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Preface

The International Conference on Indoor Air Quality, Tokyo, 1987 was held
from November 4-6, 1987, at The New Otani Hotel in Tokyo, Japan, under
the auspices of the Council for Environment and Health, whose president is
Dr. Hitoshi Kasuga of Tokai University.

The 1980s have witnessed remarkable progress in numerous research
programs on indoor air quality. It is noteworthy that the effects of
environmental tobacco smoke (ETS) on nonsmokers and of nitrogen
dioxide-induced indoor air pollution drew recognition as serious problems
not only among epidemiologists, pathologists, and clinicians the world
over, but from the general public as well.

There have been significant advances in the area of ETS alone. The
separate findings of Takeshi Hirayama and Dimitrios Trichopoulos,
released almost simultaneously in 1981, on the relationship between ETS
and lung cancer drew immediate attention worldwide and triggered more
than 10 follow-up studies. The controversy raised by this work still
continues.

A number of international symposiums have been held on this topic,
with those in Geneva (1983), Vienna (1984), and Essen (1986) commanding
the greatest global attention. Yet, none have established a definite causal
relationship between ETS and lung cancer.

A special report in 1986 by the U.S. Surgeon General, entitled “The
Health Consequences of Involuntary Smoking”, concluded that passive
smoking is a cause of disease, including lung cancer, in healthy nonsmokers.
This conclusion was reached through exhaustive study and despite many
reservations, supporting the findings of Hirayama et al.

At about the same time, the Japanese Ministry of Public Health and
Welfare published “Smoking and Health,” its first such report, giving mild
support to the view that smoking is harmful in stating: ’

Although there is currently no worldwide support for the view of there being a
significant risk of lung cancer from passive smoking, fear and concern have been
expressed over its danger in many countries.

At the annual meetings of the World Health Organization and at the World
Conference on Smoking and Health, discussions were based on the
assumption of an established link between ETS and lung cancer. These
conferences thus provide solid ground for antismoking campaigns.

Dr. Ernest Wynder, a keynote lecturer at the Tokyo conference, touched
on one of the grounds for debate on the causal relationship between
smoking and lung cancer. He pointed out that since this association is weak,
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the conclusions drawn at these conferences are being highly influenced by
biases involved in the measured amounts of ETS exposure, questionnaire
responses, and subsequent classification of nonsmokers. This perhaps
makes evaluation of what Dr. Wynder calls “critical association” extremely
difficult.

As one of the planners and organizers of this conference, I believed it
possible to objectively and scientifically evaluate this critical association by
establishing a clear focus on an issue which has tended to become hopelessly
obscured. I thus sought to establish an international forum for researchers
to discuss ETS and pool available scientific data on indoor air quality
produced over the past several years.

A total of 100 researchers, including younger people in the forefront of
research, and leading scholars in their respective fields (60 from abroad and
40 from Japan) were invited to participate in the conference.

The conference opened with keynote lectures by Dr. Ernest L. Wynder,
Dr. Barbara S. Hulka, Peter N. Lee, and Hitoshi Kasuga. These were
followed by general presentations on ETS Measurement (Sessions 1 to 3),
on the Biological Effects of ETS (Sessions 4 to 8), on the Epidemiology of
Passive Smoking (Sessions 9 to 11), and on Indoor Air Pollution (Sessions
14 to 17).

Reports from the above presentations were summarized at three panel
discussions: Epidemiology of Passive Smoking (Session 12), Reassessment
of Passive Smoking as Lung Cancer Risk (Session 13), and ETS Measure-
ment, Biological Effects of ETS, and Indoor Air Pollution (Session 18).

Session 13 proved to be a major highlight of the conference as exciting
debate at this evening session extended into late hours.

Some 95% of all those invited attended the conference. Among those
unable to come were Dr.Doll, who could not take the trip because of
advanced age, and Mr. Garfinkel and Dr. Trichopoulos, who had other
academic commitments and sent coresearchers on their behalf.

Special thanks go to Professor G. Lehnert, vice president of the
conference, and Professor K. Maeda and Dr. Fukuma, who served as vice
presidents and panelists.

I am also very much indebted to Messrs. Y. Yanagisawa and T.
Namekata, from the United States, and Professors K. Maeda, K. Aoki, Y.
Tsunetoshi, from Japan, who chaired the panel sessions.

Appreciation also is extended to Dr. Shimizu and Dr. Matsuki, who
served as secretary general, for their efforts in organizing the conference.

In conclusion, heartfelt thanks go to all conference participants for their
cooperation and excellent presentations. I wish them continued good health
and success.

November 1989 Hitoshi Kasuga
Kanagawa, Japan
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The International Conference on Indoor Air Quality -
Opening Address

H.Kasuga

Welcome to the International Conference on Indoor Air Quality, and welcome to Tokyo.
It is indeed my great pleasure to be able to speak before this gathering of distinguished
ladies and gentlemen.

Among the numerous environmental problems facing modern man today, indoor air
quality has become a serious social issue of vital concern.

This conference has been organized in recognition of the need to address this issue
from an international perspective, by assembling researchers renowned worldwide in the
relevant fields as well as younger members of the scientific community engaged in
promising new research endeavors. It is hoped that the participants will engage in truly
fruitful academic interchange that offers a comprehensive presentation of both the
present and future of research on indoor air quality.

As a member of the Organizing Committee, it also gives me great pleasure to inform
you that, aside from two or three who could not attend due to illness, virtually all of those
invited to this conference are here today - a remarkable feat in itself.

We are faced with a veritable mountain of problems deserving of efforts toward their
quick resolution. To name a few from the topic of ETS, we have, for example, the
measurement of ETS exposure levels, classification of involuntary smokers, and ETS
health effects and their markers. Unless these issues are subjected to thorough
clarification, we could see a trend of emphasis on smoking restrictions, with the debut of
unwise legislation as farcical as the prohibition laws of years gone by.

The introduction of tobacco into Japan took place some four centuries ago in 1590,
exactly one hundred years after the explorer Columbus imported the plant into Europe.
The use of tobacco in this country, nevertheless, has since developed into a “culture” all
its own.

Consequently, we too have our own popular cigarette-related sayings or slogans. One,
recently used in a commercial, goes something like this in English: “I feel fine today, too!
And this cigarette tastes great!” At the opposite extreme, also, we are informed by
Professor Hirayama that: “Cigarettes are like canned poison.”

It is our responsibility as scientists to calmly bring forth greater objective understand-
ing of tobacco and human health to fill in the wide void between the two extremes
portrayed by the above catchphrases. This is, I believe, the true goal this Conference
should strive to realize. If not the case, then there is no sense in the WHO (World Health
Organization) slogan - “Smoking or health? The choice is yours!”

