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Studies of Polycyclic Aromatic Hydrocarbons in Cigarette
Mainstream Smoke: Identification, Tobacco Precursors,
Control of Levels: A Review*
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Table 1.
Polycyclic aromatic hydrocarbons in cigarette smoke condensate identified by spectral plus other means

PAH TNF complex Other
IdentificationPolycyclic aromatic hydrocarbon UVa IRa mpb mmpc mpd mmpe

Naphthalenef, g x x x x x x �

Naphthalene, 1-methyl-g x � � � x � �

Naphthalene, 2-methyl-g x � � � x � �

Acenaphtheneg x � x x x xh x picrate UVa

x picrate mpb

Acenaphthyleneg x x x � � � �

Fluoreneg x � x x x x �

Anthracenef, g x x x x x x x picrate IRa

x picrate mmpe

x dione IRa

Phenanthreneg x x x x x x �

Fluoranthenef, g x x x x x x �

Pyrenef, g x � x x x x �

Chryseneg, i x � � � x x �

Benz[a]anthracenei x � x � x � x dione UVa

Benzo[a]pyrenef, g, i, j x x x x � � x picrate mpb

x picrate mmpe

Dibenz[a,h]anthraceneg, i x � � � � � x dione UVa

aSpectrum (UV, IR) of isolate was identical with that of an authentic sample and/or with that reported in the literature.
bMelting point (mp) of isolate was identical with that of an authentic sample and/or with that reported in the literature.
cMixture melting point (mmp) of isolate with an authentic sample showed no depression.
dMelting point (mp) of TNF (2,4,7-trinitrofluorenone) complex of isolate was identical with that of an authentic sample and/or with that

reported in the literature.
eMixture melting point (mmp) of TNF (or picric acid) complex of isolate with TNF (or picric acid) complex of an authentic sample showed

no depression.
fSpectral plus other identification data from RODGMAN (11), a study involving the fractionation of the MSS from 10,500 cigarettes.
gSpectral plus other identification data from RODGMAN and COOK (12), a study involving the fractionation of the MSS from 20,000

cigarettes.
hUV and IR spectra of TNF complex of isolate were identical with those of an authentic sample of acenaphthene:TNF complex.
iReported to be tumorigenic, under certain experimental conditions, to the skin of laboratory animals (13).
jSpectral plus melting point data from WYNDER and HOFFMANN (75).

#�����#�"��9��$������#$�
�#������*��B�C0=���%�B�C�%�$��8
��%��;�B�C4:=��%
�
���%�B� �C�%�$����%��;6�4:�$�
����%
���"���
��"�������"����%����"��"�#��# �%����$"��$��$�
��"�##���
����!"���B�C4�9�����"%���
���"���;��=�1:*
���#�A��%���=��9"�04<��
�%��!�����"%#���#�
�#"�����"%
2'�
����9����!"�%
��"���� �%�"�����*�+%��9�#��$"��%8
�$��%�=� �� ��%�"����"��%��%�$����%�� ;�=8
�$�
�"8
��%�B)C����%�$����%�:*�&%��$����##�	�=�
�!�%���	��#��
����
2%���
������#�6�������%��"!�4�����������;2�64:����8
#"%%��� "%� �$�� �
�%��!�����"%� "!� 04<#� �%� 3��=� �$"�8
�%�$��%�� 9�#� %"�� ��"%�� �$�� #�	����� ��%�"����"��%�8
�%�$����%�#����"���
�;�7:*��+6E34)��%
�,++G�;�:�"�8
	�"�#����##��%�
��%��%�"������#����������"��$��04<��$��

�!�%�
� �#� �$"��%�$��%�� ;�=8
�$�
�"��%�B)C����%�$��8
��%�:*��$��"�$����%�"���������$����������
�04<�9�#�
�8
��%�"B� �C����%�=��%��������%���
��==�=18
���%�"����%�=
%"9�%���
�
���%�"B��* +C�$��#�%�*� &��9�#� ���"���
� �%
3���%"��"%�������+6E34)��%
�,++G�;�:�������#"���
?5+)�=�?5+)���%
��+<)�+)=�F5)6-���%
�F�&E<�=
�+))-���%
�)-2G+33=��%
�05�&G&�;��:*�D"����#��
�%��8
!�����"%=����������
�"%��������#$�
�2'�#������������"��8
�
��� �$��� "!� #�%�$����� 
���%�"B� �C����%�� ;
���%8
�"B��* +C�$��#�%�:*�<"9�	��=��%��(��=�?4'&�8?435��%

