolly GN, Alpert HR, Wayne GF, et al. Trends in smoke nicotine yield and
relationship to design characteristics among popular US cigarette brands
19972005: a report of the Tobacco Research Program Division of Public Health
Practice Harvard School of Public Health. January 2007. Available at: http://www.
hsph.harvard.edu/nicotine/trends.pdf.
Fischer S, Spiegelhalder B, Preussmann R. Tobacco-specific nitrosamines in
European and USA cigarettes. Arch Geschwulstforsch 1990;60:169–77.
Fischer S, Castonguay A, Kaiserman M, et al. Tobacco-specific nitrosamines in
Canadian cigarettes. J Cancer Res Clin Oncol 1990;116:563–8.
Rickert B, Sharifi M, Wu J, et al. TSNAs in cigarette filler and mainstream smoke
from Canadian cigarettes 2003–2005: a period of major change. 60th Tobacco
Science Research Conference. 17 –20 September 2006. Montreal, Quebec Canada.
Counts ME, Morton MJ, Laffoon SW, et al. Smoke composition and predicting
relationships for international commercial cigarettes smoked with three machine
smoking conditions. Regul Toxicol Pharmacol 2005;41:185–227.
Adamu CA, Bell PF, Mulchi CL, et al. Residual metal levels in soils and leaf
accumulations in tobacco a decade following farmland application of municipal
sludge. Environ Pollut 1989;56:113–26.
Gutenmann WH, Bache CA, Lisk DJ, et al. Cadmium and nickel in smoke of
cigarettes prepared from tobacco cultured on municipal sludge-amended soil.
J Toxicol Environ Health 1982;10:423–31.
Stephens WE, Calder A, Newton J. Source and health implications of high toxic
metal concentrations in illicit tobacco products. Environ Sci Technol 2005;15:479–88.
Bush LP, Cui M, Shi H, et al. Formation of tobacco-specific nitrosamines in air-cured
tobacco. Recent Adv Tob Sci 2001;27:23–46.
Rickert B, Sharifi M, Wu J, et al. TSNAs in cigarette filler and mainstream smoke
from Canadian cigarettes 2003–2005: a period of major change. 60th Tobacco
Science Research Conference. Montreal, Quebec Canada, 17–20 September 2006.
Rickert WS, Joza PJ, Sharifi M, et al. Reductions in the tobacco specific nitrosamine
(TSNA) content of tobaccos taken from commercial Canadian cigarettes and
corresponding reductions in TSNA deliveries in mainstream smoke from such
cigarettes. Regul Toxicol Pharmacol 2008; (in press).
Henningfield J, Pankow J, Garrett B. Ammonia and other chemical base tobacco
additives and cigarette nicotine delivery: issues and research needs. Nicotine Tob Res
2004;6:199–205.
Thielmann HW, Potschke-Langer M. Increased health hazards due to additives of
tobacco products–consequences for product regulation. Heidelberg: Deutsches
Krebsforschungszentrum, 2005. Available at: http://www.ensp.org/files/
DKFZ_factsheet_Zusatzstoffe_EN.pdf.

Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778

Downloaded from tobaccocontrol.bmj.com on 3 September 2008

Supplement
20.
21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

Rabinoff M, Caskey N, Rissling A, et al. Pharmacological and chemical effects of
cigarette additives. Am J Public Health 2007;97:1981–91.
Stevenson T, Proctor RN. The secret and soul of Marlboro: Philip Morris and the
origins, spread, and denial of nicotine freebasing. Am J Public Health 2008; (in press).
Browne CL. The design of cigarettes. 3rd ed. Charlotte, NC: Filter Products Division
Hoechst Celanese Corporation, 1990.
Bates C, McNeill A, Jarvis M, et al. The future of tobacco product regulation and
labelling in Europe: implications for the forthcoming European Union directive. Tob
Control 1999;8:225–35.
Hammond D, Wiebel F, Kozlowski LT, et al. Revising the ISO machine smoking
regime for cigarette emissions: implications for tobacco control policy. Tob Control
2007;16:8–14.
International Organization for Standardization. Routine analytical cigarette
smoking machine–definitions and standard conditions, ISO Standard 3308. 4th ed.
ISO, 2000.
Jarvis MJ, Boreham R, Primatesta P, et al. Nicotine yield from machine-smoked
cigarettes and nicotine intakes in smokers: evidence from a representative population
survey. J Natl Cancer Inst 2001;93:134–8.
Benowitz NL. Biomarkers of cigarette smoking. The FTC cigarette test method for
determining tar, nicotine, and carbon monoxide yields of US cigarettes. Report of the
NCI Expert Committee. Smoking and Tobacco Control Monograph No 7. Bethesda,
MD: US Department of Health and Human Services, National Institutes of Health,
National Cancer Institute, NIH Publication No 96–4028, 1996.
US Department of Health and Human Services. Risks associated with smoking
cigarettes with low machine measured yields of tar and nicotine. Bethesda, MD: US
Department of Health and Human Services, Public Health Services, National Institutes
of Health; National Cancer Institute, 2001.
Ding YS, Trommel JS, Yan XJ, et al. Determination of 14 polycyclic aromatic
hydrocarbons in mainstream smoke from domestic cigarettes. Environ Sci Technol
2005;39:471–8.
Ding YS, Ashley DL, Watson CH. Determination of 10 carcinogenic polycyclic
aromatic hydrocarbons in mainstream cigarette smoke. J Agric Food Chem
2007;55:5966–73.
Gray N, Zaridze D, Robertson C, et al. Variation within global cigarette brands in tar,
nicotine, and certain nitrosamines: analytic study. Tob Control 2000;9:351–2.
Wu W, Zhang L, Jain RB, et al. Determination of carcinogenic tobacco-specific
nitrosamines in mainstream smoke from US-brand and non-US brand cigarettes from
14 countries. Nicotine Tob Res 2005;7:443–51.

