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Tobacco smoke in the workplace:
an occupational health hazard
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Tobacco smoke, which contains over
50 known carcinogens and many
other toxic agents, is a health hazard
for nonsmokers who are regularly
exposed to it while at work. Involun-
tary exposure to tobacco smoke an-
noys and irritates many healthy non-
smokers. Serious acute health effects
are probably limited to the one fifth
of the population with pre-existing
health conditions that are aggravated
by exposure to tobacco smoke. The
consequences of long-term exposure
include decreased lung function and
lung cancer. Existing air quality
standards for workplaces do not di-
rectly specify an acceptable level for
tobacco smoke. The evidence on the
composition of tobacco smoke and
on the health hazards of involuntary
exposure suggests that there may not
be a “safe” level for such exposure.

La fumée du tabac, qui renferme plus
de 50 substances cancérogénes con-
nues et de nombreux autres agents
toxiques, met en danger la santé des
non-fumeurs qui y sont réguliérement
exposés au travail. L’exposition

involontaire 4 la fumée du tabac
représente une source d’ennuis et
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d’irritation pour de nombreux non-
fumeurs en bonne santé. Des malai-
ses aigus graves sont vraisemblable-
ment limités au cinquiéme de la
population accusant des problémes
de santé préexistants que ’exposition
i la fumée du tabac aggrave. Parmi
les conséquences de Pexposition a
long terme notons la diminution de
la fonction pulmonaire et le cancer
du poumon. Les normes actuelles de
qualité de Pair aux lieux de travail ne
s’adressent pas directement a la
question d’un niveau acceptable de la
fumée du tabac. Les données sur la
composition de la fumée du tabac et
sur les risques de Ilinhalation invo-
lontaire pour la santé laissent enten-
dre qu’il se peut qu’il n’y ait pas de
niveau “siir” d’exposition i la fumée
du tabac sur les lieux de travail.

There are standards for limiting oc-
cupational exposure to many air-
borne toxic substances. Threshold
limit values (TLVs) are the maxi-
mum time-weighted average concen-
trations to which workers can be
exposed in a normal 8-hour workday
or a 40-hour workweek. The Ameri-
can Conference of Governmental In-
dustrial Hygienists Inc. (ACGIH)
has published the TLVs for over 500
toxic substances,' including several
that are in tobacco smoke, but none
for tobacco smoke per se.

The inhalation by nonsmokers of
air contaminated by tobacco smoke
is referred to as involuntary expo-
sure. Such air contains the same
toxic chemicals present in “main-
stream smoke” (that inhaled by a
smoker during a puff). However, the
main source of tobacco smoke con-
taminants is ‘“sidestream smoke”
(that emitted by the burning tip of a
cigarette, cigar or pipe), which con-
tains much higher concentrations of
many toxic and cancer-causing
chemicals than does mainstream
smoke? (Table I).
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It has been estimated that 63% of
the labour force in the United States
is exposed to tobacco smoke in the
workplace.® The proportion in Cana-
da is likely to be higher because of
the higher per-capita consumption
of cigarettes.*

The toxic substances in tobacco-
smoke-polluted air are inhaled and,
to varying degrees, absorbed by ex-
posed nonsmokers. Tobacco smoke,
both sidestream and mainstream, is
a concentrated aerosol of very small
particles measuring less than 0.6 um
in mass median aerodynamic diame-
ter. It has been predicted that 30%
to 40% of these particles will deposit
in alveolar regions and 5% to 10% in
the tracheobronchial region.” Such
particles contain many known car-
cinogens;*® they may be engulfed by
macrophages or transported to re-
gional lymph nodes and may take
days to months to clear from the
lungs.’

Composition of tobacco smoke

Tobacco smoke is a complex mix-
ture of particles and gases that con-
tain at least 3800 different chemical
compounds,' over 50 of which are
known to be carcinogenic in animals
or humans or both. Little is known
about the health effects of most of
the 3800 chemicals, and almost
nothing is known about their inter-
active effects.