�228<+W�;��:�
������%�
��$����$�������#$�
�#��������9�#

%"�� �$��� "!� 
���%�"B� �C����%�� ���� "!� �$�� �#"������ 
�8
��%�B� �C����%�$����%��;
���%�"B� �C!��"��%�$�%�:=���%��8
���
�
���%���$��#���"#�
�#�%�$�#�#�"!�
���%�"B� �C����%�*
&%� �(�T=� �$�#� ?4'&�8?435� �%
� �228<+W� !�%
�%�� 9�#
�� %"9��
��
����<+DD34))��%
�F5)6-��;�T:*��$�
���$�%���� 
���%�"B��* +C�$��#�%�� ;
���%�"B� �C����%�:
9�#��
�%��!��
��%�3����%��(���;�(:=�������#�3�����	���9�#
%"�����"���
*
0��"���"��$���������#"����"%�"!��$��A��#��"%�"!��$�����#8
�%���"!�04<#��%�����������3��=��"�$��$�������#�%����%

���"##��������%#��"���
�����$����3���
���	������	���$�

���%�
�#��##�
��%���
8�(71�;�:*�4#�%"��
����	�"�#���;�:=
�$�����#�%���"!�04<#��%�3���#$"��
�%�	���$�	�����%��
�"%��"	��#�����##��*��$��#����#��
����%#��"���
�����$���
3�����	���9�#���#�
�"%��$�����"�������+DD+�;�:��$��
�$�� 04<� �"%��%�� �%
� #����!��� ���"����%������ "!� �� 
�8
#������	��
�#��������"!��%���$�%"�8�>������
��"����"�9���
��
���
�!�"���$"#��!"���$��
�#������	��
�#��������!�"���$�
�"%��"���"����"*��+DD+�#��������
��$����$��������#"�#�"!
�$�����"����%���04<��"��"%�%�#�"!�$�#�
�#�������#�9���
��$�%"�8#"�������$��"#���"�#*�-	�%�������$�#����
����"%=
�#�!����#����9�%�=�9�#�!"�%
��"���������!"������������3��
;=�:*������#��$��9�#��%�9����"!��$�����#�%��� �%��"8
����"�"!�#��$��"%�8�$��%�
������%"�
#��#�#"��%�#"�=��
�%8



��7

Table 2.
The 97 PAHs reported in tobacco smoke prior to 1964a: Those noted by the Advisory Committee (AC) (42), Philip Morris (PM)
(43), and R.J. Reynolds Tobacco (RJRT) (11,12,41)

No. Polycyclic aromatic hydrocarbon AC PM RJRT No. Polycyclic aromatic hydrocarbon AC PM RJRT

1 Acenaphthene Db D x 48 Dibenzo[def,mno]chrysene Dc
� x

2 Acenaphthylene D D x 49 Dibenzo[def,p]chrysened D D x
3 Anthracene D D x 50 13H-Dibenzo[a,i]fluorene � D �

4 Anthracene, alkyl- � D � 51 Dibenzo[a,c]naphthacene � D D
5 Anthracene, 9,10-dihydro- � � � 52 Dibenzo[a,j]naphthacene � D D
6 Anthracene, methyl- � � � 53 Dibenzo[de,qr]naphthacene � � x
7 Anthracene, 2-methyl- � D D 54 Dibenzopyrene � � �

8 Anthracene, 9-methyl- � � x 55 Fluoranthene Dc D x
9 Azulene � D � 56 Fluoranthene, alkyl- � � x
10 Benz[j]aceanthrylene, 1,2-dihydro-e

� � x 57 Fluoranthene, dimethyl- � D D
11 Benz[j]aceanthrylene, 1,2- � D � 58 Fluoranthene, 8,9-dimethyl- � � D

   dihydro-3-methyl- 59 Fluoranthene, 8-methyl- � D D
12 Benz[e]acephenanthrylenef    

� � D 60 9H-Fluorene D D x
13 Benz[a]anthracene D D x 61 9H-Fluorene, 1-methyl- � D �

