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Smoke of Cigarettes and Little Cigars: An Analytical Comparison

Abstract. Chemical data are presented from a comparison study of the smoke
of cigarettes and little cigars. The tobacco products and their mainstream smokes
were analyzed for a number of toxic constituents in an effort to define “smoke
inhalability.” This issue has particular public health importance because the dif-
ference in the inhalability of cigar and cigarette smoke is generally assumed to
account for the differences in the health risk to the individual smoker.

Epidemiological studies have demon-
strated that the chance of developing
lung cancer is greater for cigarette
smokers than for cigar smokers; how-
ever, both types of smokers face the
same risk of developing cancer of the
oral cavity. The difference in the rate
at which cigar and cigarette smokers
develop lung cancer is related to known
differences in inhalation practices which
are, in turn, dependent on the physico-
chemical properties of the different
smokes (7).

At present, in the United States,
the distinction between a cigar and a
cigarette is based on the 1961 Internal
Revenue Service definition, made for
tax purposes, which defines a cigar as
“any roll of tobacco wrapped in leaf
tobacco or in any substance containing
tobacco” and a cigarette as “any roll
of tobacco wrapped in paper or any
substance not containing tobacco” (2).

It is obvious that, if the distinction
between cigars and cigarettes is to be
meaningful in terms of the potential

hazard to human health, it should be
based not on the composition of the
wrapper - but rather on the physico-
chemical properties of the smoke and
its resulting “inhalability.” In this study
we attempted to establish the specific
physicochemical differences between
the smoke of cigarettes, cigars, and the .
new, popular little cigars. It is hoped
that this information will contribute to
the establishment of new ways of dis-
tinguishing between cigarettes, cigars,
and little cigars which are more rele-
vant to human health.

Cigarettes without filter tips (85
mm) were obtained from the Univer-
sity of Kentucky (3); little cigars A
(85 mm), from the open market
in Boston, Massachusetts (December
1971); filter cigarettes (85 mm), little
cigars B (85 mm), small cigars C (95
mm), and cigars D (112 mm), from
the open market in New York City
(December 1971-January 1972). The
filter cigarettes, little cigars B, small
cigars C, and cigars D chosen were
the largest-selling brands in their re-
spective categories (4).

The tobacco products (5) were hu-
midified in a chamber maintained at a
relative humidity of 60 percent and
22°C and subsequently smoked under
standard conditions as established for
cigarettes (6). Standard smoking con-
ditions are as follows: a single puff of
2 seconds duration once a minute; a
puff- volume of 35 ml; a butt length
of 23 mm except for the filter cigarette
and little cigar. A which have butt
lengths of 27 mm. Subsequently, we
determined the burning rate as an indi-
cator of combustibility (6); total par-
ticulate matter- (TPM) and nicotine as

Table 1. Analysis of cigarettes and little cigars and some of their smoke constituents,

Nonfilter

Filter

Parameter cigarette cigarette cgg;?; cﬁﬁ% c?;:?lé

Filter length (mm) 21 21 18 15
Weight (mg) 1100 1010 ‘ 956 1078 1522
Weight without filter (mg) 845 775 934 1355
Reducing sugars .

(% of tobacco weight) 9.3 7.9 1.5 2.9 2.7
Draw resistance® (mm:) 6.6 134 13.2 13.0 8.9
Burning rate

(mg of tobacco per minute) 51.3 61.7 727 61.0 90.1
Average number of puffs 11.0 10.0 7.7 9.8 - 11.6
Nicotine (mg) 2.65 1.4 0.6 1.8 3.1
TPM7 (mg) 36.1 20.3 17.4 31.8 40.6
Average pH, 3rd puff 6.19 6.15 6.44 6.55 6.55
Average pH, 5th puff 6.14 6.12 6.57 6.46 6.59
Average pH, 7th puff 6.09 6.01 7.03 6.51 6.56,
Average pH, 9th puff 6.02 5.83 6.98 6.59
Average pH, last pufft 5.96 (11) 5.76 (10) 7.73 (8) 7.25 (10) 7.11 (11)
* For an air flow of 17.5 ml/sec. t Federal Trade Commission value for TPM = TPM wet minus water and minus nicotine. fThe number in

parentheses is the number of the last puff. Average pH values of cigar D: 6.47 (3); 6.27 (8); 6.39 (13); 6.41 (18); 6.81 (23); 7.22 (28); 7.53 (33); 1.78

(38); 7.96 (43); [average number of puffs: (45)].
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Table 2. Selected compounds in mainstream smoke.