Gas phase

About 90% by weight of tobacco
smoke is in the gas phase. The
major toxic element by weight is
carbon monoxide. The visible smoke
from the tip of a burning cigarette
contains relatively high concentra-
tions of toxic chemicals that become
slightly diluted as the smoke drifts
horizontally for distances up to 3 m.
Nonsmokers who are located close
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to smokers are exposed to the irri-
tants formaldehyde and acrolein at
concentrations of up to 110 and 70
parts per million (ppm) respective-
ly.-”

The gas phase also contains other
irritants (e.g., ‘ammonia, nitrogen
oxides and pyridine), ciliatoxic
agents (e.g., hydrogen cyanide) and
several potent carcinogens (e.g., IV-
nitrosodimethylamine). The toxic
substances in the gas phase are not
removed by standard air filtration
systems.

Particulate phase

This is a highly concentrated
aerosol containing about 5 X 10°
particles per millilitre of mainstream
smoke.! Particles of sidestream
smoke have a smaller geometric
mean diameter (0.20 um) than those
of mainstream smoke (0.36 um)."”
Thus, a higher proportion of side-
stream particles would be expected
to deposit in alveolar regions.

Risks of involuntary exposure to
tobacco smoke

The serious health consequences
of smoking have been well known
for many years and have been sum-

marized in recent reports of the US
surgeon general.?”®"’ However, the
effect of tobacco smoke on the
health of nonsmokers is a matter of
growing concern; it was reviewed in
some detail in the most recent report
of the US surgeon general’ and
merits closer examination here.

Physiological changes and
subclinical toxic effects

Eye irritation, the most common
complaint of healthy people exposed
to tobacco smoke, and the rate of
eye blinking increase with increasing
amounts or duration of exposure to
smoke.” After 1 hour’s exposure to
smoke-related carbon monoxide at
concentrations as low as 1.3 ppm,
well within those measured under
realistic conditions, eye irritation
and the rate of blinking increase
significantly.’

Brief exposure of nonsmoking
adults to high concentrations of to-
bacco smoke under carefully con-
trolled conditions in exposure cham-
bers results in a small but significant
impairment of lung function, includ-
ing maximal airflow at 50% and
75% of forced vital capacity, Vmax,,
and Vmax,;.]

Involuntary exposure to tobacco

smoke increases the heart rate and
blood pressure in patients with angi-
na pectoris."

Relatively low concentrations of
carbon monoxide, similar to those in
confined, smoky areas, significantly
impair one’s driving (e.g., by redu-
cing braking time and delaying re-
covery of vision following glare)."

Symptoms

The symptoms reported by non-
smokers exposed to tobacco smoke
include eye irritation, nasal conges-
tion, headache, cough, sore throat,
hoarseness, nausea, dizziness, “gen-
eral annoyance”, loss of appetite
and Raynaud’s phenomenon.'s*

Aggravation of pre-existing
conditions

The results of the Canada Health
Survey indicate that 21% of Canadi-
ans have a health condition that is
aggravated by exposure to tobacco
smoke.* These conditions include
heart disease, acute respiratory dis-
ease, emphysema, asthma and hay
fever. Persons who wear contact
lenses also experience eye irritation,
but the number of such persons in
Canada is not known.

Table I—Concentrations of the major toxic and tumourigenic agents in cigarette smoke and their ratio in mainstream

smoke (MS) and sidestream smoke (SS)*

Phase and agent(s) MS level SS/MS ratio* Phase and agent(s) MSlevel SS/MS ratio*

Gas Stigmasterol 53 ug 0.8
Carbon dioxide 10-80 mg 8.1 Total phytosterols 130 ug 0.8
Carbon monoxide " 0.5-26 mg 2.5 Naphthalene 2.8 ug 16
Nitrogen oxides 16-600 ng 4.7-5.8 1-methylnaphthalene 1.2 ug 26
Ammonia 10-130 pg 44-73 2-methylnaphthalene 1.0 ug 29
Hydrogen cyanide 280-550 ug 0.17-0.37 Phenanthrene 2.0-80 ng 2.1
Hydrazine 32.ug 3 Benz(a)anthracene 10-70 ng 2.7
Formaldehyde 20-90 g 51 Pyrene 15-90 ng 1.9-3.6
Acetone 100-940 ug 2.5-3.2 Benzo(a)pyrene 8-40 ng 2.7-34
Acrolein 10-140 ug 12 Quinoline 1.7 ug 11
Acetonitrile 60-160 ng 10 Methylquinoline 6.7 ug 11
Pyridine 32.ug 10 Harmane 1.1-3.1 ug 0.7-2.7
3-vinylpyridine 23 ug 28 Norharmane 3.2-8.1 ug 1.4-4.3
N-nitrosodimethylamine 4-180 ng 10-830 Aniline 100-1200 ng 30
N-nitrosoethyl- o-toluidine 32ng 19

methylamine 1.0-40 ng 5-12 1-naphthylamine 1.0-22 ng 39

N-nitrosodiethylamine 0.1-28 ng 4-25 2-naphthylamine 4.3-27 ng 39
N-nitrosopyrrolidine 0-110 ng 3-76 4-aminobiphenyl 2.4-4.6 ng 31

