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SUMMARY

Since the mid-1960s, various investigators, agencies, and
institutions have disseminated lists of cigarette mainstream
smoke (MSS) components reported to be tumorigenic on the
basis of laboratory bioassays conducted under conditions
significantly different from those encountered by the smoker
during exposure to the components in the cigarette MSS
aerosol. Since 1990, numerous lists of cigarette MSS compo-
nents, defined as significant tumorigens, have been compiled
by American Health Foundation personnel, Occupational
Safety and Health Administration (OSHA), FOWLES and
BATES, and R.J. Reynolds R&D personnel. The purpose of
most of the reports was to define human risk assessment and
to dissuade smokers from smoking. Various investigators and
agencies have frequently cited the earlier and/or the more
recent lists of tumorigenic entities. The recent compilations,
involving nearly 80 MSS components, suffer from serious
deficiencies including: a) Use of per cigarette delivery ranges
for specified components which often include analytical data
from cigarettes manufactured in the 1950s and 1960s which
are not comparable to lower-“tar” yield cigarettes manufac-
tured since the mid-1970s. b) Absence of standard analytical
procedures for most of the listed components. c) Method-
ological considerations regarding bioassays used to deter-
mine tumorigenicity of the listed MSS components. d)
Difficulty in extrapolating in vivo bioassay data obtained by

non-inhalation modes of administration of a single compound
to the human smoking situation involving inhalation of a
complex aerosol containing that compound. e) Inhalation
data inadequacies regarding the tumorigenicity of many of
the components. f) Several tobacco smoke components are
listed despite the fact their presence has not been confirmed,
their MSS level has not been defined, or their MSS level is
no longer relevant. g) Insufficient consideration of inhibitors
of tumorigenesis and mutagenesis found in MSS. h) Diffi-
culty in extrapolation of inhibition/anticarcinogenesis/anti-
mutagenesis observed in a one-on-one in vivo situation to the
complex MSS aerosol situation. j) Alternate exposures to
many of the listed smoke components. k) Discrepancies
among the lists. l) Discrepancies within the lists.
A more appropriate use of the listing process is the identifi-
cation of potential chemical targets for removal from, or
inhibition in cigarette MSS. [Beitr. Tabakforsch. Int. 20
(2003) 402–437]

ZUSAMMENFASSUNG

Seit Mitte der sechziger Jahre wurden durch verschiedene
Forscher, Ämter und Institutionen Listen über Inhaltsstoffe
des Hauptstromrauchs (HSR) von Zigaretten verbreitet, die
als Tumor verursachend gelten. Diese Listen beruhen auf
Tierversuchen im Labor, bei denen Bedingungen herrsch-
ten, die sich signifikant von denen beim menschlichen
Rauchen unterscheiden, wo die Exposition über die Inhala-
tion der Substanzen des HSR-Aerosols von Zigaretten er-
folgt. Seit 1990 wurden mehrere Listen über Inhaltsstoffe
des HSR, die als signifikant Tumor verursachende Substan-
zen definiert wurden, von Mitarbeitern der American
Health Foundation, Occupational Safety and Health Admi-
nistration (OSHA), FOWLES und BATES und Mitarbeitern
von R.J. Reynolds R&D zusammengestellt. Die meisten
dieser Berichte wurden zum Zweck der Risikoabschätzung
beim Menschen durchgeführt und um Raucher vom
Rauchen abzubringen. Viele Forscher und Ämter haben die
früheren und/oder neueren Listen über Tumor verursachen-
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de Substanzen häufig zitiert. Die neueren Zusammenstel-
lungen, in denen annähernd 80 Inhaltsstoffe des HSR
enthalten sind, weisen eine Reihe ernstzunehmender
Schwächen auf, wie: a) Die angegebenen Spannbreiten für
ermittelte Zigarettenabrauchwerte der einzelnen Substanzen
beinhalten häufig analytische Daten von Zigaretten aus den
1950er und 1960er Jahren, die mit Zigaretten mit einem
niedrigeren Kondensatgehalt, die seit Mitte der 1970er
Jahre hergestellt werden, nicht zu vergleichen sind. b)
Fehlen analytischer Standardmethoden für die meisten der
aufgeführten Substanzen. c) Methodische Überlegungen
bezüglich der Tierversuche, mit denen die Tumor ver-
ursachende Wirkung der aufgeführten Tabakrauchinhalts-
stoffe nachgewiesen wurde. d) Schwierigkeiten bei der
Extrapolation von nicht-inhalativen Tierversuchen mit
Einzelstoffen auf die Situation beim menschlichen Rau-
chen, wo ein komplexes Aerosol, das diese Einzelstoffe
enthält, inhaliert wird. e) Unzulänglichkeiten bei den Inha-
lationsdaten bezüglich der Tumor verursachenden Wirkung
vieler Inhaltsstoffe. f) Mehrere Tabakrauchinhaltsstoffe
sind in den Listen enthalten, obwohl ihre Existenz nicht als
gesichert gilt, ihr mengenmäßiges Vorkommen im HSR
nicht näher bestimmt wurde oder die ermittelte Konzen-
tration nicht länger von Bedeutung ist. g) Unzulängliche
Berücksichtigung von im HSR gefundenen Inhibitoren der
Tumorigenität und Mutagenität. h) Schwierigkeiten, die in
vivo von Einzelsubstanzen ermittelten inhibitorischen/anti-
kanzerogenen/antimutagenen Wirkungen auf das komplexe
Aerosol des HSR zu extrapolieren. j) Exposition mit vielen
der gelisteten Tabakrauchinhaltsstoffen aus anderen Quel-
len. k) Widersprüchlichkeiten zwischen den Listen. l)
Widersprüchlichkeiten innerhalb der Listen. 
Eine geeignetere Nutzung der erstellten Listen ist die
Identifikation potentiell schädlicher chemischer Substan-
zen, um diese aus dem HSR von Zigaretten zu entfernen
oder deren Wirkung zu blockieren. [Beitr. Tabakforsch. Int.
20 (2003) 402–437]

RESUME

Au milieu des années 1960 des listes ont été diffusées par des
chercheurs, des autorités et des institutions, sur les
composants de la fumée du courant principal (CP) de la
cigarette qui passent pour être tumorigènes dans des biotests
de laboratoire effectués en conditions significativement
différentes des conditions du fumage humain, quand le
fumeur est exposé aux composants de l' aérosol de fumée du
CP de cigarette. Depuis 1990, de nombreuses listes de
composants de la fumée de cigarette, considérés comme
significativement tumorigènes, ont été constituées par des
équipes de l’ American Health Foundation, Occupational
Safety and Health Administration (OSHA), FOWLES et
BATES, et par le personnel de R.J. Reynolds R&D. Le but de
la plupart de ces études a été l’ évaluation du risque et la
dissuasion du fumeur. De nombreux chercheurs et autorités
ont fréquemment cité les listes antérieures et/ou plus récentes
de composants tumorigènes. Les compilations récentes,
comprenant 80 composants du CP, font apparaître de graves
déficiences, dont : a) La gamme utilisée de rendements par
cigarette en composants spécifiques comprend souvent des
données analytiques de cigarettes manufacturées dans les

années 1950 et 1960, qui ne sont pas comparable aux
cigarettes à rendements en goudron plus faibles
manufacturées à partir du milieu des années 1970. b)
Absence de procédures analytiques standard pour la plupart
des composants compilés. c) Considérations méthodolo-
giques par rapport aux biotests utilisés pour évaluer la tumo-
rigénicité des composants du CP compris dans les listes. d)
Difficultés d’ extrapolation des données obtenues in vivo par
des biotests, comprenant l’ application d’ un composant
unique, sans mode d’ inhalation, aux conditions du fumage
humain, avec le fumeur inhalant un aérosol complexe con-
tenant ce même composant. e) Données d’ inhalation inadé-
quates par rapport à la tumorigénicité de plusieurs des com-
posants. f) L’ inclusion dans les listes de plusieurs com-
posants de la fumée de cigarette, bien que leur présence ne
soit pas assurée, leur rendement dans le CP n’ a pas été établi
où n’ est plus pertinent. g) Les effets inhibiteurs de la tumo-
rigénèse et la mutagénèse n’ ont pas assez été pris en compte.
h) Difficulté d’ extrapolation des effets d’ inhibition/anticar-
cinogénèse/antimutagénèse observés dans des situation in
vivo après application d’ une substance unique, à l’ aérosol
complexe du CP. j) Différences d’ expositions à plusieurs des
composants compris dans les listes. k) Divergences parmi les
listes. l) Divergences dans les listes elles-mêmes. 
L’ identification de substances chimiques potentielles et leur
élimination ou inhibition dans la fumée de cigarette paraît
être une utilisation plus appropriée de ces listes. [Beitr.
Tabakforsch. Int. 20 (2003) 402–437]

1 INTRODUCTION

In the 1970s and 1980s the writing and publishing of
usually lengthy and often repetitive review articles on N-
nitrosamines (NNAs) in tobacco and tobacco smoke
appeared to be the trend (1). However, by the late 1980s
this trend was replaced by a new one: The writing and
publishing of lengthy and repetitive articles on the
“changing cigarette”. Such articles almost invariably in-
clude a listing of cigarette MSS components classified as
significant tumorigens. Infrequently, the MSS components
in a list are classified as biologically active with the impli-
cation that the activity is adverse. 
In 1986, two reports on tumorigenic MSS components were
issued: One by HOFFMANN and WYNDER (2), the other by
the International Agency for Research on Cancer (IARC)
(3). From the tobacco and MSS components cited by IARC
as tumorigenic, HOFFMANN and HECHT (4) generated their
notable “List of 43” components that they classified as
significant tumorigens. Their MSS components, with one
minor difference (the per cigarette delivery range for
quinoline), were again listed in 1993 by HOFFMANN et al.
(5). It is interesting to note that many of the per cigarette
delivery ranges listed for tumorigenic MSS components in
the IARC report are derived from pre-1986 WYNDER and
HOFFMANN publications (6,7,8). While the HOFFMANN-
HECHT list was essentially based on the list in the 1986
IARC report (3), its publication was followed by others.
However, as noted in a recent interview with Dr.
Hoffmann, the 1990 “List of 43” earned him the title of
“Author of the List” (9). From 1986 to date in 2002, the
published lists of tumorigenic MSS components include:
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Table 1.  Tumorigens listed in tobacco smoke, 1964-1979

Component
Wynder and

Hoffmann 1964
(20)

Advisory
Committee 1964

(22)

Wynder and
Hoffmann
1967 (6)

Hoffmann and
Wynder

1968 (23)

Surgeon
General

1979 (24)

Benz[a]anthracene x — x x x
Benzo[b]fluoranthene x — x x x
Benzo[j]fluoranthene x x x x x
Benzo[c]phenanthrene x x x x x
Benzo[a]pyrene x x x x x
Benzo[a]pyrene, methyl- x — x — —
Benzo[e]pyrene x — x — x
Chrysene x — x x x
Chrysene, methyl- x — x — x a

Dibenz[a,h]anthracene x x x x x
Dibenzo[a,i]pyrene x x x x x
Dibenzo[a,h]pyrene x — x — x
Dibenzo[a,l]pyrene b x x x x —
Indeno[1,2,3-cd]pyrene x — x x x
Dibenz[a,h]acridine x x x — x
Dibenz[a,j]acridine x x x — x
7H-dibenzo[c,g]carbazole x x x — x
Sterol hydroperoxides x — x — —
Epoxides x — x — —
Lactones (3) x — x — —
N-Nitrosodiethylamine — — x — —
N-Nitroso-n-butylmethylamine — — x — —
N-Nitrosopyrrolidine — — x — —
Other N-nitrosamines — — x — —
�-Emitters (226Ra, 222Rn) x — x — x
210Po — — x — x
40K x — x — x
Arsenic x — — — x
Nickel tetracarbonyl x — x — x
Metal salts/oxides x — — — x

a 5-Methylchrysene was listed specifically.
b The MSS component classified as dibenzo[a,l]pyrene was subsequently shown to be the isomer dibenz[a,e]aceanthrylene

(dibenzo[a,e]fluoranthene) (143), a fact noted by Hoffmann and Wynder (23).

Year Author(s)

1986 HOFFMANN and WYNDER (2)
1986 IARC (3)
1990 HOFFMANN and HECHT (4)
1993 HOFFMANN et al. (5)
1994 Occupational Safety and Health

Administration (OSHA) (10)
1997 HOFFMANN and HOFFMANN (11)
1998 HOFFMANN and HOFFMANN (12)
1997 SMITH et al. (13)
2000 SMITH et al. (14)
2001 SMITH et al. (15)
2001 HOFFMANN and HOFFMANN (16)
2001 HOFFMANN et al. (17)
2001 FOWLES and BATES (18)
2002 RODGMAN and GREEN (19)

While more extensive than previous ones, the HOFFMANN-
HECHT 1990 list was not the first to be published. In their
1964 review, WYNDER and HOFFMANN (20) listed 14 tumo-
rigenic (tumor-initiating) polycyclic aromatic hydrocarbons
(PAHs) plus three tumorigenic aza-arenes reported in MSS
by VAN DUUREN et al. (21). WYNDER and HOFFMANN also

included four NNAs, four peroxides, epoxides and lactones,
and several metallic components (arsenic, nickel carbonyl,
40K) as suspected tumorigens in MSS. In the chapter on to-
bacco and tobacco smoke in its report, the 1964 ADVISORY