Finally, my colleagues and I hope that all of you will gain new insight through this
Conference, and meet old friends as you make new ones.

H. Kasuga (Ed.) Indoor Air Quality
© Springer-Verlag, Berlin Heidelberg 1990
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Environmental Tobacco Smoke and Lung Cancer:
A Ciritical Assessment*

E.L.Wynder and G.C.Kabat

Summary

The possibility that exposure to environmental tobacco smoke (ETS) may increase the
lung cancer risk of nonsmokers has become a cause of public concern. It is unknown
whether the levels of carcinogens in the diluted sidestream smoke of tobacco products
that reach the nonsmoker’s lung are sufficient to induce cancer. Available epidemiologic
studies suggest a slight increase in the relative risk of lung cancer in nonsmokers due to
exposure to ETS created by a smoking spouse. However, not all studies have found a
significant association. The epidemiologic studies are examined in the light of the criteria
of judgment of causality, including strength of association, consistency, temporality,
methodological issues, and biological plausibility. Suggestions for further research,
including studies in high-exposure populations and greater attention to histology, are
proposed.

Introduction

Epidemiologists, chemists, biologists, physiologists, physicians, and public health
officials have given much attention to the association of environmental tobacco smoke
(ETS) exposure and the development of lung cancer in nonsmokers. A biological basis
for such an association clearly exists because smoke constituents demonstrated to be
carcinogenic in laboratory animals are inhaled and retained by the nonsmoker.
Metabolites of tobacco-specific smoke constituents have been identified in the saliva,
blood, and urine of nonsmokers after exposure to ETS (Greenberg et al. 1984; Hoffmann
et al. 1984; National Academy of Sciences 1986; USDHHS 1987; Sepkovic et al. 1988).
Several epidemiological studies have found a positive association between ETS exposure
- usually defined as being due to a smoking spouse - and lung cancer (Hirayama 1981;
Trichopoulos et al. 1981; Correa et al. 1983; Sandler et al. 1985; Garfinkel et al. 1985;
Akiba et al. 1986; Dalager et al. 1986; Pershagen et al. 1987). Other studies have found no
significant association (Garfinkel 1981; Chan and Fung 1982; Koo et al. 1983; Kabat and
Wynder 1984; Wu et al. 1985; Lee et al. 1986). No consistent association has been
reported for lung cancer and exposure to ETS in childhood, which might be expected to
exert a greater effect, especially when followed by exposure throughout adulthood. Of
course, recall of ETS exposure in childhood is more difficult than recall of such exposure
in adulthood.

* Research described herein was performed under USPHS, National Cancer Institute Program
Project Grant CA-32617.

H. Kasuga (Ed.) Indoor Air Quality
© Springer-Verlag, Berlin Heidelberg 1990
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The epidemiological study of weak associations is burdened with problems that may
yield artifactual positive findings or may show negative findings where a real association
exists. The association of ETS and lung cancer risk, even if weak, would still be of concern
as a public health problem in that most people are at one time or another exposed to
smoke from burning tobacco products and the exhaled pollutants of tobacco smokers. A
weak association in epidemiology requires careful examination and an understanding of
the variables in question and all of the factors influencing the association (Wynder 1987).

In this overview we critically examine the published studies on ETS exposure and lung
cancer to determine whether the evidence presented to date permits a sound conclusion as
to causation.

General Exposure to ETS

At the outset we need to emphasize that an association between ETS and lung cancer
must be deemed possible. A recent survey of self-reported exposure in a hospitalized
population revealed that 66% of men and 60% of women had ETS exposure in
childhood; 32% of the men and 61 % of the women reported ETS exposure in the home in
adulthood; and 60% of the men and 62% of the women who worked outside the home
reported ETS exposure at work (Kabat and Wynder, unpublished data, 1987).

Critical Assessment

The first Surgeon-General’s Report on Smoking and Health, published in 1964 (USPHS
1964), clearly delineated the criteria of judgment for causality. These criteria included:
the magnitude of the association, consistency, temporality, and biological plausibility.
Since these criteria were considered necessary to prove causation for a strong association,
namely, active smoking and lung cancer, they should be equally required to determine the
causality of weak associations (Wynder 1987). Let us examine the epidemiological
evidence linking ETS with lung cancer in respect to these criteria.

Strength of the Association

An association is generally considered weak if the odds ratio is under 3.0 and particularly
when it is under 2.0, as is the case in the relationship of ETS and lung cancer (Table 1). If
the observed relative risk is small, it is important to determine whether the effect could be
due to biased selection of subjects, confounding, biased reporting, or anomalies of
particular subgroups.

Consistency

If an association is real, internal consistency should be apparent within and between
different studies. The majority, but not all of the studies of ETS and lung cancer have
shown a positive association for ETS-exposure due to a smoking spouse (Table 1). In
most of the studies, the confidence interval includes 1.0. While the prospective study by
Hirayama (1981a) among Japanese women showed a significant association with the
husband’s smoking (largely adenocarcinomas), the prospective study among American
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Table 1. Summary of results of studies relating lung cancer risk in married women to their
husbands’ smoking habits

Relative risk 95% Confidence interval
Prospective studies
Hirayama (1981) 1.63 1.25-2.11
Garfinkel (1981) 1.18 0.90-1.54
Case-control studies
Trichopoulos et al. (1981) 2.1 1.18-3.78
Chan & Fung (1982) 0.75 0.44-1.30
Correa et al. (1983) 2.03 0.83-5.03
Koo et al. (1983) 1.54 0.90-2.64
Kabat & Wynder (1984) 0.79 0.26-2.43
Wu et al. (1985) 12 0.6 -2.5
Garfinkel et al. (1985) 1.12 0.74-1.69
Lee et al. (1985) 1.03 0.41-2.47
Akiba et al. (1986) 1.48 0.88-2.50
Pershagen et al. (1987) 1.28 0.75-2.16

Table 2. Distribution of lung cancer by histologic groups in smokers and never-smokers. (From
Kabat and Wynder 1984)

Smokers Never-smokers

Males Females Males Females

(N=1882) (N=652) (N=137) (N=97)

[%] [%] [%] [%]
Kreyberg I 63 52 35 21
Kreyberg II 32 43 54 74
Mixed and undifferentiated/anaplastic 5 5 11 5

women by Garfinkel (1981) did not. It has been suggested that Japanese and American
women are exposed to different levels of ETS due to different conditions in the two
countries. Such differences could account for this disparity (Hirayama 1981b).