Smoke Concen- Nonfilter Filter Little Little Small
component tration cigarette  cigarette cigar A cigar B cigar C
Carbon monoxide Vol. % 4.6 4.5 5.3 11.1 1.7
Carbon dioxide Vol. % 9.4 9.6 8.5 13.2 12.7
Hydrogen cyanide ug/cig. 536. 361 381 697 1029
Acetaldehyde ug/cig. 770 774 630 - 1238 1150
Acrolein ug/cig. 105 3! 41 54 66
Pyridine ug/cig. 24.8 11.0 242 35.8 29.5
o-Picoline ug/cig. 13.1 4.5 9.4 13.6 11.5
g-Picoline ug/cig. 23.0 5.6 12.6 203 19.0
y-Picoline ug/cig. 6.8 2.0 3.5 6.4 5.9
Lutidines* ug/cig. 15.1 42 " 83 9.2 14.4
Total pyridines wng/cig.t 82.8 27.3 58.0 85.3 80.3
Phenol ug/cig. 124.2 33.0 35.1 63.4 94.1
0-Cresol ue/cig. 24.0 6.8 4.0 10.0 19.5
m- + p-Cresol ug/cig. 75.4 222 16.9 37.8 67.1
2,4- 4 2,5-Dimeth-
ylphenol ug/cig. 9.4 4.6 1.0 3.7 6.1
m- + p-Ethylphenol ,ug/vcig. 22.1 9.2 6.5 17.6 27.0
Benz[a]anthracene ng/cig. 74 31 34 25 ‘ 39
Benzo[a]pyrene ng/cig. 47 20 18 22 30

* Sum of values for 2,6-, 2,4-, and 3,5-lutidines which were determined individually by gas chromatog-

raphy. f Value for cigar D, 536.1 ug.

an indicator of toxicity (7-9); the total
smoke pH as an indicator of the de-
gree of nicotine toxicity (/0); carbon
monoxide, carbon dioxide, and hydro-
gen cyanide as an indicator of the
toxicity of the gas phase (lI, 12);
acetaldehyde and acrolein as an indi-
cator of the cilia toxicity (7); pyridines
as an indicator of the toxic and taste-
affecting volatile bases (/1); the phe-
nols as an indicator of volatile tumor
promoters (I3); and benz[a]anthracene
and benzofa]pyrene as examples of
tumor initiators (/4). We also deter-
mined the total concentrations of re-
ducing sugars in the various tobacco
products. We tested cigar D only for
pH and pyridine content The results
summarized in Tables 1 through 3

are average values from three tests

each.

The concentration of total reducing
sugars in the tobacco of little cigars is
significantly lower than that in the to-
bacco of blended cigarettes (Table 1).
This result was expected since cigars
are reported to contain only air-cured

and fermented tobaccos. These tobaccos
have significantly lower concentrations
of reducing sugars than flue-cured or
sun-cured tobaccos. These data need
further investigations since the low
concentration of total reducing sugars
in these tobacco types is related to the
relatively low concentration of acids
in the tobacco and thereby to the in-
creasing pH value of the total smoke
of these tobaccos. At hydrogen ion
concentrations below 10—6 (>pH 6),
tobacco contains increasing amounts of
unprotonated nicotine (and other pyri-
dines), the most toxic form of nicotine
in tobacco smoke.

The burning rate of little cigars with
filters is relatively rapid, resulting in a
low number of puffs for the amount of
tobacco in these products (Table 1).
The “tar” (TPM) and nicotine concen-
trations in the mainstream smoke of
little cigar A are lower than expected
as compared to other small cigars. This
result is at least partially attributable
to the types of tobacco selected and
to the incorporation of puffed tobacco

and reconstituted tobacco sheets into
the tobacco blend (revealed when sam-
ples were examined under the micro-
scope) (15).

The pH values for the total smoke
of little cigar A show that the smoke
of the last two puffs is basic (pH>
7.0; Table 1). Indeed, our results indi-
cate that as much as 30 to 40 percent
of the smoke of regular cigars is basic
in nature. Since only the last two puffs
of little cigar A evolve smoke of a basic
nature and since the nicotine concentra-
tion of the smoke is quite low, one may
expect that the smoker of little cigar A
is more likely to inhale the smoke than
the smoker of other little cigars. The
smoker of standard cigars and most
little cigars is, however, unlikely to in-
hale the smoke since the higher nicotine
concentration of the cigar smoke,
coupled with a high pH, makes the
inhalation of cigar smoke unpleasant.

The smoke of little cigar A has car-
bon monoxide and carbon dioxide
concentrations comparable to those of
cigarette smoke [Table 2; see also (7)],
whereas the carbon monoxide and car-
bon dioxide concentrations for little cigar
B and small cigar C are significantly
higher. The low concentrations of hy-
drogen cyanide, acetaldehyde, and
acrolein in little cigar A also indicate
that this tobacco product is unusually
mild (Table 2). The volatile pyridines
are primarily pyrosynthesized from to-
bacco alkaloids. They are assumed to
give the smoke its undesirable taste and
to contribute to the strength of the
smoke flavor of cigars. Table 2 shows
that the mainstream smoke of little and
small cigars with filter tips have con-
siderably higher concentrations of pyri-
dines than filter cigarettes but signifi-
cantly lower concentrations of volatile
pyridines than cigars. This finding sup-
ports the concept that the taste of the
smoke of the little cigar is less harsh
than that of cigars. The concentration
of volatile phenols is also very low for
little cigar A. This results not only from
the tobacco blend but also from the

Table 3. Some selected toxic agents in the smoke of a single puff (total smoke divided by the number of puffs needed to reach the stan-

dard butt length).

