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Internal Standard-based Analytical Method for 
Tobacco Smoke Vapor Phase Components*
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Figure 1.
Collection of mainstream smoke. One of 10 valves is shown.
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Figure 3.
Vapor phase component analytical system.

Figure 2.
Linked six-port valves. Step 1: Internal standard gas is fed to 10 sampling loops; step 2: Istd-exhaust bag is fitted to the
10th valve; step 3: internal standard gas is stopped to be fed; step 4: each valve is turned to connect the smoking machine,
a sampling loop and a sampling bag; step 5: internal standard gas is introduced into the sampling bag by blank puff; step
6: each valve is turned back to connect the smoking machine and a sampling bag without a sampling loop; step 7: the
cigarette is smoked to collect vapor phase and semivolatile components. 
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Table 1.
Vapor phase components.

Peak Name Peak Name

V2 Methane V32 Isoprene

V3 Ethylene & Acetylene V35 unknown

V4 Ethane V36 Propionitrile

V5 Propene V38 unknown

V6 Propane V39 unknown

V9 unknown V40 Methylvinylketone

V10 Methylacetylene V41 2-Methylfuran

V11 Methanol V42 Diacethyl

V12 Acetaldehyde V43 Methylethylketone

V14 Isobutane V44 Methylacrylate

V16 1-Butene V45 Isobutyronitrile

V17 1,3-Butadiene V46 Crotonaldehyde

V18 n-Butane V48 unknown

V19 trans-2-Butene V50 Benzene

V20 cis-2-Butene V51 Butyronitrile

V21 unknown V52 unknown

V22 Acetonitrile V53 Dimethylfurane

V23 Acroleine V54 unknown

V24 Furan V55 unknown

V25 Propionaldehyde V56 n-Heptane

V26 Acetone V57 Toluene

V27 Acryronitrile V60 unknown

V30 Methylacetate V61 unknown

V31 Cyclopentadiene
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Figure 4.
Chromatogram of vapor phase components.

����&������"�$� � (�*���$��� 1���!�"�� � ��&��!�"�� ��!�
 �&�$���$�1�$�"�����	�������!�� �&�$���"��!��$��������!�
78(���!��� �&�$���� ��������	�����D��1!��!��� ����"���$$�	

����"��$�����"������  ������"���$$���6@A89(�*�D�1$���/
A�����	� DA� ���<� +���� � ##� 78/�#C�  � ��&� 1� � � �	(
%������!� ����&��"�"� �1������	0����D������������ �1��!



��:

Figure 5.
Peak of Istd.

Table 2.
Semivolatile components.

Peak Name Peak Name

S2 2,3-Butandione S25 Solanone

S3 1-Pentene-3-one S26 unknown

S4 Toluene S27 Nicotine

S5 m-Xylene S28 3-Ethyl-2-hydroxy-cyclopenten-1-one

S6 Cyclopentanone S29 Neophytadiene

S7 Pyridine S30 Phenol & o-Cresol

S8 Limonene S31 2-Pyrrolidone

S11 3-Methylpyridine S32 2,5-Dimethyl-4-hydroxy-3(2H)-furanone

S12 2-Cyclopentene-1-one S33 p-Cresol

S13 2-Methyl-2-cyclopentene-1-one S35 m-Cresol

S14 3-Ethylpyridine S37 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one

S15 Acetic acid S38 Glycerol

S16 3-Vinylpyridine S39 4-Vinylphenol

S17 3-Methyl-2-cyclopentene-1-one S40 3-Hydroxypyridine

S18 Pyrrole S41 Indole

S19 2,3-Dimethyl-2-cyclopentene-1-one S43 5-Hydroxymethyl-2-furaldehyde

S20 5-Methyl-2-furfuran S47 Hexadecanoic acid

S21 unknown S48 1,4-Benzenediol

S24 Furfurylalcohol S49 Hentriacontane
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Figure 6.
Chromatogram of semivolatile components.
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Figure 7.
Time serial changes of vapor phase components.
The same sampling bag was analyzed 10 times at two-
hour intervals. ( �  �  � : Acetone; ���� : Benzene; 
- � - : Acrolein; - - - : Acetaldehyde).

