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ABSTRACT 

Effects of passive inhalation of cigarette smoke at levels typically encountered in public buildings have been investigated. Twenty nor
mal male and female nonsmokers (18 to 30 years) were each exposed for two hours on alternate days (in random order) to either room 
air or room air plus machine-produced cigarette smoke. Exposures were conducted in an unventilated chamber 04.6 m3). 

Subdivisions of lung volume, maximum expiratory flow-volume curves, single-breath nitrogen washout curves, blood carboxyhemo· 
globin levels, and heart rates were obtained before, during, and after exposure. A submaximal bicycle ergometer test and a symptom 
questionnaire were also administered after exposure. 

Statistical analysis revealed several significant differences between test and control days; the magnitude of the changes was small and 
of questionable biological significance, however, particularly when account was taken of the number of statistical comparisons made. 
Despite the relatively small physiological changes, subjective complaints were common-cough, and eye irritation, for example. 

It is concluded that in normal subjects the magnitude of physiological responses to acute exposures is minimal; thus arguments con
cerning effects rest on symptomatology and such other factors as the unknown risks of chronic exposure. 

ACCUMULATIONS OF TOBACCO SMOKE in poorly 
ventilated buildings and vehicles can lead to the involuntary 
exposure of the nonsmoker to measureable quantities of 
toxic substances, such as nicotine, carbon monoxide, oily 
alkaloids, pyridine and its derivatives, ammonia, aldehydes, 
tar and resinour compounds, volatile acids, and respirable 
particles in the size range 0.2 to 2.0 J.Lm. 1- 16 Such expo
sures can be subjectively unpleasant for the healthy indi
vidual and may also produce upper respiratory tract symp
toms in individuals with hyperreactive airways, 17-24 

Whether such responses result from an allergic mechanism, 
or are merely an irritative effect, is uncertain.2 5 

The incidence of respiratory infections in children of 
smoking parents is increased relative to that of children 
whose parents do not smoke, 26-31 but the influence of 
other factors such as socioeconomic differences has not 
been established in such studies. 

Despite indications that passive smoking might be harm
ful to health, there have been few detailed experimental 
studies of short-term human responses to environmental 
tobacco smoke. This paper describes the reactions of nor
mal young adults to passive exposure to cigarette smoke in 
terms of symptomatology, standard tests of pulmonary 
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function, cardiovascular response at rest and while exercis
ing, and blood carboxyhemoglobin levels. 

Methods 

Subjects and Experimental Plan 

Two groups of healthy young male (n = 10) and female 
(n = 10) volunteers from the University of Toronto were 
studied. Their physical characteristics are given in Table 1. 
All were life.long nonsmokers, our defmition of such an 
individual being a cigarette consumption of none for the 
past year and no history of smoking more than one ciga· 
rette per day. None of the group had any history of allergic 
disease. 

The details of the study were explained to the subjects 
on their first visit to the laboratory, and the subjects signed 
a consent form. A clinical examination was then performed 
and preliminary testing allowed the subjects to become 
familiar with the test procedures. At comparable times on 
two subsequent days, individuals spent 2 hr sitting in the 
exposure chamber, the room being filled with either ambient 
air or cigarette smoke, according to a random sequence; 
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Table I.-Physical Characteristics* of SUbjects 

Subjects 

Females 

Males 

*Mean ±SD. 

Number 

10 

10 

Age, in yr 

21.9 ± 3.4 

22.7 ± 3.3 

between measurements, subjects were allowed to read a 
book of their choice. The protocol followed on both days is 
shown in Table 2. 

Exposure Conditions 

On test days, the objective was to mimic a small and 
smoky unventilated office; on control days, the conditions 
were identical except for the cigarette smoke. The exposure 
chamber measured 1.8m x 2.9m x 2.8m (Le., 14.6 m3 ) and 
had smooth walls and large plexiglass windows to permit 
continuous surveillance of the subject. Furniture inside the 
room consisted of a desk, chair, and two metal stands, one 
carrying the smoking machine and one the pneumotacho
graph. Other items of equipment were outside the chamber. 

The cigarette-smoking machine (Fig. 1) was designed and 
calibrated according to principles suggested by Wynder and 
Hoffman.32 From one to six cigarettes could be smoked 
simultaneously, one brisk (2-sec) but controlled (~35 ml) 
puff per min being developed by solenoid-operated valves 
coupled to a small peristaltic pump and series capacity ves
sel; a slight negative pressure developed when the solenoid 
valve was closed, ensuring a vigorous and realistic "draw" as 
the valve opened. 

Table 2.-Experimental Protocol Showing Test Procedure 

Ht, in cm 

161.9 ±6.2 

176.3 ± 6.4 

Wt, in kg 

55.6±6.4 

68.7 ± 5.3 

The cigarettes were a popular 85-mm filter type with 
reported tar and nicotine contents of 19 and 14 mg, respec
tively (rating by U.S. Federal Trade Commission, Dept. of 
Health, Education and Welfare, 1973). Cigarettes were 
smoked to a butt length of about 23 mm. As in studies by 
others, 5 , 14 mainstream smoke and all other streams, 
including sidestream, were permitted to enter the chamber 
atmosphere. After each smoke exposure the chamber was 
ventilated by a fan capable of producing up to 500 air 
changes per hour. 

