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ENVIRONMENTAL K
TOBACCO SMOKE

Jonathan M. Samet, M. D., M.S., William S. Cain, Ph.D,,
Brian P. Leaderer, Ph.D., M.P.H.

Extensive toxicologic, experimental, and epidemiologic data, largely collected

e - since the 19505, have established that active cigarette smoking is the major pre-

ventable cause of morbidity and mortality in the United States (U.S. Department
of Health, Education, and Welfare [DHEW] 1979; U.S. Department of Health and
Human Services [DHHS] 1989). More recently, involuntary exposure o tobacco

- smoke hasbeen investigated as a risk factor for disease and also found tobe a cause

of preventable morbidity and mortality in nonsmokers. The 1986 report of the
surgeon gencral on smoking and health (U.S. DHHS 1986) and a report by the
National Rescarch Council (NRC 1986a), also published in 1986, comprehen-
sively reviewed the data on involuntary exposure to tobacco smoke; both reports
concluded that involuntary smoking was a cause of disease in nonsmokers.

This chapter will summarize the converging evidence on the health eftects of
involuntary exposure to tobacco smoke. To date, research on involuntary smoking
has focused on respiratory effects although recent investigations have examined
associations with diverse conditions including nonrespiratory cancers, ischemic

heart disease, age at menopause, sudden infant death syndrome, and birth weight
(Table 6.1).

EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE

CHARACTERISTICS OF ENVIRONMENTAL TOBACCO SMOKE

Nonsmokers inhale environmental tobacco smoke (ETS), the combination of
the sidestream smoke that is released from the cigarette’s burning end with the
mainstream smoke exhaled by the active smoker (First 1985). The inhalation of
ETS is generally referred to as passive smoking or involuntary smoking. The
exposures of involuntary and active smoking differ quantitatively and, to some
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CARBON
MONOXIDE

David B. Coultas, M.D.
il William E. Lambert, Ph.D.

Carbon monoxide (CO) is a colorless. odorless gas produced by incomplete com-
bustion of carbonaceous fuels such as wood, gasoline, and natural gas (National
Research Council [NRC] 1977). Inhalation of CO, because of its marked affinity
for hemoglobin, impairs oxygen transport and often manifests as adverse effects in
the cardiovascular system and in the central nervous system. The severity of the
health effects increases with the level and duration of exposure to CO.

Exposure to CO may be from outdoor and indoor sources with levels of ex-
posure that vary widely from low concentrations with subtle effects to higher levels
and acute poisoning. Although only few data are available on the overall public
health impact of CO, it is a public health concern because of its many sources. In
the United States, CO is a leading cause of death from poisoning (U.S. Department
of Health and Human Services {DHHS] 1987), with an estimated 1,800 accidental
deaths annually (U.S. Public Health Service [PHS] 1982). Many of these deaths
have been associated with extreme exposures in indoor residential settings caused
by faulty or improperly vented combustion appliances. The health effects of low-
level exposures to CO are also considered an important public health problem
because of the large population at risk.

In this chapter we review exposure to CO as an indoor air pollutant. However,
" since health data based directly on indoor exposures are limited, we have included
information from outdoor exposures or experimental exposures which reflects
levels of CO that may be found indoors. The pathophysiology of CO is presented
in the first section. This is followed by a description of the sources and levels of
exposure to CO. Finally, manifestations of CO intoxication and the health effects

of exposures to low levels of CO are reviewed.
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Table 8.6 Selected Experimental Studies of Normal Human Volunteers on the Neurobehavioral Effects of Exposure to Low Levels of CO

Reference

Subjects Exposure Measure of Effect Findings
Halperin et al. (1959) 4 males, 16-25 100% CO delivered in Discrimination of light in- Visual sensitivity was impaired at
years of age varying amounts tensity COHb level of 3.0% and worsened
with increasing COHDb I
Hosko 1970 14 males, 24-42 0.25-24 h of <I, 25, EEG and visual evoked Changes from baseline fou‘::lin VER
years of age 50, 100, 200, 500, response (VER) at COHb levels of 20-22%