Tobacco Control 2008;17(Suppl I):i24–i31. doi:10.1136/tc.2008.024778

33.
34.
35.
36.
37.

38.
39.
40.
41.
42.
43.
44.
45.
46.

Pappas RS, Polzin GM, Watson CH, et al. Cadmium, lead, and thallium in smoke
particulate from counterfeit cigarettes compared to authentic US brands. Food Chem
Toxicol 2007;45:202–9.
Ashley DL, Beeson MD, Johnson DR, et al. Tobacco-specific nitrosamines in tobacco
from US brand and non-US brand cigarettes. Nicotine Tob Res 2003;5:323–31.
Health Canada. Tobacco industry reporting: tobacco reporting regulations. 1 May
2005. http://www.hc-sc.gc.ca/hl-vs/pubs/tobac-tabac/tir-rft/index_e.html (accessed
30 Nov 2007).
International Organization for Standardization. Cigarettes—sampling: ISO
Standard 8243, 2nd ed, 1991.
Health Canada. Determination of alkaloids, ammonia, benzo[a]pyrene, eugenol,
humectants, metals, nitrate, nitrosamines, pH, propionate, sorbic acid, and triacetin.
Available at http://www.hc-sc.gc.ca/hl-vs/tobactabac/legislation/reg/indust/method/
whole-entier/index_e.html.
Tobacco Control Programme, Health Canada. Emissions from designated
tobacco products. Available at: http://www.hc-sc.gc.ca/hl-vs/pubs/tobac-tabac/tirrft/
emissions_e.html (accessed 30 Nov 2006).
Tobacco Control Programme, Health Canada. Constituents and emissions
reported for cigarettes sold in Canada—2004. Available at: http://www.hc-sc.gc.ca/
hl-vs/tobactabac/legislation/reg/indust/constitu_e.html (accessed 30 Nov 2006).
Tobacco Manufacturers Association. UK smoke constituents study: final report.
June 2003. Available at: http://www.thetma.org.uk/benchmark/benchmarkresources/
final_report.pdf.
Connolly GN, Alpert HR, Wayne GF, et al. Trends in nicotine yield in smoke and its
relationship with design characteristics among popular US cigarette brands, 1997–
2005. Tob Control 2007;6:e5.
Benowitz NL, Henningfield JE. Establishing a nicotine threshold for addiction—the
implications for tobacco regulation. N Engl J Med 1994;331:123–125.
Blackford AL, Yang G, Hernandez-Avila M, et al. Cotinine concentration in smokers
from different countries: relationship with amount smoked and cigarette type. Cancer
Epidemiol Biomarkers Prev 2006;15:1799–804.
Collishaw N. Tales of toxic tobacco. BAT research on the harmful properties of
smoke. Physicians for a Smoke-Free Canada, 2000. http://www.smokefree.ca/pdf_1/
documentresearchpdf/toxictobacco.PDF (Accessed 30 Nov 2007).
King B, Borland R, Fowles J. Mainstream smoke emissions of Australian and
Canadian cigarettes. Nicotine Tob Res 2007;9:835–44.
Hammond D, Fong GT, Cummings KM, et al. Cigarette yields and human exposure: a
comparison of alternative smoking regimes. Cancer Epidemiol, Biomarkers Prev
2006;15:1495–501.

i31