Smoke concentrations within the room were monitored 
in terms of carbon monoxide concentrations, measured by 
a portable, continuously recording catalytic electrode detec
tor ("Ecolyzer"), and particulate levels were estimated using 
an electrostatic precipitator (Miner Safety Appliances Co.). 
(Details of smoke composition are discussed in an appendix 
to this report.) Preliminary experiments established that the 
initial combustion of four cigarettes produced a carbon 
monoxide (CO) concentration of 24 ppm above ambient 
level, and a particulate level of> 4 mg/m 3 ; this was judged 
to be comparable with that encountered in rooms heavily 
polluted with smoke. The burning of one further cigarette 
every 30 min sufficed to sustain carbon monoxide levels, 

TIME (min.) 

Pre - Exp ! ... Exposure .: Post - Exp , 

TEST ~ 3,0 6,0 90 120 1~0 180 
, , , 

COH b % • • • • -i • • , . 
Flow - Vol. • • • • ~ • • , , , 
Lung Vol. • '. • 
Closing Vol. • • • 
Heart Rate 1 • • • • • • • • 
Bicycle • 
Symptoms 

, • , , 
: 

., Time at which each test was administered. 
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although the particulate level declined to approximately 
2 mg/m 3 over the 2-hr exposure period. 

Carboxyhemoglobin Levels 

The percentage of blood carboxyhemoglobin was esti
mated by using a modification of the techniques devel
oped by Henderson and Apthorp33 and Hackney et a1. 34 

and used successfully in our lab by Wright 35 Commencing 
at functional residual capacity (FRC), subjects were 
required to rebreath for 2 min from a 5-llter bag and 
soda lime system initially containing pure oxygen. Rela
tive percentages of carbon monoxide and oxygen in the 
bag were determined by the Ecoloyzer and the Mass Spec
trometer (Perkin-Elmer), respectively. 

Lung Volumes 

Functional residual capacity was measured by use of 
the 7 -min helium closed-circuit rebreathing technique 
(Collins respirometer/ catharometer system). Subdivisions 
of lung volume also measured included residual volume 
CRY), relaxed vital capacity (VC), and total lung capacity 
(TLC). 

Flow- Volume Curves 

Maximum expiratory flow-volume curves were obtained 
by using a heated Fleisch (#3) pneumotachograph and 

integrator. Volume and flow signals were displayed on a 
Tektronix storage oscilloscope. At each test period the 
subject was seated and performed three maximum forced 
vital capacity maneuvers. From the resultant flow-volume 
curve, measurements were made of forced vital capacity 
(FVC), forced expiratory volume in one second (FEV 1 0)' 
and maximum flow rates at 25% ("25) and 50% ("50) 'of 
the vital capacity. In each case, the flow -volume curve with 
the largest forced vital capacity was used for analysis. 

Closing Volumes 

The closing volume was determined by a single-breath 
nitrogen washout technique. 36 The volume signal was 
taken from a wedge spirometer, and the nitrogen signal 
from a discharge tube nitrogen analyzer (Med-Science 
Electronics nitralyzer model 505), and these were dis
played on an X-V recorder (Hewlett-Packard 7035B). 
Inspiratory and expiratory flow rates were less than 0.5 
liter/sec in all curves retained for analysis, and reported 
results are taken from the record with the largest vital 
capacity. 

Heart Rates 

The electrocardiogram (Sanbom-500-Viso-Cardiette) 
was monitored during exposures with the chest leads fixed 
in the CV 5 position; the subject remained connected to 
the apparatus throughout the experiment by use of shielded 

Fig. 1. The cigarette-smoking machine. 
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leads through the w;ill of the exposure chamber. 
After both test and control exposures, the subjects per

formed a 7 -min progressive exercise test on an Elema elec
tronic bicycle ergometer used previously. 37 Loadings were 
adjusted to 45% (first 2 min), 60% (second 2 min), and 
75% (final 3 min) of the subject's estimated maximum 
aerobic capacity. Heart rates were recorded at the end of 
each minute during the initial3-min rest period, 7-min 
exercise period, and the 5-min recovery period. Subjects 
respired from a modified Otis-McKerrow valve, connected 
on the inspiratory side to a Parkinson-Cowan dry gas meter 
and on the expiratory side to a 10-liter mixing box. 
Respiratory minute volume was recorded continuously by 
coupling the recording potentiometer to a Honeywell 
Visicorder. Expired gas was sampled and analyzed for 02 
and CO2 by use of the mass spectrometer. Estimates of 
expired air composition were corrected for the lag imposed 
by the mixing box and connecting tubing. 

Subjective Reactions 

At the end of each experiment subjects were interviewed 
by the investigator, who read through a list of possible 
symptoms and asked the subject to indicate by a "YES" 
or "NO" response which of the reactions he or she had 
noted. 

Statistical Analysis 

The significance of differences in response between test 
and control days for both groups was evaluated by using 
one-sided paired t tests. 

Results 

Carboxyhemoglobin Levels 

The initial blood carboxyhemoglobin levels for both 
male and female subjects (Fig. 2) were at the low levels 
anticipated for nonsmokers38 and little change was noted 
during exposure on control days. On test days values 
increased in both sexes and were significantly higher than 
on the control day after at least 30 min of exposure and 
continued for 60 min post-exposure (P < 0.05 or less). 

Lung Volumes 

As shown in Table 3, differences between control and 
test days were generally small, although on test days sta
tistically significant increases in FRC and RV were 
recorded in the men at exposure of 120 min (P< 0.01). 

Flow- Volume Curves 

FVC, FEV 1.0 and V 50 were similar for both males and 
females (Tables 4 and 5) on control and test days. In the 
men, V 25 increased on control days in contrast to a slight 
decrease during smoke; thus results for test days were con
sistently lower than for control days, the difference being 
statistically significant only at 90 min (P< 0.05). The 
behavior of the women was less consistent, although they 
also recorded a Significantly lower V25 on the smoke day 
than the corresponding control value 60 min after exposure 
(P<0.05). 
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1.0 

CO Hb % 

1.0 

CO Hb % 

o. 