Particulate ) N-nitrosonornicotine 0.2-3.7 ug 1-5
Total 0.1-40 mg - 1.3-1.9 4(methylnitrosamino)-1-
Nicotine 0.06-2.3 mg 2.6-3.3 (3-pyridyl)-1-butanone 0.12-0.44 ug 1-8
Toluene 108 ug 5.6 N-nitrosoanatabine 0.15-4.6 ug 1-7
Phenol 20-150 ng 2.6 N-nitrosodiethanolamine 0-40 pg 1.2
Catechol 40-280 ug 0.7 Polonium 210 0.03-0.5 pc NA

*NA = not available.
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Persons with angina have a sub-
stantially increased susceptibility to
exercise-induced attacks when they
are exposed to low concentrations of
tobacco smoke." Persons with asth-
ma experience attacks (wheezing
and difficulty in breathing) when
exposed to tobacco smoke;™™ it is
not clear whether tobacco smoke
acts as an allergen, an irritant or
both.

Acute illnesses

Available evidence on the role of
involuntary exposure to tobacco
smoke in acute respiratory tract in-
fections is based on studies of chil-
dren so exposed in their homes.
Bronchitis, pneumonia and other
respiratory illnesses have been found
to occur more frequently among
infants and children up to 2 years of
age who have one or two parents
who smoke.” Several of the studies
reviewed by the US surgeon general
-revealed an exposure—response rela-
tion between the amount of parental
smoking and the risk of respiratory
illness. Young children may general-
ly be more susceptible than adults,
but it seems likely that exposure to
tobacco smoke in the workplace
would also increase the risk of acute
respiratory illnesses in adults, par-
ticularly those with predisposing
health problems, such as heart dis-
ease or allergies.

Long-term effects -

A study of 2100 adults revealed
impairment of small-airways func-
tion in nonsmokers who were em-
ployed for at least 20 years in en-
closed work areas where smoking
was permitted.” The loss of function
was equivalent to that in persons
who had smoked up to 10 cigarettes
per day for at least 20 years. As
well, the amount of particulate mat-
ter inhaled by nonsmokers is equiva-
lent to that inhaled by persons who
smoke up to 10 cigarettes per day
and is sufficient to produce serious
lung damage.”

A recent study of almost 8000
adults in France indicated that non-
smokers of either sex who were 40
years of age or older and whose
spouses had smoked at least 10 g of
tobacco (i.e., about 10 cigarettes)
per day had impairment of lung

function that was not explainable by
social class, education, air pollution
or family size.” The average degree
of impairment was 16% for men and
6% for women. Although not related
to workplace, it is interesting that
impairment of small-airways func-
tion has also been observed in chil-
dren whose mothers smoked.”
Several studies have shown an
increased risk of lung cancer among
nonsmokers who are married to
smokers.”* Indeed, the risk was up
to 3.4 times that among persons not
exposed to tobacco smoke. Another
study revealed only a slight, statisti-
cally insignificant increase in the
risk of lung cancer among women
who did not smoke but were married
to men who did.* However, this
finding is weakened by the fact that
marital status and the spouse’s
smoking habits are a poor index of
exposure to tobacco smoke for
American women since many of
them work outside the home.* Re-
pace” noted that the failure to ad-
just for exposure to tobacco smoke
in the workplace probably resulted
in an underestimate of the effect of
involuntary exposure in the home.
Hirayama® reported standardized
mortality ratios for nasal sinus can-
cer among women who did not
smoke of 1.0, 2.3, 2.6 and 3.3 when
their husbands were nonsmokers or
smokers of 1 to 14, 15 to 19, or 20
or more cigarettes daily respectively.