TPM* Nicotine H Carbon Carbon Hydrogen Total
Sample (mg) (mg) (laslt’ uff) monoxide dioxide cyanide pyridines

g ] p (volume %) (volume %) (ug) (ug)
Nonfilter cigarette 3.28 0.259 5.96 46 9.4 487 7.6
Filter cigarette 2.03 .140 5.76 4.5 9.6 36.1 2.7
Little cigar A 2.25 .078 ) 773 5.3 8.5 49.5 7.6
Little cigar B 3.24 183 7.25 11.1 13.2 71.1 8.7
Small cigar C 3.50 267 7.11 1.7 12.7 88.7 6.9

* Federal Trade Commission value for TPM = TPM wet minus water and minus nicotine.
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selective removal of these agents by the
cellulose acetate filter which contains
plasticizers [Table 2; (/6)]. The ratio of
m- and p-ethylphenol to 2,4- and 2,5-
dimethylphenol is significantly greater
in little cigar smoke than in cigarette
smoke. At present, we do not know the
importance of this observation. The
concentration of benz[a]anthracene and
benzo[alpyrene in the smoke of little
cigar tobacco is relatively low (Table
2). This result was expected for to-
bacco products which are made up
largely of cigar type or air-cured to-
bacco and reconstituted tobacco sheets
(7, 17).

Our preliminary data indicate that,
on a per puff basis (Table 3), the re-
duced levels of “tar,” nicotine, and
carbon monoxide may permit the to-
bacco user to inhale the smoke of some
little cigars even though it is otherwise
just as toxic as the “uninhalable” smoke
of conventional cigars.

DiETRICH HOFFMANN
ERNEST L. WYNDER
Health Research Institute,
American Health Foundation,
New York 10021
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Gravitational Effects on Concentrations and Partial

Pressures in Solutions: A Thermodynamic Analysis

Abstract. Thermodynamic analysis establishes the equilibrium relationships
between the concentrations and partial pressures of the components of liquid
and gaseous solutions in the presence of a gravitational field. The conditions of
equilibrium between a column of gas and gas-saturated water and the conditions
of equilibrium governing a model of the distribution of radioactive heat sources
in surface rocks are deduced from the theory.

In a recent report, Fenn () dis-
cussed a series of experiments by Enns
et al. (2), in which the equilibrium
through a semipermeable membrane
between a gas column and a gas-sat-
urated liquid was studied as a function
of depth. In another report, Turcotte
and Oxburgh (3) suggested that the
exponential dependence of the concen-
tration of radioactive heat sources on
depth observed in near-surface rocks
by Lachenbruch (4) could be ex-
plained simply in terms of the Boltz-
mann factor of equilibrium statistical
mechanics. I develop here the equilib-
rium criteria for solutions in the pres-
ence of a gravitational field so that
both sets of phenomena are described.

The logical structure of equilibrium
thermodynamics in the presence of
gravitational fields is based on the ad-
dition of a term y«dm to the usual Gibbs
expression for the differential of the
internal energy. Here,  is the gravi-
tational potential and dm the change
in mass in the region considered. The
inclusion of this term assures proper
bookkeeping of the total energy when
mass dm is moved from one region to
another, with the resulting energy
change, (y—yy)dm, in accordance
with the definition of gravitational po-
tential. Since dm for a mixture is the
sum of terms Mdn, over all compo-
nents i, where M, is the molecular
weight and »n; is the number of moles
of i, the Gibbs equation with gravity
is identical to the Gibbs equation with-
out gravity, except that with gravity
w;+ Mg replaces the chemical poten-
tial, p; It is a straightforward conse-
quence of the second law of thermo-
dynamics that at equilibrium in the
absence of a gravitational field g, is the
same in all regions of the system which

can interchange components i (5, p.
93). The identical proof with gravity
therefore shows

wut + My = constant (1)

to be the generalized equilibrium cri-
terion, along with the usual constancy
of the temperature, T.

From Eq. 1 the criterion for hydro-
dynamic equilibrium follows if we in-
sert the derivative of Eq. 1

dus = — M.dy
into the Gibbs-Duhem equation

Vdp — 37 nidus =0

for a small region V' centered on the
point of interest. Division of the result
by V yields

dp + pdy =0 2)

(where p is the pressure and p is the
density of the medium at any depth),
the criterion for lack of bulk fluid flow.
This criterion can be integrated for
gases if we substitute

p=m/V =pM(y)/z(y)RT

where z is the compressibility factor for
the gas at the point y, M is the weight
of ‘an Avogadro number of molecules
taken about the point y, R is the gas
constant, and T is the absolute tempera-
ture. If ¢ = — gy, where y is the depth,
g is the magnitude of the gravitational
field, and in the ideal gas approxima-
tion where z=1, the barometric for-
mula results:

Pens(¥) = peas(0) exp(Mgy/RT)  (3)

where M is the average molecular
weight of the gas between 0 and y. The
criterion, Eq. 2, may also be integrated
for liquids if one knows how p changes
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