Preface

Thirteen years ago, in 1986, my predecessor, Surgeon General
C. Everett Koop, released a comprehensive analysis of the health dangers of
environmental tobacco smoke (ETS)*. This landmark Surgeon General’s
Report, entitled The Health Consequences of Involuntary Smoking (U.S. DHHS,
1986), concluded that ETS causes lung cancer in adults and respiratory
problems in children, and that simply separating smokers and nonsmokers
within the same airspace reduced, but did not eliminate, ETS exposure.
Around the same time, the National Academy of Sciences released an inde-
pendent report that drew similar conclusions (NRC, 1986). Six years later,
in 1992, the U.S. Environmental Protection Agency (EPA) released its own
risk assessment of the health effects of ETS with respect to lung cancer and
respiratory function (U.S. EPA, 1992); the EPA report reaffirmed the conclu-
sions of both earlier reports. In addition, the EPA identified ETS as a Group
A carcinogen, estimating that it causes 3,000 lung cancer deaths a year
among American nonsmokers. The EPA also estimated that every year, ETS
is responsible for up to 26,000 new asthma cases in children; up to
1,000,000 asthma exacerbations; and up to 300,000 cases of bronchitis and
pneumonia in toddlers—15,000 of which require hospitalization.

In the 7 years since the EPA report was published, the evidence that
ETS causes lung cancer and other serious diseases has continued to accumu-
late. Lung cancer was the first fatal disease linked to ETS, but in recent
years, evidence that ETS exposure causes other major diseases—particularly
heart disease—has emerged. In response to rapidly accumulating evidence
that ETS causes disease beyond lung cancer and respiratory effects in chil-
dren, the California Environmental Protection Agency (Cal/EPA) undertook
a comprehensive assessment of the total range of health effects correlated
with exposure to ETS.

Using the most up-to-date evidence available, Cal/EPA concluded
that ETS causes not only lung cancer in adults and respiratory problems in
children, but also low birth weight, sudden infant death syndrome, middle
ear infections, nasal sinus cancer, and heart disease morbidity and mortality
(Cal/EPA, 1997). Significantly, ETS was estimated to account for up to
62,000 heart disease deaths annually—20 times the number of ETS-related
lung cancer deaths.

* Various terms have been used in the scientific literature to describe a nonsmoker’s exposure
to ambient tobacco smoke. Passive smoking, involuntary smoking, secondhand smoke,
and environmental tobacco smoke are the most prevalent and are often used interchange-
ably by researchers and the public.
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Cal/EPA also found evidence that suggests a link between ETS expo-
sure and spontaneous abortion, adverse effects on cognition and behavior,
exacerbation of cystic fibrosis, decreased pulmonary function in adults (as
well as that previously described for children), and cervical cancer.

The above-mentioned major public health burden caused by ETS
more than justifies public policies creating smoke-free workplaces and pub-
lic areas. They have also motivated many individuals and families to make
their homes smoke-free in order to protect children and other loved ones
from the toxic chemicals in ETS.

Since the Cal/EPA report was completed, evidence that ETS causes
disease has continued to accumulate. Additional studies have been pub-
lished, including several major reviews confirming the association between
ETS exposure and increased risk for both lung cancer and heart disease in
nonsmokers. The International Agency for Research on Cancer (IARC) pub-
lished a large study (Boffetta et al., 1998) demonstrating that nonsmokers
exposed to ETS experience a 16 percent elevation in the risk of developing
lung cancer—a level consistent with other estimates. While the results in
this individual study did not reach statistical significance, the consistency
of their estimates with those of other studies increases the confidence we
can have in the results of earlier studies. Taken together, all the existing
published studies demonstrate a significant and important elevation in lung
cancer risk associated with ETS exposure.

British investigators (Law et al., 1997) conducted an analysis of 19
epidemiological studies on ETS and heart disease that convincingly demon-
strated that the elevation in heart disease risk seen in ETS-exposed non-
smokers is unlikely to be due to the effects of other risk factors. Their find-
ing of a 23 percent increased risk for heart disease is almost identical to that
recently published in the New England Journal of Medicine by a team of U.S.
investigators (He et al., 1999). Furthermore, a study from San Francisco
showed that respiratory symptoms in bartenders improved significantly just
6 weeks after their ETS exposure was eliminated by a new California law
requiring smoke-free bars (Eisner et al., 1998). California restaurants
became smoke-free on January 1, 1995, followed by bars on January 1, 1998
(Macdonald et al., 1997; Glantz and Balbach, 1999 in press). The rapid res-
olution of the effects of the ETS exposure after the smoke-free law went into
effect both demonstrates that ETS causes respiratory problems and illus-
trates that simple control measures can protect nonsmokers. The California
legislation was made possible by community action in support of smoke-
free environments (Glantz, 1997). Hundreds of communities across
America are now following California’s lead.

The California Environmental Protection Agency spent 5 years
preparing this document, and it solicited input from all interested parties—
including the tobacco industry and its consultants. Cal/EPA held several
public workshops to solicit input and made drafts available for public com-
ment and criticisms. The final draft was peer reviewed by California's
Scientific Review Panel, a body created under California law to provide
independent peer review of many scientific aspects of the state's toxic air
contaminants and air pollution programs.
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The National Cancer Institute (NCI), acting on behalf of the U.S.
Public Health Service, recognized the importance of the Cal/EPA report and
saw the need to disseminate it broadly as part of their Smoking and
Tobacco Control Monograph series. I hope that this broad dissemination
will accelerate public recognition that ETS causes lung cancer, heart disease,
sudden infant death, and a wide variety of other serious diseases. I also
hope that awareness of this evidence will continue to stimulate public poli-
cies to protect nonsmokers from ETS exposure.

In a speech to the American Lung Association in 1984, Dr. C.
Everett Koop called for a smoke-free society by the year 2000. While we
will not accomplish Dr. Koop's goal, we have made major progress. Just 3
percent of the American workforce was employed in a smoke-free environ-
ment in 1986 (Gerlach ef al, 1997). By 1996, nearly two-thirds (64 percent)
of the American indoor workforce was covered by a smoke-free workplace
policy (NCI, 1999 in press). Additionally, fully 75 percent of all homes
have adopted rules that restrict smoking, with more than half completely
banning smoking in the home (NCI, 1999 in press). Even among smokers
this trend is evident, with 50 percent of current smokers restricting smoking
in their home to some degree and nearly one in five reporting that they do
not permit smoking anywhere in the home. I can only hope that the infor-
mation contained in this report will renew the effort to meet the goal of a
smoke-free society in which no one would be involuntarily exposed to ETS.

I call on everyone committed to public health to join with me in a
renewed effort to complete the creation of a smoke-free society by:

e Encouraging communities to enact clean indoor air ordinances requir-
ing 100 percent smoke-free environments in all public areas and
workplaces, including all restaurants and bars.

e Encourage smokers as well as nonsmokers to make their homes
smoke-free to protect their children and families from ETS exposure.

With these simple steps, we can all breathe a little easier.

David Satcher, M.D., Ph.D.
U.S. Surgeon General and
Assistant Secretary for Health
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Executive Summary

Exposure to environmental tobacco smoke (ETS) has been linked to
a variety of adverse health outcomes. Many Californians are exposed at
home, at work, and in public places. In the comprehensive reviews pub-
lished as Reports of the Surgeon General and by the U.S. Environmental
Protection Agency (U.S. EPA) and the National Research Council (NRC), ETS
exposure has been found to be causally associated with respiratory illness-
es—including lung cancer, childhood asthma, and lower respiratory tract
infections. Scientific knowledge about ETS-related effects has expanded
considerably since the release of the above-mentioned reviews. The state of
California has therefore undertaken a broad review of ETS covering the
major health endpoints potentially associated with ETS exposure: perinatal
and postnatal manifestations of developmental toxicity, adverse impacts on
male and female reproduction, respiratory disease, cancer, and cardiovascu-
lar disease. A “weight of evidence” approach has been used, in which the
body of evidence is examined to determine whether or not it can be con-
cluded that ETS exposure is causally associated with a particular effect.
Because the epidemiological data are extensive, they serve as the primary
basis for assessment of ETS-related effects in humans. The report also pres-
ents an overview on measurements of ETS exposure (particularly as they
relate to characterizations of exposure in epidemiological investigations)
and on the prevalence of ETS exposure in California and nationally.

ETS, or “secondhand smoke,” is the complex mixture formed from
the escaping smoke of a burning tobacco product and smoke exhaled by
the smoker. The characteristics of ETS change as it ages and combines with
other constituents in the ambient air. Exposure to ETS is also frequently
referred to as “passive smoking,” or “involuntary tobacco smoke” exposure.
Although all exposures of the fetus are “passive” and “involuntary,” for the
purposes of this review, in utero exposure resulting from maternal smoking
during pregnancy is not considered to be ETS exposure.

GENERAL ETS is an important source of exposure to toxic air contaminants

FINDINGS indoors. There is also some exposure outdoors in the vicinity of
smokers. Despite an increasing number of restrictions on smoking and
increased awareness of health impacts, exposures in the home, especially of
infants and children, continue to be a public health concern. ETS exposure
is causally associated with a number of health effects. Listed in Table ES.1
are the developmental, respiratory, carcinogenic, and cardiovascular effects
for which there is sufficient evidence of a causal relationship—including
fatal outcomes such as sudden infant death syndrome and heart disease
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Table ES.1
Health Effects Associated with Exposure to Environmental
Tobacco Smoke

Effects Causally Associated with ETS Exposure

Developmental Effects
Fetal Growth: Low birthweight or small for gestational age
Sudden Infant Death Syndrome (SIDS)

Respiratory Effects
Acute lower respiratory tract infections in children
(e.g., bronchitis and pneumonia)
Asthma induction and exacerbation in children
Chronic respiratory symptoms in children
Eye and nasal irritation in adults
Middle ear infections in children

Carcinogenic Effects
Lung Cancer
Nasal Sinus Cancer

Cardiovascular Effects
Heart disease mortality
Acute and chronic coronary heart disease morbidity

Effects with Suggestive Evidence of a Causal Association with ETS Exposure

Developmental Effects
Spontaneous abortion
Adverse impact on cognition and behavior

Respiratory Effects
Exacerbation of cystic fibrosis
Decreased pulmonary function

Carcinogenic Effects
Cervical cancer

mortality, as well as serious chronic diseases such as childhood asthma.
There are, in addition, effects for which evidence is suggestive of an associa-
tion, but further research is needed for confirmation. These include sponta-
neous abortion, cervical cancer, and exacerbation of asthma in adults (Table
ES.1). Finally, it is not possible to judge on the basis of the current evi-
dence the impact of ETS on a number of endpoints including congenital
malformations, changes in female fertility and fecundability, male repro-
ductive effects, rare childhood cancers, and cancers of the bladder, breast,
stomach, brain, hematopoietic system, and lymphatic system.
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Many Californians are exposed to ETS, and the number of people
adversely affected may be correspondingly large. Table ES.2 presents mor-
bidity and mortality estimates for health effects causally associated with ETS
exposure. For cancer, cardiovascular, and some respiratory endpoints, esti-
mates are derived from figures published for the U.S. population, assuming
that the number affected in California would be 12 percent of the total.
The estimates for middle ear infection, sudden infant death syndrome, and
low birthweight were derived using information on prevalence of ETS expo-
sure in California and the U.S.

Relative risk estimates (RR) associated with some of these endpoints
are small, but because the diseases are common, the overall impact can be
quite large. A relative risk estimate of 1.3 for heart disease mortality in
nonsmokers is supported by the collective evidence; this estimate corre-
sponds to a lifetime risk of death of roughly 1 to 3 percent for exposed non-
smokers and approximately 4,000 deaths annually in California. The rela-
tive risk estimate of 1.2 to 1.4 associated with low birthweight implies that
ETS may impact fetal growth of 1,200 to 2,200 newborns in California,
roughly 1 to 2 percent of newborns of nonsmokers exposed at home or at
work. ETS may exacerbate asthma (RR = 1.6 to 2) in 48,000 to 120,000 chil-
dren in California. Large impacts are associated with relative risks for respi-
ratory effects in children such as middle ear infection (RR = 1.62) and lower
respiratory disease in young children (RR = 1.5 to 2). Asthma induction
(RR = 1.75 to 2.25) may occur in as many as 0.5 to 2 percent of ETS-
exposed children. ETS exposure may be implicated in 120 SIDS deaths per
year in California (RR = 3.5), with a risk of death approaching 0.1 percent
for infants exposed to ETS in their homes. Lifetime risk of lung cancer
death related to ETS-exposed nonsmokers may be about 0.7 percent (RR =
1.2). For nasal sinus cancers, observed relative risks have ranged from 1.7
to 3.0, but future studies are needed to confirm the magnitude of ETS-relat-

ed risks.
SPECIFIC FINDINGS ETS is a complex mixture of chemicals generated during
AND CONCLUSIONS the burning and smoking of tobacco products. Chemicals

present in ETS include irritants and systemic toxicants
such as hydrogen cyanide and sulfur dioxide; mutagens
Exposure Measurement and carcinogens such as benzo[a]pyrene, formaldehyde,
and Prevalence and 4-aminobiphenyl; and the reproductive toxicants
nicotine, cadmium, and carbon monoxide. Many ETS constituents have
been identified as hazardous by state, federal, and international agencies.
To date, over 50 compounds in tobacco smoke have been identified as car-
cinogens and six identified as developmental or reproductive toxicants
under California’s Proposition 65 (California Health and Safety Code
25249.5 et seq.).