14 Benz[a]anthracene, 7,12-dimethyl- � D D 62 9H-Fluorene, 9-methyl- � D D
15 Benz[a]anthracene, 5-methyl- � D x 63 1H-Indene � � D
16 1H-Benzo[a]cyclopent[h]- � D x 64 Indeno[1,2,3-cd]fluoranthene � � �

   anthracene, 2,3-dihydro- 65 11H-Indeno[2,1-a]phenanthreneg
� � D

17 9H-Benzo[a]cyclopent[I]- � D x 66 Indeno[1,2,3-cd]pyrene � � D
   anthracene, 10,11-dihydro- 67 Naphthacene � � D

18 Benzo[cd]fluoranthene � D � 68 Naphthalene � D x
19 Benzo[ghi]fluoranthene � D x 69 Naphthalene, alkyl- � � �

20 Benzo[j]fluoranthene D D x 70 Naphthalene, 1,2-dihydro-4-methyl- � � x
21 Benzo[k]fluoranthene � D x 71 Naphthalene, 1,6-dimethyl- � � D
22 5H-Benzo[a]fluorene � � � 72 Naphthalene, 1,8-dimethyl- � D D
23 11H-Benzo[a]fluorene � D D 73 Naphthalene, 2,6-dimethyl- � � D
24 11H-Benzo[a]fluorene, 11-methyl- � D D 74 Naphthalene, 2,7-dimethyl- � � D
25 Benzo[b]fluorene � D D 75 Naphthalene, 1-methyl- � � x
26 7H-Benzo[c]fluorene � � D 76 Naphthalene, 2-methyl- � D x
27 Benzo[a]naphthacene � D D 77 Naphthalene, 2-phenyl- � � x
28 Benzo[rst]pentaphene D � x 78 Naphthalene, 1,3,6-trimethyl- � � D
29 Benzo[ghi]perylene Dc D x 79 1H-Naphtho[3,2,1,8-defg]-chrysene � � D
30 Benzo[c]phenanthrene D D x 80 Naphtho[2,1,8-qra]naphthacene � D X
31 Benzo[a]pyrene D D x 81 Pentaphene � D D
32 Benzo[a]pyrene, alkyl- � D D 82 Perylene � D x
33 Benzo[a]pyrene, 7,8-dihydro- � D D 83 Phenanthrene D � x
34 Benzo[a]pyrene, dimethyl- � � � 84 Phenanthrene, dimethyl- � � x
35 Benzo[a]pyrene, methyl- � D x 85 Phenanthrene, 2,5-dimethyl- � D D
36 Benzo[e]pyrene Dc D x 86 Phenanthrene, methyl- � � �

37 2,2'-Binaphthylene � � � 87 Phenanthrene, 9-methyl- � D x
39 Chrysene, alkyl- � D x 88 Pyrene D D x
40 Chrysene, dimethyl- � D D 89 Pyrene, alkyl- � D D
41 Chrysene, 1-methyl- � D D 90 Pyrene, ethyl- � D �

42 Coronene Dc D x 91 Pyrene, methyl- � � �

43 15H-Cyclopenta[a]phenanthrene � � � 92 Pyrene, 1-methyl- � D x
44 15H-Cyclopenta[a]phenanthrene, � D D 93 Pyrene, 2-methyl- � D x

   16,17-dihydro- 94 Pyrene, 4-methyl- � D x
45 4H-Cyclopenta[def]phenanthrene � D D 95 Rubicene � � �

46 Dibenz[a,h]anthracene D D x 96 Tribenz[a,c,h]anthracene � D D
47 Dibenzo[b,def]chrysene � D x 97 Triphenylene � � �

18 61 77

aBy January 1964, the date of the report of the Advisory Committee to the Surgeon General, of approximately 2100 PAHs bioassayed in laboratory
animals, 480 (22.9%) were found to be tumorigenic to some degree.

bD indicates that the specified PAH was discussed in the reference cited; X indicates that the particular PAH was reported in cigarette MSS at RJRT R&D
(11,12,41). Note that of the 18 PAHs noted in the Advisory Committee’s report, five (fluoranthene, benzo[ghi]perylene, benzo[e]pyrene, coronene, and
dibenzo[def,mno]chryene) were not discussed as components of cigarette MSS but were discussed as components of carbon black.

cPAHs designated as Dc in the AC column were those discussed as carbon black components not cigarette MSS components.
dThe PAH originally identified in cigarette MSS by WYNDER and WRIGHT (76), WYNDER et al. (79), LYONS and JOHNSTON (77), LYONS (78), BONNET and