COMMITTEE (22) listed six possibly tumorigenic PAHs as
well as the three aza-arenes. In their 1967 book, WYNDER

and HOFFMANN (6) modified their 1964 list slightly, adding
210Po as a metallic suspect. In 1968, HOFFMANN and WYN-
DER (23) in their listing of tumorigens in cigarette MSS
acknowledged that the C24H14 PAH reported incorrectly as
dibenzo[a,l]pyrene was not dibenzo[a,l]pyrene but the
isomeric dibenz[a,e]aceanthrylene (dibenzo[a,e]fluoran-
thene). In 1979, the US SURGEON GENERAL (24) listed as
tumorigens many of the same MSS components noted by
WYNDER and HOFFMANN (6). Table 1 summarizes these
early lists. In subsequent reports issued between 1979 and
1986, the US SURGEON GENERAL (25,26,27) again included
abbreviated lists of cigarette MSS components reported to
be tumorigenic in various laboratory bioassays.
In 2000, SMITH et al. completed an international literature
survey of components reported in cigarette MSS which are
classified by the IARC as either Group I (13), Group 2A
(14) or Group 2B carcinogens (15). The purpose of this
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literature survey was threefold: a) To identify potential
chemical targets for removal from or reduction in MSS; b)
to better understand the biological properties of MSS by
summarizing and analyzing the tobacco plant precursors
and mechanisms of formation of IARC compounds in
smoke; and c) to clarify misstatements in the literature.
IARC defines Group I chemical entities as those “known”
to be carcinogenic in humans, Group 2A as “probable”
human carcinogens and Group 2B as “possible” human
carcinogens. The analysis by SMITH et al. indicated that ten
Group I candidates had been reported in cigarette MSS
[benzene, cadmium, arsenic, nickel, chromium, 2-naphthyl-
amine, vinyl chloride, 4-aminobiphenyl, beryllium,
ethylene oxide (13)]. Similarly, nine Group 2A compounds
have been reported [formaldehyde, benzo[a]pyrene
(B[a]P), dibenz[a,h]anthracene (DBA), benz[a]anthracene
(B[a]A), N-nitrosodimethylamine, N-nitrosodiethylamine,
acrylamide, 1,3-butadiene, 2-amino-3-methyl-3H-imida-
zo[4,5-f]quinoline (IQ) (14)] (Table 2). Forty-eight com-
pounds from the Group 2B “possible” carcinogen category
have also been reported in MSS (15).
In contrast to the threefold purpose of the SMITH et al.
survey, the numerous lists of “tumorigenic” compounds
reported in cigarette MSS were compiled for the purpose of
human risk assessment. Herein, a number of serious
limitations regarding the use of such lists for this purpose
will be discussed. Presently, no particular component or
class of components within the complex MSS aerosol has
been definitively assigned a specific in vivo role in either
DNA damage or increased cell proliferation rates.
In their response to a 1997 statement by the EDITORS (28)
of Beiträge zur Tabakforschung International on the
number of identified components in cigarette MSS plus a
listing of biologically active agents in MSS, HOFFMANN

and HOFFMANN (12) stated in a 1998 inaugural Letter to the
Editors that the previous number of identified MSS com-
ponents was incorrect and the listing of active agents
deserved updating. Their estimate of the number of
identified MSS components plus their own listing of
biologically active agents in non-filtered cigarette MSS,
according to them, “reflects our current knowledge more
satisfactorily”. Not only was the HOFFMANNs’ account of
the number of identified MSS components seriously out of
date but also comparison of their listing of biologically
active MSS agents with earlier lists revealed numerous
inconsistencies in per cigarette MSS delivery levels (29).
Other inconsistencies are also evident on examination of
different tables in the various publications (2,3,4,5,10,11,
12,16,17,18). For example, authors of these articles repea-
tedly list dibenz[a,h]acridine, dibenz[a,j]acridine, and 7H-
dibenzo[c,g]carbazole as tumorigenic or biologically active
MSS components despite the fact that: a) In 1990, their
presence in MSS had not been confirmed in several investi-
gations conducted between 1963 and 1990 (29). b) Between
1990 and 2000, additional studies failed to confirm their
presence in MSS (30,31). c) Several summaries of the
attempts to confirm the findings of VAN DUUREN et al.
have been published (32,33). In 2002, RUSTEMEIER et al.
(34) did report the presence of dibenz[a,j]acridine. Other
tumorigens in cigarette MSS, including several whose
presence was and is suspect, have been listed since the
early 1960s.

2 THE “LIST OF 43”

In the early 1990s, the US Environmental Protection
Agency (EPA) issued several draft documents (35) and a
final report (36) classifying environmental tobacco smoke
(ETS) as a “Group A Carcinogen.” In its final report, EPA
summarized results of epidemiological studies on lung
cancer incidence in ETS-exposed nonsmokers and inter-
preted them as indicating that ETS was causally related to
lung cancer. In addition to epidemiological data, EPA relied
on tobacco smoke composition data. Considered important
were the many studies on cigarette MSS composition plus
the fewer studies dealing with cigarette sidestream smoke
(SSS) composition.
Quantitative data have been obtained on per cigarette de-
liveries on only a limited number of SSS components. Of
those quantitatively determined, some are delivered at
higher per cigarette levels in SSS than in MSS, others are
delivered at lower levels in SSS than in MSS. Many of the
quantified SSS components are considered as potential
contributors to pathological responses based upon results
from laboratory animals. EPA extrapolated these SSS (and
MSS) qualitative and quantitative composition data directly
to ETS without adequately considering profound quan-
titative differences between MSS and SSS composition, the
high dilution of ETS, its constantly changing composition,
and the biological implications of these differences
(37,38,39). EPA also emphasized MSS and SSS components
that had been described as tumorigenic at doses far in excess
of those encountered in either MSS or SSS (35,36). Earlier,
the US Surgeon General had discussed some of the same
MSS and SSS components and their presence in ETS (27).
Of great concern to the EPA were the components in the
1990 HOFFMANN-HECHT “List of 43” compiled from data
in two IARC monographs on tobacco and tobacco smoke
(3,40).
In its attempt to relate MSS composition to ETS com-
position, EPA stated (35):

Of the 99 compounds in tobacco smoke that have been studied
in detail, at least 43 are complete carcinogens [a], each able on
its own to cause the development of cancer in humans or
animals.

a The citation referred to the Surgeon General’s 1989 report
(USPHS, 41) that, in turn, reproduced the table eventually
presented by HOFFMANN and HECHT (4).

As noted by RODGMAN (37), EPA’s assessment of the 43
components in the HOFFMANN-HECHT list overstates the
strength of the data as: a) Most of the 43 listed components
have not been shown to be tumorigenic in humans. Only six
of the compounds listed in Table 2 that were evaluated by
IARC have sufficient evidence of tumorigenicity in
humans. b) Thirty-nine have not been shown to produce
lung tumors in laboratory animals.
In the text accompanying the “List of 43”, several specific
statements were provided that illustrate the difficulty of
extrapolating available laboratory bioassay data on MSS
components to the risk of developing pulmonary carcinoma
in humans, e.g.:
� 4-(N-methyl-nitrosamino)-1-(3-pyridinyl)-1-butanone

(NNK)
“It [NNK] has not been tested by inhalation”
(HOFFMANN and HECHT, 4). “Relevant information not
available [on this compound, NNK”] (OSHA, 10).
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� 2-toluidine
“Recent studies have . . . shown that single ring aroma-
tic amines, including the weak bladder carcinogen o-
toluidine [2-toluidine], are present in human urine . . .
The available data do not indicate that there are signifi-
cant differences between smokers and nonsmokers”
(HOFFMANN and HECHT, 4).

� acrylonitrile
“Although it is present in cigarette MS, its role in
tobacco carcinogenesis is difficult to evaluate due to
lack of data” (HOFFMANN and HECHT, 4).

� vinyl chloride
“Its low levels in cigarette MS do not support a major role
in tobacco carcinogenesis” (HOFFMANN and HECHT, 4).

� chromium, cadmium, lead
“The possible roles of chromium, cadmium, and lead in
tobacco carcinogenesis are difficult to evaluate given
the present data base. Taken together, the evidence for
a major role of these materials as etiologic factors in
tobacco carcinogenesis is not compelling” (HOFFMANN

and HECHT, 4).
� polonium-210

“The quantities of polonium-210 found in the lungs of
smokers are generally about three times higher than
those in nonsmokers. However, the significance of polo-
nium-210 in tobacco-induced lung cancer has been
questioned upon comparison of these data with those
obtained in miners” (HARLEY et al., 42) . . . (HOFFMANN

and HECHT, 4).
In Tables 3 and 4, these and other limitations are addressed
in a critique of the various lists summarized in Table 2.
In their 1990 list (Table 2), HOFFMANN and HECHT

cataloged the tobacco and/or tobacco smoke components
classified as “tumorigenic agents” and the per cigarette
MSS deliveries of each. Prior to examining the individual
components on the list, an important distinction between
“tumorigenicity” and “carcinogenicity” should be noted. In
the 27th edition (1988) of DORLAND's medical dictionary
(43), the definition of carcinogenesis, first enunciated in
1923, is the same as that listed in the 13th edition issued in
1927 (44). Some investigators incorrectly use the term
“carcinogenesis” for the production of any tumor type, not
just for a carcinoma. The correct term, if used in this
manner, is “tumorigenesis”. The term “carcinogen” is often
applied, again often incorrectly, to any factor that induces
any type of tumor. Common in the past, but seldom used
now, was the term “sarcogenesis” used to describe the
production of sarcoma, the endpoint obtained in many
investigations in which the mode of administration of the
compound under test, e.g., a PAH, was by subcutaneous
injection.
Additionally, terms such as carcinogen, carcinogenicity,
and/or carcinogenesis or sarcogen, sarcogenicity, and/or
sarcogenesis should not be considered as fixed properties
of compounds. It should be noted that in several of their
earlier publications, WYNDER and HOFFMANN (20,45,46,
47) carefully differentiated among the terms carcino-
genesis, sarcogenesis, and tumorigenesis but eventually
discontinued this practice. Carcinogenicity is a variable
property, depending on a number of factors. It differs from
other properties of a compound that are fixed; e.g., melting
point, boiling point, refractive index, specific gravity,

crystalline form. As noted by SHEAR and LEITER (48), by
HARTWELL (49), and by many others, a substance or factor
can show a range of effects from carcinogenicity to noncar-
cinogenicity to anticarcinogenicity and the response will
differ in the laboratory depending on the animal used (spe-
cies, strain, sex, age), route of administration [inhalation,
ingestion, injection (subcutaneous, intravenous, intraperito-
neal), skin painting, douching], mode of administration
(single vs. multiple doses, neat, in solution, as an aerosol,
as a vapor), diet supplied the animals, and cage care.
From the standpoint of human risk assessment, the inclusion
of many of the MSS and/or tobacco components in the 1990
“List of 43” is not well supported on the basis of the
literature on their tumorigenicity to laboratory animals at
levels determined in MSS, their lack of tumorigenicity in
most instances via the inhalation route of exposure, and the
equivocal evidence showing their tumorigenicity in humans
at levels in MSS. Specifically, all but five (B[a]P, N-nitroso-
dimethylamine, N-nitrosodiethylamine, cadmium, and 210Po)
of the 43 components have never produced respiratory tract
tumors in laboratory animals exposed to the component via
inhalation. Because of the level of exposure, far in excess of
that in MSS, the Registry of Toxic Effects of Chemical
Substances (RTECS) categorized the findings with B[a]P,
N-nitrosodimethylamine, and N-nitrosodiethylamine as
“equivocal”. Many have never been tested by administration
via inhalation (50). The data for MSS tumorigens are
derived from bioassays on individual components. In line
with the SHEAR-LEITER admonition, the prediction not only
of complex mixture tumorigenicity from individual com-
ponent data but also the tumorigenicity of an individual
component in the mixture is extremely problematic.
In Tables 3 and 4, several of the components on the
HOFFMANN-HECHT “List of 43” are discussed in terms of
MSS level, the firmness of the data indicating their
presence, their relevance to US cigarettes manufactured
since 1980, and reasons why they are inappropriate for
inclusion in a human risk assessment.
MSS levels determined between 1955 and 1975 for some of
the listed components are not comparable with the MSS
levels expected if the analyses for these components were
conducted on more recent or current cigarettes. For
example, dibenz[a,h]acridine and 7H-dibenzo[c,g]carbazole
levels were obtained with 1959–1960 cigarettes. MSS
values for dibenz[a,j]acridine are from 1959–1960 and
from 1963 cigarettes, while the MSS value for DBA is also
from 1963 cigarettes. The MSS data for 5-methylchrysene
date from 1973 and the MSS value for N-nitrosodiethanol-
amine was determined from commercial cigarettes manu-
factured in or before 1981. Eight cigarette design tech-
nologies comprising tobacco blend, efficient filtration, pro-
cessed tobacco materials (reconstituted tobacco sheet
[RTS], expanded tobacco), air dilution (porous paper, filter-
tip perforations), and filter-tip and paper additives have pro-
gressively reduced the FTC sales-weighted average MSS
total particulate matter (TPM) by almost 70% from nearly
40 mg/cig in the early 1950s to less than 12 mg/cig in the
late 1980s [see Figure 1 (SMITH et al., 15)]. These design
technologies are considered significant in the design of a
“less hazardous” cigarette [WYNDER and HOFFMANN

(6,20), HOFFMANN and HOFFMANN (11), US SURGEON

GENERAL (24,25), GORI (51)].
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Table 3.  Summary of lists of tumorigenic components in tobacco and/or tobacco smoke

Component
IARC
rating

Inhalation toxicology:
SCCa production Comments

Polycyclic aromatic hydrocarbons

Benz[a]anthracene {B[a]A} 2A no � Dipple et al. (79) classified the tumorigenicity of B[a]A in animals
and humans as “disputed”.

� OSHA [see pp. 15987–15988, Table III-7 in (10)] classified B[a]A
as an animal carcinogen only.

� B[a]A is generally classified as an extremely weak tumorigen (79).
Steiner and Falk (78) reported that B[a]A significantly inhibited the
specific tumorigenicity of such potent tumorigens as DBA in
laboratory animals.

Benzo[b]fluoranthene
{benz[e]acephenanthrylene}

2B no � The tumorigenic potencies of these three benzofluoranthenes
were reported by Deutsch-Wenzel et al. (156) to be much less
than that of B[a]P. Their potencies relative to B[a]P were estimated
at 11%, 3% and 3%, respectively, for benzo[b]fluoranthene,
benzo[j]fluoranthene, and benzo[k]fluoranthene.

Benzo[j]fluoranthene 2B no

Benzo[k]fluoranthene 2B no

Benzo[a]pyrene {B[a]P} 2A yes � The specific tumorigenicity of B[a]P is significantly inhibited by
simultaneous administration (skin painting, subcutaneous
injection) of B[a]P and a weakly tumorigenic PAH such as B[a]A or
nontumorigenic PAHs such as anthracene, pyrene, perylene, or
fluoranthene, all MSS components [cf. Kotin and Falk (100), Wynder
and Hoffmann (101)].  The tobacco smoke components 2-naphthol
as well as benz[c]acridine and benzo[a]carbazole inhibit the
tumorigenicity of B[a]P.

�  OSHA (10) listed B[a]P as a probable human carcinogen.
� IARC (3) lists B[a]P as a probable human carcinogen [cf. Hoffmann

and Hecht (4)].
� Lung tumor production with large doses of B[a]P via inhalation was

categorized as “equivocal” by RTECS (50).
� The range reported for MSS delivery of B[a]P is unrealistic for

current cigarettes. None of the cigarettes recently analyzed
approached a MSS B[a]P delivery of 40 ng/cig. In the mid-1980s,
Adams et al. (157) reported a high value of 20 ng/cig for the MSS
B[a]P delivery from a marketed cigarette.

� A threshold limit value was demonstrated for B[a]P by Wynder et al.
(158), confirming previously reported findings by Poel (159) and Poel
and Kammer (160).

� Despite the fact that it has been repeatedly reported that only a
small percentage of the tumorigenicity to mouse skin is attributed to
B[a]P or B[a]P plus the other tumorigenic PAHs in MSS
(22,24,103,110), some investigators attribute the lung cancer
induction in smokers to the tumorigenic PAHs and NNK (148).

Chrysene 3 no � Dipple et al. (79) listed the tumorigenicity of chrysene in animals as
“disputed”.

� IARC (3) characterized the degree of evidence for the tumorigenicity
of chrysene in animals or man as “limited”.

� Kotin and Falk (100) classified chrysene as an anticarcinogen vs.
B[a]P and DBA.

� Hoffmann and Hoffmann (11, 12) deleted chrysene from their 1997
and 1998 revised listing, in agreement with the OSHA 1994 listing
(10).