Exposure assessment is critical in epidemiological investigations of
the health impacts of ETS, and in evaluating the effectiveness of strategies
to reduce exposure. Exposure can be assessed through the measurement of
indoor air concentrations of ETS constituents, through surveys and ques-
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Table ES.2
Estimated Annual Morbidity and Mortality in Nonsmokers
Associated with ETS Exposure

Number of People or Cases?

Condition

in the U.S.

in California

Developmental Effects
Low birthweight

Sudden Infant Death
Syndrome (SIDS)

Respiratory Effects in
Children
Middle ear infection

Asthma induction
Asthma exacerbation
Bronchitis or pneumonia
in infants and toddlers
(18 months and under)

9,700 - 18,600 cases®

1,900 - 2,700 deathsP

0.7 to 1.6 million

physician office visits®

8,000 to 26,000 new cases®
400,000 to 1,000,000 childrenc
150,000 to 300,000 cases®
7,500 to 15,000
hospitalizations®

1,200 - 2,200 cases®

120 deaths®

78,600 to 188,700

physician office visits®

960 to 3,120 new cases®
48,000 to 120,000 childrenc
18,000 to 36,000 cases®

900 to 1,800 hospitalizations®
16 - 25 deaths®

136 - 212 deaths®

Cancer 360 deaths®
Lung 3,000 deaths®

d
Nasal sinus N/Ad N/A

Cardiovascular Effects

Ischemic heart disease 4,200 - 7,440 deaths®

35,000 - 62,000 deaths®

& The numbers in the table are based on maximum likelihood estimates of the relative risk. As dis-
cussed in the body of the report, there are uncertainties in these estimates, so actual impacts could be
somewhat higher or lower than indicated in the table. The endpoints listed are those for which there is
a causal association with ETS exposure based on observations of effects in exposed human popula-
tions.

b California estimates for low birthweight, SIDS, and middle ear infection (otitis media) are provided in
Chapters 3, 4, and 6, respectively. U.S. estimates are obtained by dividing by 12 percent, the fraction
of the U.S. population residing in California.

¢ Estimates of mortality in the U.S. for lung cancer and respiratory effects, with the exception of middle
ear infection (otitis media), come from U.S. EPA (1992). U.S. range for heart disease mortality reflects
estimates reported in Wells (1988 and 1994), Glantz and Parmley (1991), Steenland (1992).

California predictions are made by multiplying the U.S. estimate by 12 percent, the fraction of the U.S.
population residing in the State. Because of decreases in smoking prevalence in California in recent
years, the number of cases for some endpoints may be somewhat overestimated, depending on the
relative impacts of current versus past ETS exposures on the health endpoint.

d Estimates of the impact of ETS exposure on the occurrence of nasal sinus cancers are not

available at this time.
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tionnaires, or more directly through the use of personal monitors and the
measurement of biomarkers in saliva, urine, and blood. There are advan-
tages and disadvantages associated with the various techniques, which must
be weighed in interpreting study results. One important consideration in
epidemiologic studies is misclassification of exposure. Studies on the relia-
bility of questionnaire responses indicate that qualitative information
obtained is generally reliable, but that quantitative information may not be.
Also, individuals are often unaware of their ETS exposure, particularly out-
side the home. In studies using both self-reporting and biological markers,
the exposure prevalence was higher when determined using biological
markers.

Available data suggest that the prevalence of ETS exposure in
California is lower than elsewhere in the U.S. Among adults in California,
the workplace, home, and other indoor locations all contribute significantly
to ETS exposure. For children, the most important single location is the
home. Over the past decade, ETS exposures in California have decreased
significantly in the home, workplace, and in public places. Over the same
period, restrictions on smoking in enclosed worksites and public places
have increased (e.g., Gov. Code, Section 19994.30 and California Labor
Code, Section 6404.5), and the percentage of the adults who smoke has
declined. Decreases in tobacco smoke exposure may not be experienced for
some population subgroups, as patterns of smoking shift with age, race, sex,
and socioeconomic status. For example, from 1975 to 1988, the overall
smoking prevalence among 16 to 18 year olds declined, but after 1988 the
trend reversed.

Perinatal Manifestations FETS exposure adversely affects fetal growth, with elevat-
of Developmental ed risks of low birth weight or “small for gestational

Toxicity

age” observed in numerous epidemiological studies.
The primary effect observed, reduction in mean birthweight, is small in
magnitude. But if the distribution of birthweight is shifted lower with ETS
exposure, as it appears to be with active smoking, infants who are already
compromised may be pushed into even higher risk categories. Low birth-
weight is associated with many well-recognized problems for infants and is
strongly associated with perinatal mortality.

The impact of ETS on perinatal manifestations of development
other than fetal growth is less clear. The few studies examining the associa-
tion between ETS and perinatal death are relatively non-informative, with
only two early studies showing increased risk associated with parental
smoking, and with the sparse data on stillbirth not indicative of an effect.
Studies on spontaneous abortion are suggestive of a role for ETS, but further
work is needed, particularly as a recent report did not confirm the findings
of four earlier studies. Although epidemiological studies suggest a moderate
association of severe congenital malformations with paternal smoking, the
findings are complicated by the use of paternal smoking status as a surro-
gate for ETS exposure, since a direct effect of active smoking on sperm can-
not be ruled out. In general, the defects implicated differed across the stud-
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ies, with the most consistent association seen for neural tube defects. At
this time, it is not possible to determine whether there is a causal associa-
tion between ETS exposure and this or other birth defects.

Postnatal Manifestations Numerous studies have demonstrated an increased risk
of Developmental of sudden infant death syndrome, or “SIDS,” in infants

Toxicity

of mothers who smoke. Until recently it has not been
possible to separate the effects of postnatal ETS exposure from those of pre-
natal exposure to maternal active smoking. Recent epidemiological studies
now have demonstrated that postnatal ETS exposure is an independent risk
factor for SIDS.

Although definitive conclusions regarding causality cannot yet be
made on the basis of available epidemiological studies of cognition and
behavior, there is suggestive evidence that ETS exposure may pose a hazard
for neuropsychological development. With respect to physical develop-
ment, while small but consistent effects of active maternal smoking during
pregnancy have been observed on height growth, there is no evidence that
postnatal ETS exposure has a significant impact in otherwise healthy chil-
dren. As discussed in greater detail below, developmental effects of ETS
exposure on the respiratory system include lung growth and development,
childhood asthma exacerbation, and, in children, acute lower respiratory
tract illness, middle ear infection, and chronic respiratory symptoms.

Female and Male Though active smoking by women has been found to be
Reproductive Toxicity associated with decreased fertility in a number of studies,

and tobacco smoke appears to be anti-estrogenic, the epidemiological data
on ETS exposure and fertility are not extensive and show mixed results, and
it is not possible to determine whether ETS affects fecundability or fertility.
Regarding other female reproductive effects, while studies indicate a possi-
ble association of ETS exposure with early menopause, the analytic methods
of these studies could not be thoroughly evaluated, and therefore at pres-
ent, there is not firm evidence that ETS exposure affects age at menopause.
Although associations have been seen epidemiologically between active
smoking and sperm parameters, conclusions cannot be made regarding ETS
exposure and male reproduction, as there is very limited information avail-
able on this topic.

Respiratory Effects ETS exposure produces a variety of acute effects involving the
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upper and lower respiratory tract. In children, ETS exposure can exacerbate
asthma, and increases the risk of lower respiratory tract illness and acute
and chronic middle ear infection. Eye and nasal irritation are the most
commonly reported symptoms among adult nonsmokers exposed to ETS.
Odor annoyance has been demonstrated in several studies.

Regarding chronic health effects, there is compelling evidence that
ETS is a risk factor for induction of new cases of asthma as well as for
increasing the severity of disease among children with established asthma.
In addition, chronic respiratory symptoms in children—such as cough,
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phlegm, and wheezing—are associated with parental smoking. While the
results from all studies are not wholly consistent, there is evidence that
childhood exposure to ETS affects lung growth and development, as meas-
ured by small but statistically significant decrements in pulmonary function
tests; associated reductions may persist into adulthood. The effect of
chronic ETS exposure on pulmonary function in otherwise healthy adults is
likely to be small and is unlikely by itself to result in clinically significant
chronic disease. However, in combination with other insults (e.g., prior
smoking history, exposure to occupational irritants or ambient air pollu-
tants), ETS exposure could contribute to chronic respiratory impairment in
adults. In addition, regular ETS exposure in adults has been reported to
increase the risk of occurrence of a variety of lower respiratory symptoms.

Children are especially sensitive to the respiratory effects of ETS
exposure. Children with cystic fibrosis are likely to be more sensitive than
healthy individuals. Several studies of patients with cystic fibrosis, a disease
characterized by recurrent and chronic pulmonary infections, suggest that
ETS can exacerbate the condition. Several studies have shown an increased
risk of atopy (a predisposition to develop IgE antibodies against common
allergens, which can then be manifested as a variety of allergic conditions)
in children of smoking mothers, though the evidence regarding this issue is
mixed.

Carcinogenic Effects The role of ETS in the etiology of cancers in nonsmokers
was explored, as smoking is an established cause of a number of cancers
(lung, larynx, oral cavity, esophagus, and bladder), and a probable cause of
several others (cervical, kidney, pancreas, and stomach). Also, ETS contains
a number of constituents which have been identified as carcinogens.

Reviews published in the 1986 Report of the Surgeon General, by
the National Research Council in 1986, and by the U.S. EPA in 1992 con-
cluded that ETS exposure causes lung cancer. Three large U.S. population-
based studies and a smaller hospital-based, case-control study have been
published since the completion of the U.S. EPA review. The population-
based studies were designed to, and have successfully, addressed many of
the weaknesses for which the previous studies on ETS and lung cancer have
been criticized. Results from these studies are compatible with the causal
association between ETS exposure and lung cancer already reported by the
U.S. EPA, Surgeon General, and National Research Council. Of the studies
examining the effect of ETS exposure on nasal sinus cancers, all three show
consistent associations, presenting strong evidence that ETS exposure
increases the risk of nasal sinus cancers in nonsmoking adults. Further
study is needed to characterize the magnitude of the risk of nasal sinus can-
cer from ETS exposure.

The epidemiological and biochemical evidence suggests that expo-
sure to ETS may increase the risk of cervical cancer. Positive associations
were observed in two of three case-control studies, and a statistically non-
significant positive association was observed in the only cohort study con-
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ducted. Findings of DNA adducts in the cervical epithelium as well as nico-
tine and cotinine in the cervical mucus of ETS-exposed nonsmokers pro-
vides biological plausibility.