Interaction between involuntary and
occupational exposures

This topic was critically reviewed
in the 1979 report of the US sur-
geon general under the general
heading of smoking and occupation-
al exposures.® The report noted that
certain toxic agents in tobacco
smoke may also be present in the
workplace, thus increasing the likeli-
hood of exposure to the agent. For
example, hydrogen cyanide is pres-
ent in cigarette smoke at concentra-
tions of up to 1600 ppm. Other
examples include carbon monoxide,
methylene chloride, acrolein, arse-
nic, formaldehyde and polycyclic
components. Given that the risk of
lung cancer is greatly increased
among workers who smoke and are
exposed to asbestos,” it is highly
probable that exposure to air con-
taminated by both tobacco smoke
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and asbestos is a greater hazard
than exposure to asbestos alone for
nonsmokers. This inference is based
on the fact that all of the chemicals
in mainstream smoke are also in
sidestream smoke; indeed, the con-
centrations are often much higher in
the latter.

Estimates of exposure to tobacco
smoke among nonsmokers

Biologic indicators

The chemicals present in tobacco
smoke, or their metabolites, have
been repeatedly detected in samples
of blood, urine, saliva and breast
milk from nonsmokers.* Russell
and Feyerabend* concluded that, as
a result of involuntary exposure to
tobacco smoke, most nonsmokers in
urban areas have measurable
amounts of nicotine in their body
fluids for most of their lives. In one
study nicotine levels were measured
in saliva and urine samples from
hospital employees after a morning
at work.” The nonsmokers who had
been exposed to tobacco smoke had
significantly higher nicotine concen-
trations than those who had not
been exposed. Mutagenic activity
has been detected in cigarette-
smoke-contaminated air and in
urine samples from nonsmokers ex-
posed to such air.* In another study
trace amounts of nicotine and coti-
nine (formed in the body from nico-
tine) were detected in samples of
breast milk from three nonsmokers
who were exposed to tobacco smoke
at work but not at home;* the
concentration of these substances
fell to unmeasurable levels on week-
ends.

Levels of tobacco smoke in ambient
air

Using data from American time
use and smoking surveys, Repace
and Lowrey® estimated the propor-
tion of nonsmokers who are likely to
be chronically exposed to tobacco
smoke at work or at home, or both,
to be 86% (Table II). In the United
States it was estimated that, in
1980, smokers constituted 34% of
the adult population and smoked an
average of 22 cigarettes per day."” In
Canada in 1981 both the proportion
of smokers and the average number
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of cigarettes smoked daily were
higher (39% and 27 respectively).
Canada has the highest rate of use
of manufactured cigarettes among
industrialized nations.® Moreover, it
is likely that Canadians, who gener-
ally face more severe climatic condi-
tions than Americans, spend more
time indoors. Therefore, Repace and
Lowrey’s estimates of the proportion
of American nonsmokers exposed to
tobacco smoke indoors can be
viewed as conservative estimates of
the proportion of Canadian non-
smokers so exposed.

Air quality standards

In Canada the standards set by
the ACGIH are usually used to
judge air quality in the workplace."
However, to date the ACGIH has
provided neither recommendations
nor documentation pertaining to a
TLV for tobacco smoke per se.
TLVs and related documentation
- are provided primarily for identifi-
able chemical substances that are
closely associated with industrial
processes.

Tobacco smoke is a complex mix-
ture of particles and gases, and the
ACGIH suggests a formula for de-
termining the TLVs for mixtures.”
The air quality standard is deemed
not to have been exceeded if

n .
38,
i1 T

where C is the observed concentra-
tion of the dangerous substance i,
and T is the listed TLV for that
substance. The TLV of a mixture of
dangerous substances is to be ap-
plied only when the components
have similar toxicologic effects and
when the concentrations and sources
of the dangerous substances are
known. Unfortunately, the toxico-
logic effects of many of the chemi-
cals in tobacco smoke are poorly
understood. In the numerous investi-
gations to determine the concentra-
tions of various toxic substances in
tobacco smoke in indoor air, the
conditions under which the measure-
ments were obtained differed great-
ly.® Therefore, the calculation of an
exact TLV for tobacco smoke is
difficult. Nevertheless, enough is
known about the effect of tobacco

1202

smoke on indoor air for the US
National Research Council to have
concluded that “public policy should
clearly articulate that involuntary
exposure to tobacco smoke has ad-
verse health effects and ought to be
minimized or avoided where possi-
ble”.*

When there are a number of
harmful substances it is frequently
only feasible to evaluate the hazards
by measuring a single substance. In
such cases the ACGIH" recom-
mends that *“the threshold limit used
for this substance should be reduced
by a suitable factor, the magnitude
of which will depend on the number,
toxicity and relative quantity of
other contaminants ordinarily pres-
ent”. To determine a suitable TLV
for tobacco smoke a more detailed
examination is needed of the known
health effects of and the recom-
mended exposure limits for some of
the substances in tobacco smoke.