Chrysene,  5-methyl- 2B no � A single MSS delivery value reported by Hecht et al. (161) for 5-
methylchrysene in MSS was based on a cigarette possibly
manufactured in 1972–1973 and thus the MSS delivery will not be
representative of its level in the MSS of post-1990 cigarettes. 

� Because of the “thermodynamic instability” of several
methylchrysenes described by Hecht et al. (161), it is highly
probable that 5-methylchrysene in ETS may rapidly dissipate.

Dibenz[a,h]anthracene {DBA} 2A no � The value for cigarette MSS delivery of DBA is presumably based on
only one determination, that reported by Wynder and Hoffmann
(162) for a cigarette manufactured in 1962 or 1963. The Hoffmann
reports in 1990 and 1997 did not include the value reported by Van
Duuren (142) who listed a cigarette MSS delivery of 5 ng/cig for
DBA. More recently manufactured cigarettes differ substantially in
design, TPM delivery, and smoke component deliveries from those
marketed more than three decades ago.

� An early example of a threshold limit value for PAH-induced
tumorigenesis involved DBA and was described by Dobrowolskaïa-
Zavadskaïa (163).
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Dibenz[a,h]anthracene {DBA} (cont.) � The specific tumorigenicity of DBA is significantly inhibited by
simultaneous administration (skin painting, subcutaneous injection)
of DBA and a weakly tumorigenic PAH such as B[a]A or
nontumorigenic PAHs such as anthracene, pyrene, perylene, or
fluoranthene, all MSS components [cf. Kotin and Falk (100), Wynder
and Hoffmann (101)]. The tobacco smoke components 2-naphthol
as well as benz[c]acridine and benzo[a]carbazole inhibit the
tumorigenicity of DBA.

Dibenzo[a,e]pyrene
{naphtho[1,2,3,4-def]chrysene}

2B no

Dibenzo[a,h]pyrene
{dibenzo[b,def]chrysene}

2B no

Dibenzo[a,i]pyrene
{benzo[rst]pentaphene}

2B no

Dibenzo[a,l]pyrene
{dibenzo[def,p]chrysene} (I)

(I)

2B no � In the late 1950s, the structure of a tobacco smoke isolate was
reported as dibenzo[a,l]pyrene by Lyons and Johnston (164),
Wynder and Wright (103), Van Duuren (142), Wynder et al. (107),
Rodgman and Cook (84), and others. Subsequently, Lavit-Lamy and
Buu-Hoï (143) reported that the compound originally thought to be
dibenzo[a,l]pyrene was a different isomeric PAH. The reported
tobacco smoke isolate was actually dibenz[a,e]aceanthrylene (II)
(originally known as dibenzo[a,e]fluoranthene), an isomer of
dibenzo[a,l]pyrene (I).

� This structure correction was noted and accepted by most tobacco
smoke investigators (84,103,142,164), including Hoffmann and
Wynder (23).

� IARC (3,144) characterized the degree of evidence for the
tumorigenicity of dibenz[a,e]aceanthrylene in animals or man as
“limited”, the same classification it applied to styrene. For
dibenzo[a,l]pyrene, IARC cites only the 1958 data reported in a
footnote by Van Duuren (142), which are obviously data pertinent to
dibenz[a,e]aceanthrylene. In 1983, IARC notes (144) that all articles
published prior to 1966 on dibenzo[a,l]pyrene were reviewed under
the assumption that the compound was, in fact,
dibenzo[a,e]aceanthrylene.

Dibenz[a,e]aceanthrylene (II)

    
(II)

2B no � The authentic dibenzo[a,l]pyrene (dibenzo[def,p]chrysene) was
subsequently reported in cigarette MSS by Snook et al. (82) at the
USDA, but they provided no quantitative data on its per cigarette
MSS delivery level.

� Most publications on dibenzo[a,l]pyrene in tobacco smoke
unfortunately cite the reports of the incorrect compound. Hoffmann
and Hecht (4) did not indicate which MSS isolate was included in
their list – the isolate II reported in the 1950s (84,103,142,164) or the
isolate I reported by Snook et al. (82) in 1977.

� In 1999, Hecht (148) noted that the presence of dibenzo[a,l]pyrene
in MSS had not been confirmed.

Indeno[1,2,3-cd]pyrene 2B no

Aza-Arenes

Quinoline no � In Hoffmann and Hoffmann (12), the cigarette MSS delivery range
for quinoline is listed as 2–180 ng/cig, a range less than 10% of that
listed in Hoffmann and Hecht (4) and Hoffmann and Hoffmann (11).

Dibenz[a,h]acridine

Dibenz[a,j]acridine

7H-Dibenzo[c,g]carbazole

2B

2B

2B

no

no

no

� The single value (0.1 ng/cig) rather than a range indicates the MSS
level is based on a single report, that of Van Duuren et al. (21). The
value was determined with cigarettes marketed in 1959 or 1960.

� From 1961 through 2000, no investigators in the US [Candeli et al.
(165); Schmeltz et al. (166,167); Snook (168); Snook et al. (116);
Sasaki and Moldoveanu (31)], in Germany [Grimmer et al. (169)], or
in Japan [Kaburaki et al. (170); Kamata et al. (30)] reported the
confirmation of the presence and/or levels of these three aza-arenes
(dibenz[a,h]acridine, dibenz[a,j]acridine, and 7H-dibenzo[c,g]car-
bazole) in cigarette MSS and/or nicotine pyrolysates. The results
reported by these investigators are summarized in Table 4.

� In 2002, Rustemeier et al. (34) reported the presence of
dibenz[a,j]acridine in cigarette MSS but no data or comment was
provided on the identification of the compound.
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N-Nitrosamines

None of the list compilers noted that the MSS levels listed for both volatile NNAs and TSNAs may be incorrectly high because of the
artifactual formation of both types of these N-nitrosamines during MSS (and SSS) collection as reported by Caldwell and Conner (171). EPA
(35,36) accepted the MSS volatile NNAs and TSNAs delivery levels reported by Hoffmann and Hecht (4). Presumably, OSHA did likewise in
1994 in preparation of its report (10).
N-Nitrosodimethylamine {NDMA} 2A yes � Lung tumor production in laboratory animals exposed via inhalation

to NDMA was classified as “equivocal” by RTECS (50).
� Lee et al. (135) reported that pyridine alkaloids (nicotine, nornicotine)

as well as an aqueous extract of MSS “tar” inhibited the mutagenicity
of NDMA in the Ames Salmonella typhimurium test and induction of
sister chromatid exchange.

� OSHA (10) listed NDMA as a “probable human carcinogen”.

N-Nitrosoethylmethylamine {NEMA} 2B no

N-Nitrosodiethylamine {NDEA} 2A yes � Lung tumor production in laboratory animals exposed via inhalation
to NDEA was classified as “equivocal” by RTECS (50).

� OSHA (10) listed NDEA as a “probable human carcinogen”.

N-Nitrosodi-n-propylamine {NDPA} 2B no � NDPA, omitted from lists by Hoffmann and Hecht (4) and Hoffmann
and Hoffmann (11), was included in the 1998 list reported by
Hoffmann and Hoffmann (12).

N-Nitrosodi-n-butylamine {NDBA} 2B no � NDBA, omitted from Hoffmann and Hecht (4) and Hoffmann and
Hoffmann (11) listings, was included in 1998 listing by Hoffmann and
Hoffmann (12).

N-Nitrosopyrrolidine {NPYR} 2B no � OSHA (10) listed NPYR as a “probable human carcinogen”.
� In Hoffmann and Hoffmann (12), the MSS delivery range for NPYR

is listed as 3–110 ng/cig, a range different from that reported earlier.

N-Nitrosopiperidine {NPIP} no

N-Nitrosodiethanolamine {NDELA} 2B no � The only precursor in tobacco and/or tobacco smoke of NDELA is
the diethanolamine salt of maleic hydrazide, often added to tobacco
as a sucker control agent. However, it has been banned from use in
USA tobacco agronomy since 1981 (172). The potassium salt of
maleic hydrazide has been the reagent of choice since 1981.

� The diminution of levels of NDELA in tobacco should parallel the
chronicled decrease in levels of arsenic and DDT in tobacco after
these materials were no longer used in tobacco agronomy, e.g.,
between 1968 and 1974, the residual DDT level in USA flue-cured
tobacco decreased from 52 �g/g in 1968 to 6 �g/g in 1970 to 0.23
�g/g in 1974 (3,24).

� Griffin et al. (173) reported similar decreases for arsenic residues in
tobacco (3,24).

� In 1984, Hoffmann et al. (174) predicted that NDELA residues on
tobacco (and in tobacco smoke) would gradually decrease because
of the 1981 ban on the use of the diethanolamine salt of maleic acid.
Despite the fact that this indeed occurred, many lists still contain
NDELA as a tumorigen.

� In 1986, the IARC (3) noted: “Tobaccos grown in a [diethanolamine
salt-free] environment and smoke generated from such tobaccos are
devoid of N-nitrosodiethanolamine.”

� OSHA (10) listed NDELA as a “probable human carcinogen”.
� As noted by Rodgman and Green (19) NDELA no longer has any

relevance as a tobacco smoke toxicant.

N-nitrososarcosine  {NSAR} 
{2-(methylnitrosamino)acetic acid}

no � NSAR has been identified as a tobacco component but has not
been identified to date as a tobacco smoke component.

N’-Nitrosonornicotine {NNN} 2B no � In contrast to NNK, NNN seldom induces lung tumors [when
administered by non-inhalation routes] (4).

�  OSHA (10) listed NNN as an “animal carcinogen”.
�  Nornicotine is an effective antimutagen vs. several NNAs (135,136).

4-(N-Methylnitrosamino)-1-(3-
pyridinyl)-1-butanone {NNK}

2B no � In 1990, Hoffmann and Hecht (4) noted [NNK] “has not been tested
by inhalation”.

� OSHA (10) commented that “relevant information [is] not available”
on this compound (NNK).

� Lee et al. (135) reported that pyridine alkaloids (nicotine, nornicotine,
cotinine) as well as an aqueous extract of cigarette MSS “tar”
inhibited the mutagenicity of NNK in the Ames Salmonella
typhimurium test and induction of sister chromatid exchange.

� In 1991, with no new supporting evidence, Hecht and Hoffmann
(175) listed the PAHs and NNK as the major carcinogens involved in
lung cancer induction by cigarette smoke. Hecht reiterated this view
in 1999 (148).
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N’-Nitrosoanabasine {NAB} 3 no � In 1998, Hoffmann and Hoffmann (12) listed the MSS delivery range
for NAB as ND–150 ng/cig whereas the range was reported earlier
(4,5,11) as 0.14–4.6 �g. In subsequent lists NAB was no longer
listed (16,17)

N’-Nitrosoanatabine {NAT} 3 no

N-nitrosomorpholine {NMOR} no � NMOR has been identified as a tobacco component but has not
been identified to date as a tobacco smoke component.

Aromatic amines

2-Toluidine {aniline,  2-methyl-} 2B no � In 1986, IARC (3) considered the evidence to classify 2-toluidine as
a human carcinogen to be “inadequate”, cf. Hoffmann and Hecht (4).

� In 1998, Hoffmann and Hoffmann (12) listed the MSS delivery range
for 2-toluidine as 30–337 ng/cig. This was a substantial difference
from the range (30–200 ng/cig) listed in 1990 by Hoffmann and
Hecht (4) and in 1997 by Hoffmann and Hoffmann (11).

� Hoffmann and Hecht (4) stated: “Recent studies have . . . shown that
single ring aromatic amines, including the weak bladder carcinogen
o-toluidine [2-toluidine], are present in human urine . . . The available
data do not indicate that there are significant differences between
smokers and nonsmokers”.

� OSHA (10) listed 2-toluidine as an “irritant, cardiovascular system”.

2-Naphthylamine 1 no � In 1974, IARC (176) considered the evidence “sufficient” to classify
2-naphthylamine as a human carcinogen.

� In 1998 and 2001, Hoffmann and Hoffmann (12,16,17) listed the
MSS delivery range for 2-naphthylamine as 1–334 ng/cig, a
substantial difference from the range (1–22 ng/cig) listed in 1990 by
Hoffmann and Hecht (4), in 1993 by Hoffmann et al. (5), and in 1997
by Hoffmann and Hoffmann (11).

� “An aromatic diamine . . . and 2-naphthylamine have also been
reported in tobacco or tobacco smoke. The latter compound [2-
naphthylamine] is a bladder carcinogen in man . . . , but is present in
cigarette smoke in amounts . . . too low to be considered a health
hazard” [Hoffmann et al. (177); Schmeltz and Hoffmann (178)].

� In 1981, the US Surgeon General [see p. 25 in (25)] noted: “The
presence of �-naphthylamine in cigarette smoke has been
demonstrated . . . , along with other carcinogenic aromatic amines
. . . The yield was so low that [the researchers] did not believe these
agents contributed significantly to the risk of bladder cancer in
smokers.”

� In 1982, the US Surgeon General noted [see pp. 207–208 in (26)]:
“On the basis of quantitative data for aromatic amines in cigarette
smoke, an etiological significance of these traces of carcinogenic
amines in bladder cancer is questionable, even if one were to
consider the total of the aromatic amines and their metabolites.”

� In the same publication, Hoffmann and Hecht (4) wrote two
divergent statements: 1) “Because [its] concentration in cigarette
smoke is relatively low, there is uncertainty about [its] role in human
bladder cancer induced by smoke.” 2) “2-Naphthylamine [is one of
the two] most likely cigarette smoke components to be involved in
bladder cancer induction in smokers, according to presently
available data.”

� OSHA (10) listed 2-naphthylamine as a known human carcinogen.

Biphenyl,  4-amino- 1 no � IARC (179) considers the evidence “sufficient” to classify 4-
aminobiphenyl as a human carcinogen.

� In 1982, the US Surgeon General [see pp. 207–208 in (26)] noted:
“On the basis of quantitative data for aromatic amines in cigarette
smoke, an etiological significance of these traces of carcinogenic
amines in bladder cancer is questionable, even if one were to
consider the total of the aromatic amines and their metabolites.”

� In 1990, Hoffmann and Hecht (4) wrote: “Because [its] concentration
in cigarette smoke is relatively low, there is uncertainty about [its]
role in human bladder cancer induced by smoke.” Compare this
statement with another in the same publication: “4-Aminobiphenyl
. . . [is one of the two] most likely cigarette smoke components to be
involved in bladder cancer induction in smokers, according to
presently available data.”

� OSHA (10) listed 4-aminobiphenyl as a known human carcinogen.
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N-Heterocyclic amines

9H-Pyrido[2,3-b]indole,  2-amino- 
{AaC}

2B no

9H-Pyrido[2,3-b]indole,  2-amino-3-
methyl {MeAaC}

2B no

1H-Imidazo[4,5-b]-pyridine,  2-
amino-1-methyl-6-phenyl- {PhIP}

2B no

Dipyrido[1,2-a:3’,2’-d]-imidazole,  2-
amino-6-methyl- {Glu-P-1}

2B no � Lee et al. (137) reported that the mutagenicity (Ames test with
Salmonella typhimurium) of Glu-P-1 was inhibited by cigarette MSS.