Figure 8.
Repeatability of vapor phase components analysis.

Figure 9.
Reproducibility of vapor phase components analysis.

Figure 10.
Example of a calibration curve.
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Table 3.
Tobacco samples.

Variety Origin
Number of
 samples

Flue-cured Japan
USA

8
6

Burley Japan
USA

8
7

Oriental 10

Total 39

Table 4.
Average weight of vapor phase components (µg/puff).

Components

Flue-cured Burley Oriental

Japan (SD) USA (SD) Japan (SD) USA (SD) (SD)

Isobutane 1.35 (0.15) 1.53 (0.14) 1.33 (0.16) 1.69 (0.10) 1.59 (0.15)

1-Butene 5.29 (0.20) 6.02 (0.49) 5.09 (0.43) 5.54 (0.37) 5.38 (0.40)

1,3-Butadiene 4.73 (0.40) 5.87 (0.73) 4.84 (0.53) 3.66 (0.93) 4.47 (0.40)

Benzene 5.84 (0.25) 5.77 (0.20) 5.65 (0.52) 6.29 (0.62) 5.53 (0.49)

Toluene 7.21 (0.85) 7.66 (0.71) 6.75 (1.13) 7.30 (0.95) 6.56 (0.46)

Methanol 15.49 (3.62) 39.58 (5.37) 27.74 (7.53) 14.29 (1.05) 15.04 (5.44)

cis-2-Butene 2.56 (0.09) 2.83 (0.20) 2.7 (0.33) 2.77 (0.16) 2.55 (0.20)

n-Heptane 0.60 (0.06) 0.71 (0.40) 0.82 (0.21) 1.10 (0.18) 0.59 (0.08)
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Table 5.
Tobacco samples.

Variety Origin
Number of
 samples

Flue-cured Japan
USA
Other

8
6

10

Burley Japan
USA
Other

8
7

10

Oriental 10

Total 59

Table 6.
PCA of vapor phase components.

Factor Eigenvalue Proportion Cumulative proportion

1 6.59 0.412 0.412

2 4.32 0.270 0.681

3 2.05 0.128 0.809

4 1.07 0.067 0.876

Table 7.
PCA of semivolatile components.

Factor Eigenvalue Proportion Cumulative proportion

1 5.15 0.396 0.396

2 2.80 0.215 0.612

3 1.55 0.119 0.731

4 1.23 0.095 0.825
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Figure 11.
Factor loadings (� vapor phase components).

Figure 12.
Principal component scores (vapor phase components).
(�: Oriental; � : flue-cured USA; � : flue-cured Japan; � : flue-cured other countries; � : Burley USA; � : Burley
Japan; � : Burley other countries)
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Figure 13.
Factor loadings ( � : semivolatile components). 

Figure 14.
Principal component scores (semivolatile components).
(�: Oriental; � : flue-cured USA; � : flue-cured Japan; � : flue-cured other countries; � : Burley USA; � : Burley
Japan; � : Burley other countries)
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Table 8.
PCA of combined data.

Factor Eigenvalue Proportion Cumulative proportion

1 9.92 0.342 0.342

2 6.95 0.240 0.582

3 3.53 0.122 0.704

4 2.02 0.070 0.774

5 1.87 0.064 0.838

6 1.37 0.047 0.885

Figure 15.
Factor loadings. (� : vapor phase components; � : semivolatile components).
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Figure 16.
Principal component scores (vapor phase and semivolatile components).
(�: Oriental; � : flue-cured USA; � : flue-cured Japan; � : flue-cured other countries; � : Burley USA; � : Burley
Japan; � : Burley other countries)
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