In smoky areas with minimal ven-
tilation the TLV for carbon monox-
ide may be exceeded, but even a
modest increase in the amount of
ventilation results in a rapid fall in
the carbon monoxide level. The air
concentrations of carbon monoxide
and other contaminants from tobac-
co smoke are often measured at
some distance from the nearest
smoker and thus tend to be lower
than those to which persons working
close to smokers are exposed.® Car-
bon monoxide concentrations of up
to 29 ppm were found in 'work areas
where smoking was permitted;” this
level is below the TLV (50 ppm) but
well above the Ambient Air Quality
Standard® (the US standard for
outdoor air in cities) of 9 ppm.

There are at least 38 known or
probable carcinogens in the particu-

late phase and another 16 in the
volatile phase of tobacco smoke.***
The eight volatile N-nitrosamines
are largely retained by the smoke
particulates in the glass fibre filters
that are used to separate the two
phases. The carcinogenicity of to-
bacco smoke particulates in animals
exceeds that expected from a sum-
mation of the carcinogenicity of the
individual known carcinogens.” This
is probably due, at least in part, to
the presence of many tumour pro-
moters and cocarcinogens in the vol-
atile phase. For example, catechol is
a known cocarcinogen and is the
main phenolic compound in tobacco
smoke, its concentration being 20 to
460 ug per cigarette.’

Most of the cancer-causing and
other toxic chemicals in tobacco
smoke are formed in a pyrolysis—
distillation zone just behind the
heat-generating combustion zone.
The concentration of toxic chemicals
is higher in sidestream than in main-
stream smoke because the tempera-
ture of the burning tip of a cigarette
or cigar that is not being smoked is
lower; hence, combustion is less
complete than during a puff.?

Table III lists the known and
probable carcinogens in tobacco
smoke. The ACGIH lists acryloni-
trile and vinyl chloride as known
human carcinogens with assigned
TLVs of 4.5 and 10 mg/m*® respec-
tively.! Two other chemicals,
2-naphthylamine and 4-aminobi-
phenyl, are listed as known human
bladder carcinogens to which “no
exposure or contact by any route —
respiratory, skin or oral, as detected
by the most sensitive methods —
shall be permitted”.” Although
these two substances are known to
be present in very small quantities in

smoke at work and at home?

Table II—Estimated daily annual average exposure of nonsmokers to tobacco

Estimated amount of
particulate phase

inhaled daily (mg)
Probability of exposure Probability-

Exposure site (rounded values, % )* Average weighted average
Work and home 63X62= 39 2.27 0.89
Neither work nor home 37xX38= 14 - -

Work only 38X 63= 24 1.82 0.44
Home only 37X62= 23 0.45 0.10

Total 100 1.43
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sidestream smoke, studies of their
concentration in ambient air con-
taining tobacco smoke have not yet
been reported.

The International Agency for Re-
search on Cancer (IARC) lists arse-
nic, benzene, and soots, tars and
oils, as well as “whole tobacco
smoke”, as known human carcino-
gens.” Both the ACGIH and the
IARC consider benzo(a)pyrene,
formaldehyde and hydrazine as
probably carcinogenic to humans on
the basis of repeated demonstrations
of carcinogenesis in animals and the
limited evidence of carcinogenesis in
humans. The IARC also lists nickel
and cadmium as probable human
carcinogens. The ACGIH considers
N-nitrosodimethylamine as probably
carcinogenic and recommends “that
exposures be avoided, insofar as pos-
sible, or otherwise be kept to an
absolute minimum”.'" Brunnemann
and Hoffmann®* have detected V-
nitrosodimethylamine at concentra-
tions of 0.11 to 0.24 ug/m® in ambi-
ent air contaminated with tobacco
smoke.

The ACGIH also lists TLVs for
most of the other toxic agents in
tobacco smoke shown in Table I
The TLVs are also given for many
other toxic substances, such as nick-
el, cadmium and arsenic (Table III).
However, because tobacco smoke is
a mixture of substances all the

TLVs should be reduced by an un-
known amount.