For other cancer sites in adults, there has been limited ETS-related
epidemiological research in general; there is currently insufficient evidence
to draw any conclusion regarding the relationship between ETS exposure
and the risk of occurrence. A review of the available literature clearly indi-
cates the need for more research. For example, although compounds estab-
lished as important in the etiology of stomach cancer are present in tobacco
smoke, only a single cohort study has been performed for this site.
Precursors of endogenously formed N-nitroso compounds suspected of caus-
ing brain tumors are present in high concentrations in ETS, and the one
cohort and two case-control studies available suggest a positive association,
but the results are based on small numbers and may be confounded by
active smoking. In biochemical studies of nonsmokers, higher levels of
hemoglobin adducts of the established bladder carcinogen, 4-amino-
biphenyl, have been found in those exposed to ETS. However, no signifi-
cant increases in bladder cancer were seen in the two epidemiological stud-
ies (case-control) conducted to date, although both studies were limited in
their ability to detect an effect. Several compounds in tobacco smoke are
associated with increased risk of leukemia, but only one small case-control
study in adults, reporting an increased risk with ETS exposure during child-
hood, has been performed. Finally, all four studies on ETS exposure and
breast cancer suggest an association, but in two of the studies the associa-
tions were present only in select groups, and in three studies there is either
no association between active smoking and the risk of breast cancer, or the
association for active smoking is weaker than for passive smoking.
Moreover, there is no indication of increasing risk with increasing intensity
of ETS exposure. Still, results from a recent study suggest that tobacco
smoke may influence the risk of breast cancer in certain susceptible groups
of women, an association which requires further investigation.

Regarding childhood cancers, it is unclear whether parental smok-
ing increases risk, either overall or for specific cancers such as acute lym-
phoblastic leukemia or brain tumors, the two most common cancers in
children. The lack of clarity is due to the conflicting results reported and
the limitations of studies finding no association. The epidemiological data
on ETS exposure and rare childhood cancers also provide an inadequate
foundation for making conclusions regarding causality. Some studies in
children found small increased risks in relation to parental smoking for
neuroblastoma, Wilm’s tumor, bone and soft-tissue sarcomas, but not for
germ cell tumors. Studies to date on these rare cancers have been limited
in their power to detect effects. The impact of ETS exposure on childhood
cancer would benefit from far greater attention than it has received to date.

Cardiovascular Effects The epidemiological data from prospective and case-con-

trol studies conducted in diverse populations, in males and females and in
western and eastern countries, are supportive of a causal association
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between ETS exposure from spousal smoking and coronary heart disease
(CHD) mortality in nonsmokers. To the extent possible, estimates of risk
were determined with adjustment for demographic factors and often for
other factors related to heart disease—factors such as blood pressure, serum
cholesterol level, and obesity index. Risks associated with ETS exposure
were almost always strengthened by adjustment for other cofactors. For
nonsmokers exposed to spousal ETS compared to nonsmokers not exposed,
the risk of CHD mortality is increased by a factor of 1.3. The association
between CHD and risk is stronger for mortality than for non-fatal out-
comes, including angina.

Data from clinical studies suggest various mechanisms by which ETS
causes heart disease. In a number of studies wherein nonsmokers were
exposed to ETS, carotid wall thickening and compromise of endothelial
function were similar to, but less extensive than those experienced by
active smokers. Other effects observed include impaired exercise perform-
ance, altered lipoprotein profiles, enhanced platelet aggregation, and
increased endothelial cell counts. These findings may account for both the
short- and long-term effects of ETS exposure on the heart.
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ATTACHMENT 1 Interest in the health effects of second-hand tobacco smoke on

the part of members of the Scientific Review Panel (SRP) on
Toxic Air Contaminants led to a request by the SRP for a health

Review of the assessment of environmental tobacco smoke and a collabora-
OEHHA Assessment tjve agreement between the Office of Environmental Health

of Environmental  Hazard Assessment (OEHHA) and the Air Resources Board (ARB)
Tobacco Smoke to initiate such an assessment. SRP members reviewed the

by the Scientific drafts as they were developed and participated in each of the
Review Panel (SRP) yorkshops held as the document underwent public review.
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The final draft reflected the input of SRP members, as well as that of other
reviewers.

Specific changes made at the request of the SRP following its review of the
final draft include the addition of new studies (e.g., the results of Kawachi
et al.’s analysis of cardiovascular disease risk in the Nurse’s Health study,
published after the release of the final draft, in which it was reported as an
abstract), a discussion of issues related to misclassification of smoking status
and cancer risk, and clarifying language in the presentation of attributable
risk estimates; minor editorial changes were also requested and made. The
SRP discussed the assessment and made findings on the health effects of
exposure to environmental tobacco smoke as a result of its review; these
findings are included in this attachment.
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UNIVERSITY OF CALIFORNIA, IRVINE

BERKELEY * DAVIS ¢+ IRVINE + LOS ANGELES * RIVERSIDE *+ SANDIEGO * SAN FRANCISCO SANTA BARBARA + SANTA CRUZ

DEPARTMENT OF CHEMISTRY IRVINE. CALIFORNIA 92717-2025
July 18, 1997
Richard Becker, Ph.D.
Director
Office of Environmental
Health Hazard Assessment

301 Capitol Mall, Second Floor
Sacramento, California 95814

Dear Dr. Becker:

On behalf of the Scientific Review Panel (SRP/Panel) I am pleased to transmit to you our Findings as
a result of our review of the Office of Environmental Health Hazard Assessment (OEHHA) final report
“Health Effects of Exposure to Environmental Tobacco Smoke™ (ETS).

As you will see in a review of the SRP meeting transcript, the Panel is very impressed with the
quality of the report and view it as the most current and definitive statement of the science applicable to ETS.
As we noted OEHHA staff scientists are to be highly commended for this successful completion.

We are also pleased that the Air Resources Board (ARB) is considering holding an “informational
hearing” on the report. As you will see in the enclosed Findings, the Panel views ETS as a toxic air

contaminant, and it has a major impact on public health.

If the Panel may be of further help as this health risk is addressed in California, we would be pleased
to do so.

We trust our Findings and this transmittal letter will be made a part of the final report

Sincerely,

James N. Pitts, Jr. Ph.D.
Chairman
Scientific Review Panel

Enclosure
cc:  John D. Dunlap, Chairman, ARB

Scientific Review Panel Members
Bill Lockett, ARB
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Findings of the Scientific Review Panel on
HEALTH EFFECTS OF EXPOSURE TO
ENVIRONMENTAL TOBACCO SMOKE

as Adopted at the Panel’s June 19, 1997 Meeting

The Scientific Review Panel (SRP/Panel) has reviewed the report “Health Effects of Exposure to
Environmental Tobacco Smoke” prepared by the Office of Environmental Health Hazard
Assessment (OEHHA). The Panel members also reviewed the public comments received on this
report. Based on this review, the SRP makes the following findings:

1. Environmental Tobacco Smoke (ETS) is an important source of exposure to toxic air
contaminants. Thus, despite an increasing number of restrictions on smoking and
increased awareness of health impacts, exposures continue to be a major public health

concern.

2. A causal association exists between ETS exposure from spousal smoking and coronary
heart disease (CHD) mortality in nonsmokers. Risks associated with ETS exposure were
almost always strengthened by adjustment for other cofactors. For nonsmokers exposed
to spousal ETS compared to nonsmokers not exposed, the risk of CHD mortality is
increased by a factor of 1.3. The association between CHD and risk is stronger for
mortality than for non-fatal outcomes, including angina. Heart disease is the primary fatal
endpoint from ETS exposure.

3. ETS is a complex mixture of chemicals generated during the burning and smoking of
tobacco products. Chemicals present in ETS include irritants and systemic toxicants,
mutagens and carcinogens, and reproductive and developmental toxicants. To date, over
50 compounds in tobacco smoke have been identified as carcinogens and six as
developmental or reproductive toxicants under California’s Proposition 65 (California
Health and Safety Code 25249.5 et seq.) and twelve have been identified as a toxic air
contaminant under AB 1807.

4. The 1986 Report of the Surgeon General, the 1986 National Research Council report
Environmental Tobacco Smoke: Measuring Exposures and Assessing Health Effects, and
the 1992 U.S. EPA report Respiratory Health Effects of Passive Smoking: Lung Cancer
and Other Disorders have established that ETS exposure causes lung cancer. Results
from recent epidemiological studies are compatible with the causal association already
established.

5. Available data suggest that the prevalence of ETS exposure in California is lower than
elsewhere in the U.S. Nevertheless, among adults in California, the workplace, home and
other indoor locations all contribute significantly to ETS exposure. For children the most
important single location is the home.

ES-12



Executive Summary

10.

11.

ETS exposure adversely affects fetal growth, with elevated risks of low birth weight or
“small for gestational age” observed in numerous epidemiological studies. The primary
effect observed, reduction in mean birth weight, is small in magnitude. If the distribution
of birth weight is shifted lower with ETS exposure, as it appears to be with active
smoking, infants who are already compromised may be pushed into even higher risk
categories. Low birth weight is associated with many well-recognized problems for
infants and is strongly associated with perinatal mortality.

Numerous studies have demonstrated an increased risk of sudden infant death syndrome,
or “SIDS,” in infants of mothers who smoke. Until recently it has not been possible to
separate the effects of postnatal ETS exposure from those of prenatal exposure to
maternal active smoking. Recent epidemiological studies now have demonstrated that
postnatal ETS exposure is an independent cause of SIDS.

ETS exposure produces a variety of acute effects involving the upper and lower
respiratory tract. In children, ETS exposure can exacerbate asthma, and increases the risk
of lower respiratory tract illness, and acute and chronic middle ear infection. Eye and
nasal irritation are the most commonly reported symptoms among adult nonsmokers
exposed to ETS. Odor annoyance has been demonstrated in several studies.

Regarding chronic health effects, there is compelling evidence that ETS is a risk factor for
induction of new cases of asthma as well as for increasing the severity of disease among
children with established asthma. In addition, chronic respiratory symptoms in children,
such as cough, phlegm, and wheezing, are associated with parental smoking. While the
results from all studies are not wholly consistent, there is evidence that childhood
exposure to ETS affects lung growth and development, as measured by small, but
statistically significant decrements in pulmonary function tests; associated reductions may
persist into adulthood.

The effect of chronic ETS exposure on pulmonary function in otherwise healthy adults is
likely to be small. However, in combination with other insults (e.g., prior smoking history,
exposure to occupational irritants or ambient air pollutants), ETS exposure could
contribute to chronic respiratory impairment in adults. In addition, regular ETS exposure
in adults has been reported to increase the risk of occurrence of a variety of lower
respiratory symptoms (e.g. bronchitis and wheezing apart from colds).

Children are especially sensitive to the respiratory effects of ETS exposure. Children with
cystic fibrosis are likely to be more sensitive than healthy individuals. Several studies of
patients with cystic fibrosis, a disease characterized by recurrent and chronic pulmonary
infections, suggest that ETS can exacerbate the condition. Several studies have shown an
increased risk of atopy (a predisposition to develop IgE antibodies against common
allergens, which can then be manifested as a variety of allergic conditions) in children of
smoking mothers, though the evidence regarding this issue is mixed.
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12.

13.

14.

15.

16.

17.

18.

Of the studies examining the effect of ETS exposure on nasal sinus cancers, all three show
consistent associations, presenting strong evidence that ETS exposure increases the risk of
nasal sinus cancers in nonsmoking adults. Further study is needed to characterize the
magnitude of the risk of nasal sinus cancer from ETS exposure.

The epidemiological and biochemical evidence suggest that exposure to ETS may increase
the risk of cervical cancer. Positive associations were observed in two of three
case-control studies and a statistically nonsignificant positive association was observed in
the only cohort study conducted. Findings of DNA adducts in the cervical epithelium as
well as nicotine and cotinine in the cervical mucus of ETS-exposed nonsmokers provides
biological plausibility.

Studies on ETS: exposure and breast cancer suggest an association, but the associations
were present only in select groups, or there is either no association between active
smoking and the risk of breast cancer or the association for active smoking is weaker than
for passive smoking. However, there is no indication of increasing risk with increasing
intensity of ETS exposure. Still, results from a recent study suggest that tobacco smoke
may influence the risk of breast cancer in certain susceptible groups of women, and this
requires further investigation.

In summary, ETS exposure is causally associated with a number of fatal and non-fatal
health effects. Heart disease mortality, sudden infant death syndrome, and lung and nasal
sinus cancer have been causally linked to ETS exposure. Serious impacts of ETS on the
young include childhood asthma induction and exacerbation, bronchitis and pneumonia,
middle ear infection, chronic respiratory symptoms, and low birth weight. In adults acute
and chronic heart disease morbidity is causally associated with ETS exposure. ETS also
causes eye and nasal irritation and odor annoyance.

Effects for which evidence is suggestive of an association, but further research is needed
for confirmation, include: spontaneous abortion, adverse neuropsychological
development, cervical cancer, exacerbation of cystic fibrosis, and decreased pulmonary
function.

Tt is not possible to judge on the basis of the current evidence the impact of ETS on a
number of endpoints, including congenital malformations, changes in female fertility and
fecundability, male reproductive effects, rare childhood cancers and cancers of the bladder,
breast, stomach, brain, hematopoietic system, and lymphatic system.