FEMALES 

• • • • • • : .• ~······.o·······oQ,'" • .-- .~ . ..... ~ ........ .().. . .. ~ 

CHAMBER EXPOSURE 

MALES . : 
\ • _.0 • D···· '. • ..0······.00······· ...... • ....... ()....... ~ 

o 30 60 90 120 150 180 

Time (min. ) 

CHAMBER EXPOSURE 

: p<O.Ol by paired t -test 

.p < 0.05 

Fig. 2. Comparison of mean estimated blood carboxyhemoglobin 
levels for men and women on test days (----) and control days 
(~. 

Qosing Volumes 

Closing volume data showed a substantial variability 
(Table 6). Technically acceptable tests were obtained in 
13 subjects and differences in response between test and 
control days were small and not statistically significant. 

Heart Rates 

Under control conditions a decline of resting heart rate 
was observed in men and wo'men (Fig. 3). The men showed 
a similar response during exposure to cigarette smoke; in 
the women, however, increases in heart rates were observed 
during smoke exposure, and these were higher than cor
responding control day values and significantly so (P < 0.05 
or less) from the 40th to the 80th min of exposure. 

Exercise Responses 

During exercise, the women had somewhat higher heart 
rates after exposures to cigarette smoke, th~ difference 
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Table 3.-Lung Volumes, Mean ± SD, BTPS 

Variable Time of 
Exposure 

Females VC o (pre-chamber) 
(n = 8) l20-min exposure 

60-min post-exposure 

FRC o (pre-chamber) 

120-min exposure 

60-min post-exposure 

Females 
(n = 8) 

RV o (pre-chamber) 

l20-min exposure 

60-min post exposure 

TLC o (pre-chamber) 

120-min exposure 

60-min post-exposure 

Males VC o (pre-chamber) 
(n = 9) l20-min exposure 

60-min post-exposure 

FRC o (pre-chamber) . 

l20-min exposure 

60-min post-exposure 

Males 
(n = 9) 

RV o (pre-chamber) 

l20-min exposure 

60-min post-exposure 

TLC o (pre-chamber) 

120-min exposure 

60-min post-exposure 

*P>0.05 

**p > 0.01 by paired t test 

from control experiments being significant at the lowest 
and highest workloads (Table 7), whereas in the men 
(Table 8) there was little difference between test and con
trol observations. Ventilation and V02 tended to be 
slightly larger on smoke-exposure days in the men, signifi
cantly so at the highest workload where differences meas
ured approximately 4% (P < 0.05). The only other signifi
cant difference was a higher breathing frequency prior to 
exercise observed in the men (P < 0.05). 

Subjective Reactions 

Despite the small amount of physiological change, most 
subjects found the exposure to cigarette smoke unpleasant 
(Table 9), the most frequently reported symptoms being 
eye irritation, nasal discharge and/or stuffiness, and cough. 

July/August 1978 

Control Test Difference 

3.48±0.75 3.54 ±0.77 0.06 ±0.25 

3.60 ±0.77 3.53 ±0.87 -0.07 ±0.18 

3.57 ± 0.74 3.53 ± 0.80 -004 ±0.21 

2.26 ±0.58 2.22 ± 0.54 -0.04 ±0.24 

2.23 ± 0.61 2.20 ±0.54 -0.03 ±0.18 

2.23 ± 0.64 2.14 ±0.59 -0.09 ± 0.16 

1.02 ± 0.25 0.99 ±0.28 -0.3 ± 0.12 

0.98 ± 0.25 1.02 ±0.26 0.04 ±0.13 

0.96 ±0.29 0.95 ±0.26 -0.1 ±0.18 

4.50 ± 0.97 4.54 ± 0.97 0.04 ± 0.21 

4.58 ± 0.99 4.55 ± 1.06 -0.03 ± 0.15 

4.53 ± 0.99 4048 ± 1.02 -0.05 ± 0.19 

5.74 ± 0.67 5.75 ± 0.70 0.01 ± 0.12 

5.70 ± 0.76 5.71 ± 0.65 0.01 ± 0.18 

5.74 ± 0.68 5.72 ± 0.66 -0.02 ± 0.14 

3.39 ± 0.79 3.38 ±0.52 -0.01 ± 0.43 

3.37 ± 0.76 3.53 ±0.68 0.16 ± 0.20* 

3041 ± 0.69 3.48 ± 0.75 0.07 ± 0.29 

lAO ± 0045 1.38 ± 0.28 -0.02 ± 0.26 

1.34 ± 0040 1.49±OAI 0.15 ± 0.15** 

1.35 ± 0044 1.43±0.51 0.08 ± 0.31 

7.14 ± 1.10 7.13 ± 0.94 -0.01 ± 0.29 

7.04 ± 1.10 7.20 ± 1.01 0.16 ± 0.22 

7.10 ± 1.04 7.16 ± 1.13 0.06 ± 0.21 

Discussion 

PhYSiologic Responses 

Blood carboxyhemoglobin levels. The increase of blood 
carboxyhemoglobin (HbCO) readings was similar to those 
found by Russell et al.1O in nonsmokers exposed for 100 
min to smoke containing a carbon monoxide concentra
tion of 38 ppm. Such increases are much lower than might 
be expected by applying the formula of Peterson and 
Stewart,39 which predicts that with a 120-min exposure 
to 24 ppm of CO, levels of blood HbCO should rise to 
almost 1.6%, with an equilibrium level of more than 2%. 
Unfortunately, the majority of available prediction equa
tions do not work well with exposures to relatively low 
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concentrations of carbon monoxide, particularly as equilib
rium is being approached. 