The ACGIH has suggested a
TLV of 5 mg/m’ for respirable nui-
sance particulates.! However, this
category was defined to include
dusts that have a long history of
little adverse effect on the respirato-
ry system. Neither the IARC nor
the ACGIH has made specific refer-
ence to the particulate phase of
tobacco smoke.

Repace and Lowrey’ have given
the total suspended particulate con-
centrations for 56 indoor locations.
In all 23 areas where tobacco smoke
was present the US National Ambi-
ent Air Quality Standard, 75
pg/m**® and the Canadian National
Air Quality Objective, 70 ug/m**
both outdoor air standards for time-
weighted annual exposure to total
suspended particulates, were exceed-
ed. These 23 cases involved short-
term time-averaged measurements
of total suspended particulate con-
centrations, and the 24-hour stan-
dards were exceeded in only a few
cases. However, Repace and Lo-
wrey® have argued that in each of
the 23 areas there would be repeated
violations of the 24-hour standard
and almost certainly repeated viola-
tion of the annual standard. In all
33 locations where tobacco smoke
was not present the concentrations
of total suspended particulates were

Table III—Known and probable human carcinogens in tobacco smoke, as
determined by the American Conference of Governmental Industrial Hygienists
Inc. (ACGIH)' and the International Agency for Research on Cancer (IARC)%®
Status, according to
ACGIH or IARC or both,
of carcinogen Threshold
limit value (mg/m3)

Carcinogen Known Probable assigned by ACGIH
Acrylonitrile ACGIH 45
Vinyl chloride TIARC, ACGIH 10
2-naphthylamine IARC, ACGIH 0
4-aminobiphenyl IARC, ACGIH 0
Arsenic IARC 0.2
Benzene IARC ACGIH 30
Soots, tars and oils IARC Not assigned
Whole tobacco IARC Not assigned

smoke
Benzo(a)pyrene IARC, ACGIH Not assigned
Formaldehyde IARC, ACGIH 1.5
Hydrazine IARC, ACGIH 0.1
N-nitrosodimethyl- ACGIH Not assigned;

amine avoidance of exposure

recommended

Nickel IARC 1.0
Cadmium IARC 0.05
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well within both the United States’
and Canada’s standards. From these
findings Repace and Lowrey® have
estimated that nonsmokers are ex-
posed to an average of 1.43 mg of
tobacco smoke particulates per day
(Table II).

In another investigation Repace
and Lowrey® analysed data on the
concentrations of tobacco smoke
particulates in the workplace, the
risk of such exposure and the effect
of ventilation on indoor air quality.
Standards of lifetime involuntary
carcinogenic risk to the public that
are used by the US Food and Drug
Administration and the US Environ-
mental Protection Agency range
from 107° to 1077. Repace and
Lowrey* assumed a 107° risk for
lifetime involuntary exposure
to tobacco smoke and -calculat-
ed the resulting maximum permissi-
ble annual average of daily exposure
to tobacco smoke particulates in the
workplace to be 0.75 ug/m’. The
current published air quality stan-
dards do not list precise threshold
limit values for tobacco smoke par-
ticulates. However, in average con-
ditions the actual concentration of
tobacco particulates in a typical of-
fice was estimated to be about 200

352

ug/m’.
Summary

Several authoritative agencies
have reviewed the scientific evidence
concerning involuntary exposure to
tobacco smoke and have concluded
that it is a health hazard to be
avoided if possible. These agencies
include the US Surgeon General’s
Office,” the US National Research
Council,® the Ontario Council of
Health’s Task Force on Smoking®
and the Ontario Medical Associa-
tion (The Citizen, Ottawa, Mar. 31,
1983: page 18).

Repace and Lowrey” have pro-
posed a threshold limit value for
tobacco smoke particulates that is
much lower than the existing ob-
served levels in office accommoda-
tions. Our review of recommended
limits of exposure in the workplace
to the known and probable carcino-
gens in ambient tobacco smoke re-
vealed that there are no published
limits of exposure to tobacco smoke
per se. However, for several of the
components in tobacco smoke the
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recommended exposure limit is ei-
ther zero of not assigned, suggesting
that there may not be a safe level
for involuntary exposure to tobacco
smoke.
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