Dipyrido[1,2-a:3’,2’-d]-imidazole,  2-
amino- {Glu-P-2}

2B no � Lee et al. (137) reported that the mutagenicity (Ames test with
Salmonella typhimurium) of Glu-P-2 was inhibited by cigarette MSS.

3H-Imidazo[4,5-f]quinoline,  2-amino-
3-methyl- {IQ}

2A no � Lee et al. (137) reported that the mutagenicity (Ames test with
Salmonella typhimurium) of IQ was inhibited by cigarette MSS.

3H-Imidazo[4,5-f]quinoline,  2-amino-
3,4-dimethyl- {MeIQ}

2B no � Lee et al. (137) reported that the mutagenicity (Ames test with
Salmonella typhimurium) of MeIQ was inhibited by cigarette MSS.

5H-Pyrido[4,3-b]indole,  3-amino-1,4-
dimethyl- {Trp-P-1}

2B no � Lee et al. (137) reported that the mutagenicity (Ames test with
Salmonella typhimurium) of Trp-P-1 was inhibited by cigarette MSS.

5H-Pyrido[4,3-b]indole,  3-amino-1-
methyl- {Trp-P-2}

2B no � Lee et al. (137) reported that the mutagenicity (Ames test with
Salmonella typhimurium) of Trp-P-2 was inhibited by cigarette MSS.

Aldehydes

Formaldehyde 2A no � In 1982, IARC (180) did not categorize formaldehyde as tumorigenic
to humans. 

� OSHA (10) listed formaldehyde as a “probable human carcinogen”.
� In Tables 1 and 3 in Hoffmann and Hoffmann (11), two different

MSS delivery ranges are listed for formaldehyde and acetaldehyde.

Acetaldehyde 2B no � Dalhamn et al. (181) reported that because of their water solubility,
large proportions of formaldehyde, acetaldehyde, and
crotonaldehyde do not reach the ciliated tissue of the lung because
they are removed from orally-inhaled MSS and ETS by the
scrubbing action of the fluids coating the oral cavity and laryngeal
area and from nasally-inhaled ETS by resorption.

Crotonaldehyde 3 no � Hoffmann and Hoffmann (11,16) and Hoffmann et al. (17) excluded
crotonaldehyde from their 1997 and 2001 listings, respectively, but
included it in their 1998 listing (12).

Volatile hydrocarbons

1,3-Butadiene 2A no

Isoprene 2B no

Styrene {benzene, ethenyl} 2B no

Benzene 1 no � Benzene was listed by OSHA (10) as a known human carcinogen.
� IARC (182) classified benzene as an “A2 substance”, i.e., a

suspected human carcinogen, not because of any tumorigenic
property but because it is leukemogenic. Epidemiological studies on
smoking do not show a strong association between leukemia and
cigarette smoking.

� Numerous attempts to induce skin carcinoma via skin-painting
experiments with benzene in a variety of mammalian species were
unsuccessful [e.g., see Hartwell (49) for pertinent studies by Lignac,
Hess, Bernard, etc.]. 

� In innumerable early studies [cf. Hartwell (49); Shubik and Hartwell
(183); Thomas et al. (184)] on the carcinogenicity of compounds
such as PAHs, benzene was used as the solvent in skin-painting
studies where several control groups [cage controls(no treatment);
solvent controls (painted with solvent only); positive controls (painted
with solution of a known carcinogen in the solvent); the experimental
group (painted with test material dissolved in the solvent)] were
treated with benzene or benzene solutions. Tumor development at
the painting site with benzene alone was rare; tumors at sites other
than the painted area were rare. Later, acetone replaced benzene.

� In the mid-1940s, Crabtree (77) demonstrated that benzene,
naphthalene, and anthracene were highly effective anticarcinogens
for B[a]P and DBA. Naphthalene and anthracene, identified PAHs in
cigarette MSS, are present in MSS at levels far in excess of those
for B[a]P, DBA, and the other PAHs listed as tumorigens by Hoff-
mann and Hecht (4), OSHA (10), and Hoffmann and Hoffmann
(11,12).
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Benzene (cont.) � In Tables 1 and 3 in Hoffmann and Hoffmann (11), two different
MSS delivery ranges are listed for benzene.

Miscellaneous organic compounds

Acetamide 2B no

Acrylonitrile 2A no � In 1979, IARC (185) considered the evidence “limited” to classify
acrylonitrile as a human carcinogen.

� Hoffmann and Hecht (4) noted that the role of acrylonitrile in tobacco
carcinogenesis is difficult to evaluate due to lack of data.

Acrylamide 2B no

Hydrazine,  1,1-dimethyl- 2B no

Nitromethane 2B no

2-Nitropropane 2B no � About 2-nitropropane, Hoffmann and Hecht (4) wrote: “Its
organospecificity for liver suggests that it does not play a major role
in tobacco carcinogenesis.” The MSS delivery range listed for 2-
nitropropane in (4,5,11,16,17) differs significantly from that listed in
(2,12).

Nitrobenzene 2B no

Vinyl chloride 1 no � In 1979, IARC (186) classified vinyl chloride as a human carcinogen.
� About vinyl chloride, Hoffmann and Hecht (4) wrote: “Its low levels in

cigarette MSS do not support a major role in tobacco
carcinogenesis.”

� MSS delivery range listed for vinyl chloride in (12,16,17) differs from
the range in (4,5,11).

Ethyl carbamate 1 no � About ethyl carbamate (urethane), Hoffmann and Hecht (4) wrote:
“Its potential role in tobacco carcinogenesis is difficult to evaluate.”

� Because of its water-solubility, a large proportion of ethyl carbamate
does not reach the lung because it is removed from orally-inhaled
MSS and ETS by “scrubbing” in the oral cavity and laryngeal area
and from nasally-inhaled ETS by “resorption”.

Ethylene oxide 2B no

Propylene oxide 2B no

Di(2-ethylhexyl) phthalate no � In in-house studies at RJRT R&D on the composition of tobacco and
tobacco smoke, di(2-ethylhexyl) phthalate (DEHP) was often found
in tobacco extracts or smoke fractions. Study of this component
revealed that its presence was artifactual, arising by use of
extraction and/or chromatographic solvents introduced into the
procedure via plasticized tubing and/or plasticized 55-gal drum
faucets. The ester was not detected when the isolated fractions were
obtained by use of highly purified solvents and no contact with
plasticized equipment. 

� The report of the presence of DEHP is reminiscent of the 1960
report by Schepartz et al. (187) of silicon-containing compounds in
tobacco and the 1967 reports by Dymicky and his colleagues (188)
of silicon-containing compounds in MSS. Subsequently, these
silicon-containing tobacco and smoke components were shown to
be artifactual and due to the silicone grease used on separatory
funnel stopcocks.

� In its re-evaluation of di(2-ethylhexyl) phthalate in 2000, IARC
classified di(2-ethylhexyl) phthalate as noncarcinogenic [see
Footnote c, Table 5-4 in (16)]. 

Furan 2B no

Benzo[b]furan 2B no

Phenols

Catechol 2B no

Methyleugenol no

Caffeic acid 2B no

Chloroaromatic compounds

DDT 2B no � Between 1968 and 1974, the residual level of DDT in US flue-cured
tobacco decreased from 52 �g/g in 1968 to 6 �g/g in 1970 to 0.23
�g/g in 1974 (3,24). Similar decreases were reported for arsenic
residues (3,24,173) after arsenic use in US agronomy was
discontinued (see below).
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DDT (cont.) � Transfer rates of DDT from tobacco to cigarette MSS have been
reported at 5% by Nesemann et al. (189) and at 12% by Hoffmann
et al. (190).

� IARC (3) considered the evidence sufficient for DDT to be classified
as carcinogenic to animals.

DDE no � DDT, a major precursor of DDE, is banned from use in US
agronomy, including tobacco agronomy

Polychlorodibenzo-p-dioxins 1

Polychlorodibenzofurans 3

Inorganic compounds

Hydrazine 2B no � IARC (191) considered the evidence “inadequate” to classify
hydrazine as a human carcinogen.

� In 1990, Hoffmann and Hecht (4) reported:” Data on hydrazine levels
in cigarettes [sic] marketed in 1987 are not available.”

� Because of its water-solubility, a large proportion of hydrazine does
not reach the lung because it is removed from orally-inhaled MSS and
ETS by “scrubbing” and from nasally-inhaled ETS by “resorption”.

� OSHA (10) listed hydrazine as a probable human carcinogen.

Arsenic 1 no � In 1952, arsenicals were removed from the list of permitted
insecticides for tobacco. By 1968, the arsenic content of US tobacco
had decreased from the 1951 level of about 50 �g/g to 0.5–1.0 �g/g
(3,24). In 1975, Griffin et al. (173) reported tobacco arsenic levels in
the range 0.5–0.9 �g/g.

� Cogbill and Hobbs (192) reported that a cigarette containing 7.1 �g
of arsenic delivered 0.031 �g/puff (0.25 �g/cig) in its MSS, a transfer
rate of 4.4%.

� A 2.5 pack-a-day smoker might inhale 12.5 �g/day of arsenic, cf. the
report by Satterlee (193) that an urban area atmosphere (New York)
over a 12-year period showed an arsenic level of 100–400 �g/10 m3,
the approximate daily intake of a resident. If the arsenic level in its
tobacco were 0.9 �g/g as reported by Griffin et al. (173), a cigarette
would deliver about 0.032 �g (32 ng) of arsenic in its MSS.

� In 1980, IARC (194) considered the evidence “sufficient” to classify
arsenic as a human carcinogen.

� In 1999, Hecht noted that the arsenic level in MSS is substantially
lower since discontinuance of its use in tobacco agronomy in 1952
(148). He also categorized the role of metals in MSS in tobacco
smoke-induced lung cancer as “murky”.

Beryllium 1

Cobalt 2B

Nickel 1 no � IARC (195) considered the evidence “limited” to classify nickel as a
human carcinogen.

� In 1979, the US Surgeon General (24) reported: “It is not likely that
nickel plays a significant role in the etiology of lung cancer in
smokers.” This statement is repeated in the Surgeon General’s 1982
report [see p. 211 in (26)].

� OSHA (10) listed nickel as a known human carcinogen.

Chromium vi 1 no � IARC (196) considered the evidence “sufficient” to classify chromium
as a human carcinogen.

� In 1990, Hoffmann and Hecht (4) stated: “The possible [role] of
chromium . . . in tobacco carcinogenesis [is] difficult to evaluate
given the present data base.”

Cadmium 1 yes � IARC (3) considered the evidence “limited” to classify cadmium as a
human carcinogen.

� Although lung tumors were induced in laboratory animals by
inhalation of cadmium, in 1990, Hoffmann and Hecht (4) stated: “The
possible [role] of cadmium in tobacco carcinogenesis [is] difficult to
evaluate given the present data base . . . evidence for
carcinogenicity [of cadmium] in humans is limited .”

� OSHA (10) listed cadmium as a probable human carcinogen.

Lead 2B no � IARC (197) considered the evidence “inadequate” to classify lead as
a human carcinogen.

� In 1990, Hoffmann and Hecht (4) stated: “The possible [role] of . . .
lead . . . in tobacco carcinogenesis [is] difficult to evaluate given the
present database.”
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Polonium-210 1 yes � In 1981, the US Surgeon General [see p. 94 in (25)] stated: “In the
case of polonium-210, a recent indepth [sic] study raises doubts on
the significance of 210Po as a factor contributing to lung cancer in
smokers . . .” 

� In 1982, the US Surgeon General [see p. 190 in (26)] wrote:
“Polonium-210 (210Po) is present in tobacco and cigarette smoke
(0.03 to 1.0 pCi/cigarette); however, it is unlikely these traces
represent a major risk for the smoker.” From comparison of radon-
daughter exposure of underground miners with their relative risk of
lung cancer, Harley et al. (42) deduced that 210Po is a questionable
risk factor for lung cancer in cigarette smokers.

� In 1990, Hoffmann and Hecht (4) noted: “The quantities of polonium-
210 found in the lungs of smokers are generally about three times
higher than those in nonsmokers. However, the significance of
polonium-210 in tobacco-induced lung cancer has been questioned
upon comparison of these data with those obtained in miners”
[Harley et al. (42)].

� OSHA (10) listed 210Po as a known human carcinogen.

aSCC = squamous cell carcinoma.

Coincident with the reduction in delivery of MSS TPM was
a significant alteration in the composition of the MSS. For
example, the B[a]P content for a commercial cigarette (ex-
pressed as ng B[a]P/mg TPM) decreased about 33%, i.e.,
from 1.2 ng/mg TPM to 0.8 ng/mg TPM during the same
time period. In his 1979 report, the US SURGEON GENERAL
summarizes these B[a]P data for a commercial cigarette
sold in the US from 1954 to 1979 [see Chapt. 14, pp.
110–112 in (24)]. The decrease in cigarette tobacco blend
nicotine content and MSS nicotine delivery over the same
time period may also have influenced the pyrogenesis of
the dibenzacridines and dibenzocarbazole during tobacco
smoking. More recently, it was noted (16,17,52) that the
MSS B[a]P delivery of a cigarette monitored since 1959
decreased by 62% whereas the MSS NNK delivery
increased 78% between 1978 and 1997, the changes
attributed to the increased nitrate content of the cigarette
filler. For comparison purposes, listed in Table 2 are data
from RODGMAN and GREEN (19) on the deliveries of
various components in the MSS from the Kentucky
reference 1R4F cigarette, a cigarette more closely related to
currently marketed cigarettes than those whose MSSs were
analyzed in the 1950s, 1960s, and 1970s. The delivery data
listed are the averages of one or more analyses from various
laboratories (INBIFO, RJRT, Omni, Labstat) on the MSS
from the Kentucky reference 1R4F cigarette. 
RODGMAN and GREEN (19) discussed at length the expo-
sure of a pack-a-day smoker to MSS components classified
as tumorigens or other types of toxicants. The exposures to
all but a few MSS components are significantly less than
the limits permitted by various industrial exposure rules,
e.g., the American Conference of Governmental Industrial
Hygienists’ threshold limit value (TLV), OSHA’s 8-hr time
weighted average (TWA8). 