Many Californians are exposed to ETS, and the number of people adversely affected is
correspondingly large. Each year ETS contributes to asthma exacerbation in 48,000 to
120,000 children, 960 to 3120 new cases of asthma in children, 78,600 to 188,700
physicians office visits due to middle ear infections in children, 18,000 to 36,000 cases and
900 to 1800 hospitalizations from bronchitis or pneumonia in toddlers and infants, and
1,200 to 2,200 cases of low birth weight. Annual mortality estimates associated with ETS
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Executive Summary

exposure in California are: Approximately 120 deaths from SIDS, 16-25 deaths in
toddlers and infants from bronchitis and pneumonia, approximately 360 deaths from lung
cancer, and 4,200 - 7,440 deaths from ischemic heart disease. Thus, ETS has a major
public health impact.

After careful review of the February 1997 draft of the OEHHA report, “Health Effects of
Exposure to Environmental Tobacco Smoke,” we find the draft, with the changes specified by
OEHHA in our June 19, 1997 meeting, as representing a complete and balanced assessment of
current scientific understanding. Based on the available evidence we conclude ETS is a toxic air

contaminant.

I certify that the above is a true and correct copy of
the findings adopted by the Scientific Review Panel
on June 19, 1997

o3
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Introduction

1.0 IMPACT OF ETS Disease risks due to inhalation of tobacco smoke are not

ON THE HEALTH OF limited to smokers, but extend to nonsmokers who inhale

CALIFORNIANS environmental tobacco smoke (ETS) at home, at work, or in
public places. Authoritative reviews over the past 2 decades have presented
scientific evidence linking ETS exposures to a number of adverse health out-
comes. Smoking and Health: A Report of the Surgeon General (U.S.
DHEW, 1979) noted several adverse respiratory outcomes in children and
adults, as well as some acute cardiovascular effects associated with involun-
tary exposure to tobacco smoke. The 1982 A Report of the Surgeon
General (U.S. DHHS, 1982), which focused on the carcinogenic effects of
active smoking, raised the concern that involuntary smoking may cause
lung cancer. The large series of epidemiological investigations following
the publication of that report provided compelling evidence of a causal
relationship, and subsequently the 1986 Report of the Surgeon General
(U.S. DHHS, 1986), as well as reviews by the National Research Council
(NRC, 1986) and the U.S. Environmental Protection Agency (U.S. EPA,
1992), concluded that ETS exposure causes lung cancer. The NRC (1986)
and U.S. EPA (1992) also found ETS exposure to be associated with lower
respiratory tract illnesses in young children, as well as with other adverse
respiratory outcomes.

Many people are exposed to ETS. Table 1.1 presents estimates of
impacts for some of the health effects associated with ETS exposure and
predictions of the numbers of people potentially affected in California,
mainly based on extrapolations from national estimates. Recent state and
local restrictions on smoking at work and in public places in California, in
addition to the California Department of Health Services’ (CDHS) advertise-
ment campaign by the Tobacco Control Program, have significantly
reduced ETS exposures of nonsmokers in California. Thus the predictions
in Table 1.1 may overstate the number of Californians adversely impacted
by ETS. Results of the California Adult Tobacco Survey (CDHS, 1995) sug-
gest, however, that it is doubtful that the risks are overstated by more than
two-fold. Exposure to ETS therefore remains a significant public health
concern in California.

Evidence on ETS-related effects has expanded considerably since the
major comprehensive reviews contained in the Reports of the Surgeon
General and published by the U.S. EPA and NRC. The State of California
has therefore undertaken a broad review of ETS covering the major health
endpoints potentially associated with ETS exposure.
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Table 1.1

Estimated Annual Morbidity and Mortality in Nonsmokers
Associated with ETS Exposure

Number of Cases Annually?

Condition Source
United States California

Developmental
Effects
Low birthweight Windham 9,700-18,600° 1,200-2,200°

et al., 1995
Sudden Infant Death  Klonoff-Cohen 1,900-2,700 deaths” 120 deaths®
Syndrome (SIDS) et al., 1995
Respiratory Effects
in Children
Otitis media Etzel, 1992 0.7 to 1.6 million 78,600-188,700

physician office visits® physician office
visits?

New asthma cases U.S. EPA, 1992 8,000- 26,000° 960-3,120¢
Asthma exacerbation U.S. EPA, 1992 400,000- 1,000,000¢ 48,000-120,000¢
Acute lower respira-  U.S. EPA, 1992 150,000-300,000 18,000-36,000

tory illness (LRI) in
children up to 18
months

Lung Cancer

Cardiovascular
Effects
Ischemic heart
disease

DiFranza and
Lew, 1996

U.S. EPA, 1992
NRC, 1986

Wells, 1994; Glantz
and Parmley, 1991,
Steenland, 1992;
Wells, 1988

cases of bronchitis

and pneumonia®
7,500 to 15,000

hospitalizations®

136-212 deaths®

3,000 deaths®
2,590-4,040
deaths in 1985

35,000-62,000 deaths®

cases of bronchitis

and pneumonia®
900 to 1,800

hospitalizations®

16-25 deaths®

360 deaths®
310-485 deaths

4,200-7,440 deaths®

@ The numbers in the table are based on maximum likelihood estimates of the relative risk. As dis-
cussed in the body of the report, there are uncertainties in these estimates, so actual impacts could be
somewhat higher or lower than indicated in the table. The endpoints listed are those for which there is

a causal association with ETS exposure based on observations of effects in exposed human popula-

tions.

b California estimates for low birthweight, SIDS, and middle ear infection (otitis media) are provided in
Chapters 3, 4, and 6 respectively. U.S. estimates are obtained by dividing by 12 percent, the fraction

of the U.S. population residing in California.

¢ Estimates of mortality in the U.S. for lung cancer and respiratory effects, with the exception of middle
ear infection (otitis media), come from U.S. EPA (1992). U.S. range for heart disease mortality reflects

estimates reported in Wells (1988 and 1994), Glantz and Parmley (1991), Steenland (1992).

California predictions are made by multiplying the U.S. estimate by 12 percent, the fraction of the U.S.

population residing in the state. Because of decreases in smoking prevalence in California in recent
years, the number of cases for some endpoints may be somewhat overestimated, depending on the
relative impacts of current versus past ETS exposures on the health endpoint.
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1.1 ORGANIZATION The review begins with introductory material on definitions

OF THE REPORT and the methodology of the review. In Chapter 2, an
overview is presented on measurements of ETS exposure, particularly as
they relate to characterizations of exposure in epidemiological investiga-
tions, and on prevalence of ETS exposure found in studies conducted in
California and nationally. Chapters 3 through 5 address the developmental
and reproductive effects of ETS exposure. Perinatal manifestations of devel-
opmental toxicity are addressed in Chapter 3, postnatal manifestations in
Chapter 4, and male and female reproductive effects in Chapter 5. In
Chapter 6, acute and chronic respiratory health effects are described,
including some that, under standard definitions (U.S. EPA, 1991; CDHS,
1991), are considered to be developmental effects, such as pulmonary devel-
opment and childhood asthma induction. Chapter 7 describes the evi-
dence for carcinogenic effects of ETS exposure; beginning with a discussion
of all sites combined for children and adults, the chapter then describes the
evidence for specific sites: lung, nasal sinus, cervical and bladder cancer
(sites for which active smoking has been causally linked to cancer induc-
tion), and breast, stomach, brain, leukemia, lymphomas, non-Hodgkin'’s
lymphomas, and other rare childhood cancers (sites for which there is
equivocal evidence for an etiologic role for active smoking). Chapter 8
reviews the evidence for the impact of ETS exposure on coronary heart dis-
ease.

1.2 DEFINITION OF ETS ETS is also called “second-hand smoke,” and ETS expo-
sure is frequently used interchangeably with “involuntary smoking” and
“passive smoking.” ETS is formed from the smoldering of a cigarette or
other tobacco product and from smoke exhaled by the smoker (NRC, 1986).
There are other minor contributors, such as the smoke that escapes while
the smoker inhales and some vapor-phase components that diffuse into the
environment. Once released into the environment of the smoker, compo-
nents are diluted by the ambient air, diffusing in and being transported
through it. These smoke constituents may also aggregate with other com-
ponents in the air and further age and change in character. This complex
mixture is defined as ETS, and inhalation of it, as ETS exposure. In some
ways this definition may be overly restrictive when it comes to assessing
effects from prenatal smoke exposures. Because the fetus cannot actively
smoke, all of its exposure to tobacco smoke constituents is “passive” or
“involuntary.” Nonetheless, exposure of the fetus due to maternal smoking
during pregnancy is not considered to be ETS exposure in this report.

1.3 METHODOLOGY This review is based on exhaustive searches of the literature,
including electronic searches (e.g., Medline, Toxline), formal requests for
information through an initial “data call-in” through mailed notices, and a
California Regulatory Notice Register announcement and less formal
requests at a number of public workshops, as well as through the public
review process. While published, peer-reviewed literature serves as the pri-
mary source of data, additional sources, for example abstracts of meeting
presentations or doctoral dissertations, may be included, particularly if they
provide information in an area where data are lacking.



Smoking and Tobacco Control Monograph No. 10

Methodological issues that were considered in the review of the epi-
demiologic literature include: 1) the sample size of the study, which affects
the power to detect an effect; 2) the extent to which the analysis or design
takes into account potential confounders or other risk factors; 3) selection
bias, or whether the study groups were comparable; and 4) the potential for
bias in ascertaining exposure. These factors were considered when identify-
ing those studies of highest quality.

An important consideration in exploring the effects of ETS exposure
is the biological plausibility of an effect. This issue is addressed by compar-
ing findings from studies of ETS exposure to those of active smoking, and
by examining the results of animal studies, short term tests, and biomarker
investigations.

1.3.1 Measures of Exposure Characterization of ETS exposure in most epidemio-

in Epidemiological Studies logical studies is limited to broad categories (e.g.,
yes/no, number of hours per week). Accurate categorization is difficult
given the large variation in exposures individuals experience. Exposure has
generally been determined in three ways: ascertainment of spousal smoking
status; estimation of the number of hours a person is exposed (at home, at
work, or elsewhere); or measurement of biomarkers. Interviews or question-
naires are often used to collect the first two types of information. Some of
the limitations of assessing ETS exposure are briefly discussed below, while
Chapter 2 provides more detail on exposure measurement using biomarkers
and examines issues regarding the use of questionnaires.

Misclassification is an important consideration when reviewing epi-
demiologic studies. Misclassification of exposure status occurs when indi-
viduals are categorized as having been more or less exposed than they actu-
ally were. If the likelihood of misclassification does not depend on whether
the study subjects are diseased or not (that is, misclassification is “nondif-
ferential”), then an association between ETS and the disease will be more
difficult to detect. Misclassification is a concern in studies which rely on
the ascertainment of spousal smoking status because ETS exposures also
occur outside the home. In addition, the amount smoked by the spouse
outside and inside the home, as well as the time spent in the home by the
nonsmoking spouse, varies from couple to couple. Other considerations
include size and ventilation of the subjects’ residences. Misclassification
can occur when exposures observed at one point in time are assumed to
apply to other time periods. Misclassification can also be an issue when
exposure is determined by asking subjects about the number of hours they
are exposed, for example, at home or at work. While questions on number
of hours exposed provide more information about multiple exposure
sources, respondents may vary in their awareness of and ability to quantify
their exposure (Coultas et al., 1989). The tendency is toward underestima-
tion of hours exposed (Emmons et al., 1992). Few studies of this type
attempt to verify self-reported exposures.



Chapter 1

To minimize misclassification errors, the occurrence and duration of
exposure to all sources of ETS should be ascertained as completely as possi-
ble. More recent studies have used measurement of biomarkers of exposure
to improve assessment of ETS exposure. The biomarker cotinine, a metabo-
lite of nicotine with relatively short half-life (20-30 hours in blood plasma),
is useful in categorizing and verifying recent exposure. However, because it
only reflects exposures of the past day or two, it is less useful in evaluating
chronic exposure. Measurement of cotinine can also be useful for identify-
ing active smokers, as levels generally differ between smokers and non-
smokers exposed to ETS by one to two orders of magnitude.