The present suggestion of changes in "25 with absence of 
~-change in static and dynamic lung volumes would be in 
keeping with such a view. The increase of FVC and FEV 1.0 

during exposure, with changes of questionable biological 
significance in "25 and no change in closing volumes, 
indicates, however, that the concentrations of smoke tested 
had little effect on the usually accepted measures of lung 
function. Retrospective examination of peak expiratory 
flow rates revealed no significant differences between days, 
suggesting little effect on large airways. 

Despite the fact that the percentage of HbCO levels 
increased, peak values were similar to those found by 
Russell et al. 10 in nonsmokers before exposure to cigarette 
smoke. Thus, although it has been suggested that passive 
exposure to cigarette smoke could interfere with oxygen 
transport and thus lead to deterioration of psychomotor 
performance ,40 ,41 the levels produced in the present 
experiment are insufficient to anticipate such an effect.42 

Lung function changes. Changes of vital capacity after 
the smoking of one cigarette43 ,44 are slight, and changes 
of pulmonary function due to smoking are more easily 
detected in the small airways than in the larger bronchi.45 ,46 

McDermott47 described increases in airway resistance 
upon exposure to very dense particulate clouds (> 19 mg/ 
m3), but the material concerned (coal dust) had a much 
larger particle size distribution than cigarette smoke and 

Table 4.-Data Obtained from Flow-Volume Curves of Women, Mean ± SO, BTPS 

Time of Exposure 
Variable in min Control Test Difference 

FVC, in liters 0 3.41 ±0.76 3.45 ± 0.77 0.04 ± 0.13 

30 3.40 ± 0.75 3.48 ± 0.69 0.08 ±0.19 

60 3.42 ± 0.74 3.48 ± 0.73 0.06 ± 0.22 

90 3.42 ± 0.74 3.46 ± 0.69 0.04 ± 0.18 

120 3.46 ± 0.76 3.49 ± 0.74 0.03 ± 0.20 

30 (post) 3.44 ± 0.71 3.40 ± 0.70 -0.04 ± 0.12 

60 (post) 3.43 ± 0.73 3.40 ± 0.68 -0.03 ± 0.24 

FEV 1.0' in liters 0 2.94 ± 0.48 3.03 ± 0.61 0.09 ± 0.22 

30 3.03 ± 0.65 3.05 ± 0.54 0.02 ± 0.19 

60 3.03 ± 0.69 3.07 ± 0.65 0.04 ± 0.15 

90 3.04 ± 0.64 3.09 ± 0.63 0.05 ± 0.10 

120 3.06 ± 0.67 3.07 ± 0.69 0.01 ±0.12 

30 (post) 3.03 ± 0.63 2.94 ± 0.59 -0.09 ± 0.17 

60 (post) 3.03 ± 0.67 3.00 ± 0.64 -0.03 ± 0.18 

Flow 50% VC, in 
liters/sec 0 4.21 ± 1.16 4.10 ± 0.92 -0.11 ± 0.3 

30 4.16 ± 0.81 4.16 ± 0.87 0.00 ± 0.28 

60 4.31 ± 1.23 4.21 ± 1.13 -0.10 ± 0.30 

90 4.20 ± 0.99 4.24 ± 1.10 0.04 ± 0.27 

120 4.25 ± 1.12 4.23 ± 1.24 -0.02 ± 0.28 

30 (post) 4.15 ± 1.14 3.86 ± 0.94 -0.29 ± 0.56 

60 (post) 4.17 ± 1.28 4.00 ± 0.97 -0.17 ± 0.59 

Flow 25% VC, in 
liters/sec 0 2.07 ± 0.64 2.01 ± 0.61 -0.06 ± 0.20 

30 2.10 ± 0.64 2.14 ±0.70 0.04 ± 0.22 

60 2.05 ± 0.61 2.06 ± 0.77 0.01 ± 0.35 

90 2.02 ±0.54 2.15 ± 0.69 0.13 ± 0.25 

120 2.08 ± 0.63 2.09 ± 0.66 0.01 ± 0.21 

30 (post) 2.13 ± 0.66 2.01 ± 0.59 -0.12 ±0.28 

60 (post) 2.15 ± 0.61 2.00±0.71 -0.15 ±0.19* 

*p < 0.05 by paired t test. 
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Table 5.-Data Obtained from Flow-Volume Curves of Men, Mean ± SO, BTPS 

Time of Exposure, 
Variable in min 

FVC, in liters 0 

30 

60 

90 

120 

30 (post) 

60 (post) 

FEV 1 .0' in liters 0 

30 

60 

90 

120 

30 (post) 

60 (post) 

Flow 50% ve, in 
liters/sec 0 

30 

60 

90 

120 

30 (post) 

60 (post) 

Flow 25% ve, in 
liters/sec 0 

30 

60 

90 

120 

30 (post) 

60 (post) 

* P < 0.05 by paired t test. 

had a tendency toward impaction in the large airways. 
The studies concerned also used oral rather than nasal 
inhalation of particles, a further factor that tended to 
increase the response of the bronchial tree. 