Within those studies presenting specific histologic analysis, differences exist in
respect to the type of lung cancer involved. In active smokers, tobacco smoke exposure
has a causative effect predominantly on squamous and small cell types of lung cancer
(Kreyberg I), with a lesser, though still significant causative effect on the glandular type
(Kreyberg II) (Wynder and Stellman 1977). Among nonsmokers, however, the glandu-
lar type of lung cancer predominates among both men and women (Kabat and Wynder
1984) (Table 2). The effect of ETS would thus be expected to be primarily responsible
for the higher rate of adenocarcinomas among nonsmokers. The studies by Dalager
et al. (1986) and Pershagen et al. (1987), however, suggest that the effect of ETS
exposure is limited to induction of squamous cell lung cancer (Table 3). If this were, in
fact, the case, then only the squamous or small cell type of lung cancer in nonsmokers
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Table 3. Histology-specific odds ratios for spouse smoking from two studies

Study Histologic type N Odds ratio 95% C.I.
Dalager et al. Adenocarcinoma 16 1.02* 0.33- 3.16
(1986)

Squamous & Small Cell Ca. 14 2.88% 0.91- 9.10

Other 18 1.31* 0.48- 3.57
Pershagen et al. Squamous or Small Cell Ca. 20 33 1.1 -11.4
(1987)

Other 47 0.8 04 - 15

would be affected by ETS. Clearly, it is important that investigations of the effect of
ETS exposure on lung cancer development in nonsmokers take histology into account,
so as to determine whether an effect of ETS is limited to certain histological types.

Since smoking is more prevalent in lower income groups, at least among men,
lung cancer in nonsmoking women in these groups should have a higher incidence.
Thus, the influence of the level of education on smoking habits in the examined
population needs to be considered as a possible confounder. Few studies to date
have done this.

Methodological Issues

A particular concern in weak associations is reporting bias, that is, potentially
differential reporting of exposures between cases and controls. In terms of ETS, does the
lung cancer patient report exposure to tobacco smoke, be it at work, at home, at social
functions, in childhood or adulthood, differently than the control? The case is likely to
have a different attitude toward this question than does the control, a handicap not
applicable to prospective studies. It needs to be determined whether the case’s attitude
towards questions on ETS exposure leads to under- or overreporting. Cases are likely to
underreport their own smoking (Lee 1987), and they may tend to overreport their
exposure to ETS and other potential hazards that could account for their illness. In
studies that use proxy reports, different relatives may respond differently. Garfinkel et al.
(1985) provides some insight into this phenomenon by showing that if the response came
from the patient, the odds ratio was 1.0, if from the husband it was 0.92, and if from the
daughter or son, 3.19 (Table 4). More work is needed on the validity of ETS-exposure
information obtained from different relatives before we can evaluate which of these
relative risks is closer to the truth.

In general, possible reporting bias represents a serious problem in case-control studies
because it can produce a systematic artefact. It is particularly worrisome in that it cannot
be effectively measured.

We also need to consider misclassification that can occur in both retrospective and
prospective studies. Lee has proposed (Lee et al. 1986; Lee 1987) that the reported ETS
effect on lung cancer risk can be explained by a misclassification of smokers as
nonsmokers. According to these studies, a substantial percentage of respondents
misrepresent their smoking habits. Using a 10.0% misclassification rate of ex-smokers as
self-reported neversmokers coupled with the concordance of spouses’ smoking habits,
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Table 4. Data from Garfinkel et al. (1985) by type of respondent

Husband’s smoking habits at home

N of cases OR 95% C.I.
Self 16 1.00 0.55- 1.74
Husband 34 0.92 0.63- 1.34
Daughter/son 48 3.19 0.91-11.19
Other 36 0.77 0.57- 1.03
60.9 53.8 Kreyberg |
50.0

40.0
30.0
20.0
10.0

16.0 Kreyberg It
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o
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Fig. 1. Odds ratio of male ex-smokers for Kreyberg I (N = 687) and Kreyberg II (N = 301) lung
cancer by years since quitting (controls = 6534). Source: American Health Foundation data

Lee calculated that an apparent increase in lung cancer risk can be obtained among
nonsmokers married to smokers that approximates the increased risk observed in a
number of epidemiologic studies (Lee 1987). At the extreme, Garfinkel et al. (1985)
showed that 40% of lung cancer cases classified as “nonsmokers” in the hospital chart
were in fact smokers as determined by interview. Although such a high rate of
misclassification does not occur when cases are interviewed personally, to some extent
denial is likely to occur even then, particularly among ex-smokers who had stopped
smoking ten or more years ago. The risk of lung cancer among long-term ex-smokers,
and even among ex-smokers who quit more than 16 years earlier, does remain elevated
above the rate among those who never smoked (Fig. 1). Denial of past smoking may also
not be uncommon in populations where smoking is or was socially unacceptable, as is the
case among older Japanese women.
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Table 5. Percent of lung cancer cases who never smoked by histologic group (A.H.F. data)

Males Females

KI* KII** KI* KI**

[%] N [%] N [%] N [%] N
1969-1973 1.2 488 5.6 142 10.7 103 23.7 76
1974-1976 1.6 887 3.0 305 16.4 263 25.3 146
1977-1980 2.1 628 4.6 390 5.6 231 22.0 245
1981-1985 1.4 725 5.6 463 6.8 311 16.6 284

* Kreyberg I
** Kreyberg II

Another problem for epidemiologists involves subgroup analysis (Stallones 1987).
Investigators are likely to examine numerous subgroups, and then prefer to present those
subgroups that best fit the hypothesis. This tendency represents an inherent problem in
epidemiology. The investigator should at a minimum give an idea of how many
subgroups were originally examined and how many subgroups were discarded.

Temporality

One of the factors that led to the conclusion that active smoking causes lung cancer was
that the increase in cigarette consumption preceded the increase in lung cancer rates, first
in men and later in women. Enstrom (1979) has reported an increase in the lung cancer
rate in nonsmokers over recent years, suggesting that factors in addition to personal
cigarette smoking influence lung cancer mortality rates. The groups examined, however,
are not strictly comparable, and misclassification of smokers as nonsmokers in the
national surveys needs to be considered. Our data from a long-term, hospital-based case-
control study do not indicate an increase in the percentage of male nonsmokers with lung
cancer in either of the two main histologic groupings (Kreyberg I and II) over the last 30
years (Table 5).

In fact, the percentage of nonsmokers with lung cancer among women has declined,
which may be a consequence of the diminishing pool of women who have never smoked.