Characterization of ETS exposure in studies of developmental effects
which manifest perinatally or in the first year of life can be particularly
challenging. Because of the pronounced effects of maternal smoking dur-
ing pregnancy on some of the outcomes of interest, studies that can distin-
guish pre- and postnatal ETS exposure from in utero exposure due to mater-
nal active smoking are given more weight. Some studies have attempted to
control for maternal active smoking during pregnancy through statistical
analyses. However, as spousal smoking habits are correlated, it is difficult
to control for the effect of only one partner’s smoking. In addition, almost
all women who smoke throughout pregnancy continue to smoke after their
babies are born (Fingerhut et al., 1990) and thus expose their children both
to mainstream tobacco smoke components prenatally and to ETS after
birth.

Assessment of current ETS exposure of children is somewhat less
problematic. Although concerns similar to those discussed above regarding
misclassification remain, children, especially infants and young children,
are likely to be exposed to tobacco smoke in fewer circumstances than
adults. Cotinine concentrations in children are well correlated with smok-
ing by the mother (Greenberg et al., 1989; U.S. DHHS, 1986); thus, informa-
tion on cigarette consumption by the mother is likely to provide a reason-
able proxy for a young child’s ETS exposure. This may not be the case if
the mother is not the primary caregiver. The use of paternal smoking alone
as a proxy for ETS exposure of infants and children can be problematic, as
fathers are generally less likely to be the primary caregiver.

1.3.2 ETS Exposure in Two main exposure issues arise in examining animal stud-

Animal Studies ies of tobacco smoke effects. First, there are no direct ana-
logues of active smoking in animals; in all cases the smoke is dispersed in
the air rather than pulled from a cigarette into the lungs. Secondly, in
many study reports, not enough methodological detail is provided to deter-
mine whether the smoke generated can be classified as “mainstream” or
“sidestream” smoke, and thus its relevance to ETS exposure is unclear. The
majority of the studies available have attempted to simulate active smoking
by using mainstream smoke, and some delivered the smoke in bursts or
“puffs.” A few recent studies have used exposures characterized as “side-
stream smoke,” which is considered more relevant to the assessment of the
effects of ETS exposure.
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Animal models have not been prominent in providing evidence
concerning the toxicity of active smoking. In contrast to humans, rodents,
the most commonly used animals in laboratory experiments, are obligatory
nose breathers and cannot inhale through the mouth. In addition, lung
and nasal cavity morphometry (e.g., shape) differ significantly between lab-
oratory rodents and humans, leading to differences in distribution and
absorption of particulates (Harkema, 1991; Snipes et al., 1989). Also, meth-
ods of exposing animals to tobacco smoke comparable to human active
smoking have not been available. To address this issue, “smoking
machines” were developed that provided “puffs” of smoke drawn through
lit cigarettes (Guerin ef al., 1979). This smoke could be dispersed in a
chamber or delivered via “nose only” exposure in which the animal’s head
was confined in a separate area to which the smoke was delivered. “Nose
only” exposures are considered superior to chamber exposures. In cham-
bers, smoke constituents could condense on fur and subsequently be ingest-
ed during grooming, although this has not been demonstrated.

Animal models for ETS exposure have been recently developed and
studies using such models are being released (Witschi et al., 1997a & b).
Typically, “sidestream” smoke is smoke produced from the lit end of a ciga-
rette, while “mainstream” smoke is that produced when air is drawn
through a lit cigarette. Aging and dilution are provided prior to exposure
to simulate constituent profiles similar to those described for human ETS
exposure (Coggins et al., 1992). Few studies using exposures specifically
designed to simulate human ETS exposure have as yet been published, how-
ever.

1.3.3 Measures of Effect The association of ETS exposure and a specific outcome
in an epidemiologic study is usually reported as an odds ratio or a rate ratio
with a confidence interval, if available from reported studies. Odds and
rate ratios adjusted for potential confounders in the original studies are
included when available. If not presented in the published report and suffi-
cient data were provided for doing so, crude rate ratios or odds ratios and
confidence intervals were calculated. An important consideration in exam-
ining causality is whether a dose-response effect was found, so when avail-
able those findings are included.

In general, when evaluating the findings of a study, the statistical
significance of single comparisons, as indicated by the p-value, is consid-
ered. However, when evaluating a body of epidemiologic literature, basing
interpretation only on the tallying of statistically significant findings can be
misleading (Greenland, 1987; Frieman et al., 1978). One problem is that
epidemiologic data seldom satisfy the criteria of randomized experimental
trials, for which the statistical testing methods were designed. Furthermore,
statistical significance is influenced by sample size; not all studies may be
large enough to detect a significant association of a given magnitude. This
is especially the case if the effect is expected to be of relatively small magni-
tude, as is anticipated for several of the potential ETS endpoints. Finally,
comparisons simply on the basis of p-values do not take into account possi-
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ble sources of bias in the studies. Therefore, in evaluating causality for a
particular endpoint, the overall body of evidence is carefully considered.

1.3.4 Attributable Risk To provide a context for judging the importance of effects
caused by ETS exposure, estimates of ETS-related morbidity and mortality
are provided. The estimates are derived from data on prevalence and rela-
tive risk through assessing the attributable fraction, also called the attributa-
ble risk (Breslow and Day, 1980; Kelsey et al., 1996). The attributable frac-
tion is the proportion of disease occurrence potentially eliminated if expo-
sure was prevented. U.S. EPA (1992) used an attributable fraction approach
in estimating national figures for ETS-related respiratory health effects. In
fact, the national figures derived by U.S. EPA (1992) are used as the basis for
deriving California-specific values for childhood asthma induction and
exacerbation, bronchitis or pneumonia in young children, and lung can-
cer—the U.S. estimate is multiplied by 12 percent, the fraction of the U.S.
population residing in the state. U.S. statistics reported in the published lit-
erature for ETS-related heart disease mortality (Wells, 1988 and 1994;
Steenland, 1992; Glantz and Parmley, 1991) are similarly used to estimate
California-specific impacts. In this report, California-specific values are cal-
culated for SIDS, low birth weight, and otitis media using California preva-
lence data and relative risk values to first estimate the attributable fraction.

To the extent that smoking prevalence and ETS exposure have been
declining in recent years and that California differs from the rest of the
country, the California-specific values derived from U.S. estimates may be
slightly elevated, depending on the relative impacts of current versus past
ETS exposures on the health endpoint. Cases of lung cancer occurring
today are a consequence of ETS exposures over past decades, and since
smoking prevalence in California was near national levels until the mid-
1980s, the differences noted should not significantly impact the accuracy of
the California estimate. For heart disease mortality this issue is more diffi-
cult to judge, since the importance of current versus past exposures is not
clearly understood. Other sources of uncertainty in estimates based on the
attributable fraction method include limited information on prevalence of
current and past smokers and relative risks of disease associated with smok-
ing status. Methods to describe the sensitivity of these factors to morbidity
and mortality estimates derived using an attributable risk formulation have
recently been discussed (Taylor and Tweedie, 1997).

1.4 WEIGHT-OF- A “weight-of-evidence” approach has been used to

EVIDENCE EVALUATIONS describe the body of evidence and to determine
whether or not ETS exposure causes a particular effect. Under this
approach, the number and quality of epidemiological studies, as well as
other sources of data on biological plausibility, are considered in making a
scientific judgment. Associations that are replicated in several studies,
either of the same design or using different epidemiological approaches or
considering different sources of exposure, are more likely to represent a
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causal relationship than are isolated observations from single studies (IARC,
1996). If there are inconsistent results among investigations, possible rea-
sons are sought (such as adequacy of sample size or control group, methods
used to assess ETS exposure, range in levels of exposure), and results of
studies judged to be of high quality are given more weight than those of
studies judged to be methodologically less sound. General considerations
made in evaluating individual studies include study design, appropriateness
of the study population, methods used to ascertain ETS exposure, and ana-
lytic methods such as the ability to account for other variables that may
potentially confound the ETS effect (see for example: IARC, 1996).
Increased risk with increasing levels of exposure to ETS is considered to be a
strong indication of causality, although absence of a graded response is not
necessarily evidence against a causal relationship (IARC, 1996).

An effect is judged to be causally associated with ETS exposure
when a positive relationship between ETS exposure and the effect has been
observed in studies in which chance, bias, and confounding could be ruled
out with reasonable confidence. Effects considered to have suggestive evi-
dence of a causal association with ETS exposure are those for which a causal
interpretation can be considered to be credible, but chance, bias, or con-
founding could not be ruled out with reasonable confidence. For several
effects, it is not possible to judge whether or not ETS exposure affects the
severity or prevalence of their occurrence. Either too few studies are avail-
able to evaluate the impact, or the available studies are of insufficient quali-
ty, consistency, or statistical power to permit a conclusion.

Unlike those of most of environmental contaminants, ETS-related
health impacts are directly observable through studies of people in expo-
sure situations similar to those experienced by the general population. Still,
the relative risks observed can be small, requiring a number of studies or
large studies to confirm the effect. Some endpoints have not been suffi-
ciently studied epidemiologically, in which case the finding of inadequate
evidence should be seen as preliminary. Because the epidemiologic data are
extensive, they serve as the primary basis on which findings of ETS effects
are made. Experimental data are reviewed to determine the extent to
which they support or conflict with the human data. With regard to
addressing biological plausibility, analyses based on particular biomarkers
should be considered with caution. Presumption of a linear dose-response
relationship between ETS exposure as indicated by biomarker measurements
and effect can be problematic. The ratio of constituents in mainstream
smoke differs from that in ETS, and the constituents themselves differ in
their pharmacokinetic properties and in their dose-effect relationships.
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Exposure Measurement and
Prevalence

2.1 INTRODUCTION This chapter provides background information on the preva-
lence and measurement of exposure to ETS and emphasizes investigation
and monitoring methods used in epidemiological evaluations of health
effects. Section 2.2 briefly reviews the physical and chemical properties of
ETS and identifies some of the important biologically active constituents
present in ETS. Section 2.3 discusses various techniques that have been
used to measure ETS concentrations in indoor environments.
Determination of ETS contamination is a challenge, as ETS is a complex
mixture of over 4,000 compounds, and it is neither feasible nor practical to
characterize every individual constituent of ETS. Given the complex nature
of ETS, markers and tracers of ETS are measured to assess ETS exposures.
The role and limitations of some ETS markers, such as nicotine, particulate
matter in air, and polycyclic aromatic hydrocarbons, are discussed in this
section. Section 2.4 addresses the use of biomarkers to measure ETS expo-
sure. In addition to being dependant on ETS concentration in air, the
measured level of biomarker varies with an individual’s uptake, distribution,
metabolism, and excretion of the chemical of interest. This section
describes the use and limitations of some of the biomarkers, such as nico-
tine and cotinine in physiological fluids, in determining ETS exposure.

One problem with ETS markers and biomarkers is that most of them
are only capable of estimating ETS exposure over a relatively short period of
time, from a few hours to several weeks, whereas many health effects of ETS
are believed to be associated with long-term exposures that are measured in
months, if not years. In order to address this difficulty, most epidemiologi-
cal studies cited in this report used questionnaires or interviews to deter-
mine the status of the subjects regarding long-term exposure to ETS. Some
studies also used measurements of ETS markers and biomarkers as supple-
mental information. And just like any epidemiological study that relies on
questionnaires or interviews for exposure information, these studies are
subjected to the problem of misclassification. Section 2.5 of this chapter
describes some of the difficulties associated with classifying subjects into
exposure categories based on the smoking status of other household mem-
bers. As of today, no perfect method for quantifying ETS exposure has been
found. Yet, as demonstrated by many studies cited in other chapters of the
report, epidemiologists are able to use the information obtained from ques-
tionnaires or interviews in classifying the subjects into categorical groups of
ETS exposure (e.g., none, low, medium, or high). The categorical exposure
information is then used to evaluate health risks associated with ETS expo-
sure. However, one drawback of this approach is that it decreases the sensi-

11



Smoking and Tobacco Control Monograph No. 10

tivity or power of a study—i.e., it will not show a positive association when
a health effect is only moderately related to ETS exposure.

Though many ETS monitoring methods (e.g., nicotine and res-
pirable suspended particulates in air, cotinine in body fluids) are discussed
in this chapter, risk assessment of ETS exposure is seldom performed based
on monitoring results. Some of the reasons include short sampling dura-
tion in most studies, large uncertainty in extrapolating the ETS levels meas-
ured at a specific location to the general population, and large uncertainty
in estimating the frequency and duration of ETS exposure of the general
population. Consistent with the approach used by the National Research
Council (NRC, 1986), U.S. EPA (1992), DiFranza and Lew (1996), and Wells
(1994), this report uses prevalence assessment for the estimation of health
risks that are associated with past or recent ETS exposure. Epidemiologists
often use prevalence assessment, which makes use of semi-quantitative
exposure information, such as job classification or duration of exposure, for
the estimation of health risks associated with occupational and environ-
mental hazards.