Circulatory responses. Previous reports on circulatory 
responses to passive accumulations of cigarette smoke 
have been conflicting. Harke and Bleichert48 found no 
change in ECG, skin temperature, blood pressure, or pulse 
frequency when adult nonsmokers were exposed to ciga
rette smoke for 30 min. In an experiment that seems less 
well controlled, Luquette and associates49 noted an 
increase of heart rate and of systolic and diastolic blood 
pressures with passive exposure of children. The decrease 
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Control Test Difference 

5.36 ± 0.71 5.38 ± 0.71 0.02 ± 0.14 

5.42 ± 0.76 5.49 ± 0.77 0.07 ±0.14 

5.41 ± 0.78 5.45 ± 0.80 0.04 ± 0.13 

5.43 ± 0.78 5.46 ±0.80 0.03 ± 0.11 

5.41 ±0.80 5.46 ± 0.79 0.05 ± 0.08 

5.44 ± 0.73 5.46 ± 0.73 0.02 ± 0.14 

5.39 ± 0.73 5.51 ±0.78 0.12 ± 0.14 

4.35 ± 0.72 4.36 ± 0.71 0.01 ±0.15 

4.45 ± 0.71 4.49 ± 0.67 0.04 ± 0.15 

4.51 ± 0.80 4.48 ± 0.69 -0.03 ± 0.18 

4.50±0.74 4.48 ± 0.74 -0.02 ± 0.06 

4.50 ±0.69 4.53 ±0.73 0.03 ±0.09 

4.45 ± 0.69 4.46 ± 0.65 0.01 ± 0.11 

4.47±0.66 4.53 ± 0.68 0.06 ± 0.10 

5.04 ± 1.41 5.04 ± 1.42 0.00 ± 0.45 

5.09 ± 1.37 5.19 ± 1.31 0.10 ± 0.42 

5.29 ± 1.41 5.18 ± 1.38 -0.11 ± 0.44 

5.37 ± 1.43 5.26 ± 1.46 -0.11 ± 0.29 

5.32 ± 1.31 5:26 ± 1.45 -0.06 ± 0.30 

5.07 ± 1.36 5.08 ± 1.31 0.01 ±0.19 

5.30 ± 1.27 5.32 ± 1.36 0.02 ± 0.22 

2.25 ± 0.83 2.38 ± 0.83 0.13 ± 0.28 

2.43 ± 0.90 2.33 ± 0.78 -0.10 ± 0.26 

2.47 ± 0.83 2.34 ± 0.62 -0.13 ± 0.33 

2.47 ± 0.79 2.36 ± 0.73 -0.11 ± 0.14* 

2.53 ± 0.90 2.45 ± 0.85 -0.07 ± 0.27 

2.43 ± 0.88 2.37 ± 0.84 -0.06 ± 0.28 

2.48 ± 0.81 2.59 ± 0.97 0.11 ± 0.33 

of heart rate in our control experiments is probably partly 
a consequence of prolonged sitting and partly an expres
sion of some sensory isolation in the exposure chamber. 
The increase of resting heart rate that occurred in the 
female subjects during the first 30 min of test exposures 
is of the order encountered through the effects of absorbed 
nicotine when habitual smokers consume one ciga-
rette.38 ,so ,51 

Approximately 1.27 mg of nicotine is released in the 
sidestream and 0.46 mg in the mainstream smoke from a 
single cigarette,6 although the highest levels recorded by 
Hinds and First 12 in a survey of public places was only 
10 fJ.gjm 3 • Some nicotine is absorbed by the nonsmoker,9,10 
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Table 6.-0osing Volumes as a Percentage of Vital Capacity* 

Time of Exposure, 
Subject in min 

Females o (pre-chamber) 
(n = 6) 

120-min exposure 

60-min post-exposure 

Males 0 
(n = 7) 

120-min exposure 

60-min post-exposure 

*Mean ±SD 

eventually appearing in the plasma and urine; the rate of 
absorption has yet to be determined under controlled con
ditions, however. Russell and Feyerabend15 concluded 
that nicotine was excreted almost as fast as it was absorbed, 
so that physiological effects were unlikely in nonsmokers 
even after sustained exposure to a smoke-filled room. If 
the effect noted in our female subjects was indeed a phar
macological rather than a psychological reaction to the 
smoke, it is difficult to explain the absence of response in 
the male subjects. 

Exercise responses. The modest increase of respiratory 
minute volume and the associated increase in the oxygen 
cost of vigorous effort in the men could be interpreted as 
a direct response to irritation of the airways; if this is the 

FEMALES 

90 • 

•••••• A ••••• "o •••••••••••• a. ••••• ~ ••••••••• ~! .... :, ........... .". .... '" 
beals I min 8 

70 

J 

85 

65 

1 

30 

MALES 

30 

60 90 120 

60 90 120 

Time (min. ) 
: p<O.Ol by paired I -Iesl 

.p<O.05 

Fig. 3. Comparison of mean resting heart rates during exposure for 
men and women on test days (----) and control days (---"1. 
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Control, Test, Difference, 
% % % 

8.57 ±4.85 8.85 ± 4.46 0.28 ± 1.44 

7.81 ±2.86 8.39 ± 2.47 0.58 ± 1.4 

7.76 ±4.64 8.54 ±4.15 0.78 ± 2.5 

8.89 ± 2.06 8.69 ± 1.65 -0.20 ± 1.79 

8.27 ± 1.97 9.27 ± 2.21 1.00 ± 1.24 

10.07 ± 2.47 9.14 ±2.75 -0.93 ± 2.99 

case, however, it is surprising not to find an increase of 
respiratory rate with a decrease of tidal volume.37 The .. ~ 
increase could also be a pharmacological response to pico
tine; local effects of this compound are quite conceivable 
even if excretion of the absorbed fraction is rapid. The 
increase of oxygen consumption in vigorous work seems 
too large to attribute just to the added ventilation,52 and 
one might suspect that the smoke has also led to some 
augmentation in the unit cost of ventilation. 53 