Stewart et al. (1970) 18 males, 24-42

years of age

Luria and McKay 12 nonsmokers,
(1979) 6 smokers,
19-43 years
of age

Horvath, Dahms, and
O’Hanlon (1971)

10 male non-
smokers, 21-
32 years of
age

and 1,000 ppm CO
0.5-24 h of <1, 25,

50, 100, 200, 500.

and 1,000 ppm CO

18 min of 195 ppm
co

2.25 h of 0, 26, or
111 ppm CO

Symptoms, VER, visual
and auditory tests, tests
of reaction time and co-
ordination

Night vision sensitivity,
reaction time from visu-
al stimulus, eye move-
ments for letter search,
VER

Tested vigilance by judg-
ing light intensitics over
1h

Exposure to 100 ppm for 8 h resulted
in OOHb of 11-13% but no impair-
ment of performance; mild head-
ache noted after 4 h of exposure to
200 ppm CO and 1-h exposure to
500 ppm CO; changes in VER oc-
curred at 20% COHb or above; im-
pairment in manual dexterity only at
COHb of 28%

Mean COHb 9% in nonsmokers and
COHDb level ranged from 10.2 to
13.3% in smokers; no consistent
changes in any mcasures were
found

Vigilance impaired at a mean COHb
level of 6.6% after breathing 111
ppm CO

Beard and Wertheim 18 subjects
(1967)
Wright and Shephard 3 experiments
(1978) with 2, 7, and
5 subjects. re-
spectively
McFarland (1973) 27 subjects, 20—
50 years of
age
Benigaus et al. 52 males
a9

Varying times at 0,
50, 100, 175, and
250 ppm CO

Experiment 1: 0, 30,
50, and 75 ppm
Cco

Experiment 2: Air or
CO exposure com-
bined with sur-
rounding office
noise or silent con-
ditions

Experiment 3: Air or
CO over 10 differ-
ent days

Blinded exposure to
air or 700 ppm CO
for varying times

0, 100, and 200 ppm
co

Discrimination of time in-
tervals with paired
tones

Discrimination of time in-
terval with paired tones

Psychomotor tasks, dark
adaptation and glare re-
covery, peripheral vi-
sion, depth perception,
driving performance

Vigilance task of reporting
when 3 consecutive
even or odd digits seen
among 667 digits

The percentage of correct responses
decreased with increased exposure;
however, COHDb levels unavailable

Experiment 1: the percentage of cor-
rect responses decreased with in-
creased exposure and COHb levels
of 0.7, 2.0, 3.2, and 4.7%

Experiment 2: No consistent effects of
CO with the varied exposure condi-
tions

Experiment 3: Mean COHb 4.9% but
no effect of CO observed

Mean COHb levels were <4, 6, 11,
and 17% decrement in peripheral
vision with CO exposure, but no
effect on other measures

Mean COHDb levels were 0.61, 4.6,
12.6%; no effect of CO on vigilance
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tests. Most exposures have been at sea level, but no additional decrements in
exercise performance have been found with CO exposure at higher altitudes
(Weiser et al. 1978; Horvath et al. 1988).

n-

» FEspeo-

tio of oxygen

oXygen uptake

Experimental Studies of Effects on Patients with Cardiovascular and Peripheral
Vascular Disease Since the carly 1970s, numerous investigations studies have
been conducted to examine the effects of exposure to low levels of CO on exercise
tolerance in patients with vascular disease (Table 8.8). The results of most of these
studies have indicated that patients with vascular disease have earlier onset of
angina or claudication at COHb levels between about 2 and 5 percent. Although
the validity of the investigations conducted by Aronow and his co-workers (1972,
1973, 1974, 1975; Aronow 1981) has been questioned (Budiansky 1983), subse-
quent investigations have obtained similar results to those repotted by Aronow and
his co-workers (Tablc 8.8).