Section 2.6 discusses the prevalence of ETS exposures and factors
affecting prevalence, especially in California. In support of the assessment
of reproductive and developmental effects presented in the chapters
addressing these effects, information on both measurement and prevalence
of ETS exposures of the developing child (in utero, during infancy, and dur-
ing childhood) is described when available.

2.2 PROPERTIES OF ETS AND ETS is a complex mixture of chemicals generated
ITS CONSTITUENTS during the burning of tobacco products. The prin-

cipal contributor to ETS is “sidestream smoke,” the

2.2.1 Physical and Chemical material emitted from the smoldering tobacco prod-
Properties of ETS! uct between puffs. Other components of ETS
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include exhaled mainstream smoke, mainstream smoke emitted at the
mouthpiece during puft drawing, and compounds diffused through the
wrapper. “Mainstream smoke” is the complex mixture that exits from the
mouthpiece of a burning cigarette when a puff is inhaled by the smoker.

When a cigarette is smoked, approximately one-half or more of the
smoke generated (by weight) is sidestream smoke emitted from the smolder-
ing cigarette. The chemical composition of mainstream smoke has been
more extensively characterized than that of sidestream smoke, but they are
produced by the same fundamental processes, such that many chemical
constituents are present in both. Over 4,000 individual constituents have
been identified in mainstream smoke, and approximately 400 compounds
have been measured quantitatively in both mainstream and sidestream
smoke.

! The U.S. EPA (1992) report is the primary source of information presented in this section;
unless a specific reference is provided, the information in this section has been taken
from that report.
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The large number of constituents results from the chemical compo-
sition of tobacco and the variety of chemical and physical processes that
occur as a cigarette is smoked. The majority of the compounds present in
mainstream smoke are formed during combustion, in a pyrolysis-distillation
zone just behind the heat-generating combustion zone (Baker, 1981).
Estimates have been made that the total number of constituents in main-
stream smoke actually may be 10 to 20 times the number identified to date;
that is, mainstream smoke may comprise over 100,000 constituents.
However, these unidentified components comprise less than 5 percent of
the mass of mainstream smoke and would be present only at very low con-
centrations (Guerin et al., 1992).

Although many constituents present in mainstream and sidestream
smoke are the same, there are important differences in their rates of emis-
sion into the air due to physical and chemical differences in the burning
conditions present during their generation. As discussed in Respiratory
Health Effects of Passive Smoking: Lung Cancer and Other Disorders (U.S. EPA,
1992: pages 3-2 to 3-10), some constituents have a higher rate of release
into sidestream than mainstream smoke, while for others the reverse is true.
Once emitted into the air, sidestream smoke may undergo various physical
and chemical changes. Dilution, chemical reactions, deposition, and other
removal processes may decrease the concentration of the airborne con-
stituents of ETS, alter the size distribution of suspended particles, and
chemically modify some of the more reactive constituents of ETS.

The delivery of selected agents in the mainstream smoke of nonfil-
ter cigarettes and the ratios of the relative distribution of these agents in
sidestream to mainstream smoke are given in U.S. EPA (1992: Table 3-1). As
discussed by U.S. EPA (1992: pages 3-4 to 3-6), sidestream to mainstream
ratios are highly variable and can be misleading, as a number of factors
affecting cigarette design (e.g., presence of a filter and filter ventilation) and
smoking patterns (e.g., puff volume) have a substantial impact on the emis-
sions of mainstream smoke. In contrast, sidestream smoke emissions show
relatively little variability as a function of most of these same factors. A
study of the influence of puff volume and filter ventilation on sidestream
and mainstream deliveries illustrates this point (Browne et al., 1980). The
mainstream delivery of particulate matter and cartbon monoxide increases
with puff volume, but decreases with increasing filter ventilation. Because
the sidestream delivery of these constituents remains relatively constant,
the corresponding sidestream to mainstream ratios will decrease or increase
as a function of the specific condition and constituent examined (Table
2.1).

Data on sidestream emission rates from filtered and commercial cig-
arettes for many compounds of public health interest are tabulated in U.S.
EPA (1992: Table 3-2). While the data are limited, they suggest that side-
stream deliveries are relatively constant across a number of products, with
differences ranging two- to three-fold when measured under standard smok-
ing conditions. These results are consistent with the finding that side-
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Table 2.1

Influence of Puff Volume and Filter Ventilation on Deliveries of Particulate Matter and
Carbon Monoxide in Mainstream and Sidestream Smoke

Milligrams per Cigarette and SS/MS ratio

# of Particulate Matter Carbon Monoxide

Variable2 Puffs MS SS SS/MS MS SS SS/MS
Puff Volume

None,

Free burn 0 -- 23 -- -- 58 --

17.5cc 9.6 29 23 0.8 9 63 7

35cc 8.7 46 20 0.4 19 50 2.6

50 cc 7.4 55 21 0.4 20 56 2.8

Filter Ventilation®

0% 8.7 46 20 0.4 19 50 2.6
33% 8.8 32 21 0.6 13 49 3.8
48% 9.8 21 21 1.0 7 58 8.3
83% 10.6 12 21 1.8 2 56 2.8

Browne et al. (1980)

a USA blend cigarette, FTC smoking conditions unless otherwise noted.
b Percentage of mainstream puff air entering through periphery of filter.

stream deliveries are primarily related to the weight of the tobacco and
paper consumed during smoldering, rather than to cigarette design (Guerin
et al., 1992).

2.2.2 Biologically Active A number of chemicals known or suspected to con-
Constituents of ETS tribute to adverse health effects are present in tobacco

smoke (mainstream and sidestream smoke), including eye and respiratory
irritants, systemic toxicants, mutagens, carcinogens, and reproductive toxi-
cants. It is outside the scope of this review to assess exposure to each of the
numerous individual constituents of ETS or their specific contribution to
the health effects associated with ETS. This section provides a brief discus-
sion of some of the more toxicologically significant compounds identified
in tobacco smoke.

2.2.2.1 Toxicants with Irritants and toxicants with other acute health effects have
Acute Effects been identified in ETS, including ammonia, acrolein, car-
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bon monoxide, formaldehyde, hydrogen cyanide, nicotine, nitrogen oxides,
phenol, and sulfur dioxide. Ammonia, formaldehyde, and sulfur dioxide
are respiratory irritants and may exacerbate the condition of people with
breathing difficulties. Several components, including acrolein, crotonalde-
hyde, formaldehyde, and hydrogen cyanide, affect mucociliary function,
and at a sufficiently high concentration can inhibit clearance of smoke par-
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Table 2.2

Chemical Constituents of Tobacco Smoke That Have Been Classified or Identified as to
their Carcinogenicity, Reproductive Toxicity, or Other Health Hazard

COMPOUND IARC U.S. EPA CAL/EPA
Classification® Classification® Prop 65%/TACY

Organic Compounds

Acetaldehyde 2B B2 yesl/lyes
Acetamide 2B yesllyes
Acrolein 3 C --- llyes
Acrylonitrile 2A B1 yesllyes
4-Aminobiphenyl 1 yesl/lyes
Aniline 3 B2 yesllyes
o-Anisidine 2B yesl/lyes
Benz[a]anthracene 2A B2 yesllyes
Benzene 1 A yesllyes
Benzo[b]fluoranthene 2B B2 yesllyes
Benzo[j]fluoranthene 2B yesl/lyes
Benzo[k]fluoranthene 2B B2 yesl/lyes
Benzo[a]pyrene 2A B2 yesllyes
1,3-Butadiene B2 yesllyes
Captan 3 yesllyes
Carbon disulfide® yesl/lyes
Carbon monoxide® yes//---
Chrysene 3 B2 yesllyes
DDT 2B yes//---
Dibenz[a,h]acridine 2B yesl/lyes
Dibenz[a,j]acridine 2B yesl/lyes
Dibenz[a,h]anthracene 2A B2 yesllyes
7H-Dibenzo[c,g]carbazole 2B yesllyes
Dibenzo[a,e]pyrene 2B yesllyes
Dibenzo[a,h]pyrene 2B yesl/lyes
Dibenzo[a,i]pyrene 2B yesllyes
Dibenzo[a,|]pyrene 2B yesl/lyes
1,1-Dimethylhydrazine 2B yesllyes
1-Naphthylamine 3 yes//---
2-Naphthylamine 1 yes//---
Nicotine® yes//---
2-Nitropropane 2B yesl/lyes
N-Nitrosodi-n-butylamine 2B B2 yes//---
N-Nitrosodiethanolamine 2B B2 yes//---
N-Nitrosodiethylamine 2A B2 yes//---
N-Nitroso-n-methylethylamine 2B B2 yes//---
N’-Nitrosonornicotine 2B yes//---
N-Nitrosopiperidine 2B yes//---
N-Nitrosopyrrolidine 2B ---llyes
Styrene 2B ---llyes
Toluene® yesl/lyes
2-Toluidine 2B yesl/lyes
Urethane 2B yes//---
Vinyl chloride 1 yesl/lyes

15
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Table 2.2 (Continued )

COMPOUND IARC U.S. EPA CAL/EPA
Classification® Classification® Prop 65°%/TACY

Inorganic Compounds

Arsenic 1 A yesl/lyes
Cadmium 2A B1 yesl/lyes
Chromium V1 1 A yesllyes
Lead® 2B B2 yesl/lyes
Nickel 1 A yesl/lyes

Sources: ARB (1993); IARC (1985, 1986, 1987, 1992); California Code of Regulations
(1994); U.S. EPA (1994)

2 International Agency for Research on Cancer (IARC) Classification: 1, carcinogenic to
humans; 2A, probably carcinogenic to humans; 2B, possibly carcinogenic to humans; 3, not
classifiable as to its carcinogenicity to humans.

b U.S. EPA Classification: A, human carcinogen, B1, probable human carcinogen (primarily
on the basis of epidemiological data); B2, probable human carcinogen (primarily on the basis
of animal data); C, possible human carcinogen.

¢ Chemicals listed under Proposition 65 are known to the State to cause cancer or reproduc-
tive toxicity (California Health and Safety Code Section 25249.5 et seq.).

4 Substances identified as Toxic Air Contaminants by the Air Resources Board (ARB), pur-
suant to the provisions of AB 1807 and AB 2728 (includes all Hazardous Air Pollutants listed in
the Federal Clean Air Act Amendments of 1990).

¢ Reproductive toxicant

ticles from the lung (Battista, 1976). Nicotine, which is the principal alka-
loid in tobacco, is a major contributor to the addictive properties of tobac-
co. Nicotine has diverse pharmacologic and toxicological actions, ranging
from acute poisoning to chronic effects, some of which may be responsible
for some of the adverse health effects associated with smoking.

2.2.2.2 Toxicants with  Over 50 compounds have been identified in tobacco smoke
Carcinogenic Effects that are recognized as known or probable human carcinogens.
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These compounds, which may occur naturally in tobacco or which are
formed during combustion, reside mainly in the particulate phase (IARC,
1986). Most of the major classes of carcinogens, including both organic
and inorganic constituents, are represented. Table 2.2 lists those com-
pounds detected in tobacco smoke for which there is evidence of animal or
human carcinogenicity, as evaluated by the U.S. EPA or the IARC. Also in
Table 2.2 are compounds listed as carcinogens under California’s Safe
Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65,
California Code of Regulations, Title 22, Section 12000) and a number of
tobacco smoke constituents that have been identified as toxic air contami-
nants by the California Air Resources Board (ARB, 1993). Tobacco smoke
itself is listed as a carcinogen under Proposition 65.
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Conditions in the burning cone of a cigarette are favorable for the
formation of polycyclic aromatic hydrocarbons (PAHs). Over 35 different
PAHs have been identified in tobacco smoke (IARC, 1986), several of which
are carcinogenic (e.g., benz[a]anthracene, benzo[a]pyrene, and
dibenz[a,h]anthracene). N-Nitrosamines are formed during the curing (dry-
ing) of the tobacco leaf and in large part during combustion while smoking.
N-Nitrosamines identified in tobacco smoke include volatile (e.g., N-nitroso-
dimethylamine), nonvolatile (e.g., N-nitrosodiethanolamine), and tobacco-
specific compounds (e.g., N-nitrosonornicotine), formed by N-nitrosation of
nicotine and other pyridine alkaloids. Most of the identified nitrosamines
are carcinogens in experimental animals and some (e.g., N-nitrosodimethy-
lamine) are present in sidestream smoke in amounts 10 to 200 times greater
than in mainstream smoke (U.S. DHHS, 1986; Lofroth, 1989). By weight,
the tobacco-specific nitrosamines are the most prominent of the suspected
carcinogens identified thus far (IARC, 1986). In addition, the inhalation of
nitrogen oxides and amines in tobacco smoke may contribute to the
endogenous formation of carcinogenic N-nitrosamines (Hoffmann and
Brunneman, 1983; Ladd et al., 1984). Other well-established organic car-
cinogens identified in tobacco smoke are aromatic amines (e.g., 4-amino-
biphenyl, 2-naphthylamine and o-toluidine), benzene, hydrazine, and vinyl
chloride.