Biological Plausibility

Several studies have demonstrated that most tumorigenic agents are present in undiluted
sidestream smoke in higher concentrations than in mainstream smoke (Hoffmann et al.
1983; National Academy of Sciences 1986; Hoffmann and Wynder 1986) (Table 6).
Biochemical studies indicate that nonsmokers exposed to ETS have levels of nicotine or
cotinine in the blood or urine that are about 1/100th the level seen in active smokers
(Table 7) (Jarvis et al. 1984; National Academy of Sciences 1986). Some of the nicotine
measured in the blood and urine represents nicotine that is absorbed by the saliva of
nonsmokers and does not reach the lung directly (Jarczyk et al. 1987). It is important to
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Table 6. Distribution of compounds in undiluted cigarette mainstream smoke (MS) and sidestream
smoke (SS)

Nonfilter cigarettes

MS SS/MS
(A) Vapor phase
Carbon monoxide 10 - 23 mg 2.5- 47
Carbon dioxide 20 - 40 mg 8 - 11
Benzene 20 - 50 pg 10
Formaldehyde 5 - 100 pg 0.1-=50
Acrolein 50 - 100 pg 8 - 15
Acetone 100 - 250 pg 2 - 5
Hydrogen cyanide 400 - 500 pg 0.1- 025
Hydrazine 24 - 43 ng 3.0
Ammonia 50 - 170 pg 40 - 170
Methylamine 11.5 - 28.7pug 42- 64
Nitrogen oxides 50 - 600 pg 4 - 10
N-nitrosodimethylamine 10 - 180 ng 20 - 100
N-nitrosopyrrolidine 2 - 110 ng 6 - 30
(B) Particulate phase
Particulate matter 15 - 40 mg 1.3- 19
Nicotine 1 - 25mg 26- 33
Phenol 60 - 140 pg 1.6~ 3.0
Catechol 100 - 350 pg 0.6~ 09
Hydroquinone 110 - 300 pg 07- 09
Aniline 360 ng 30
2-Toluidine 30 - 160 ng 19
2-Naphthylamine 43 - 27 ng 30
4-Aminobiphenyl 24 - 46ng 31
Benz(a)anthracene 40 - 70 ng 2 - 4
Benzo(a)pyrene 10 - 40 ng 25~ 35
N’-Nitrosonornicotine 120 -3,700 ng 0.5- 3
NNK 120 - 950 ng 1 - 4
Cadmium 100 ng 7.2
Nickel 20 -3,000 ng 13 - 30
Polonium-210 0.03- 1.0pCi ?

note that nicotine occurs in ETS primarily as a vapor phase constituent rather thanin the
particulate matter of the aerosol as is the case in mainstream cigarette smoke (Eudy et al.
1987). Measurement of nicotine or its metabolites will, therefore, not reflect the
proportional uptake of particulate matter from ETS. In the light of our present
knowledge of dose-response in carcinogenesis and because the carcinogenic activity of
tobacco smoke as measured in animal systems is relatively low, the question needs to be
raised whether the carcinogenic potential of inhaled ETS suffices to induce lung cancer.
Hoffmann and Hecht (1985) have proposed nicotine-derived nitrosamines in ETS as
organ-specific carcinogens for the lung. It is possible that these chemicals reach the lungs
in sufficient dose to induce neoplastic changes. These carcinogens may also be formed
endogenously from inhaled or ingested nicotine and appropriate nitrosating agents
(Hoffmann and Hecht 1985). Tumor promoters are less likely to play a role in ETS
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Table 7. Approximate relations of nicotine as a parameter between non-smokers, passive smokers
and active smokers®. (From Jarvis et al. 1984)

Nicotine/cotinine Non-smokers without Non-smokers with Active
ETS exposure ETS exposure smokers
No. =46 No. = 54 No. =94
Mean % of active Mean % of active Mean
value smokers value smokers value
value value
Nicotine (ng/ml)
in plasma 1.0 7 0.8 5.5 14.8
in saliva 38 0.6 5.5 0.8 673
in urine 39 0.2 12.1* 0.7 1,750
Cotinine (ng/ml) 275
in plasma 0.8 0.3 2.0* 0.7 275
in saliva 0.7 0.2 2.5%* 0.8 310
in urine 1.6 0.1 7.7%* 0.6 1,390

& Differences between non-smokers exposed to ETS compared with non-smokers without
exposure
* p<0.01

** p<0.001

carcinogenesis than in active smoking because of their much lower concentration. In
general, tumor promoters are effective only when applied repeatedly in relatively large
amounts.

In considering the existing data on ETS exposure and lung cancer, it is noteworthy
that Auerbach et al. (1961) showed only minor histological changes in the bronchial
epithelium of nonsmokers and found that the ciliated columnar epithelium that covers
their bronchi were largely intact. Deposition of carcinogenic smoke particulates can take
place only upon inhibition of the protective functioning of the lung clearance system.
Squamous cell lung cancer can arise only from ciliated columnar cells that have
undergone squamous metaplasia.

An active smoker with each puff from a cigarette inhales a volume of 35~-50ml of a
concentrated aerosol containing 3-5 billion particles per ml that adversely affect the
protective cilia and mucous defense system of the bronchi (Ferin et al. 1965). The passive
smoker is at no time exposed with such force to such a highly polluted inhalant.
Furthermore, ETS particles are more likely to be deposited in the upper respiratory tract
and not predominantly in the bronchi as is the case in active smoking. Thus, our
respiratory defense system may be able to deal more readily with the relatively lighter
deposition of particles and exposure to volatiles in ETS, as the observation by Auerbach
et al. (1961) would suggest.

Future Studies

Future epidemiological studies on the association of ETS with lung cancer should
attempt to avoid the pitfalls discussed above. The definitive evidence that a factor causes
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human cancer requires support from descriptive, metabolic, and molecular epidemiolo-
gy.

Beyond extension of prospective studies, such as those now in progress by Garfinkel and
Stellman at the American Cancer Society, we suggest:

1) Continuing ongoing case-control studies with special reference to histologic type and
careful consideration of methodological issues.

2) Estimating the relative importance of ETS exposure in different settings - in the
home, in the workplace, in social situations, and during transportation,

3) Further studying lung cancer rates among pipe and cigar smokers, and, if feasible,
among nonsmokers exposed to ETS from these products.

4) Studying lung cancer incidence in groups occupationally exposed to high levels of
ETS at their worksite such as waiters, bartenders, train conductors, airplane
personnel, and office workers.

5) Studying bronchial epithelium in autopsy material of established never-smokers
whose exposure to ETS is known.

6) Determining the incidence of lung cancer by histological type in confirmed never-
smokers.