NEUKOMM (16), RODGMAN and COOK (12), and PYRIKI (80) as dibenzo[a,l]pyrene (dibenzo[def,p]chrysene) on the basis of published UV spectral data was
subsequently shown to be dibenz[a,e]aceanthrylene (17). The authentic dibenzo[a,l]pyrene (dibenzo[def,p]chrysene) was subsequently identified in MS by
SNOOK et al. (19) at the USDA.

eThe PAH originally defined as cholanthrene (1,2-dihydrobenz[j]aceanthrylene) by RODGMAN and COOK (12) may have been one of several
cyclopentabenzanthracenes later reported by SNOOK et al. who identified over 500 PAHs in MSS (15). However, SNOOK et al. did not identify cholanthrene
in cigarette MSS (19).

fThe PAH known as benz[e]acephenanthrylene was formerly known as benzo[b]fluoranthene.
gThe PAH known as 11H-indeno[2,1-a]phenanthrene was formerly known as 11H-naphtho[2,1-a]fluorene.
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Figure 1.
Tobacco extraction study
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Table 3.  
Study of the solvent extraction of tobacco

Sample no. Designationa Sample composition Total PAHs B[a]P

I TOB Unextracted cased commercial blend tobacco (the control) PAHSample I B[a]PSample I

II RES Pentane-extracted cased commercial blend tobacco PAHSample II

< PAHSample I

B[a]PSample II 

< B[a]PSample I

III RES + PF Pentane-extracted cased commercial blend tobacco (Sample II) to
which the appropriate amount of the pentane fraction of the
pentane-aqueous ethanol partition was returned

PAHSample III 
� PAHSample I

B[a]PSample III 
� B[a]PSample I

IV RES + AEF Pentane-extracted cased commercial blend tobacco (Sample II) to
which the appropriate amount of the aqueous ethanol fraction from
the partition was returned

PAHSample IV 
� PAHSample II

< PAHSample I

B[a]PSample IV

� B[a]PSample II 

< B[a]PSample I

V RES + AEF + PE Pentane-extracted cased commercial blend tobacco (Sample II) to
which the appropriate amounts of both the pentane and aqueous
ethanol fractions from the partition were returned

PAHSample V 
� PAHSample I

B[a]PSample V 
� B[a]PSample I

aTOB = control tobacco; RES = extracted tobacco residue; PF = pentane fraction; AEF = aqueous ethanol fraction (AEF);
PE = pentane, see also Figure 1.
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Figure 2a.
Tricyclic aromatic hydrocarbons from cyclotetradecatrienediols

Figure 2b.
A phenanthrene derivative from a cyclotetradecadienol ether
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Table 4.
1964 Discussions of polycyclic aromatic hydrocarbons in
cigarette mainstream smoke by RODGMAN (41) and by the
Surgeon General’s Advisory Committee (42)

PAHs in MSS No.

Published scientific literaturea 91
Discussed by RODGMAN (41)b 97
Identified by RODGMAN and COOK (12) 43
Identified by RODGMAN and COOK that were
   discussed in published literaturea

37

Discussed specifically as tobacco smoke compo-
   nents in Advisory Committee’s 1964 report (42)a

13

Nontumorigenic PAHs identified in MSS that were
   noted in a general way but not listed in Advisory
   Committee’s 1964 report (42)a

27

Discussed as carbon black components but not
   tobacco smoke components in Advisory 
   Committee’s 1964 report (42)a

5

Lliterature citations to late 1963 on identification of
   MSS PAHs

198

Literature citations to late 1963 on identification of
   MSS PAHs cited in Advisory Committee’s 1964
   report (42)

15

Literature citations to late 1963 on identification of
   MSS PAHs cited in reports by RODGMAN et al.

128

Number of additional MSS PAHs reported in
   published scientific literature between late 1963
   and late 1969

14

Number of MSS PAHs discussed by RODGMAN in
   scientific presentations 1965�1969 (44)

96�110c

aBecause the Advisory Committee’s 1964 report issued on
January 15, 1964, only literature citations to late 1963 were
considered.

bBecause the RODGMAN report issued in early February
1964, only literature citations to late 1963 were considered.

cNumber of PAHs discussed depended on the date of the
presentations, 1965, 1968, or 1969.
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Figure 3.
FTC "tar" and nicotine deliveries, sales weighted average
basis
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ERRATUM NOTICE p. 365: Table 2: Ommitted from Table 2 is the following item:------------------------------------------------------- 38                 Chrysene           −       D          X-------------------------------------------------------




