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COMPARISON OF CIGARETTE SMOKE EXPOSURE ATMOSPHERES IN DIFFERENT PUFFING MODES

Abstract - Mainstream cigarette smoke generated

using different puffing profiles was characterized PRINCIPAL INVESTIGATORS

for particle size distribution, vaporlgas concentra- B. T. Chen

tion, and chemical composition. Three puffing pro- W. E. Bechtold

files were compared: (1) a standard, 2-sec, 35 mL J. L. Mauderly

puff (SP), once per minute; 2 a puff of double the

standard volume 70 m), once per minute (DP); and 3 a double puff, twice per minute (2-DP).

Results from samples collected with a multijet Mercer impactor indicated that the mass median

aerodynamic diameter of ske particles decreased with puff volume. The concentrations of

specific chemicals from gas samples (CO, C02, nitrogen oxides, and small molecular weight

hydrocarbons), organic vapor samples (acetone, 2-methylfuran, benzene, meta- and para-xylene,

ortho-xylene, and limonene), and particulate samples (nicotine, glycerol, hydroquinone, and

palmitic acid) showed good agreement among the three puffing profiles. They support a prediction

that the health effects of cigarette soke generated from 2-DP or DP profiles would not be

different from those resulting from SP profiles.

There is little information in the literature on the composition of cigarette smoke generated
by different puffing profiles. The puffing profile used to generate smoke for standardized

measurement and reporting of the tar and nicotine content of various cigarettes was first reported

by B rad f o rd et a in 1936.1 This puffing profile, one 2-sec, 35 mL puff per minute, was

established somewhat arbitrarily and may not be representative of actual puffing by human
smokers. Although puffing habits vary widely, it has more recently been reported2.3 that puff

volumes range from 30 to 80 mL, with average volumes in the 45-55 mL range. Puffing frequency has
been reported to be as high as 4 puffs per minute, with average values between I and 2 per min for

smokers in the U. S. and Britain.4 It is of interest to compare the composition of smoke

generated using different puffing profiles.

The present study was conducted to determine key physical and chemical characteristics of
cigarette smoke generated using three different puffing profiles: (1 a standard (SP), 2-sec 35

mL puff, once per minute; 2 a puff of double the standard volume 70 mL once per minute) (DP);

and, (3 a double puff, twice per minute (2-DP). The goal was to determine the nature and

magnitude of differences in smoke characteristics under these conditions. The principal issue was

whether smoke generated using an increased puff volume and frequency was similar to that generated

using the standardized puffing profile.

METHODS

Smoke Generation
Type lR3 research cigarettes were obtained and conditioned as described in Chen et al.5 An

AMESA Mark III machine was used to generate cigarette smoke. A standard puff was produced when a

smoking head containing thirty cigarette holders rotated, connecting a piston vacuum pump to each

cigarette holder through a puffing hole (Fig. 1). To generate puffing profiles other than the

standard puff, the piston smoke pump in the AMESA machine was replaced with a peristaltic pump
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Figure I The experimental setup used to study three different puffing profiles: (a) Standard
Puffing, (b) Double Puffing, and (c) Two-Double Puffing.

(Fig. 1). This pump was used because it did not require as much maintenance as the AMESA pump and

the puffing profile was more uniform. The puff volume was adjusted by pump speed to 70 cm in

both DP and 2-DP profiles, and the puffing frequency was increased to twice per min in the 2-DP

profile by adding a second puffing hole to the AMESA machine. This additional hole was located on

the same aluminum casting as the original hole, at an angle of 1200 from the original hole. As a

result, the smoldering time between puffs was 38 sec for the original hole and 18 sec for the

additional hole.

Cigarette smoke generated by different puffing profiles was routed to different types of

whole-body chambers for sampling (Fig. 1). Although the amount of total particulate matter (TPM)

in the cigarette smoke varied with puffing profile, two exposure chambers of different sizes and

flow rates were used to achieve the same mass concentration in the exposure environment. One 3

Hazleton chambers were used for the SP profile and 2 3 Hazleton chambers were used for the DP and

2-DP profiles.

Characterization

The mean mass concentrations and particle size distributions in the exposure chambers were

estimated using 25-mm glass fiber filters and a multijet Mercer impactor, respectively.