Symptomatic Responses 

In view of the low cigarette equivalent (see subsection 
Cigarette Equivalents) the small physiological changes 
induced by the cigarette exposure are not surprising; thus 
the main argument for smoke-free air seems symptomatic 
rather than physiological. The cause of such annoyance is 
probably neither CO nor suspended particulate matter 
(SPM) but rather exposure to strong irritants and unpleas
ant odors, including phenols, aldehydes, and organic acids.12 

The subjects were also inevitably aware of the presence of 
the smoke, and the reported reactions may have been influ
enced by underlying beliefs and attitudes.54 Eye irritation 
has been suggested as the main known acute effect of 
exposure to environmental tobacco smoke,54 although the 
extent of this reaction in the general population, the levels 
at which it occurs, and its influence on fine vision are not 
yet known. Nasal congestion or obstruction often occurs, 
encouraging mouth-breathing; this in turn is likely to 
increase an individual's vulnerability to airborne substances 
normally trapped by nasal ftltration. 55 

Choice of Exposure Conditions 

Although there were several statistically significant dif
ferences between physiological data for test and control 
days, these responses were small and were of somewhat 
questionable biological significance. Although the possi
bility exists that marked responses could have been evolved 
by higher smoke concentrations, the concentrations used 
were realistic maxima (and some subjects commented that 
conditions were the worst they had ever experienced). 
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Table 7.-Responses of Women to Submaximum Bicycle Test Immediately Post Exposure, Mean ± SD 

Variable 

V E' liter/min, BTPS 

Number of breaths per min 

Heart rate, beat/min 

V02 , liter/min, STPD 

**P<O.Ol by paired t test. 

aElapsed time of bicycle test. 

Number 
of 

Subjects 

10 

10 

10 

9 

bFive minutes after subjects stopped pedaling. 

Time, in mina 

At rest 

2 

4 

7 

Recov.5b 

At rest 

2 

4 

7 

Recov.5 

At rest 

2 

4 

7 

Recov.5 

At rest 

2 

4 

7 

Recov.5 

While CO readings as high as 60 to 90 ppm have been 
reported,3,56 these seem to be exceptional cases, and read
ings of 5 to 15 ppm are much more common in public 
places where smoking is allowed.8 ,11,16,57 Even in restau
rants and bars that are poorly ventilated and heavily con
taminated by smoke, CO concentrations do not usually 
exceed 20 to 40 ppm. 10,16 In terms of SPM our levels were 
undoubtedly higher than the figure of 0.1 mg/m3 cited by 
Hinds and First. 12 It is also interesting to note that our 
observed and estimated levels of CO and SPM exceeded 
the criteria of the Province of Ontario, Canada, for desir
able ambient air quality-i.e., 13 ppm CO for an 8-hr expo
sure and 0.12 mg/m3 SPM for a 24-hr exposure (Ontario 
Ministry of Environment, Air Resources Branch). 

Cigarette Equivalents 

Although realistic concentrations were used in our 
experiments, because of practical considerations the dura
tion of the acute exposure was relatively brief. It might be 
postulated that in individuals who are exposed to similar 
levels of smoke for longer periods, the small but consistent 

July/August 1978 

Control Test Difference 

8.71 ± 3.10 8.9 ± 2.43 0.20 ± 2.74 

20.19 ± 3.58 21.67 ± 2.94 1.48 ± 2.46 

31.15 ± 4.76 32.37 ± 5.07 1.22 ± 1.84 

48.07 ± 7.17 48.33 ± 8.74 0.26 ± 3.62 

13.97 ± 2.19 14.11 ± 3.25 0.14 ± 2.96 

12.8 ± 4.08 12.4 ± 3.06 -0.4 ± 3.31 

19.3 ± 2.91 19.7 ± 3.40 0.4 ± 2.84 

25.2 ± 2.90 24.1 ± 3.51 -1.1 ±2.02 

31.5 ± 3.72 30.7 ± 4.62 -0.8 ±2.49 

16.5 ± 4.25 17.7 ± 3.30 1.2 ± 3.46 

80.9 ± 14.65 83.9 ± 13.33 3.0 ± 8.81 

117.9 ± 13.67 124.2 ± 15.20 6.3 ± 6.77** 

138.5 ± 9.78 142.4 ± 12.29 3.9 ±6.98 

164.2 ± 8.47 168.7 ± 8.46 4.5 ± 2.95** 

104.5 ± 18.83 107.2 ± 16.87 2.7 ±8.62 

0.24 ± 0.05 0.26 ± 0.05 0.02 ± 0.06 

0.88 ± 0.13 0.90 ± 0.22 0.02 ± 0.19 

1.18 ± 0.30 1.19 ± 0.32 0.01 ± 0.08 

1.51 ± 0.45 1.48 ± 0.44 -0.03 ± 0.15 

0.29 ± 0.07 0.29 ± 0.05 0.0 ±0.05 

changes observed in this study would be augmented and 
more biologically significant. Night club employees such 
as waiters commonly work regular 8-hr shifts in such con
ditions. 16 

There is, perhaps, some virtue in establishing a cigarette 
equivalent based on the amount of smoke inhaled passively 
relative to that inhaled when smoking actively.6,12 Prob
lems arise, however, from differences between sidestream 
and mainstream smoke. Furthermore, tobacco smoke is 
extremely complex, and the effects of a single component 
may be masked or altered by the actions of other com
ponents as well as of nontobacco contaminants. Passively 
inhaled particles do not penetrate to the same depth as 
they do during active smoking, and a large fraction may 
well be filtered out in the nose;55 thus nasal filtration 
makes it difficult to establish the lung particulate burden. 
Such constituents of the vapor phase as nicotine are 
absorbed from both nasal mucosa and bronchial epithelium. 