7) Comparing the presence of adducts of tobacco-specific carcinogens with DNA in
smokers, passive smokers, and “never-smokers” (Hoffmann and Hecht 1985; Hecht et
al. 1987).

In summary, verification of the possible association of ETS and lung cancer represents an
important challenge to epidemiologists, laboratory scientists, and public health authori-
ties. The public is entitled to inhale the cleanest possible air regardless of whether ETS is
proven to be cancer-inducing. Additional efforts on the part of epidemiologists are
required to firmly establish the nature and significance of the reported associations
between passive smoking and lung cancer.
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Measuring Exposure and Assessing Health Effects
of Environmental Tobacco Smoke

B. S. Hulka

Summary

The predominant source of environmental tobacco smoke (ETS) is sidestream smoke
(SS) emitted from the smoldering end of cigarettes. While SS is known to contain toxic
and carcinogenic compounds, SS is diluted and its physicochemical characteristics are
altered in the formation of ETS. Exposure to ETS can be assessed by questionnaires, air
monitoring, mathematical modeling of ambient concentrations, or biological markers.
Nicotine and its metabolic product, cotinine, are useful biological markers of integrated
dose over the past several hours or days, respectively. Detectable concentrations of
cotinine can be found in the urine of ETS exposed nonsmokers and in the urine of infants
exposed to smoking parents.

Health effects of ETS can be classified as acute irritant effects, pulmonary, and
nonpulmonary effects in children, and lung cancer, other cancers and cardiovascular
alterations in adults. Acute irritant effects include noxious odor and reactions of the eyes,
nose, and throat.

The most consistent findings on adverse health effects of ETS are on the respiratory
tracts of young children. There is a 20% to 80% increase in respiratory symptoms -
coughing, sneezing and sputum production - among young children of smoking parents
as compared to those of nonsmoking parents. Bronchitis and pneumonia are diagnosed
nearly twice as often during the first year of life among children of smoking parents
compared to children of nonsmoking parents. There is a dose-response relationship
between risk of respiratory problems and number of smokers in the home and/or number
of cigarettes smoked.

The most significant nonpulmonary effect of ETS on children is the risk of
reduction in birthweight. Nonsmoking pregnant women with smoking spouses produ-
ce newborns of slightly lower average birthweight than similar women with nonsmo-
king spouses.

Compilation of numerous studies from many countries indicates that the risk of lung
cancer to nonsmoking spouses of smokers is about 30% greater than the risk for
nonsmoking spouses of nonsmokers. The size of the relative risk estimates vary by author
and country but the 95% confidence intervals around all the point estimates include a
relative risk (RR) of 1.3. A positive association between number of cigarettes smoked per
day and the RR has been reported. Studies of cancers, other than lung, have been few and
methodologically problematic.

With respect to cardiovascular effects, ETS exposure in healthy adults and children
has not been shown to increase pulse rate or blood pressure under resting conditions or
during exercise. ETS exposure to persons with preexisting cardiovascular disease has
produced inconsistent results. Recent reports from population-based studies indicate

H. Kasuga (Ed.) Indoor Air Quality
© Springer-Verlag, Berlin Heidelberg 1990



Measuring Exposure and Assessing Health Effects of Environmental Tobacco Smoke 17

that chronic exposure to ETS increases the risk of morbidity and mortality from
cardiovascular diseases in nonsmoking persons.

Introduction
Characterization of ETS

Environmental tobacco smoke (ETS) is that complex mixture of chemical compounds
which are found in the ambient air as the result of smoking combustible tobacco
products. The major source of ETS is sidestream smoke (SS) which is emitted from the
burning end of a cigarette in-between puffs. The remainder of ETS consists of exhaled
mainstream smoke (MS), smoke which escapes from the burning end of the cigarette
during puff-drawing, and gases which diffuse through the cigarette paper during
smoking. Each of the mixtures - MS, SS and ETS - is an aerosol consisting of a
particulate and a vapor phase.
However, the composition of MS, SS and ETS differ considerably as the result of

1) changes in the concentrations of individual constituents,
2) the phase (particulate or vapor) in which the constituents are present, and
3) varioussecondary reactions that chemically and physically alter, or “age”, the smoke.

More than 3,800 chemical compounds have been identified in MS cigarette smoke, many
of which are toxic and/or carcinogenic. Undiluted SS smoke contains even higher
concentrations of some toxic compounds; these include ammonia, volatile amines,
nicotine decomposition products and aromatic amines. However, concentrations of
these SS emissions are significantly diluted in the indoor space where ETS exposure takes
place.

ETS contains both vapor and particulate phases. The hydropohobic vapor phase
constituents of ETS are likely to enter the lung of the exposed individual, while the
hydrophilic vapor phase constituents are likely to be absorbed in the upper respiratory
tract. Much of the particulate phase is comprised of small particles, <2.5 um referred to
as respirable suspended particles (RSP). These can be inhaled deeply into the lung. To the
extent that radioactive decay products in tobacco itself and/or short-lived radon
daughters present in ambient air are adsorbed on the RSP, the carcinogenic potential of
ETS is enhanced.

ETS Exposure Assessment

Exposure to ETS can be assessed by questionnaire, air monitoring, mathematical
modeling of ambient constituents or biological markers. At present there is no ideal
indicator of cumulative, long-term exposure to ETS.

Replies to gestionnaires can be used as a basis for classifying individuals into broad
categories of ETS exposure, recognizing the potential for misclassification of exposure
through

1) errors in reporting current smoking habits,

2) reporting an exsmoker as a nonsmoker and

3) neglecting exposure to ETS in the full range of microenvironments experienced in
daily life.
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Quantification of integrated exposure over many years is not likely to be fully reliable or
accurate, although this is the information which would be most useful in accessing
longterm health effects. In many studies of health effects, the proxy measure of ETS
exposure is smoking status of spouse or parents. The individual may be his or her own
informant, or serve as a surrogate informant for the spouse. Smoking histories obtained
from closely related surrogates have been found to be reasonably accurate.

The use of air monitoring by personal or indoor space monitors is handicapped by the
lack of definition of the physicochemical properties of ETS and the inadequate
identification of the individual constituents associated with the particular health effects
under study. Surrogate constituents have been used as indicators of current ETS
exposure in both personal and indoor space monitoring. Foremost among these are RSP
and nicotine. An ideal marker of exposure to ETS should be

1) unique to tobacco smoke,

2) present in sufficient quantity in tobacco smoke to be measurable at low concentra-
tions,

3) present in a fairly constant ratio to other tobacco smoke constituents which may be
the actual culprits with respect to adverse health effects.