3 THE POST-1993 LISTS: AN ANALYSIS

In 1994, OSHA issued its indoor air quality report (10) that
dealt at some length with ETS. In its report, OSHA listed 43
tobacco smoke components for which it stated “there is ‘suf-
ficient evidence’ of carcinogenicity in humans or animals”.
These components are listed in Table 2. Since the “OSHA

List of 43” includes only 42 items, polonium-210 may have
been omitted inadvertently. The OSHA and HOFFMANN-
HECHT lists share many components, but the OSHA list
includes several components not listed by HOFFMANN and
HECHT and vice versa. For example, OSHA (10) includes
styrene and DDT but HOFFMANN and HECHT (4) do not.
The HOFFMANN and HOFFMANN 1997 list comprised 60
tobacco and/or tobacco smoke components classified as “car-
cinogens in tobacco and cigarette smoke” (11). Several com-
ponents in the HOFFMANN-HECHT 1990 list but omitted from
the OSHA 1994 list were also omitted from the HOFFMANN-
HOFFMANN 1997 list. A major addition to the 1997 list that
accounts for much of the increase to the 60 components in
the HOFFMANN-HOFFMANN list is the inclusion of eight N-
heterocyclic amines, many of which exhibit high muta-
genicities in the Ames test (53). The HOFFMANN-HOFFMANN
1997 list also includes several additional vapor-phase com-
ponents, ethylene oxide, 1,3-butadiene, and isoprene and the
particulate-phase component DDE. This list is essentially
duplicated in their 1998 Letter to the Editors of Beiträge zur
Tabakforschung International (12).
Examination of the lists summarized in Table 2 reveals that
a total of 83 different components are tabulated. In Tables 3
and 4, many of these components are examined in detail with
comments as to why inclusion of many of them in a human
risk assessment is problematic.
Of the components in the lists, the four classes of cigarette
MSS components investigated in greatest detail during the
past five decades are the PAHs, the aza-arenes, the NNAs
and most recently the N-heterocyclic amines. They account
for over 50% of the components tabulated as significant
tumorigens in MSS. Because of the wealth of pre-1950
information available on PAHs and their demonstrated
tumorigenicity in laboratory animals, extensive research
(isolation, identification, quantitation, precursors, removal,
prevention of formation, etc.) was conducted in the 1950s
and 1960s on the PAHs in cigarette MSS.
The database on B[a]P stands out among the PAHs. Over
almost five decades, an inordinate effort has been directed
toward many aspects of B[a]P in tobacco smoke, whether in
MSS, SSS, or ETS. This emphasis led COULTSON (54) in his
1980 discussion of the extensive research conducted on
B[a]P in MSS to note:
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Table 4.  Dibenz[a,h]acridine (I), dibenz[a,j]acridine (II), and 7H-dibenzo[c,g]carbazole (III) in nicotine pyrolysates (Pyr) and
mainstream cigarette smoke condensatea

Investigators

Dibenz[a,h]acridineb Dibenz[a,j]acridineb 7H-Dibenzo[c,g]carbazoleb

Pyr CSC Pyr CSC Pyr CSC

Van Duuren et al. (21) yes yes yes yes no yes
Candeli et al. (165); Wynder

and Hoffmann (162)
NE no NE yes NE NE

Kaburaki et al. (170) no NE no NE NE NE
Schmeltz et al. (166) no NE no NE no NE
Schmeltz et al. (167) no no no no no no
Snook (168) NE no NE no NE no
Snook et al. (116) NE no NE no NE no
Grimmer et al. (169) NE no NE no NE no
Kamata et al. (30) NE no NE no NE NE
Sasaki and Moldoveanu (31) NE no NE no NE NE
Rustemeier et al. (34) NE no NE yes NE NE

a Examination of these results indicates that Van Duuren et al. (21) reported the identification of the three N-heterocyclic compounds
(I, II, and III) in MS CSC and two of them (I and II) in a nicotine pyrolysate; whereas, Candeli et al. (165) failed to identify I but did identify
II in MS CSC. The 1963 Candeli et al. findings on II in MS CSC were not confirmed in 1979 by investigators (167) from the same
laboratory: Hoffmann was a participant in both the 1963 and 1979 studies.  Two studies (166,167) confirmed the 1960 report by Van
Duuren et al. that 7H-dibenzo[c,g]carbazole (III) was not present in a nicotine pyrolysate.

b yes = Compound identified; no = compound not found or identified; NE = substrate not examined for compound in question.

Whether it’s benzo[a]pyrene or not, nobody really knows.
More work has been done on benzo[a]pyrene to prove it to be
the causative agent in cigarette smoking than I think on any
other chemical for any disease that I know. As yet the point
is, you can’t prove it.

This issue of differential research emphasis is relevant to
the listing process. For example, except for the studies by
SMITH et al., components such as DBA and 5-methylchry-
sene have only one MSS delivery level listed. Diben-
zo[a,l]pyrene (benzo[def,p]chrysene), dibenzo[a,e]pyrene
(naphtho[1,2,3,4-def]chrysene), and benzo[b]furan are
listed only as “present”. These less documented listings are
awarded the same stature as B[a]P for which hundreds of
MSS delivery determinations have been made and reported.
Included in Table 2 are the data listed by FOWLES and
BATES (18) on polychlorodibenzo-p-dioxins and poly-
chlorodibenzofurans. Despite the fact that these tumorigens
are known MSS components [see references in (19)], they
have not appeared in any other list. Other biological pro-
perties of these compounds are discussed in Section 5.

4 ALTERNATE SOURCES OF EXPOSURE

Although the increased toxicologic potency of exposure via
inhalation as compared with ingestion precludes direct
quantitative comparison [ROZMAN and KLAASSEN, 55)],
dietary exposures are notable. For many years prior to the
identification of tumorigenic PAHs (mid- to late 1950s) and
NNAs (mid-1960s) in cigarette MSS, it was known that
these compound classes are present in a variety of
beverages and foods, particularly cooked foodstuffs.
Following the identification in the mid-1970s of several N-
heterocyclic amines in cooked meats and several amino
acid and protein pyrolysates [cf. SUGIMURA (53)], they too
were identified in cigarette MSS. These compounds possess
not only inordinately high mutagenicities when assayed in

the Ames Salmonella typhimurium test but also are tumori-
genic when administered via feeding to laboratory animals,
including monkeys (13,14). Table 5 lists some references
describing alternate exposures to PAHs, NNAs, and N-
heterocyclic amines. Table 6 lists the B[a]P and B[a]A
levels in a number of commonly consumed foodstuffs.
Since the late 1980s, several studies of daily exposures to
B[a]P have provided much interesting data: a) MAGA (56)
estimated the dietary intake of B[a]P to be 500 ng/day; b)
WALDMAN et al. (57) found that the dietary intake of B[a]P
ranged from 2 to 500 ng/day, much greater than the range
found for inhalation, 10 to 50 ng/day; c) HATTEMEYER-
FREY and TRAVIS (58) reported B[a]P exposure to be 2200
ng/day of which 97% resulted from dietary intake, 3% from
inhalation; d) More recently, KAZEROUNI et al. (59) re-
ported the B[a]P content of 200 commonly consumed food
items and estimated that the daily dietary intake for 228
subjects ranged from less than 20 to 160 ng/day. However,
none of these studies includes B[a]P exposure from
beverages (coffee, tea) whose B[a]P content has been
known since the 1950s, e.g., in 1957, FIESER (60) noted that
the identification of B[a]P in roasted coffee beans preceded
its identification in cigarette MSS by several years. Dietary
and inhalation exposures to other PAHs probably parallel
those of B[a]P, one of five PAHs most commonly found in
food (61).
A reason often offered that PAHs such as B[a]P and DBA
would have little effect on the host by ingestion in
foodstuffs is their insolubility in aqueous media. Omitted
from consideration is the fact that NEISE (62) demonstrated
that such PAHs form water-soluble complexes with several
purines and the PAHs may readily be recovered from the
complex. The effective purines, present in beverages often
consumed in conjunction with PAH-containing cooked
foodstuffs, include caffeine (a component of coffee, tea,
cocoa, and many carbonated beverages) and theobromine
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Table 5.  Alternate exposures to polycyclic aromatic hydrocarbons, N-nitrosamines , and N-heterocyclic amines listed as tobacco
smoke  tumorigens (2,3,4,5,10,11,12,16,17,18)

Cigarette MSS component Alternate exposures References

Polycyclic aromatic hydrocarbons

Benz[a]anthracene broiled fish, broiled hamburger, barley malt, puffed cereals,
common cooked and uncooked foods, coffee, tea

gasoline and/or Diesel exhaust

Grasso (61), Maga (56), Phillips (64), 
Kazerouni et al. (59)

Wynder and Hoffmann (91)
Benzo[b]fluoranthene broiled fish, broiled hamburger, barley malt, common

cooked and uncooked foods
Grasso (61), Maga (56), Phillips (64), 

Kazerouni et al. (59)
Benzo[j]fluoranthene common cooked and uncooked foods

gasoline and/or Diesel exhaust

Grasso (61), Maga (56), Phillips (64), 
Kazerouni et al. (59)

Wynder and Hoffmann (91)
Benzo[k]fluoranthene broiled fish, broiled hamburger, puffed cereals, common

cooked and uncooked foods 
gasoline and/or Diesel exhaust

Grasso (61), Maga (56), Phillips (64), 
Kazerouni et al. (59)

Wynder and Hoffmann (91)
Benzo[a]pyrene broiled fish, broiled hamburger, barley malt, puffed cereals,

common cooked and uncooked foods, coffee, tea
gasoline and/or Diesel exhaust, coal furnace emission

Grasso (61), Maga (56), Phillips (64), 
Kazerouni et al. (59)

Wynder and Hoffmann (91), Grimmer et al.
(198,199,200)

Chrysene broiled hamburger, common cooked and uncooked 
foods

gasoline and/or Diesel exhaust

Grasso (61), Maga (56), Phillips (64), 
Kazerouni et al. (59)

Wynder and Hoffmann (91)
Chrysene, 5-methyl- not identified in any foodstuff to date
Dibenz[a,h]anthracene broiled hamburger, barley malt, common cooked and

uncooked foods
gasoline and/or Diesel exhaust

Grasso (61), Maga (56), Phillips (64)

Wynder and Hoffmann (91)
Dibenzo[a,e]pyrene common cooked and uncooked foods Grasso (61), Maga (56)
Dibenzo[a,h]pyrene common cooked and uncooked foods Grasso (61), Maga (56)
Dibenzo[a,i]pyrene common cooked and uncooked foods Grasso (61), Maga (56)
Dibenzo[a,l]pyrene common cooked and uncooked foods Grasso (61), Maga (56)
Indeno[1,2,3-cd]pyrene common cooked and uncooked foods

gasoline and/or Diesel exhaust, coal furnace emission

Grasso (61), Maga (56), Phillips (64), 
Kazerouni et al. (59)

Wynder and Hoffmann (91), Grimmer et al. (200)

N-Nitrosamines

N-Nitrosodimethylamine fried bacon, cured meats, fish, cheeses, alcoholic
beverages (e.g. beer), water, rubber goods, tanned
leather, pesticides, pharmaceuticals, cosmetics

Lijinsky (65), Tricker (201), Preussmann and
Eisenbrand (202), Maga (56)

N-Nitrosodiethylamine fried bacon, cured meats, fish, cheeses, alcoholic
beverages, water, rubber goods, tanned leather

Lijinsky (65), Preussmann and Eisenbrand (202)

N-Nitrosodi-n-propylamine pesticides Preussmann and Eisenbrand (202)
N-Nitrosodi-n-butylamine meat products, rubber goods Lijinsky (65), Preussmann and Eisenbrand (202)
N-Nitrosopyrrolidine fried bacon, cured meats, fish, water Lijinsky (65), Tricker (201), Preussmann and

Eisenbrand (202), Maga (56)
N-Nitrosodiethanolamine beverages, cosmetics Tricker (201), Preussmann and Eisenbrand (202)
N-Nitrososarcosine diet, processed rubber Tricker (201), Preussmann and Eisenbrand (202)
N-Nitrosomorpholine beverages, cosmetics, rubber goods Tricker (201), Preussmann and Eisenbrand

(202), Maga (56)
N-Nitrosopiperidine fried bacon, cured meats, cheeses, water, rubber goods Lijinsky (65), Tricker (201), Preussmann and

Eisenbrand (202), Maga (56)

N-Heterocyclic amines

AaCa grilled meats, heated proteins (soya bean globulin) Sugimura (53), Keating et al. (66)
MeAaC grilled meats, heated proteins Sugimura (53)
Glu-P-1 broiled squid, heated proteins, heated amino acid (glutamic

acid)
Sugimura (53)

Glu-P-2 broiled squid, heated proteins, heated amino acid (glutamic
acid)

Sugimura (53)

PhIP heated proteins Sugimura (53), Keating et al. (66)
IQ broiled sardines, fried beef, heated proteins Sugimura (53), Keating et al. (66)
Trp-P-1 broiled fish, heated proteins, heated amino acid

(tryptophan)
Sugimura (53)

Trp-P-2 broiled fish, heated proteins, heated amino acid
(tryptophan)

Sugimura (53)

a See Footnote, Table 2 for the complete chemical names of the N-heterocyclic amines.
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Table 6.  Level of benzo[a]pyrene (B[a]P) and benz[a]anthracene (B[a]A) in common foodstuffs

Foodstuff

(B[a]P)  (B[a]A) 

ng/g ng/servinga cig/equivb ng/g ng/servinga cig/equivb

Fresh vegetables 2.85–24.5 325–2800 (4) 32–280 0.3–43.6 34–4,970 (4) 3–400
Vegetable oils 0.4–1.4 46–160 (4) 5–16 0.8–1.1 91–125 (4) 7–10
Coconut oil 43.7 1245 (1) 125 98.0 2800 (1) 225
Margarine 0.4–0.5 11–14 (1) 1 1.4–3.0 40–85 (1) 3–7
Mayonnaise 0.4 23 (2) 2 2.2 125 (2) 10
Coffee 0.3–1.3 17–74 (2) 2–7 1.3–3.0 74–171 (2) 6–14
Tea 3.9 222 (2) 22 2.9–4.6 165–262 (4) 13–21
Grain 0.19–4.13 22–471 (4) 2–47 0.40–6.85 46–780 (4) 4–62
Oysters and mussels 1.5–9.0 171–1026 (4) 17–103 — — —
Smoked ham 3.2 370 (4) 37 2.8 319 (4) 25
Smoked fish 0.83 95 (4) 10 1.9 217 (4) 17
Smoked bonito 37 4218 (4) 422 189 21500 (4) 1720
Smoked whiting 6.9 787 (4) 79 — — —
Cooked sausage 12.5–18.8 1425–2143 (4) 143–214 17.5–26.2 2000–2900 (4) 160–232
Singed meat 35–99 3990–11290 (4) 400–1130 28–79 3200–9000 (4) 256–720
Broiled meat 0.17–0.63 19–72 (4) 2–7 0.2–0.4 23–46 (4) 2–4
Broiled hamburger, fatty 2.6 296 (4) 30 — — —
Broiled hamburger, lean 0 0 (4) 0 — — —
Charcoal-broiled steak 8.0 912 (4)

1824 (8)
9 (4)

182 (8)
4.5 513 (4)

1026 (8)
41
82

Charcoal-broiled T-bone 50 5700 (4)
11400 (8)

570 (4)
1140 (8)

— — —

Broiled mackerel 0.9 103 (4) 10 2.9 330 (4) 26
Barbecued beef 3.3 376 (4) 38 13.2 1500 (4) 120
Barbecued pork 4.5 513 (4) 51
Barbecued ribs 10.5 1197 (4) 120 3.6 410 (4) 33
Bread, untoasted 0.23 20 (3) 2 — — —
Bread, light toast (3 min) 0.39 33 (3) 3 — — —
Bread, dark toast (5 min) 0.56 48 (3) 5 — — —
Cigarette MSS c 20–25 20–35

a Number in parentheses indicate estimated number of ounces consumed. B[a]P and B[a]A content calculated at level in each
ounce (28.35 g) consumed.

b Inhaled cigarette MSS particulate phase from one cigarette is assumed to deliver 10 ng of B[a]P and 12.5 ng of B[a]A to the
smoker. It is also assumed, contrary to experimental fact, that “none of the MSS particulate phase, nor its B[a]P content, nor its
B[a]A content is exhaled by the smoker”.

c The total MSS (vapor phase + particulate phase) from an 85-mm filtered cigarette smoked under FTC conditions approximates 0.5 g.