Previous estimations of cigarette equivalents, based on 
observed levels of various smoke components, have yielded 
figures that are quite low: Hoegg6 calculated 0.01 to 0.20 
cigarettes per hour from CO and particulate levels, while 
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Table 8.-Responses of Men to Submaximum Bicycle Test Immediately Post-Exposure, Mean ± SD 

Number 
of 

Variable SUbjects Time, in mina 

\1 E' liter/ min, BTPS 10 At rest 

2 

4 

7 

Recov.5b 

Number of breaths 10 At rest 
per min 2 

4 

7 

Recov.5 

Heart rate, beat/min 10 At rest 

2 

4 

7 

Recov.5 

\1°2 , liter/min, STPD 9 At rest 

2 

4 

7 

Recov.5 

**p < 0.01 by paired t test 

* p < 0.05 by paired t test 

aElapsed time of bicycle test. 

bFive minutes after subject stopped pedaling. 

Hinds and First12 suggested an equivalent of 0.009 ciga
rettes per hour, from observed levels of nicotine and esti
mated particulates. Thus under realistic conditions it is 
unlikely that a passive smoker inhales the equivalent of 
more than two cigarettes per 8-hour work shift. Over such 
an extended period normal clearance mechanisms would 
be sufficient to avoid most immediate physiological 
responses, although it is questionable whether this remains 
the case with continued work (i.e., chronic exposures) in 
such an environment, considering the cumulative exposure 
to carcinogens. Moreover, on those rare occasions when 
CO levels do rise to greater than 40 ppm, the angina thresh
old in patients with ischemic heart disease could be 
lowered.16 ,58 

Air Quality Criteria for Cigarette Smoke 

Can one conclude from the small amount of physio
logical changes reported here that passive exposure to 
cigarette smoke has little Significance for the healthy adult? 
One problem in setting air quality criteria is that for every 
ten persons exposed there may be only one or two who 
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Control Test Difference 

10.19 ± 1.58 11.10 ± 1.86 0.91 ± 1.38 

34.72 ± 7.09 35.89 ± 7.72 1.17 ± 6.56 

51.24 ± 9.59 52.64 ± 5.81 1.40 ± 6.08 

75.26 ± 13.39 77 .94 ± 13.86 2.68 ± 2.94** 

16.46 ± 3.63 17.22 ± 4.00 0.76 ± 2.70 

13.0 ± 2.90 15.4 ± 4.59 2.4 ± 3.21* 

21.4 ± 5.48 21.5 ± 5.03 0.1 ± 3.30 

23.4 ± 5.25 23.8 ± 5.19 0.4 ± 1.80 

28.3 ± 5.45 29.3 ± 7.30 1.0 ± 3.12 

16.4 ± 3.71 17.0 ± 3.24 0.6 ± 2.40 

68.5 ± 12.84 68.6 ± 11.36 0.1 ± 8.02 

113.2 ± 10.33 113.9 ± 9.64 -0.1 ± 4.82 

136.2 ± 9.13 136.1 ± 10.29 -0.1 ± 4.63 

158.3 ± 9.76 159.8 ± 9.66 1.5 ± 4.53 

92.0 ± 15.32 90.3 ± 13.52 -1.7 ± 14.55 

0.34 ± 0.06 0.39 ± 0.70 0.05 ± 0.05 

1.43 ± 0.15 1.47 ± 0.16 0.04± 0.13 

1.95 ± 0.22 1.98 ± 0.24 0.03± 0.14 

2.47 ± 0.25 2.65 ± 0.36 0.18 ± 0.18* 

0.38 ± 0.08 0.43 ± 0.11 0.05 ± 0.07 

react;59 thus, mean results from small samples may not be 
particularly sensitive in indicating a physiological thresh
old. We can conclude, however, that, on average, physio
logical responses as measured are minimal in normal sub
jects as a consequence of acute exposure, and thus 
arguments concerning adverse effects rest on (i) sympto
matology, (ii) possible impairments of fine vision, (iii) the 
unknown risks of chronic exposure, (iv) a possible lower
ing of angina threshold in patients with ischemic heart 
disease, and (v) a possible greater sensitivity in individuals 
with hyperreactive airways. Since the majority of the adult 
North American population are nonsmokers, these appear 
to be sufficient reasons for applying statutory limitations 
on the accumulation of cigarette smoke in public places. 

Appendix 

Choice of Exposure Conditions 

Cigarette smoke has several fractions that include main
stream smoke (the portion inhaled by a smoker during a 
puff), side stream smoke (emitted from the burning cone 
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40 

30 

co ( ppm) 

10 

(I 30 60 

Observed -

Theoretical ----

90 120 

TIME ( minJ 

Fig. 4. TheOlreticai and ob§eIVed behavior of carbolll monoxide levels over 2-m smoke exposure period with an 
ambient level of 3.5 ppm. (Theoretical behavior bared on Penkala and de Oliveira, 14 

between puffs), and other minor components (smoulder 
stream, glow stream, effusion stream, and diffusion stream, 
together totaling less than 5% the volume of side stream 
smoke).60 

Mainstream smoke was included in these exposures 
because a smoker's retention of this portion is incomplete. 
With buccal inhalation only 20% to 50% of smoke particles 

Table 9.-Number of Subjects Experiencing Various Symptoms 
Dllring Smoke Exposme in Ten Malies ami Ten FemaJ.es 

Symptom 

Nausea 

Cough 

Sputum 

Sore throat 

Shortness of breath 

Nasal discharge and/ or 
stuffiness 

Wheezing 

Tightness in chest 

Dizziness 

Eye initation 

Headache 

Male 

2 

3 

4 

7 

9 

2 

Female 

o 
6 

4 

2 

2 

4 

o 

10 

1 

Subsequent to the submission of the report a paper by Weber et 
al.68 showed that the eyes are the most sensitive to cigarette 
smoke irritants, the nose the nex t most sensitive. 