Like other plant tissues, tobacco contains minerals and other inor-
ganic constituents derived from soil, fertilizers, agricultural sprays, and pol-
luted rainfall. Upon combustion, most metals remain in the ash; however,
some are vaporized or carried in fragments of ash and thus are also found
in tobacco smoke. Several of these metals, including arsenic, cadmium, and
chromium, are known to be carcinogenic to humans following inhalation.

Tobacco contains a number of naturally occurring radionuclides, of
which the most important is the alpha-emitter polonium-210 (Cohen et al.,
1980). Polonium-210 and lead-210 in tobacco originate from phosphate
tertilizers (Tso, 1966) and/or from airborne particles containing lead-210
that are trapped by the trichomes of tobacco leaves (Martell, 1974).
Although not a direct source of radon, ETS in indoor environments is asso-
ciated with an increase in the airborne concentrations of radon decay prod-
ucts, presumably because newly formed decay products are more likely to
attach to smoke particles than to other surfaces in a room (Bergman et al.,
1986). All radioactive chemicals can cause cancer in humans and animals.

Though not all mutagens are carcinogens, mutagenicity tests have
proven to be useful in identifying chemicals that can alter the integrity of
genetic materials and may thus have carcinogenic potentials. Several stud-
ies have shown that the semivolatile and particle-bound organic fractions
of sidestream smoke are mutagenic in bacterial systems (Lofroth ef al., 1983;
Ong et al., 1984; Lofroth and Lazaridis, 1986; Ling et al., 1987; Claxton et
al., 1989). The results from a variety of short-term tests for genetic end-
points on mainstream smoke and tobacco smoke condensate have been
reviewed by DeMarini (1983), Obe et al., (1984), and IARC (1986). In addi-
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tion, many of the individual constituents of ETS are positive in one or more
short-term tests for genetic activity (Claxton et al., 1989).

2.2.2.3 Toxicants with Several compounds listed as developmental or reproductive
Effects on Development  toxicants under California’s Proposition 65 have been
and Reproduction detected in tobacco smoke (Table 2.2). ETS constituents

identified as developmental toxicants under Proposition 65 are carbon
disulfide, carbon monoxide, lead, nicotine, cadmium, and toluene. Lead
and carbon disulfide have also been identified as agents causing male and
female reproductive toxicity. Additional ETS constituents investigated as
possible mediators of the developmental or reproductive toxicity of tobacco
smoke include PAHs, which have been found to cause developmental and
reproductive effects in experimental animals. Exposure to tobacco smoke
due to active smoking has been listed as a developmental toxicant as well as
a female and male reproductive toxicant under Proposition 65 (listed as
“tobacco smoke (primary)”); however, ETS has not been listed.

2.3 EXPOSURE This section summarizes a number of different tech-
MEASUREMENT: ETS niques used by researchers for estimating the degree of
CONCENTRATIONS IN ETS exposure of their subjects. In order to investigate

INDOOR ENVIRONMENTS the health effects of ETS exposure, epidemiologists
characterize the exposure level of their subjects to
determine the extent to which exposure is correlated
with an adverse health effect. Given the extreme spa-
tial and temporal variation of ETS concentration in indoor and outdoor
environments, it is not technically or economically feasible to accurately
determine the long-term ETS exposure history of an individual. Yet often
times it is the long-term exposure to ETS that is of interest in examining
health effects such as developmental effects and cancers. Epidemiologists
circumvent this difficulty by using questionnaires or interviews to deter-
mine the status of the subjects with respect to long-term exposure to ETS
and then classifying the subjects into categorical groups of ETS exposure
(e.g., none, low, medium, or high). In this way, they make the best use of
the semi-quantitative exposure information available without compromis-
ing the validity of the study results. One drawback of this approach is that
it decreases the sensitivity or power of the study—i.e., a study will not show
a positive association when ETS exposure and an adverse health effect are
only moderately related. Some of the indirect and direct methods used by
researchers in the study of ETS exposure are discussed in the following sec-
tions.

2.3.1 Introduction to
Exposure Measurement

Indirect methods for assessing exposure include measurements of
indoor air concentrations of ETS constituents (discussed in this section),
and population surveys and questionnaires used to assess the characteris-
tics, patterns, and extent of exposure (Section 2.5). Direct methods for
assessing ETS exposure include the use of personal monitors (discussed in
this section and in Section 2.4) and measurement of biomarkers of expo-
sure. Personal monitors measure concentrations of ETS constituents at or
near the breathing zone and can be worn by individuals to assess exposures
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occurring in a specific location or accumulated throughout the day, thus
providing an integrated measure of short-term exposure. They are often
used in conjunction with other methods to compare or validate assessment
of exposure. Measurement of biomarkers, ETS constituents or their metabo-
lites in physiological fluids (such as urine, serum, and saliva), is the most
direct assessment of ETS exposure available (Section 2.4). Biomarkers are
often used to study exposure prevalence and to evaluate the degree of mis-
classification in epidemiologic studies.

Modeling exposure on the basis of measured or modeled air concen-
trations, and the time an individual spends in a specific environment, is
another indirect method for assessing ETS exposure. Recently, some
researchers have developed and successfully applied models for predicting
airborne ETS constituent concentrations (Ott et al., 1992). For example,
using an estimated cigarette source strength, air exchange rate and volume
of the room, Klepeis et al. (1996) were able to predict minute-by-minute
indoor time series and time-averaged respirable suspended particle concen-
trations from ETS. However, airborne ETS constituent concentrations
derived from this type of model are location- and situation-specific, and
cannot be easily applied to the general population. Such air models are not
discussed further in this document.

2.3.2 Indoor Air Given the complex chemical composition of ETS?, air concen-

Measurements of ETS  trations are typically assessed by measuring individual ETS
constituents referred to as tracers, markers, or proxy compounds. Nicotine
and respirable suspended particulates (RSP)® are the most widely used mark-
ers for the presence and concentration of ETS in indoor environments.
Recently, some researchers have used 3-ethenylpyridine, solanesol, and
ultraviolet particulate matter as markers of ETS and suggested that they may
be better correlated with other constituents of ETS than nicotine and RSP
(Hodgson et al., 1996; Jenkins et al., 1996).

Airborne nicotine is specific to tobacco combustion and is emitted
in large quantities in ETS. Although not specific to tobacco combustion,
large quantities of RSP are emitted during cigarette smoking, resulting in
measurable increases over background levels even under conditions of high
ventilation and low smoking rates. There are other common combustion-
related sources of indoor RSP, such as wood-burning fireplaces, gas stoves,
and kerosene space heaters, but the levels of RSP produced by these sources
are much lower than that produced by tobacco smoke. Other ETS con-
stituents have been measured in field studies assessing the contribution of

2 The information presented refers primarily to ETS derived from cigarettes because few data
are available for cigars and pipes.

3 The term respirable suspended particulates (RSP) has been inconsistently applied in the lit-
erature. Typically, it is used to refer to PM2.5 or PM10, i.e., particles for which the mean
aerodynamic diameter is 2.5 or 10 microns, respectively. Particles associated with ETS are
typically smaller than 1 micron, and are included in both PM2.5 and PM10.
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smoking to indoor air quality. Typically, these constituents are not unique
to ETS, but studies indicate that concentrations of some constituents are
higher in environments where smoking takes place as compared to those
where it does not.

While fixed location measurements of air concentrations of ETS
constituents indicate the presence of ETS and allow an estimation of the
contribution of ETS to indoor air contaminant levels, such measurements
do not constitute a direct measure of an individual’s total ETS exposure.
During the course of a single day, an individual spends varying amounts of
time in a number of different environments; for that individual, the total
exposure is the sum of the concentration at each location multiplied by the
time spent at that location. Further, for different individuals exposed to the
same concentration levels of ETS constituents in the same room, the actual
dose will vary as a function of a number of factors, including gender, age,
specific activity level, and breathing rate at the time of exposure.

The data presented in the following sections on individual ETS con-
stituents have been summarized from a large number of studies of different
microenvironments, primarily within the United States. The measured con-
centrations of individual constituents in homes and other indoor environ-
ments show marked spatial and temporal variation as a result of the com-
plex interaction of factors related to the introduction, removal, and disper-
sion of ETS constituents. These factors include the rate of tobacco con-
sumption, room size, the location at which smoking occurs, the placement
of air monitors, the ventilation or infiltration rate, air mixing, and removal
of contaminants by air filters or deposition. With few exceptions, studies
were not designed to determine representative ETS concentrations within a
particular environment or area of the country. However, it is expected that
the ranges reported are typical of similar environments within California.
Measurements from the few studies specific to California are reported sepa-
rately.

2.3.3 Indoor Air  Over 25 separate studies have measured concentrations of nico-
Concentrations of tine in well over 100 different indoor microenvironments. The

Nicotine
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results of these studies are summarized in U.S. EPA (1992:
Section 3.3.1 and Figures 3-4 and 3-7). An extensive compilation of meas-
ured nicotine concentrations in various indoor environments is also given
in Guerin et al. (1992). Because airborne nicotine is generally specific to
the combustion of tobacco, any detectable concentrations can be attributed
to ETS (the few exceptions include areas such as work environments in
which tobacco is processed). Both chamber studies (Baker and Proctor,
1990; Eatough et al., 1990; Nelson et al., 1992) and indoor air measure-
ments (Lofroth, 1993) suggest that nicotine disappears from air faster than
other ETS constituents, and hence, its use as a marker may underestimate
the relative concentrations of other constituents.

Measurements taken in a wide variety of indoor environments in
the U.S. indicate that most average concentrations of nicotine range about
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100-fold, from 0.3 to 30 pg/m3. The average concentration in residences
with one or more smokers typically ranges from 2 to 10 pg/m?, with high
values of up to approximately 14 ng/m?3. Measured concentrations are typi-
cally higher in the winter than in summer months. In data collected from
the mid-1970’s through 1991, concentrations of nicotine in the workplace
were similar to those measured in residences, with the range of average con-
centrations showing considerable overlap for the two locations. However,
the maximum values for workplaces were considerably higher than in resi-
dences. In a recent paper, Hammond et al. (1995) showed that ETS expo-
sures in workplaces that allow smoking are comparable with, and often
greater than, ETS exposures in smokers’ homes. The highest nicotine con-
centrations in indoor environments were measured in bars and in the
smoking sections of airplanes, with levels reaching as high as 50 to 75
pg/m? (U.S. EPA, 1992). (Note: for several years, smoking has been prohibit-
ed on domestic flights of commercial airplanes). In a comprehensive sur-
vey of indoor measurements, the maximum nicotine concentrations were
30 pg/m?3 or less in over 50 percent of the studies examined, and less than
100 pg/m? in 90 percent of the studies (Guerin et al., 1992). The highest
reported level in the survey was 1010 pg/m3, measured in a passenger car
with the ventilation system shut off. In selected studies using controlled
and field conditions, the concentrations of nicotine were found to increase
as a function of the number of smokers present and the number of ciga-
rettes consumed (U.S. EPA, 1992: Section 3.3.1.2 and pages 3-32 to 3-33).