(a cocoa component). This ability of PAHs to form water-
soluble complexes with purines was the basis for an
efficient method developed by ROTHWELL and WHITEHEAD

to isolate PAHs from cigarette MSS (63).
Consumer exposures from food to many PAHs, NNAs, and
N-heterocyclic amines are generally much greater than ex-
posures to these compounds by inhalation of cigarette MSS
or ETS. Examples of these exposures are summarized in
Tables 5 and 6. Of course, a major exception is the exposure
of smokers to tobacco-specific N-nitrosamines (TSNAs). In
a recent series of reviews, relationships between cancer
incidence and the dietary intakes of PAHs (64), NNAs (65),
N-heterocyclic amines (66), metals (67), and man-made
mutagens and carcinogens (68) were summarized.

5 INHIBITORS AND ANTICARCINOGENS IN MSS

As indicated previously, many investigators and agencies
have repeatedly published lists of significant “tumorigens”

or “carcinogens” in cigarette MSS despite numerous mis-
interpretations and misconceptions involved in assigning
the term significant to some of the listed components. If it
is considered appropriate to publish lists of MSS “tumo-
rigens” with the various problems noted in Tables 3 and 4,
is it not equally appropriate to list the anticarcinogens
and/or inhibitors in MSS? However, only a few such lists
have been published (37,38,39,69) that catalog MSS com-
ponents that are either anticarcinogenic to or inhibit the
tumorigenicity of some of the listed MSS components
(4,10,11,12,16,17,18).
Proponents of the adverse effect of cigarette smoke and its
components that they classify as “tumorigenic” or “car-
cinogenic” seldom discuss the details of the bioassays in
which the specific component was demonstrated to be
tumorigenic. Also seldom discussed is the fact that cigarette
MSS (or SSS) contains many components reported, in the
same types of bioassays used to demonstrate the “tumo-
rigenicity” of the listed components, to inhibit the tumo-
rigenicity of “tumorigenic” MSS components, or to be
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anticarcinogens that nullify the “tumorigenicity”of one or
more of the listed MSS “tumorigens.”
Inhibitors of carcinogens or anticarcinogens are agents that
prevent cancer development. WATTENBERG (70) placed
them in three categories, based on the period in the carcino-
genic process when they are effective. Category 1 com-
prises compounds that prevent formation of tumorigens
from precursors, e.g., ascorbic acid (71), tocopherols (72),
phenols (72,73). These compounds inhibit the formation of
carcinogenic NNAs from precursor amines and nitrite both
in vivo and in vitro. Category 2 comprises “blocking
agents” which inhibit tumorigenesis by preventing
tumorigens from reaching or reacting with critical target
sites in the tissues, e.g., disulfiram (74), which inhibits the
metabolism of symmetrical dimethylhydrazine to its tumo-
rigenic metabolites (75). Category 3 includes inhibitors
termed “suppressing agents” which suppress the expression
of neoplasia in cells exposed to a tumorigen, e.g., the
retinoids, vitamin A and related compounds (76).
Much has been written about the adverse health effects of
the PAHs listed in Table 2 as tumorigenic components of
cigarette MSS (4,10,11,12,16,17,18) but little has been
written about the role of nontumorigenic MSS PAHs re-
ported to counteract the tumorigenicity in laboratory ani-
mals of the potent tumorigens B[a]P, DBA, and 7,12-di-
methylbenz[a]anthracene (DMBA).
PAH tumorigenicities depend on many factors (48,49). For
example, at appropriate concentrations, tumorigenic B[a]P
and DBA induce carcinomas in the rodent skin-painting
bioassay but induce sarcomas on subcutaneous injection. In
the 1940s, CRABTREE (77) reported the anticarcinogenicity
of several nontumorigenic PAHs when administered with
a potently tumorigenic PAH: Administration of benzene or
naphthalene or anthracene with B[a]P or DBA significantly
diminished the B[a]P and DBA tumorigenicity. Benzene,
B[a]P, and DBA are listed as MSS tumorigens
(4,10,11,12,16,17,18) in Table 2. Discussed in Table 3 is
the noncarcinogenicity of benzene in the solvent-control
group when it was used as the solvent for known or suspect
tumorigens in a great number of the early skin-painting
bioassays.
STEINER and FALK (78) reported that B[a]A, categorized as
either an extremely weak or an inactive mouse-skin tumo-
rigen (79), significantly diminished DBA tumorigenicity
when both DBA and B[a]A were administered simulta-
neously by subcutaneous injection. Despite this and similar
bioassay results plus the presence of B[a]A and DBA in
MSS, both PAHs were repeatedly categorized, as shown in
Table 2, as significant tumorigens in cigarette MSS
(4,10,11,12,16,17,18).
SLAGA et al. (80) reported and DIGIOVANNI et al. (81)
confirmed the anticarcinogenicity of the nontumorigenic
PAHs fluoranthene and pyrene vs. the tumorigenic DMBA.
Phenanthrene also diminished DMBA tumorigenicity (81).
In skin-painting studies, pyrene and fluoranthene, both
nontumorigenic, significantly inhibited tumor induction by
B[a]P and DMBA (80). These nontumorigenic aromatic
hydrocarbons (benzene, naphthalene, anthracene phen-
anthrene, fluoranthene, pyrene) are MSS components, pre-
sent at per cigarette delivery levels far in excess of those of
B[a]P, DBA, or any of the other 11 PAHs listed as tumori-
gens in Table 2.

From the voluminous evidence collected since the early
1930s on PAH tumorigenicity, it is now accepted that their
tumorigenicity is not inherent but depends on the formation
of specific metabolites, i.e., B[a]P and DBA are not tumori-
genic per se but only exert their tumorigenicity if certain
metabolites are formed after administration of the PAH to
the host. The metabolites comprise one or more epoxides,
dihydroxy compounds, and dihydroxy epoxides (79). This
is true for B[a]P for which more than a dozen metabolites
have been identified (79).
The tumorigenicities of PAHs such as B[a]P vary with the
mode of administration, e.g., skin painting, intraperitoneal
or subcutaneous injection (48,49). Also, the metabolites
generated differ among species. Such differences have been
used to explain the observed different responses of different
species to the administration of PAHs such as B[a]P. Some
species generate high levels of the more tumorigenic
metabolites plus low levels of the nontumorigenic or
borderline tumorigenic metabolites with subsequent tumor
induction in the host. Other species generate zero or low
levels of the tumorigenic metabolites plus high levels of the
nontumorigenic metabolites with the result that no or few
tumors are induced.
Conversion of B[a]P in an inhaled MSS particle to a
particular metabolite cannot be a simple process. The more
than 500 PAHs in cigarette MSS range from bicyclic to
decacyclic. In a variety of chemical reactions, the rate of
reaction decreased as the molecular weight (number of
rings) of the PAH increased. That is, with stoichiometric
levels of the PAH and the reactant, bicyclic PAHs reacted
faster than tricyclic PAHs which in turn reacted faster than
tetracyclic PAHs, etc.
Diol, epoxide, and/or diol-epoxide metabolites structurally
similar to those described for B[a]P have been reported for
many PAHs, e.g., naphthalene, anthracene, phenanthrene,
benzo[c]phenanthrene, B[a]A, pyrene, chrysene, DBA,
benzo[b]triphenylene, and DMBA (79). All of these and
structurally similar PAHs have been reported as cigarette
MSS components (82).
In a situation, such as the formation of metabolites, where
an equimolar mixture of bicyclic through hexacyclic
aromatic hydrocarbons is present, a pentacyclic aromatic
hydrocarbon such as B[a]P will form little of its
metabolite(s) compared to the levels formed by a more
reactive bicyclic or tricyclic aromatic hydrocarbons.
Numerous in vitro studies have demonstrated that inclusion
of equimolar quantities of lower molecular weight PAHs
such as phenanthrene or anthracene inhibited the hydroxy-
lation-epoxidation of B[a]P in hepatic microsomes (83).
However, the PAH classes (bicyclic, tricyclic, etc.) in
cigarette MSS are not present at levels equimolar vs. that of
B[a]P or DBA but are present at significantly higher molar
levels. Table 7 presents a combination of results from
cigarette MSS PAH studies by HOFFMANN and WYNDER

(23) and by RODGMAN and COOK (84). If the hydroxylation
of B[a]P is inhibited by an equimolar amount of a lower
molecular weight PAH, then inhibition should be even
more pronounced when the PAH:B[a]P ratio is not unity
but exceeds 15 or 35 or 250 as shown in Table 7. In an in
vitro study, the nontumorigenic PAHs pyrene and
fluoranthene significantly inhibited the binding of a
tumorigenic PAH to calf thymus DNA (enzyme source =
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Table 7. Levels of PAH classes in mainstream smoke

PAH category
Assumed

approximate mol.wt ng/cig
Approximate
nanomolesa

Nanomolar ratio,
PAH:B[a]P

Bicyclic aromatic hydrocarbons 128b 4140 (77.1)c 32.3 293
Tricyclic aromatic hydrocarbons 178d  720 (13.4) 4.0   36
Tetracyclic aromatic hydrocarbons 228  420   (7.9) 1.8   16
Pentacyclic aromatic hydrocarbons 278    72   (1.3) 0.26        2.4
Benzo[a]pyrene 252      27 [0.49 ]e 0.11        1.0
Non-benzo[a]pyrene pentacyclic aromatic

hydrocarbons
278      45 [0.81 ]e 0.16        1.5

Hexacyclic aromatic hydrocarbons 328  14 (0.3) 0.04          0.36
Totals         5366 (100.0)       

a Nanomoles calculated with the approximate molecular weights in Column 2.
b The molecular weight of naphthalene is 128, that of indene is 116. It is realized that the average molecular weight of the bicyclic PAH

mixture will differ slightly from those of the parent PAH because of the presence of numerous homologs (methylnaphthalenes,
dimethylnaphthalenes, etc.).

c Values in parentheses represent the fraction % of the PAH category in the total PAH fraction.
d The presence of tricyclic PAH homologs results in an average  molecular weight slightly different from 178.
e The sum of the fraction % of B[a]P and the fraction % of non-B[a]P pentacyclic PAHs equals 1.3%.

mouse skin homogenate) (80,85,86). The in vitro inhibition
of the hydroxylation reaction is paralleled by a reduction of
in vivo tumorigenicity.
Mouse skin-painting experiments involving repeated
applications of solutions of equimolar quantities of simi-
larly configured PAHs (one a potent tumorigen, the other
inactive or weakly active) produced two effects: a) a slower
induction of tumors and b) fewer tumor-bearing animals
(TBA) with the mixture than with the tumorigen alone (87).
A similar inhibition was reported in skin-painting studies
with mixtures of DMBA and several inactive PAHs (88).
Despite the fragmentary knowledge of the reactions
involved in PAH metabolite formation and reaction of the
metabolite(s) with cellular components, these observations
on anticarcinogenesis were explained in the early 1950s as
the result of the competition for specific cellular sites
between the metabolite(s) formed from the inactive PAH
and the metabolite(s) formed from the tumorigenic PAH
(89,90). Generally, the metabolite(s) from the lower
molecular weight (and usually inactive) PAH win the
competition.
From their comparison of the specific carcinogenicities and
PAH contents of gasoline engine exhaust “tar” (EET) and
CSC in skin-painting bioassays, WYNDER and HOFFMANN

(91) acknowledged the possible efficacy of the saturated
hydrocarbons (see below) and noncarcinogenic PAHs as
anticarcinogens vs. tumorigenic PAHs:

laboratory findings as presented in this report cannot be
directly applied to man . . . just because the condensates used
in this study produced skin cancer in experimental animals
under the conditions described does not prove that they will
produce cancer in man . . .
it was anticipated that the exhaust gas “tar” would be many
times more active than tobacco smoke condensate. However,
as shown, it is only approximately twice as active. This
relatively small increase in biological activity of exhaust gas
“tar” raises the question of possible anticarcinogenic factors
that may be more prevalent in engine exhaust “tar” . . . one
may theorize that some of the noncarcinogenic polynuclear
hydrocarbons that are present in engine exhaust gas “tar” in
far greater concentrations than in tobacco smoke condensate
may interfere with the resorption of the “tar.” Some of the

oily materials in gasoline engine exhaust “tar” and the
paraffins in tobacco smoke condensate may also act as
anticarcinogens.

Because of their vapor pressure properties, tumorigenic
PAHs are reported to be present primarily in the MSS parti-
culate phase. Similarly, many of the reported anticarcino-
gens or inhibitors occur in the MSS particulate phase
(37,38,39), e.g., paraffinic hydrocarbons (92), �-sitosterol
and cholesterol (92), �-tocopherol (93), indole (94), indole-
3-acetonitrile (95), the duvatrienediols (96), and the PAHs
(anthracene, phenanthrene, pyrene, fluoranthene, B[e]P)
[see (39)].
Despite the fact that the anticarcinogenicity of certain
components of tobacco (97) and tobacco smoke (90,98) and
of tobacco smoke itself (90) has been known for over four
decades, most discussions are directed at those components
alleged to be tumorigenic to the smoker. Seldom is any
significant discussion directed at smoke components known
to possess anticarcinogenic properties. 
In a 1964 review, WYNDER and HOFFMANN (99) did briefly
discuss the possibility of anticarcinogenic agents in tobacco
smoke:

Thought must be given to possible antitumorigenic agents
both in terms of “antiinitiators” as well as “tumor retarders.”
The former fits into the general concept of competitive
carcinogenesis between strong and weak PAH, as well
demonstrated in studies by Steiner and Falk [78] and recently
by Kotin and Falk [100], using subcutaneous tissues as test
tissue and with our own studies [101]) with epithelial tissue.
Of particular interest is the inhibiting effect of
benz[a]anthracene to B[a]P. The concept of anti-tumor
promoters represents an area in which very little has been
done . . .