Kleinman and Whittenberger (1989) reported that the exercise tolerance of
twenty-four men with reproducible angina was reduced 5.8 percent, and maximal
oxygen uptake was decreased 2.2 percent after exposure to 100 ppm for two hours.
In a multicenter study (Warren et al. 1989), sixty-three men with reproducible
angina and clectrocardiographic (ECG) changes indicative of myocardial ischemia
were studicd at two levels of cxposure sullicient to result in COHb levels of 2 and 4
percent. Relative to filtered air, mean time to onsct of angina was reduced 4 and 7
percent, respectively. ECG changes preceded angina, and the time to onsct of ST
segment depression was reduced by 5 and 12 percent, respectively.

ly, compared with no ex-

posure
5% decrement in mean total walk-

ing time and 1.9% decrement in

VO, pex fOr nonsmokess with
CO exposure but no decrement

among smokers
Mesn exercise time decreased 5% -
VO, pax decreased 4.9 and

7.0% at the low and high ex-
Pposures, respectively

work decreased 10.0%, and
V0, .ex decreased 3.5%

did not result in an additional
decline at a given altitude

CO and altitude at 22,134 m de-
creased Vo, ..., but COHb

creased 12.0 and 14%,
time decreased 3.8%, total

debt 1o total

With CO exposure, total exercise

Oxygen debt and
Regardiess of delivery mode,

5.09 = 0.11
Not provided

Mesa COHb (%)
395+ 1.87°
25+030
3.95 £ 0.49
3.18-3.35
4.25-4.30

f 0.5% CO

occasions

Double-blind:

a bolus method or grad-

ual increments on two
to achieve 5% COHb

CO bolus and rebreathing
Double-blind:

0.27 ppm PAN
100 ppm CO delivered by

Exposare

i of
50 ppm CO .
CO + PAN

Double-blind, 100 ppm CO

Filtered air
75 ppm CO
Filtered air
0 ppm CO
50 ppm CO
100 ppm CO
150 ppm CO

Filtered aic

Effects on Patients with Chronic Lung Disease The available literature concern-
ing the effects of CO on patients with chronic obstructive lung disease is limited
and does not provide definite conclusions (Aronow, Ferlinz, and Glauser 1977;
Calverley, Leggett, and Flenley 1981). Calverley, Leggett, and Flenley (1981)
studied fifteen patients with severe chronic obstructive pulmonary disease, mean
FEV, of 0.56 liters, and measured the distances walked during a series of twelve-
minute walks after breathing air, 2 liters of oxygen, air, and 0.02 percent CO per
minute; and 2 liters of oxygen arid 0.02 percent CO per minute. The mean increase
in COHb was 9.2 percent, which resulted in a mean decrease of 43 m in the
walking distance after breathing air and CO. However, since the CO exposures
were always last, the decrease in exercise time may have resulted from fatigue.

forl1h
Single-blind:

for S

th & mean Vo, ., of

treadmill ex-

to exhaustion

iR wi
1.8 1/

smokers; exercised to maximal
aerobic capacity at simulated

pipe smoker; treadmill exercise

to cxhaustion
altitudes of 55, 1,524, 2,134,

24.7 years; treadmill exercise
and 3,048 m

to exhaustion at altitude of

1,610 m
11 males and 12 women non-

treadmill exercise to exhaus-

tion
4 healthy males, 24-33 years, 1

smokers, with mean age 50.7;

years; bicycle
and 10 smokers:

ercise

9 males, 1 female, normal non-
9 male nonsmokers, mean age

20 pormal males, 10 nonsmokers,

Subi
10 nensmokers, mean age 30

Epidemiologic Studies of Effects on Patients with Cardiorespiratory Dis-
ease Several investigations have been conducted to examine the relationship
between ambient CO levels and cardiorespiratory effects (Cohen, Deane, and
Goldsmith 1969; Hexter and Goldsmith 1971; Kuller et al. 1975; Kurt, Mogiel-
nicki, and Chandler 1978; Kurt et al. 1979). The health effects that have been
examined have ranged from emergency room visits for dyspnea and nontraumatic
chest pain to mortality from myocardial infarction. Most of these studies found an
association between outdoor measurements of CO and adverse health outcomes.

vel from alveolar gas.