Nicotine appears to meet at least the first two criteria, whereas ETS is the primary, but
not exclusive, source of RSP in indoor air.

It should also be noted that ETS levels are the result of complex interactions of several
factors including room size, temperature, humidity, air exchange rates, number of
persons occupying the space and number of cigarettes smoked.

Biological markers that have been most useful for assessing recent exposures to ETS
are nicotine and its metabolite, cotinine. They are derived almost exclusively from
tobacco products, of which tobacco smoke is the most important direct source. They can
be identified and quantified in blood, urine, saliva and cervical mucous. The mean
concentration of cotinine in urine of nonsmokers exposed to ETS is one percent or less
than the mean values observed in active smokers. Urinary cotinine concentrations in
infants and children have been reported o increase directly with the number of smokers in
the home.

The main deficiency with these proxies for ETS exposure is their relatively short half
lives in body fluids. For nicotine it is a matter of hours, and for cotinine more nearly a
day. (The duration is dependent on the particular body fluid being studied.) Recently, an
adduct of hemoglobin (4-aminobiphenyl hemoglobin) with a half life of four months has
been reported in active smokers [1], but its utility as a biological marker of ETS exposure
has yet to be determined.

Health Effects of ETS
Acute Irritant Effects

Almost all nonsmokers are familiar with the irritant effects of ETS. They tend to be of
two types: Unpleasant odor is most commonly experienced by nonsmokers entering an
area with active smoking or an area which has been permeated previously with tobacco
smoke. Eye, nose and throat irritation are frequent complaints of nonsmokers occupying
a space also used by active smokers. Headaches, nausea and dizziness may be a part of
this reaction. There are hypersensitive individuals who have enhanced reactivity to ETS.
That such persons exist is certain; the areas of uncertainty involve identifying which
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smoke constituents are responsible for the effects and the inherited or acquired
susceptibility factors which account for the hypersusceptibility.

It is known that vapor phase ETS constituents are responsible for the odor and
irritant effects. This information in itself poses problems since ventilation and filtration
systems are engineered primarily to remove particulates, which provide little relief from
the irritant constituents in the vapor phase. The ventilation rate required to alleviate just
the olfactory insult experienced by nonsmokers entering a smoking area is at least 5 fold
greater than that required on entry to a nonsmoking area.

Health Effects in Children

Pulmonary Effects: Respiratory symptoms such as wheezing, coughing and sputum
production are more common in children of smoking parents than in children of
nonsmokers. Data from the largest studies place the increased risk at 20% to 80%,
depending on the particular symptom being assessed and the number of smokers in the
household. Bronchitis, pneumonia and other lower respiratory tract illnesses occur up to
twice as often during the first year of life in children of smoking parents than in children
of nonsmokers. This observation is also reflected in the increased rate of hospitalizations
for respiratory infections among infants of smoking parents. For both respiratory
symptoms and medically diagnosed respiratory infections, there is a dose-response
relationship between number of smokers in the home and/or number of cigarettes
smoked. The relationships are stronger for maternal than for paternal smoking. These
associations persist after allowing for possible confounding factors such as occupational
history, socioeconomic status, respiratory illness in the parents and birthweight of the
child.

These points are illustrated in Table 1 and Fig. 1. The table shows the positive
association between rates of hospital admission for respiratory illnesses during the first
year of life and number of cigarettes smoked daily by the mother. Figure 1 illustrates a
similar point relating the risk of three different indicators of respiratory illness to number
of cigarettes smoked per day by the mother.

The mechanism of the increased risk of respiratory illness in young children of
smoking parents may operate either through a direct effect of ETS on the respiratory
tract or through a greater opportunity for cross infection in homes of smokers.

Table 1. Hospital admission rates in the first year of life for bronchitis and pneumonia per 100
infants by maternal smoking and number of cigarettes smoked daily. (From [4])

Nonsmokers Smokers Total
Never Former Cigarettes per day
smoked smokers

1-10 11-20 21+
(8,900)* (786) (747) (179) (60) (10,672)
9.6 7.8 10.8 16.2 31.7 9.8

Note: Differences among three categories of smoker p < 0.001
* Number of infants in parentheses
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Fig. 1. Relative odds of respiratory illness or symptoms versus average daily cigarette smoking by
the child’s mother. (From [6])

Regardless of the mechanism, the exposure of young children to smoking in the home
puts them at increased risk of respiratory illnesses.

Parental smoking may have a small effect on their children’s lung function as
measured by forced expiratory volume (FEV)). This effect appears as a small reduction in
the expected increment in FEV, which takes place during normal growth and
development. Although an annual decrease of 0.5% or even less from the expected rate is
unlikely to be clinically significant, it could reflect pathophysiologic changes relevant to
the development of chronic airflow obstruction in adult life.

Nonpulmonary Effects: Nonsmoking pregnant women exposed to smoking spouses or
other sources of daily ETS exposure are at increased risk of delivering infants of slightly
lower birthweight than comparable unexposed women. A best estimate of the average
difference in birthweight between neonates with in utero ETS exposure and those without
such exposure is 24 grams. A dose response relationship between number of cigarettes
smoked by the fathers and birthweight of the neonates of nonsmoking mothers has been
reported.

Other adverse effects of ETS include increased rates of chronic ear infections and
middle ear effusions among children with household exposure to ETS.
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It must be emphasized that for all postnatal health effects in children, it is often not
possible to differentiate the effect of in utero exposures to ETS from subsequent
childhood exposures.

Health Effects in Adults

Lung Cancer: Exposure to ETS increases the incidence of lung cancer in nonsmokers.
Estimates of the magnitude of the increased risk vary. Among studies of various
populations in Europe, Asia and North America, the risk of lung cancer is roughly 30%
higher for nonsmoking spouses of smokers than for nonsmoking spouses of nonsmokers.
There is consistency among the studies in that the 30% increased risk is included within
the 95% confidence interval for each study. Patterns and extent of ETS exposure may
vary in different communities and countries. The estimate of the increased risk from the
American studies is lower than the average for all studies combined, although this
difference is not statistically significant. These risk estimates are mostly derived from the
comparison of nonsmoking persons identified as ETS exposed, or unexposed, on the
basis of their spouse’s smoking habits.

Two types of bias in epidemiologic studies are likely:

1) Misclassification of current smokers and exsmokers as nonsmokers. This bias acts to
artificially increase the observed relative risk.

2) Misclassification of persons as unexposed who truly have workplace or other
exposures to ETS. This bias acts to artificially reduce the observed relative risk.