In 1961, WYNDER and HOFFMANN (102) reported an
example of MSS components inhibiting the action of a
“tumorigen” currently included on the three lists. The
finding was an outgrowth of their investigation of the effect
of organic solvent extraction of tobacco on the PAH con-
tent of MSS (103). Hexane extraction of tobacco removes
almost totally or to a substantial degree the major precur-
sors of the MSS PAHs. These precursors include alkanes
(104,105), phytosterols (106,107,108), and terpenoid com-
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pounds other than phytosterols (106). Cigarettes fabricated
from the extracted tobacco yield lower quantities in MSS of
B[a]P and DBA (109). Skin-painting bioassays with MS
CSCs from the control and extracted tobaccos give a lower
percentage of tumor-bearing animals (% TBA) in the group
treated with extracted tobacco CSC. However, the decrease
in % TBA is considerably less than the percent decrease in
the level in the CSC of tumorigenic PAHs (105,106, 107,
110).
One explanation for this difference is that the solvent ex-
tracted the alkanes from the tobacco and thus they are ab-
sent from the extracted-tobacco cigarettes MSS. The alkane
fraction (approximately 3% of MS CSC) inhibits B[a]P
tumorigenicity (111,112).
Mouse skin-painting studies with B[a]P and n-hentria-
contane and n-pentatriacontane, where the alkane:B[a]P
ratios are 200:1 and 100:1, show that both alkanes at both
levels significantly inhibit the B[a]P tumorigenicity
(111,112). The MSS of a cigarette delivering 20 mg of CSC
contains about 0.6 mg (600 000 ng) of this alkane fraction
and 10 ng of B[a]P, an alkane:B[a]P ratio far in excess of
the 200:1 or 100:1 ratio that significantly inhibited the
B[a]P tumorigenicity (6,111,113). Other early studies on
MSS and CSC anticarcinogenicity include those of
Homburger and his colleagues (114).
While they did discuss the anticarcinogenicity of B[a]A vs.
B[a]P in the KOTIN-FALK report and in their own study
(101), WYNDER and HOFFMANN (99) did not mention the
KOTIN-FALK discussion (100) of the anticarcinogenicity vs.
B[a]P or vs. DBA of nine PAHs (anthracene, ben-
zo[a]fluorene, B[a]A, chrysene, pyrene, benzo[e]pyrene
(B[e]P), benzo[k]fluoranthene, benzo[ghi]fluoranthene,
perylene), two aza-arenes (benzo[a]carbazole, benz[c]acri-
dine), and 2-naphthol. Only the two aza-arenes had not
been identified in cigarette MSS prior to their review. Sub-
sequently, both were identified in MSS (115,116).
WYNDER and HOFFMANN (117) again briefly discussed
anticarcinogenic components of tobacco smoke:

Any discussion of as complex a carcinogen as tobacco
smoke should at least mention the existence of anti-
carcinogens. These are substances that reduce or “neutralize”
the effect of a carcinogen by reacting with the carcinogen or
a carcinogenic metabolite, thereby deactivating it, or by
competing for reaction with cell constituents, or by interfering
with the resorption of a carcinogen. Experiments with sub-
cutaneous injections, as conducted by Steiner and Falk [78],
have clearly demonstrated that a weak carcinogen such as
benz[a]anthracene can reduce the effect of a potent car-
cinogen such as B[a]P. In similar experiments using mouse
skin as test organ, Hoffmann and Wynder [a] showed that
benz[a]anthracene may also reduce the activity of B[a]P in
this setting. Whether this interaction applies to a similar
extent when the substances are contained in an admixture
such as tobacco “tar” requires separate investigations [b]. In
one such study, painting mice with a dilute solution of
benz[a]anthracene in addition to tobacco “tar,” or adding this
component to tobacco “tar” did not significantly alter the
tumorigenic activity of the “tar” [a] . . . 
The existence of anticarcinogens, however, must be con-
sidered in evaluating any complex mixture such as tobacco
smoke condensate . . .

An explanation of the tumorigenic activity of tobacco
smoke condensate in terms of single constituents is made
more difficult by the presence of substances that may act as
anticarcinogens and/or absorption retarders, especially for

tumorigenic agents. It is known that structurally related
noncarcinogenic hydrocarbons can inhibit the effect of
carcinogenic hydrocarbons. 

a Citation is to unpublished research findings.
b Claims on the tumorigenicity of various PAHs in cigarette MSS
by the EPA, OSHA, IARC, and others seldom consider the
importance of this statement. Such agencies generally assert that
the biological effects observed with an individual PAH (or some
other smoke component) are extrapolable to its effect in a complex
mixture such as cigarette MSS or CSC.

WYNDER and HOFFMANN continued:
The principle of anticarcinogens in the sense of “competitive”
effect on tissue constituents may also apply to phenols . . .
Paraffins represent an example of components that may
interfere with the absorption of carcinogens [as shown] by
Hoffmann and Wynder [112] . . . these interactions are readily
demonstrable when testing two different components, but
they may be less clear-cut when evaluated as part of a “tar”
mixture. The existence of anticarcinogens, however, must be
considered in evaluating any complex mixture such as
tobacco smoke condensate. 
Several investigators have noticed some inhibition of tumor
growth by tobacco smoke condensate . . . [including]
Hoffman and Griffin [98] . . . Falk et al. [97] . . . [and]
Homburger and Tregier [sic][118] . . . it should not come as
a surprise that a material which has been proved to be
carcinogenic may also interfere with tumor development, if
not with tumor initiation . . .

WYNDER and HOFFMANN (119) added:
An explanation of the tumorigenic activity of tobacco smoke
condensate in terms of single constituents is made more
difficult by the presence of substances that may act as
anticarcinogens and/or absorption retarders, especially for
tumorigenic agents. It is known that structurally related
noncarcinogenic hydrocarbons can inhibit the effect of
carcinogenic hydrocarbons. The same interrelationship may
apply to tumor-promoting and nontumor-promoting phenols.

From their comparison of the specific tumorigenicities and
PAH contents of gasoline engine exhaust “tar” (EET) and
CSC in mouse skin-painting bioassays, WYNDER and HOFF-
MANN (120) acknowledged the efficacy of the alkanes and
nontumorigenic PAHs (pyrene, fluoranthene, B[e]P) as
anticarcinogens vs. tumorigenic PAHs. Two other inter-
esting aspects of this study included: a) Successive dilu-
tions of the EET and CSC solutions from 33% to 25% to
10% reduced the specific tumorigenicity of the EET from
54% to 48% to 32% and that of the CSC from 20% to 8%
to 0%! b) The statement that

laboratory findings as presented in this report cannot be
directly applied to man just because the condensates used in
this study produced skin cancer in experimental animals
under the conditions described does not prove that they will
produce cancer in man

Numerous compounds demonstrated in various laboratory
animal bioassays to be highly effective anticarcinogens
against many of the MSS components in the lists in Table
2 have been identified in MSS at per cigarette delivery
levels far in excess of those of the alleged carcinogens.
Seldom have these MSS anticarcinogenic components been
discussed or even mentioned in the numerous reviews of
the biological properties of cigarette MSS. Even though
some of the earliest data on MSS components, e.g., the
alkanes, that inhibit B[a]P tumorigenicity to mouse skin
were provided by WYNDER and HOFFMANN (121), they
more often preferred to discuss the alkanes as major
precursors of MSS PAHs (6,20,23,107) rather than as
inhibitors of B[a]P tumorigenicity. MSS components
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known to possess significant inhibitory or anticarcinogenic
action against various tumorigenic PAHs and NNAs have
been cataloged (37,38,39).
Numerically, the anticarcinogens and inhibitors in cigarette
MSS may exceed the number of “tumorigens” listed in
Tables 2 and 3. However, many anticarcinogens are present
in MSS at levels far in excess of the levels of many of the
alleged “tumorigens”, e.g., �-tocopherol vs. B[a]P, phenan-
threne vs. B[a]P, �-sitosterol vs. B[a]P. This is also true for
the inhibitor alkane fraction vs. B[a]P. A list of anticarcino-
gens and inhibitors with discussion of their smoke level and
reported action is provided in the text accompanying Table
8. A smoke component listed as a “tumorigen”, benzene,
was one of the earliest compounds reported (77) to be an
effective anticarcinogen in mammalian bioassays against
several tumorigenic PAHs!
Despite the fact that the anticarcinogenicity of certain to-
bacco components (97), tobacco smoke components
(98,122), and tobacco smoke per se (123) has been known
for over four decades, most discussions have been limited
to smoke components alleged to be tumorigenic to the
smoker. Discussion of smoke components reported to
possess anticarcinogenic properties has been minimal.
However, the same is not true about carcinogens, anticar-
cinogens, and inhibitors in foodstuffs [see SLAGA and DI-
GIOVANNI (76), GRASSO (61)]. Those opposed to tobacco
smoking view the complex mixture tobacco smoke
differently from other complex mixtures such as raw or
cooked foods, gasoline and Diesel engine exhausts, etc. 
Other MSS components may have also influenced the
mouse skin-painting results obtained with control tobacco
and extracted tobacco CSCs. Hexane extraction of tobacco
not only removes saturated aliphatic hydrocarbon inhibitors
thus making impossible their transfer to MSS but also
removes substantial amounts of �-sitosterol (108), �-toco-
pherol (vitamin E) (93,124), indole (125), �- and �-4,8,13-
duvane-1,3-diol (96,126,127), and d-limonene (p-mentha-
1,8-diene) (128), thus eliminating or drastically reducing
their transfer to MSS during smoking. Subsequently, it was
demonstrated that: a) These smoke components are present
by transfer from tobacco to MSS during smoking and to
SSS during smolder between puffs or they are generated
during smoking. b) The compounds listed are anticarcino-
genic vs. several of the listed tumorigens, e.g., PAHs,
NNAs, ethyl carbamate. However, in the 1950s, neither the
identity of several of these tobacco or smoke components
nor their anticarcinogenicity was known.
Comparison of identified MSS components (129) with lists
of compounds (76,130) reported to possess inhibitory or
anticarcinogenic action in tumorigenesis experiments re-
veals not only that tobacco smoke contains numerous anti-
carcinogens but also that their levels in smoke usually
exceed those of the “tumorigens” listed in Tables 2 and 3.
A few inhibitory and anticarcinogenic MSS components
were discussed previously, but they represent only a small
fraction of the identified MSS components reported to
possess one or other of these properties. From a review by
SLAGA and DIGIOVANNI (76) and other publications (130),
a list was compiled of MSS components reported to be in-
hibitors and anticarcinogens that counteract the tumorigeni-
city of MSS components (Table 8).
From the per cigarette MSS deliveries in Table 2, it may be

calculated that the tumorigenic PAHs listed constitute from
4 to 10 µg/g of MS CSC. Nontumorigenic PAHs (naphtha-
lene, anthracene, pyrene, phenanthrene, fluoranthene,
B[e]P, benzo[b]triphenylene) total 90 to 180 �g/g of CSC.
The anticarcinogenic effect of nontumorigenic PAHs and
weakly tumorigenic or nontumorigenic aza-arenes vs. car-
cinogenic PAHs has been known since the 1940s
(76,78,87). 
As previously noted, when PAHs metabolize, a mixture of
epoxides, dihydroxy compounds, and dihydroxy epoxides
may be formed. This is true for B[a]P for which more than
a dozen metabolites have been identified. In 1996, DENIS-
SENKO et al. (131) reported the effect of a specific B[a]P
metabolite on a cellular system and interpreted the result as
an indication of the involvement of B[a]P in cigarette MSS
in the induction of lung cancer in smokers. However, when
B[a]P metabolizes, it does not necessarily yield 100% of
the specific isomer used in the study by DENISSENKO et al.
They selected (±)-anti-7�,8a-dihydroxy-9a,10a-7,8,9,10-
tetrahydroB[a]P (BPDE), long recognized as the most
important B[a]P metabolite with regard not only to tumori-
genicity but also to DNA binding (132).
An interesting aspect of Table 8 is that it includes the
dioxins as antitumorigens. SLAGA and DIGIOVANNI (76)
summarize the studies in which dioxins were shown to
interfere with the enzyme pathways responsible for the
tumorigenicity of several of the most potent PAHs. The
dioxins were not listed as MSS toxicants in previous tabu-
lations similar to Table 8 (38,39). Is the omission of such
MSS toxicants related in any way to the fact that dioxins
are significant antitumorigens vs. some of the most potent
mouse-skin tumorigenic PAHs present in MSS? In Chapter
6 of its 1964 Report, the Advisory Committee mentions that
27 nontumorigenic PAHs had been identified in MSS, but
none by name [see Chapt. 6, p. 55 in (22)]. Was the
omission of their identities related to the fact that several
were known to be antitumorigenic to several potent mouse-
skin tumorigens such as B[a]P?
Just as there are many MSS components known to inhibit
or diminish the activity of MSS components classified as
tumorigens, there are MSS components known to offset the
activity of other MSS components shown to be mutagenic.
In their investigation of the antimutagenicity of nicotine vs.
N-nitrosodimethylamine (NDMA) and nicotine vs. B[a]P
in the Ames test (Salmonella typhimurium TA 100), LEE

and REED (133) reported that nicotine inhibits the mutage-
nicity of NDMA but not of B[a]P. Although the mechanism
was not elucidated, a report by MURPHY and HEILBRUN

(134) on the inhibition of NNN metabolism by nicotine
suggests nicotine inhibition of NNA activation may be
involved. In a repetition of their earlier experiment, LEE et
al. (135) not only confirmed the nicotine antimutagenicity
vs. NDMA but also the similar activity of nornicotine and
cotinine. Recently, BROWN et al. (136) reported the anti-
mutagenicity of nicotine and cotinine vs. 4-(methylnitros-
amino)-1-(3-pyridyl)-1-butanol (NNAL).
LEE et al. (137) reported that CSC inhibits the mutagenicity
of several N-heterocyclic amines listed as MSS carcinogens
(11,12,16,17) when tested in the Ames assay (Salmonella
typhimurium TA 98, S-9 activation system). The N-
heterocyclic amines tested included Glu-P-1, Glu-P-2, Trp-
P-1, Trp-P-2, IQ, and MeIQ, known to be potent mutagens
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Table 8.  Inhibitors, anticarcinogens, and antimutagens in tobacco smokea

Component
Approx. delivery
�g/g MS CSC

Effective against AT, AMb Representative references to inhibition,
anticarcinogenicity, and/or antimutagenicityc

Aliphatic hydrocarbons

Saturated aliphatic hydrocarbonsd

e.g., C31H64, C35H72

30000
[2500]e

B[a]P AT Wynder and Hoffmann (111)

d-Limonene 15–50 NNK AT Wattenberg and Coccia (203)
DB[a,i]P AT Homburger et al. (204)

Aromatic hydrocarbons

Benzene 480–1900 B[a]P, DBA AT Crabtree (77)
Naphthalene 80–160 B[a]P, DBA AT Crabtree (77)
Anthracene 4–7 B[a]P, DBA AT Crabtree (77)
Phenanthrene 2–4 DMBA AT DiGiovanni et al. (81)c

Fluoranthene 3–4 DMBA AT DiGiovanni et al. (81)c, Slaga et al. (80)c

Pyrene 3–4 DMBA AT DiGiovanni et al. (81)c, Slaga et al. (80c

Benz[a]anthracene 0.8–2.8 DBA AT Steiner and Falk (78)
Benzo[e]pyrene 0.2 DMBA AT DiGiovanni et al. (81)c, Slaga et al. (80)c

Benzo[b]triphenylenef 0.05 MC, DBA, DMBA AT Slaga and Boutwell (85)c, Slaga et al. (80)c

Alcohols

Ethanol NNN AT Waddell and Marlowe (205)c

NNN AM Farinati et al. (206)
1-Butanol NNN AT Waddell and Marlowe (205)c

2-Propanol, 2-methyl-  {tert-butanol} NNN AT Waddell and Marlowe (205)c

�-4,8,13-Cyclodecatriene-1,3-diol, 1,5,9-
trimethyl-12-(1-methylethyl)-;
{�-4,8,13-duvane-1,3-diol}

8–20 DMBA AT Saito et al. (127)c

�-4,8,13-Cyclodecatriene-1,3-diol, 1,5,9-
trimethyl-12-(1-methylethyl)-;
{�-4,8,13-duvane-1,3-diol}