Refereace

Table 8.7 Sclecied Experimental Stdics of Normal Homan Volumteers on the Effects of Low Levels of CO on Exercise Perfoamas
Chevalier, Knumholz, 25-3.5
Double-bli;

and Ross (1966)

(1975)

Aronow and Cassi
Horvath ct al. (1975)
Weiser et al. (1978)
Horvath et al. (1988)
“Calculated COHb ke
*PAN, peroxyacetyl nitrate.

Drinkwater et al.
(1974)
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Table 8.8 Selected Experimental Studies of the Effects of Low Levels of CO Exposure on Patients with Atherosclerotic Heart Disease

Reference

Subjects/Exposure

Exposure

Mean COHb (%)

Findings

Anderson et al,
(1973)

Aronow et al.
(1972)

Aronow and
Isbell (1973)

Aronow et al.
(1974)

Aronow (1981)

Sheps (1985)

Adams et al.
(1987)

Kleinman and
Whittenberger
(1989)

Warren et al.
(1989)

10 males with stable an-
gina, 5 were smokers,
mean age 49.9 years, in-
cremental treadmill ex-
ercise until onset of
angina

10 males with angina, 3
were smokers, mean age
48 years; bicycle
ergometer exercise until
onset of angina

10 males with angina, non-
smokers; bicycle
ergometer exercise until
onset of angina

10 males with intermittent
claudication, confirmed
angiographicalty

15 subjects with stable an-
gina, 14 males, 1
female, nonsmokers; bi-
cycle ergometer exescise
until onset of angina

30 subjects with ischemic
heart disease, non-
smokers; type of ex-
ercise unknown

30 subjects with ischemic
heart disease; type of ex-
ercise unknown

24 males with reproducible
angina

63 males, ages 35-75 with
stable angina; treadmill
exercise until onset of
angina

oA Wetd NebiEri
FRALLGR S

Double-blind exposure to
room air, 50 or 100 ppm
CO for 4 h prior to ex-
ercise

Driven in an open car on
Los Angeles freeway for
90 min during traffic;
mean CO level in the car
was 53 + 6 ppm. On a
second day subjects
breathed compressed air
during the drive

Double-blind exposure to
air or 50 ppm CO for 2
hours

Double-blind exposure to
compressed air or 50
ppm COfor2 h

s o,
RS
¥

Double-blind exposure to
airorSOppm COfor I b

Double-blind exposure to
air or 100 ppm CO on
successive days

Double-blind exposure to
air or CO

Double-blind exposure to
filtered air or to 100
ppm CO

Double-blind exposure to
air and two levels of CO
to achieve COHb of 2.2
and 4.4%

50 ppm =
2.9 x 0.70,
100 ppm =
4.5 = 0.80

5.08 = 1.19

2.68 + 0.15

2.8 £0.19

2,02 £ 0.16

4.1 £0.10

5.9 £ 0.10

2.9 +£0.30

2.0 £0.10
3.9+ 0.10

Mean time to onset of angina was re-
duced 15% with exposure to both con-
centrations of CO; duration of pain
was prolonged with 100 ppm CO; ST
segment depression appeared earlier
and was deeper with CO exposure; no
difference between smokers and non-
smokers

Mean exercise time was decreased 75 s
after exposure to freeway air, and de-
creased exercise time persisted for 2 h
afier the exposure compared with base
line or while breathing compressed air

Mean exercise time decreased 37 s with
CO exposure compared with air

Mcan exercise time decreased 30 s with
CO exposure compared with air

Mean ise time was d d33s
with CO exposure compared with air

No effect on time to onset of angina or
change in cardiac function with CO
exposure

Mean exercise duration decreased 41 s
with CO exposure compared with air;
angina only occurred with CO ex-
posure; left ventricular ejection frac-
tion with cxercise was less after CO
exposure

Mean exercise time decreased 5.8% and
maximal oxygen uptake decreased
2.2% with CO exposure relative to air

4.2 and 7.1% trimmed mean decrease in
time to onset of angina at low and
high exposures, respectively; 5.1 and
12.1% trimmed mean decreases in
time to development of ischemic ST
segment changes
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