Gas samples were taken with TeflonO bags, with glass fiber prefilters, to determine the

amounts of CO, C02, NO, NO2, total nitrogen oxides (NOx), and small molecular weight hydrocarbons

(HC) in the cigarette smoke. Infrared CO and C02, chemiluminescent NO, NO2, and NOX, and infrared

HC analyzers were used.

Tenax trapping was used to analyze the concentrations of certain vapor phase organic

compounds: acetone, 2-methylfuran, benzene, toluene, meta- and para- (mp)-xylene, ortho

(o)-xylene, and limonene. These chemicals were selected to represent a broad range of chemical

classes: ketones, heterocycles, aromatics, and terpenes. Detailed sampling and characterization

procedures were reported in Chen et al-.5

51



The nicotine, glycerol hydroquinone, and palmitic acid concentrations in cigarette smoke

particles obtained from different puffing modes were also measured. These chemicals were selected

to represent a range of chemical classes: alkaloids, phenolics, and fatty acids. Cigarette smoke

particles were collected onto 25-mm glass f i ber f i 1 ters ,and te filters were extracted for

chemical analyses.5

Statistical Analyses

Differences in gaseous, vapor, and particulate constituents of the cigarette smoke among the

three puffing profiles were determined using pairwise t tests and the Bonferroni adjustment of P

values for multiple contrasts. (There were 3 contrasts for data comparing the puffing profiles).

The criterion for significance was set at p < 0.05 for all comparisons.

RESULTS

The mass concentrations of cigarette smoke estimated from filter samples were consistent,

among different puffing modes (target concentrations were 100 and 200 mg/M3), with coefficients of

variation ranging from 5-10%.

The mass median aerodynamic diameter (MMAD) of cigarette smoke particles in the exposure

atmosphere increased with mass concentrations. In a concentration range of 100-200 mg/m3 te

MMAD values were between 04 and 0.5 Jim for SP profiles, and were between 03 and 033 Vm for DP

and 2-DP profiles. The size difference between standard and double puffs was expected, because

the smoke particles at higher puff volumes had a shorter residence time and less opportunity for

coagulation growth in the cigarettes Cigarette smoke particles generated from DP and 2-DP modes

were similar.

Table lists the composition of smoke generated by SP, DP, and 2-DP profiles. All data

showed good agreement in the values of various smoke constituents among the three puffing profiles.

SUMMARY

Our data suggest that there is no substantive difference in physical characterization and

chemical composition of cigarette smoke among the three different puffing profiles (standard puff,

double puff, and two double puffs). Although the median sizes of smoke particles appeared to be a

function of mass concentration, and the sizes from the double puffs were slightly smaller than

those from the standard puffs, the total deposition efficiencies for these submicrometer particles

in the respiratory tracts of rats were similar. These results support a prediction that the

health effects of cigarette smoke generated by two double puffs would not be different from those

resulting from standard puffs.
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Table 

Composition of Smoke Atmospheres Generated by the SP, DP,

and 2-DP Puffing Profiles (n = 4)

SP DP 2-DP a

Constituent Units so X so so

Gases
Cob 623 54 710 90 682 59

C02 391 21 367 36 325 37
NO ppb/(mg TpM/m3) 22 2 18 2 18 2
N02 1.6 0.7 1.4 0.5 1.4 0.3
NOX 21 2 21 1 22 2
HC 630 107 651 76 632 42

Vapors
Acetone 117 26 97 23 98 20
2-Methylfuran 12.2 0.4 12.8 0.4 13.3 0.5
Benzene 6.4 0.7 6.8 2.5 5.8 2.2
Toluene Vg/mg TPM 10.2 0.4 8.9 2.1 8.2 1.8
mp-Xylene 0.9 0.2 0.9 0.2 0.9 0.1
o-Xylene 1.7 0.2 1.9 0.2 1.9 0.3
Limonene 4.5 0.8 4.3 0.8 4.7 1.1

Particles
Nicotineb 67 10 61 4 63 4
Glycerol jig/mg TPM 83 3 87 5 85 4
Hydroquinone 8.2 2.6 8.7 0.5 8.2 1.6
Palmitic Acid 7.5 3.8 8.2 2.6 7.4 2.9

aEach value in 2-DP profiles was calculated using the average of the data collected from two
whole-body chambers, each connected to a puffing hole.

bBased on the report by the Tobacco and Health Research Institute, CO concentration was
670 ppb/(mg TpM/m3) and nicotine content was 53 pg/mg TPM.7
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