When correction is made for both types of bias, the resulting estimate of risk for lung
cancer among nonsmokers exposed to ETS approximates the 30% excess observed in the
epidemiologic studies.

Tables 2 and 3 illustrate data from selected case control and cohort studies,
respectively. Except for Garfinkel, 1981, each study shows increased lung cancer risk
with increasing number of cigarettes smoked by the spouse. Figure 2 shows the overall risk

Table 2. Risk of lung cancer in nonsmokers according to cigarette consumption of spouse: case-
control studies. (From [5])

Authors Exposure Relative risk*
Trichopoulos et al. 1983 Exsmoker 1.0
Cig/day 1-20 24
21+ 3.4
Garfinkel et al. 1985 Cig/day 1-19 0.84
20-39 1.08
40+ 1.99
Cigar/pipe 1.13
Akiba et al. 1986 Cig/day 1-19 1.3
20-29 1.5
30+ 2.1

* Relative risk for nonsmokers married to nonsmokers is 1.0
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Table 3. Risk of lung cancer in nonsmokers according to cigarette consumption of spouse: cohort
studies. (From [5])

Authors Exposure Relative risk®
Hirayama 1984 Cig/day 1-19 1.45

20+ 1.91
Garfinkel 1981 Cig/day 1-19 1.27°

20+ 1.10°

2 Relative risk for nonsmokers married to nonsmokers is 1.0
b Mortality ratios, not relative risks
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estimates and 95% confidence intervals from each of 13 studies (selected on the basis of
meeting minimum methodologic criteria). For only two of these studies does the 95%
confidence interval exclude unity, but for most of the studies the 95% confidence
intervals are very broad. Figure 3 shows the risk estimates for all 13 studies combined and
for various subsets of them. These summary estimates of risk are consistent with a 30%
excess lung cancer risk among nonsmokers exposed to ETS.

Cancers Other Than Lung Cancer: Uncertainty exists concerning the possible risk of
cancers other than lung for nonsmokers exposed to ETS. Epidemiologic studies have
been few and the results inconsistent. Other cancers known to be associated with active
smoking should be obvious targets of inquiry. In addition, studies of cancers not
traditionally associated with active smoking are reasonable candidates for study, since
ETS is known to contain carcinogens, some of which are different from those in MS. The
primary prerequisites for any such studies must be adequate numbers of subjects, good
quality exposure data and information on potential confounders.
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Table 4. Relative risk estimates, wife who smoked compared with wife who did not smoke, for men
who never smoked, MRFIT, 1973-1982. (From [2])

Endpoint Relative P value 95% confidence
risk* interval

Death from any cause 1.94 0.08 0.91-4.09

Coronary heart disease death 2.23 0.17 0.72-6.92

Fatal or non-fatal coronary 1.61 0.07 0.96-2.71

heart disease event

* Adjusted by Cox proportional hazards regression for age, baseline blood pressure, cholesterol,
weight, drinks per week, and education

Cardiovascular Disease: Studies of acute ETS exposure in healthy children and adults
have shown no statistically significant alterations in heart rate or blood pressure either
during resting conditions or during exercise. Studies of ETS exposure in persons with
preexisting atherosclerotic heart disease have been inconclusive. Important questions
about ETS exposure and the induction of angina, electrocardiographic abnormalities,
and cardiac arythmias are unanswered.

A priority area for population-based research is to resolve uncertainties about chronic
ETS exposure and morbidity from cardiovascular disease. A recent report by Svendsen et
al. [2] using data from the Multiple Risk Factor Intervention Trial, provides substantial
evidence on adverse effect of ETS. All cause mortality, death from coronary heart
disease, and nonfatal coronary events exhibited higher rates and relative risks among
nonsmoking men with smoking spouses than among nonsmoking men with nonsmoking
spouses (see Table 4). These findings are also substantiated by a second recent report
from Washington County, Maryland, USA [3].
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Increased Risk of Lung Cancer in Non-smokers Married
to Smokers: A Result of ETS Exposure or of Bias?

P. N. Lee

Summary

Combined evidence from at least 15 epidemiological cohort and case-control studies
appears to indicate non-smokers married to smokers have a risk of lung cancer 30%-
40% higher than that of non-smokers married to non-smokers. This increase is
surprisingly large, given the very low level of exposure to smoke constituents of non-
smokers compared with that of smokers. The possibility that it results wholly or in part
from bias, rather than as a direct effect of exposure to environmental tobacco smoke
(ETS), must be considered seriously. Weaknesses of much of epidemiological evidence
and the various possible sources of bias are discussed in detail.

One serious potential source of bias arises if even a small proportion of smokers are
misclassified as non-smokers. Data from a series of studies specifically designed to
determine accuracy of statements on current smoking habits (by salivary cotinine
measurements) and on past smoking habits by repeated questionnaires) suggests that
such misclassification might cause bias large enough to explain a major part, and perhaps
all, of the apparent increase in lung cancer risk related to spouse smoking. Whilst
evidence from a detailed review of the available literature on misclassification of smoking
habits, is consistent with this view, there is a need for more research on this issue. Future
epidemiological studies on passive smoking and lung cancer need to obtain more
objective and reliable information on the subject’s smoking habits and exposure to ETS.
Bias can also arise if positive studies are more likely to be reported than negative studies
and research is needed to attempt to estimate the extent of this bias.

Data currently available do not permit reliable conclusions to be drawn concerning
the relationship of ETS exposure to lung cancer risk.

The Association

Since the early studies of Hirayama (1981) and Trichopoulos et al. (1981) reporting that
never smokers married to smokers have a higher risk of lung cancer than those married to
non-smokers, further epidemiological evidence has accumulated. Table 1 summarizes
evidence from 16 published studies, 1-3 being prospective studies and 4-16 case-control
studies. Wald et al. (1986), based on results from studies 1-13, reported an overall
significant relative risk of 1.35, with 95% confidence limits of 1.19-1.54. This estimate is
in broad agreement with other estimates of 1.30 (Lee 1984), 1.41 (Wells 1986) and 1.2-1.5
(Doll 1986). It would not be materially affected by including results from studies 14-16 of
Table 1 since they are all small, and have relative risks that vary either side of the average.

