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Cigarette Smoke in Closed Spaces

by Uirich R. Hoegg, M.D.*

For years it has been postulated that the
cigarette smoker adversely affects the non-
smoker by contaminating the indoor
atmosphere (2,3). Recently, the 1J.8. Surgeon
General, J. L. Steinfeld, focused public
attention on the question when he requested
a ban on smoking in closed public spaces (4).
The average person spends the great majority
of his time, probably 80 to 90 percent,
indoors (5);thus, there is widespread concern
about the environmental conditions produced
by indoor smoking.

Experiments on mouse skin have indicated
that the condensate tar of the smoke from the
glowing end of the cigarette (sidestream) has a
higher tumor-producing activity than con-
densate leaving the mouthpiece of the
cigarette (mainstream) (6). Other experiments
showed that air pollution extract and
cigarette smoke condensate combined have
more than additive tumor-producing potential
(7.8). Previous studies on cigarette smoke in
closed spaces suggest that the nonsmoker is
exposed to considerable amounts of cigarette
smoke in the course of his normal activities
(9). Thus, the pollution of closed spaces by
cigarette smoke possibly contributes to such
otherwise unexplained phenomena as lung
cancer in nonsmokers, differences in lung
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cancer occurrence between rural and urban
areas, allergies, and other diseases (10, 13).
Although some studies have been made on
smoked-filled rooms and vehicles (9, 14), on
the health of smokers’ children (15), and on
some of the constitutents of the different
smoke streams (see below)}, no exact method
has- been developed either to relate smoke
concentrations in closed spaces to air quality
standards objectively or to relate the extent
of passive smoking to human health, The
1972 Surgeon General’s report, “The Health
Consequences of Smoking,” recognizes the
Emitations of present knowledge about
cigarette smoke in closed spaces and under-
scores the need for comprehensive study of
the question (16).

The following steps are necessary to the
development of an objective method: From
the vast literature on active smoking,
scattered data can be isolated on the subjects
of passive smoking and smoke in closed
spaces. Experimental research under con-
trolled smoking conditions provides
additional data on the composition of smoke
and factors in its dissipation. The combined
data can then be related to passive smoking
and air quality standards.

Literature Review: Smoking Parameters

All parameters affecting the generation of
cigarette smoke, the digtribution of cigarette
smoke in closed spaces, and the uptake of
cigarette smoke from the ambient air, have to
be analyzed for this study so that indoor
atmospheric smoke can be compared quan-
titatively with actively inhaled smoke, Active
smoking is the process of inhaling mainstream
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smoke during the puff. Passive smoking can
be defined as the uptake of cigarette smoke
from the ambient air into the respiratory
tract.

The smoke produced from a burning
cigarette is distributed into different smoke
streams (Figure 1) (I17). The smoke which
has heretofore received most experimental
and public attention is the mainstream, which
enters the mouth of the smoker during the
puff. All other smoke streams are directly
emitted into the ambient air. Of these, the
sidestream, which leaves the burning end of
the cigarette during the puff interval, con-
tributes about 95%. The smoulder stream
contributes approximately 4%. The remainder
is emitted through the glowstream, effusion
stream (emitted during the puff), and dif-
fusion stream (emitted in the puff interval).
This study focuses on mainstream and side-
stream, which are quantitatively the most
important smoke streams.

Correlation of the available experimental
data on mainstream smoke to sidestream
smoke requires a means of quantitative
comparison. Therefore the ratio of sidestream
to mainstream smoke (S/M) has been set up
and the values of various compounds are
calculated in Table 1. (All of the data were
obtained under standard smoking conditions
and with 70 or 85 mm nonfilter cigarettes
unless otherwise specified.) Several con-
clusions can be drawn from this table:

® Sidestream smoke differs guantitatively

from mainstream smoke, as shown by a
S/M ratio ranging from 1.2 to 46.