Results of four studies (three in the U.S.) using personal monitors to
assess exposure of nonsmokers to nicotine are presented in U.S. EPA (1992:
page 3-37). The average personal exposures associated with the specific
microenvironments in the U.S. for which measurements were taken ranged
from 4.7 to 20.4 pg/m?. In comparing the levels determined from station-
ary and personal samples, Guerin ef al. (1992) reported that in one study,
concentrations determined by the stationary sampler were higher than
those from the personal monitor. In a second study, the reverse was found
to be true. In a more recent study (Jenkins et al., 1996), breathing zone air
samples were taken of approximately 100 nonsmoking individuals in each
of 16 metropolitan areas of the U.S. The mean 24-hour time-weighted aver-
age nicotine concentration for those who were exposed to ETS at work and
away from work (3.27 pg/m?®) was higher than those who were only
exposed to ETS away from work (1.41 pg/m?) or those who were only
exposed at work (0.69 pg/m?). The mean nicotine concentration measured
by personal monitoring for those who were not exposed to ETS was 0.05
ug/m?.

Nicotine measurements in California residences were included in a
large-scale field study of particle exposure in Riverside in 1990, in which
178 nonsmokers over the age of 10 wore personal particle monitors for two
consecutive 12-hour periods (Ozkaynak ef al., 1994). Particle samples were
taken concurrently in indoor and outdoor air. Due to budget constraints,
only a portion of the samples from nonsmoking homes was analyzed for
nicotine, while all samples from smoking homes were analyzed.
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Approximately 30 percent of all personal and indoor samples analyzed were
above the detection limit (about 0.05 pg/m?), with 76 percent of the per-
sonal samples from individuals reporting one or more minutes of exposure
to ETS above the limit of detection. For those samples exceeding the detec-
tion limit, the mean personal 12-hour nicotine concentration for individu-
als reporting exposure to ETS was 0.96 pg/m?, and 0.11 pg/m? for individu-
als with no reported exposure. The mean indoor concentration of nicotine
in homes in which at least one cigarette was smoked (1.07 pg/m?) was sig-
nificantly higher than in homes with no reported smoking (0.10 ug/m?3).

2.3.4 Indoor Air A large number of studies have measured concentrations of
Concentrations of ETS-associated RSP in indoor microenvironments. These stud-
Particulate Matter ies are summarized in U.S. EPA (1992: Figures 3-5, 3-8, and 3-
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10). An extensive compilation of RSP measurements is also given in Guerin
et al. (1992). In contrast to nicotine, RSP is not specific to ETS and thus RSP
measurements in environments where smoking occurs must be compared
to concentrations in comparable environments where smoking does not
occur. Similar to nicotine, measured concentrations of ETS-associated RSP
range about 100-fold, from 5 to 500 pg/m?® over a wide variety of indoor
environments. In residences with one or more smokers, average daily or
weekly concentrations of ETS-associated RSP are increased about 20 to 100
pg/m?3 over concentrations in similar nonsmoking environments.
Somewhat lower levels are reported in the workplace (offices), with average
concentrations ranging from approximately 2 to 60 pg/m? over concentra-
tions in similar nonsmoking environments. Both the maximum reported
concentration (1,370 pg/m3) measured in any environment and the highest
range of average concentrations (approximately 35 to 986 ug/m?) were for
restaurants (U.S. EPA, 1992: Figure 3-8).

Studies comparing RSP concentrations in similar locations in which
smoking does and does not take place consistently show higher RSP con-
centrations in environments where smoking occurs. Typically, the ditfer-
ences range from less than 10 percent to approximately three-fold higher,
although larger differences have been reported (Guerin ef al., 1992). Under
selected and controlled field conditions, the concentration of ETS-associat-
ed RSP has been found to increase with increased smoking (U.S. EPA, 1992:
page 3-34).

Recently, Ott et al. (1996) measured RSP in a large sports tavern in
Northern California on 26 dates between 1992 and 1994 during which
smoking was allowed, and subsequently made additional measurements
during the year after smoking was prohibited. Though the degree of active
smoking in the tavern was characterized as low by the authors, they report-
ed that the average RSP concentration indoors was 56.8 pg/m? above the
outdoor concentration. After smoking was prohibited, another set of 26
follow-up visits (matched to the earlier smoking visits by time of day, day of
the week, and season), yielded an average RSP concentration that was 77
percent of the average concentration during the smoking period. No
decrease in tavern attendance was evident after smoking was prohibited.
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Results of five studies using personal monitors to assess exposure of
nonsmokers to RSP are presented in U.S. EPA (1992: page 3-38). Only three
studies reported exposures integrated over several different environments,
with exposure to ETS-associated RSP resulting in increased concentrations
of 18 to 64 pg/m3. Those individuals reporting exposure to ETS had sub-
stantially increased exposure to RSP as compared to individuals reporting
no ETS exposure. In a more recent study, Jenkins et al. (1996) took breath-
ing zone air samples of approximately 100 nonsmoking individuals in each
of 16 metropolitan areas of the U.S. The mean 24-hour time-weighted aver-
age RSP concentration for those who were exposed to ETS at work and away
from work (47 pug/m3) was higher than for those who were only exposed to
ETS away from work (33 pg/m?® or those who were only exposed at work
(28.7 pg/m3). The mean RSP concentration measured by personal monitor-
ing of those who were not exposed to ETS was 18.1 pg/m?3.

Data specific to California are available from one field study con-
ducted in 178 randomly selected homes in the city of Riverside (Pellizzari et
al., 1992). Indoor air concentrations of particles 10 micrometers or less in
aerodynamic diameter (PM10) were significantly higher in homes in which
smoking occurred (n = 28 homes for daytime measurement, 30 for night-
time), as compared to the homes without smoking (n = 139 homes for day-
time measurement, 131 for nighttime)—samples from a few homes were
lost due to pump or power failure, or quality control concerns. Mean PM10
levels in the homes with smoking were elevated (125.6 pug/m? for the 12-
hour daytime measurement, 92.9 pg/m? nighttime) above those in homes
without smoking (87.8 ug/m3 daytime, 54.6 pg/m? nighttime) by a consis-
tent amount (approximately 38 pg/m?3; Pellizzari ef al., 1992). Average per-
sonal exposures to PM10 were significantly higher for those persons (1 =
29) reporting exposure to ETS during the nighttime period as compared to
persons (1 = 139) reporting no ETS exposure during the nightime (104.2
versus 71.4 pg/m3). However, no significant difference in average personal
exposures to PM10 was found for the daytime period (n = 61 ETS-exposed,
110 unexposed; 155.2 pg/m? versus 146.8 ug/ms3).

2.3.5 Indoor Air Numerous field studies have been conducted to assess the

Concentrations of contribution of smoking to indoor air pollution. Data for

Other ETS Constituents select constituents of public health concern, including N-
nitrosamines, benzene, benzo[a]pyrene and total PAHs, carbon monoxide,
formaldehyde, and toluene are presented in U.S. EPA (1992: Table 3-3 and
Figure 3-3), as are references to the literature (U.S. EPA, 1992: Section 3.3.1).
An extensive compilation of data from measurements of a variety of ETS-
derived constituents is also given in Guerin ef al. (1992).

Because sources other than ETS exist for many of these constituents,
it has been difficult for studies to consistently demonstrate elevated con-
centrations in smoking environments. For example, formaldehyde, which
is present in a number of consumer products and building materials, is
emitted from these sources at rates usually exceeding those from smolder-
ing cigarettes. Carbon monoxide (CO) is also released from other sources,
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including gas stoves and heaters, and may be found indoors from air
exchange with outdoor air contaminanted by vehicle exhaust; thus, it is
often difficult to ascertain the contribution to indoor CO levels due to ciga-
rette smoke (Guerin et al., 1992). However, for many constituents, concen-
trations in environments where smoking occurs are elevated above levels in
comparable environments where smoking does not occur, particularly for
those environments in which heavy smoking occurs. Concentrations of
ETS-associated constituents measured in different indoor environments are
highly variable, depending on factors such as extent of smoking, air
exchange rates, and room size.

2.3.5.1 Polycyclic Concentrations of a variety of toxic air pollutants have been
Aromatic Hydrocarbons measured in California homes. Indoor concentrations of 13

PAHs measured in the homes in the Riverside field study (Pellizzari et al.,
1992) described in Section 2.3.4 were reported by Sheldon et al. (1992b).
The oncentrations of most of the PAHs analyzed were significantly higher
(approximately 1.5- to 2-times higher) in homes in which smoking
occurred, as compared to the concentrations in homes without smoking
(number of samples in homes with smoking/homes without: daytime,
17/93; nighttime, 21/85). Included in the analyses were five PAHs
(benzo[a]anthracene, benzo[a]pyrene, benzo[k]fluoranthene, chrysene, and
indeno[1,2,3-cd]pyrene) which are listed as carcinogens under Proposition
65 and detected in ETS. As an example of the magnitude of the concentra-
tions measured, the average 12-hour daytime indoor concentration of
benzol[a]pyrene was 0.51 ng/m? in homes in which smoking occurred and
0.20 ng/m? in homes without smoking (Sheldon et al., 1992b).

A second field study in California (Sheldon ef al., 1993) examined
the relationship between indoor concentrations of 14 PAHs and different
combustion sources (tobacco smoking, fireplaces, woodstoves, and gas
heaters); measurements were taken in 280 homes in Placerville and
Roseville. Indoor PAH concentrations in the 64 homes in which tobacco
smoking occurred were significantly higher (approximately 1.5 to 4 times
higher) than in the 39 homes with no specified indoor combustion source.
Of the indoor combustion sources examined, tobacco smoking appeared to
have the strongest effect on indoor levels of PAHs. As an example of the
magnitude of the measured concentrations, the average 24-hour concentra-
tions of benzo[a]pyrene associated with indoor combustion sources were as
follows: tobacco smoking, 2.2 ng/m?, woodstove use, 1.2 ng/m?3; fireplace
use, 1.0 ng/m?3; gas heat use, 0.41 ng/m3; and no specified indoor combus-
tion source, 0.83 ng/m? (Sheldon et al., 1993).

2.3.5.2 Other Other toxic air pollutants (30 volatile and semivolatile organic
Organic Compounds compounds) were measured in a study of 128 homes in the city
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of Woodland. Indoor samples were collected in all homes and personal
monitoring samples for volatile organic compounds were collected for

93 individuals. About 61 percent of the homes were nonsmoking homes,
and smoking occurred in about 39 percent of the homes during the moni-
toring period. Homes (n = 15) in which heavy smoking (>20 cigarettes
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smoked/24-hour period) occurred had elevated concentrations of benzene,
para-dichlorobenzene?, tetrachloroethylene, trichlorethylene?, and xylene
(ortho and meta/para) as compared to homes with no smoking. Personal
monitoring air concentration samples of benzene and para-dichlorobenzene
were also higher for persons in homes with “any smoking” and those with
“heavy smoking” compared to homes with no smoking. However, for both
the indoor and personal air measurements, these differences were not statis-
tically significant at the p = 0.05 level, as determined using pairwise t tests
(Sheldon et al., 1992a). Hodgson et al. (1996), using 3-ethenylpyridine as a
tracer, investigated the contribution of ETS to the measured volatile organic
compounds concentrations in several environments in California where
smoking was allowed. In their report, ETS was estimated to contribute 57-
84 percent of the formaldehyde concentrations, 43-69 percent of the 2-
butanone concentrations, 37-58 percent of the benzene concentrations, and
20-70 percent of the styrene concentrations. The fractional contributions
of ETS to the concentrations of acetone, toluene, ethylbenzene, xylene iso-
mers, and d-limonene were all less than 50 percent (Hodgson et al., 1996).

2.4 EXPOSURE This section addresses use of biomarkers to measure ETS

MEASUREMENT: exposure, with a focus on nicotine and cotinine. Topics

BIOLOGICAL MARKERS covered include: measured concentrations in physiologi-
cal fluids of adults; comparisons of levels in smokers, ETS-exposed non-
smokers, and unexposed nonsmokers; and concentrations in physiological
fluids of infants and children, and in breast milk and amniotic fluid. The
use of levels of exhaled carbon monoxide and blood levels of carboxyhemo-
globin, as well as thiocyanate levels in blood, urine, and saliva as biomark-
ers of ETS exposure are also addressed. Measurement of DNA and protein
adducts, and other approaches to assessing tobacco smoke exposure, are dis-
cussed briefly. Other sections of this chapter summarize studies of exposure
prevalence as determined by the presence of nicotine or cotinine in body
fluids (Section 2.6) and studies using biomarkers to ascertain smoking status
and estimate the degree of misclassification in epidemiological studies
(Section 2.5).

2.4.1 Introduction to  Exposure to ETS can be assessed directly by the analysis of

Biological Markers of physiological fluids (urine, saliva, and serum) for tobacco

ETS Exposure smoke constituents or their metabolites, referr