July/August 1978 

are retained in the mouth, although with full inhalation 
retention is at least 70%.61-64 The retention of individual 
constituents of the vapor phase varies with the properties 
of the gases and vapors concerned. Only 55% of CO is 
absorbed even after deep inhalation, whereas 99% of nitro
gen dioxide (N02) is retained after only partial inhala
tion.64 ,65 

So that the smoke concentrations adopted in our study 
would be realistic, we decided to conduct a preliminary 
survey of cigarette concentrations in public places,16 using 
as our index of pollution the increment of CO concentra
tion relative to local ambient conditions. The observed 
mean value for night clubs was approximately 5 ppm 
(SD 9 ppm), but in one of the clubs monitored, CO levels 
attributable to tobacco smoke were greater than 20 ppm 
on two occasions. 

Using these figures we decided to sustain CO levels of 
approximately 20 ppm throughout exposures. Initial cham
ber levels approximately 24 ppm above ambient level were 
produced by mechanical smoking of four cigarettes. The 
subject then entered the chamber and remained seated for 
2 hr. Because a technician entered the chamber every 30 
min to administer tests (see Table 2), some of the cigarette 
smoke escaped through the doorway. Additional losses were 
incurred with respiratory absorption by the subject and 
technician, reduction in the continuously sampling CO 
monitor (700 ml/min), and natural clearance mechanisms 
such as coagulation, impaction, gravitational setting, and 
chemical reactions. 14 To compensate for these various 
losses one additional cigarette was smoked every 30 min. 
(The slight quantity of CO produced by the subject, 
approximately 0.4 ml per man per hr66 •67 is negligible in 
the present context.) 
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Suspended 

Particulate 

Matter 

(mg 1M 3 ) 

........ 
4 ••.•.. 

.................... \ .••..•....••..••. //........ .. 
................. / •..........•..•...... 

o 30 60 90 120 

TIME ( min. ) 

Fig. 5. Theoretical levels of SPM over 2-hr smoke exposure period, 
assuming a sealed chamber. (Theoretical behavior based on Penkala 
and de Oliveira.14 

Throughout test and control exposures, CO levels were 
monitored using a CO ecolyzer (Energetics Science, Inc., 
Model 2400). On "smoke" days CO levels declined from 
an initial 28.5 ppm to 19.5 ppm (including an ambient 
background averaging 3.5 ppm) over the 2-hr exposure 
period, giving a mean level of 23.2 ± 2.9 ppm (Fig. 4). The 
mean level on control days was 4.1 ± 03 ppm (range 3.6 to 
4.4). 

Carbon monoxide is apparently reactive when studied 
in small, enclosed places, and under such conditions it has 
a "half-life" of approximately 84 min.14 Since the emis
sion rate is ~ 85 ml CO per cigarette, the behavior of the 
gas in an unoccuppied sealed room may be estimated as 
shown in Figure 4. Comparison of predicted and our 
observed data suggests that losses amounted to about 5 
ppm (or 20%) over the 2-hr exposure, and similar losses of 
other gaseous components of tobacco smoke might be 
anticipated. 

Suspended particulate matter was not routinely measured 
during experiments; concentrations were measured in 
separate experiments, however, using an electrostatic pre
cipitator (Mine Safety Appliances Co.). The data obtained 
can only be considered a crude estimate, since with this 
apparatus samples are collected over time (15 min) and 
then weighed. Thus final values would fall between the 
levels present at the beginning and the end of sampling. 
Such estimates showed that concentrations ranged between 
> 4 mg/m3 and 2 mg/m3 during exposure. 

Penkala and de Oliveira,14 using experimental condi
tions similar to ours, found the "half-life" of SPM to be 
quite different from that of CO (i.e., 43 min). They moni
tored SPM with a Sinclair-Phoenix Smoke Photometer, a 
device that is superior to the electrostatic precipitator and 
is probably more accurate than the Cambridge Filter 
method 67 used by previous investigators,6 since filtration 
methods trap the concentrated aerosol before dilution and 
before any significant amount of volatile components (and 
water vapor) can evaporate and thus cause an overestima-

212 

--1:ion of particulate levels. Figure 5 shows the estimated 
chamber levels of SPM, assuming an emission rate of 17.2 
mg per cigarette and a "half-life" of 43 min.14 Predicted 
values decline from a peak of 4.6 mg/m3 to a minimum of 
23 mg/m3 , and levels would be reduced by at least the 
same amount as CO-(i:e., 20%); thus the actual minimum 
SPM value would have been approximately 1.8 mg/m3 . 

Our electrostatic precipitator data give fair support to these 
theoretical estimates. 

Although the chamber was not equipped to control 
temperature and humidity, the former· was monitored 
throughout, with means of 25.2°C ± 03° and 24.6°C± 03° 
being recorded for test and control days, respectively. 
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