12–25 DMBA AT Saito et al. (127)c

�-Sitosterol 400–500 NNA
PAH

AT Wattenberg (207)c

Yasukawa et al.c

Cholesterol 120–240 NNA AT Cohen et al.c

Acids

Acids, long-chained aliphatic
e.g., C16H32O2; C18H36O2

NNA AM Takeda et al. (208)

Benzoic acid,  3,4,5-trihydroxy-
{gallic acid}

NNA AT Mirvish et al.c

1-Propene-1,2,3-tricarboxylic acid 
{aconitic acid}

B[a]P AT Kallistratosc, Kallistratos and Fasskec

2-Propenoic acid,  3-(3,4-
dihydroxyphenyl)-  {cinnamic acid, 3,4-
dihydroxy-}  {caffeic acid}

B[a]P AT Wattenberg et al.c

2-Propenoic acid,  3-(3-hydroxy-4-
methoxyphenyl)-  {cinnamic acid, 3-
hydroxy-4-methoxy-}  {ferulic acid}  

B[a]P AT Wattenberg (207)

2-Propenoic acid,  3-(2-hydroxyphenyl)- 
{cinnamic acid, 2-hydroxy-}

B[a]P AT Wattenberg et al.c

2-Propenoic,  3-phenyl-  {cinnamic acid} NPYR, NNN AT Chung et al. (209,210)

Phenols

Phenol 1000–7000 B[a]P AT Van Duuren et al. (211)
NNN, NPYR Chung et al. (209, 210)

Phenol,  4-methoxy- B[a]P AT Wattenberg et al.c

�-Tocopherol {vitamin E} 400–600 MC, DMBA,
DB[a,i]P, 1,2-DMH

AT Shambergerc, Shklarc, Slaga and Brackenc,
Viaje et al.c, Weerapradist and Shklarc

NNA AT Thompson (212)
CSC AM Rosinc

2H-1-Benzopyran-2-one,  6,7-dihydroxy-
{esculetin}

NNK AT Teel and Castonguay (213)
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Table 8 (cont.)a

Component
Approx. delivery
�g/g MS CSC

Effective against AT, AMb Representative references to inhibition,
anticarcinogenicity, and/or antimutagenicityc

N-Containing components 

Indole 400–600 NNA AT Matsumoto et al.c

NNN, NPYR AT Chung et al. (209, 210)
NNK AT Chung et al. (214)

Indole-3-acetonitrile B[a]P AT Kovacs and Somogyic

1H-Purine-2,6-dione,  3,7-dihydro-3,7-
dimethyl-   {theobromine}

EC AT Nomurac

1H-Purine-2,6-dione,  3,7-dihydro-1,3,7-
trimethyl-   {caffeine}

EC, DMB, NNA AT Nomurac, Perchellet and Boutwellc, Mirvish
et al.c

Nicotine NNK AT Schüller et al. (215)
NDMA AM Lee et al. (135)
NNAL AM Brown et al. (136)

Nornicotine NDMA AM Lee et al. (135)
NNAL AM Brown et al. (136)

Cotinine NDMA AM Lee et al. (135)
NNAL AM Brown et al. (136)

Miscellaneous components

2H-Benzopyran-2-one  {coumarin} B[a]P, DMBA AT Wattenberg et al.c

3H-2-Furanone,  dihydro-5-methyl- 
{�-angelica lactone}

B[a]P AT Wattenberg et al.c

Benzoic acid,  3,4,5-trihydroxy-, propyl
 esterd {propyl gallate}

NNK AT Lo and Stichc, Teel and Castonguay (213)

Dioxin DMBA, MC, B[a]P,
7-MBA, 12-MBA,

5-MeC, DBA

AT Berry et al. (216), Cohen et al. (217),
DiGiovanni et al. (81, 218) 

Carbon disulfide 1,2-DMH AT Wattenberg and Fialac

Maleic anhydride PAH, DMBA AT Kleinc, Slaga et al.c

Selenium DMBA AT Shambergerc

NNA AT Thompson (212)
Cysteine NDMA AT Lo and Stichc

aAbbreviations: B[a]P = benzo[a]pyrene; DBA = dibenz[a,h]anthracene; DB[a,i]P = dibenzo[a,i]pyrene = benzo[rst]pentaphene; 
DMBA = 7,12-dimethylbenz[a]anthracene; 1,2-DMH = 1,2-dimethylhydrazine; 7-MBA = 7-methylbenz[a]anthracene; 12-MBA = 12-
methylbenz[a]anthracene; 5-MeC = 5-methylchrysene; EC = ethyl carbamate; MC = 3-methylcholanthrene = 1,2-dihydro-3-
methylbenz[j]aceanthrylene; NDMA = N-nitrosodimethylamine; NNA = N-nitrosamine; NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol; NNN = N’-nitrosonornicotine; NNK = 4-(N-methylnitrosamino)-1-(3-pyridinyl)-1-butanone; NPYR = N-nitrosopyrrolidine; 
PAH = polycyclic aromatic hydrocarbon.

b AT = test for antitumorigenicity; AM = test for antimutagenicity.
c Details of this reference may be found in Fay et al. (130) and/or Rodgman (38).  Additional references may be found in (38,76,81,

130).
d This fraction consists primarily of the normal-, iso- (2-methyl-), and anteiso- (3-methyl-) alkanes from C15 to C40.
e Average weight (�g/g MS CSC) of each hydrocarbon isomer.
f Benzo[b]triphenylene was formerly known as dibenz[a,c]anthracene.

(53,138,139,140). Several are tumorigenic in mammalian
bioassays (141). LEE et al. (137) reported that 50 to 100 µg
of CSC per plate suppress the mutagenicity of these com-
pounds by as much as 80%. Enzymatic studies indicate that
CSC is a potent inhibitor of cytochrome P-450 dependent
monooxygenase. Thus, it appears that CSC exerts its anti-
mutagenicity by inhibiting the P-450 system.
The SHEAR-LEITER admonition about prediction not only of
complex mixture tumorigenicity from individual compo-
nent data but also the tumorigenicity of an individual com-
ponent in MSS is also applicable to the tumorigen-antitu-
morigen situation. Bioassay results that show one-on-one
inhibition in a study involving a tumorigen and an antitu-
morigen may not be extrapolable to the two compounds in
a complex mixture such as MSS. 

6 INTERNAL DIFFERENCES AMONG THE LISTS 

Examination of the data in Table 2 from the various lists
reveals many numerical inconsistencies and unit assign-
ments (ng vs. �g or �g vs. mg). Rather than list the
numerous inconsistencies, they are indicated in bold print
in Table 2. Many were listed in detail previously (29).
Examples of the most obvious inconsistencies include: a)
The listing of a single value for DBA – in 1958 VAN

DUUREN (142) listed a cigarette MSS delivery of 5 ng/cig
for DBA, a value not found in most of the lists
(2,3,4,5,10,11,12,16,17,18). b) The delivery data presented
in several publications for dibenzo[a,i]pyrene (1.7–3.2 ng)
and dibenzo[a,l]pyrene (present) are interchanged. Also,
the particular dibenzo[a,l]pyrene is not specified. Do the
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citations refer to the dibenzo[a,l]pyrene reported in the
1950s but later shown by LAVIT-LAMY and BUU-HOÏ (143)
to be dibenz[a,e]aceanthrylene (dibenzo[a,e]fluoranthene)
or to the authentic dibenzo[a,l]pyrene (82)? Neither the
IARC list or any of the other lists include dibenz[a,e]ace-
anthrylene as a MSS tumorigen. The evidence on its tumo-
rigenicity is classified by IARC as “limited” in laboratory
animals (144), but that is the same classification IARC
assigns to styrene, a component IARC includes in its MSS
tumorigen list (3).
While it does not seem necessary to discuss the numerous
listed inconsistencies (2,3,4,5,11,12) readily apparent to the
perceptive reader of Table 2, a few pertinent comments
about two of the more recent listings (16,17) may be
appropriate. Of course, of particular interest is the 2001
article by HOFFMANN and HOFFMANN (16) published in the
highly publicized NCI Monograph 13. With ample opportu-
nity to correct the numerous previously listed errors noted
by RODGMAN (29) in 1998, the HOFFMANNs did not do so
but in a subsequent 2001 publication (17) they not only re-
peated the same errors listed in (16) but also introduced
several new ones, e.g., HOFFMANN and HOFFMANN (16) list
the MSS delivery of 2,6-dimethylaniline as 4–50 µg/cig
whereas HOFFMANN et al. (17) list it as 4–50 ng/cig; quino-
line delivery is listed as 1–2 ng/cig in (16) vs. 1–2 �g/cig in
(17). 
In their NCI Monograph 13 article, HOFFMANN and
HOFFMANN (16) also criticized the Tobacco Industry:

Major modifications in the makeup of the commercial
cigarette were introduced between 1950 and 1975. Since then,
there have been no substantive changes toward a further
reduction of the toxic and carcinogenic potential of cigarette
smoke beyond reducing MS yields of tar, nicotine, and carbon
monoxide. Some of these modifications have also resulted in
diminished yields of several toxic and carcinogenic smoke
constituents.

The modifications noted by HOFFMANN and HOFFMANN

were the eight technologies considered significant in the
design of “less hazardous” cigarettes by the NCI (145), the
US Surgeon General (24,25), and various individuals
opposed to cigarette smoking. Several reports in which the
various authorities commended these eight design techno-
logies were recently listed chronologically (1960 through
1997) (19,146). It should be noted that all eight design
technologies had been incorporated into one or more US
commercial cigarette products prior to the first meeting of
the Tobacco Working Group formed in 1968 for the NCI
program. In other words, from 1968 to 1978, no new signi-
ficant design technology was generated in the NCI
Smoking and Health Program on the “less hazardous”
cigarette!
The HOFFMANN and HOFFMANN criticism of the Tobacco
Industry for its failure to generate any new significant
cigarette design technologies since 1975 (16) is totally
without merit. Since 1975, the eight design technologies,
when used in concert but to different degrees, have con-
tinued to reduce the sales-weighted FTC “tar” substantially
below the goal originally recommended by WYNDER (147),
i.e., a 50% reduction from the mid-1950 “tar” yield.
Despite their knowledge in tobacco and smoke composition
and cigarette design, no critic has ever developed a
cigarette design technology to match the significance of the
eight in US and worldwide commercial cigarette production

since the late 1960s. In fact, several cigarette design
technologies asserted by such critics to be beneficial were
found to be inadequate both chemically and biologically
when studied in the NCI “less hazardous” cigarette program
(145).
Examination of the graphical representation of the sales-
weighed “tar” and nicotine values for US commercial
cigarettes [see Figure 5-1 in (16)] reveals that from 1975 to
date the FTC “tar” value has decreased from about 18 to 11
mg/cig (~40%). The HOFFMANNs apparently ignored this
information readily apparent in the graph they presented as
Figure 5-1 in their Monograph 13 publication (16). The fact
that the use of the eight technologies from 1975 to date
resulted in about a 40% decrease in the sale-weighted
average FTC “tar” yield was obviously not considered. This
“tar” yield decrease was accompanied by decreases in the
yields of MSS particulate-phase components considered
toxic.
Another interesting dichotomy exists with respect to
dibenzo[a,l]pyrene. In 1999, HECHT stated (148):

The presence in cigarette smoke of dibenzo[a,l]pyrene, a
highly carcinogenic PAH, has not been confirmed.

Does the statement by HECHT suggest that lack of
confirmation of the presence of a compound in MSS means
it should not be considered as an adverse biological
component? If so, why does HECHT list in the same article
as pulmonary carcinogens the three aza-arenes whose
presence in MSS numerous competent investigators have
not confirmed? If HECHT is discounting the presence in
cigarette MSS of dibenzo[a,l]pyrene because its identifica-
tion by SNOOK et al. (82) at the USDA has not been con-
firmed by other investigators, then he should discount
reports on the following MSS components: a) Over 200 of
the more than 500 PAHs that SNOOK et al. reported in their
monumental study of PAHs in cigarette MSS (82,149,150).
b) About 50% of the aza-arenes reported for the first time
by SNOOK et al. (116). c) Many of the nitrogen-containing
components of MSS reported by HECKMAN and BEST

(151). d) Many of the ether-soluble MSS components re-
ported by NEWELL et al. (152). e) Several hundred of the
water-soluble MSS components reported for the first time
by SCHUMACHER et al. (153). In the latter three publica-
tions, 828 previously unreported MSS components were
described. Fewer than a third of the 828 new components
reported in these studies in the late 1970s/early 1980s have
been confirmed by other investigators! However, the data
on the unconfirmed compounds in these three studies are
irrefutable. According to HECHT (148), at least 3500 com-
ponents are present in the MSS particulate phase. The only
way that number can be attained is by counting the uncon-
firmed MSS components in the reports listed above
(82,116,149,150,151,152,153). The reason for lack of con-
firmation of many of the reported MSS components in
these studies is that very few large-scale isola-
tion/identification studies have been conducted on MSS
since the early 1980s. SSS and ETS compositions have
been emphasized with the main objective to show that the
significant toxicants in SSS and ETS are the same ones
present in MSS and to determine the levels of such compo-
nents in SSS and ETS.
Several other problems exist with the lists, e.g., the inclu-
sion of smoke components whose presence may be highly
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questionable [dibenz[a,h]acridine; dibenz[a,j]acridine; di-
benzo[c,g]carbazole; di(2-ethylhexyl) phthalate] or for
which sparse or no delivery data are available (diben-
zo[a,e]pyrene; dibenzo[a,h]pyrene; benzo[b]furan, 1,1-di-
methylhydrazine). Also problematic is the listing of compo-
nents whose precursors are no longer used in tobacco agro-
nomy, e.g., N-nitrosodiethanolamine vs. the diethanolamine
salt of maleic hydrazide. Such components are listed in
bold print in Tables 2 and 3. The omission of di(2-ethyl-
hexyl) phthalate from recent lists (16,17,18,19) is because
of its removal from the “Group 2B Carcinogen” classifica-
tion by IARC in 2000.

7 CONCLUSIONS

Even if the frequently cited lists of “tumorigenic” com-
pounds reported in cigarette MSS were revised to improve
accuracy and consistency, their use for the purpose of
assessing carcinogenic risk to humans is highly
questionable. This practice ignores two important factors:
a) the conditions under which the carcinogenicity of a spe-
cific component was determined, and b) a large body of
evidence demonstrating that the carcinogenic potency of a
complex mixture is not a summation of the carcinogenicity
of its individual components. This lack of additivity noted
in b) can result not only from complex chemical inter-
actions among the constituents, but also from biological
alterations in absorption, distribution, metabolism, and ex-
cretion which may be differentially induced by one or more
constituents (55). In some cases, complex mixtures of
mutagenic and carcinogenic compounds may show reduced
biological activity when compared with the activity antici-
pated by summation of the contributions of the individual
compounds [SLAGA and DIGIOVANNI (76); LEE et al. (135,
137)]. As noted by SMITH et al. in their reviews (13,14,15),
an extensive literature exists that demonstrates the inability
to attribute the carcinogenic risk associated with cigarette
smoking to a particular compound or family of compounds
in the MSS.
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