118

® The vapor phase (range 1.3 to 46) varies
more than the particulate phase (range
1.8 to 6.2).

o Filter cigarettes yield less main-
stream than nonfilter cigarettes, while
the sidestream is affected relatively little
by the cigarette filter. This results in an
increased S/M ratio in filter cigareftes,

There is no general agreement on the most

efficient means of sidestream smoke col-
lection. In the past, numerous methods had
been used including exhaust hoods, open
tubes, bell jars, closed cartridges (cooled or
uncooled), small chambers, or smoke-filled
meeting rooms (18-25). Despite this variety of
methods, no comparison of different methods
has ever been made,

Particle size governs the reteniion of smoke
in the respiratory tract and affects the
dissipation of smoke particulates in the
atmosphere. The particulates of fresh main-
stream smoke measure an average of 0.21
micron in diameter as compared to 0.15
micron for sidestream smoke (26). Aging
cigarette smoke supposedly doubies its peak
diameter rapidly, but it has not been studied
and measured for longer than four minutes
(26). Exhaled mainstream particles are
slightly larger than the mainstream particles
drawn in during inhalation (29).

Differences occur in the temperature of
mainstream and sidestream smoke. The center
of the cigarette cone measures about 884° C
during the puff and about 835° C in the puff
interval (30). Yet, the highest temperature is

not in the center of the cone, but in the outer

ring of the cigarette, where temperatures up
to 1200° C have been recorded (31). The
temperature of mainstream smoke as it leaves
the cigarette does not exceed 30° C, if a 23
mm butt is left (32). Sidestream smoke is
much hotter, reaching up to 400° C; 6 c¢m
above the burning cigarette it measures 100°
C (33).

Reproducible experiments involving the
collection of cigarette smoke require standard
smoking conditions. The most frequently
used smoking conditions are{34): puff volume
35 ml, puff duration 2 sec., puff frequency
one puff per minute and butt length 23 or 30
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Table 1. Comparison of Mainstream and Sidestream Smoke

M S
Compound (mg/eig) (mg/cig) S/M Comment
A, General Chaoracteristics
Duration of Smoke
Production 20 sec, 550 sec. 27 (24)
Tobacco Burnt 347 411 1.2 (25)
Particulates,
No. per cig. 1.05x1012 3.5x1012 3.3 (26}
B. Particulate Phagse
*Tar (chloroform 20.8 44.1 2.1 {22)
Extract) 10.2 34.5 34 Filter cig.
Nicotine 0.92 1.69 1.8 (22)
0.46 1.27 2.8 Filter cig.
Benzo(a)pyrene 3.5x10°% 13.5x10°% 3.7 {18}
Pyrene 13x10-5 39x10-5 3.0 {18)
Total Phenols 0.228 0.603 2.6 (21}
Cadmium 12.5x10°5 45x10-5 3.6 Total 140x10-5
mg/eig. (27)
C. Gases and Vapors**
Water 7.5 298 39.7 3.5mg of M
and 5.6 mg. of
3 in part,
phase, rest in
vapor phase,
(28)
Ammonia 0.16 7.4 46 (22)
Carbon dioxide 63.5 79.5 1.3 (22)
Nitrous oxides 0.014 0.051 3.6 (22)

M = Mainstream Smoke

S = Sidestream Smoke

* see also TPM in research below
ko

for carbon monoxide see research below

mm, Tobacco moisture is usually 10%. The
data of Table 1 were all produced under these
conditions.

Without inhalation, 20-50% of smoke par-
ticles are retained in the mouth(35). Inhala-
tion causes T0% of smoke particles of
mainstream smoke to be retained in the lungs,
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and the remaining 30% to be emitted to the
ambient air. The retention of the vapor phase
of cigarette smoke varies with the properties
of the gases and vapors: after deep inhalation,
only 55% of carbon monoxide (CO) is
retained, but 92% of nitrogen dioxide is
retained even with slight inhalation (36,37).
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