While the overall evidence, which is based on a total of almost 1,200 lung cancer
deaths in never smokers, predominantly in females, suggests a statistically significant

H. Kasuga (Ed.) Indoor Air Quality
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Table 1. Summary of epidemiological studies of risk of lung cancer in never smokers in relation to
environmental tobacco smoke exposure

Study  Authors Study Sex Number Relative Signifi-
number location oflung  risk cance®
cancers®
1 Hirayama (1981, 1984) Japan F 163 1.63 Yes
M 64 2.25 Yes
Garfinkel (1981) USA F 153 1.17 No
3 Gillis et al. (1984) Scotland F 8 1.00 No
M 6 3.25 No
4 Trichopoulos et al. Greece F 77 2.11 Yes
(1981, 1983)
5 Chan and Fung (1982) Hong Kong F 84 0.75 No
6 Correa et al. (1983) USA F 22 2,07 (Yes)
M 8 2.00 No
7 Buffler et al. (1984) USA F 41 0.78 No
M 11 0.52 No
8 Kabat and Wynder (1984) USA F 24 0.79 No
M 12 1.00 No
9 Koo et al. (1984, 1987) Hong Kong F 88 1.64 No
10 Garfinkel et al. (1985) USA F 134 1.31 (Yes)
11 Akiba et al. (1986) Japan F 94 1.50 No
M 19 1.80 No
12 Lee et al. (1986) England F 32 1.00 No
M 15 1.30 No
13 Pershagen et al. (1987) Sweden F 67 1.20 No
14 Wu et al. (1985) USA F 29 1.20 No
15 Ziegler (in Delager USA M 16 <1 No
et al. (1986))
16 Humble et al. (1987) USA F 20 1.80 No
8 >1.80 No

2 Among never smoking subjects
b Yes = significant at 95% confidence level in comparison of exposed and non-exposed subjects;
(Yes) = significance only in trend analysis or in subjects exposed to heavy smokers

association, it is not at all clear that it represents a causal effect of exposure to
environmental tobacco smoke.

Before coming to any conclusion it is necessary to consider two important questions:

(a) Is the magnitude of the association plausible, in view of what is known about the
epidemiology of active smoking and the relative levels of smoke constituents to which
smokers and non-smokers are exposed?

(b) Is the epidemiological evidence open to any serious bias which might affect relative
risk estimates in specific studies, or generally?
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Table 2. Comparison of relative risks of lung cancer in relation to passive and active smoking

Study Authors Sex Relative risk Ratio of
number excess
Passive Active risk
1 Hirayama (1981, 1984) F 1.63 381 0.22
M 2.25 491 0.32
3 Gillis et al. (1984) F 1.00 1.53 0.00
M 3.25 5.92 0.46
4 Trichopoulos et al. (1981, 1983) F 2.08 2.90 0.57
5 Chan and Fung (1982) F 0.75 3.07 -0.12
6 Correa et al. (1983) F 2,07 18.51 0.06
M 2.00 18.27 0.06
7 Buffler et al. (1984) F 0.78 5.37 —0.05
M 0.52 5.26 —0.11
Koo et al. (1984, 1987) F 1.64 3.80 0.23
11 Akiba et al. (1986) F 1.50 3.36 0.21
M 1.80 3.55 0.31
12 Lee et al. (1986) F 1.00 4.75 0.00
M 1.30 12.91 0.03
14 Wu et al. (1985) F 1.20 4.50 0.06
Plausibility

Table 2 compares relative risks of lung cancer in relation to passive and active smoking.
The passive smoking estimates compare risk in never smokers according to whether or
not they are married to a smoker, while the active smoking estimates compare ever
smokers and never smokers. Exceptionally, in studies 1 and 3, the comparison is in
relation to current rather than ever smoking. The table also shows the ratio of excess risk
inrelation to passive and active smoking. Nine of the 16 ratios suggest an effect of passive
smoking 6% or less than that of active smoking, while seven suggest an effect 20% or
more. Overall the epidemiological data appear to be indicating that passive smoking has
10-15% of the effect of active smoking. Most studies of active smoking suggest a linear
relationship between lung cancer risk and number of cigarettes smoked per day, though a
quadratic relationship has been proposed (Doll and Peto 1978). It follows that if the
epidemiological data are unbiased one would expect that the average dose received from
passive smoking is at least 10%-15% of that from active smoking.

Many workers have used the (virtually) tobacco specific marker cotinine as an
indicator of exposure of passive and active smokers. Table 3, based on an extensive UK
study by Lee (1987) which will be referred to in more detail below, found that the increase
in salivary cotinine in relation to passive smoking was less than 1% of that in relation to
active smoking. Similar findings have been reported by other workers (e.g. Jarvis et al.
1984). The only study reporting relative levels much higher than this (Matsukura et al.
1984) has been questioned (Adlkofer et al. 1985; Pittenger 1985).

Since lung cancer risk in smokers is generally thought to be related to particulate
matter rather than nicotine, it can be argued that an index of relative exposure of passive
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Table 3. Salivary cotinine levels in relation to active and passive smoking

Exposure Sex Salivary cotinine (ng/ml)
Exposed Non-exposed Differences
Active smoking M 319.2 0.85 318.3
F 310.6 0.40 310.2
Spouse smoking M 29 0.6 2.3
(among non-smokers) F 1.0 0.3 0.7
Ratio of differences Male 0.7%

Female 0.2%

Table 4. Smoking related particulate levels in US smokers and non-smokers

Measure Sex Smoking related particulates (mg/day)
Active smoker  Non-smoker Ratio
Inhaled dose M 471.3 0.63 0.1%
F 366.5 0.30 0.1%
Retention 80% 11%
Retained dose M 381.8 0.069 0.02%
F 293.2 0.033 0.01%

and active smokers based on particulate matter would be more relevant. Table 4, based
on Arundel et al. (1986), gives estimates for the US population of relative inhaled and
retained particulate matter doses of non-smokers and active smokers. The ratios in Table
4 have to be adjusted upwards by a factor of 2 or 3 to make them comparable with the
data in Tables 2 and 3, since (see Table 3) the difference between exposed and non-
exposed non-smokers is two to three times the average level of non-smokers. This brings
the inhaled dose estimates broadly in line with the cotinine estimates, though the retained
dose estimates are about an order of magnitude lower. The lower figure for retained
particulate matter is based on the work of Hiller et al. (1982a,b) who found that the
collection efficiency of particles in environmental tobacco smoke is 11%, in contrast to
the substantially higher figure of 80% for mainstream smoke. Robins (1986) also
calculated that non-smokers take in the equivalent of an extremely small number of
cigarettes per day in terms of respirable particulates. He noted that estimates of cigarette
equivalents based on cotinine may be misleadingly high, since, whereas nicotine is in the
particulate phase in mainstream smoke and will be absorbed mainly through the lungs,
nicotine in ETS is mainly in the vapour phase, and, being water soluble, can be absorbed
through the mucous membranes without ever reaching the lungs.

There appears to be a huge discrepancy, of two or perhaps three orders of magnitude
between the claimed relative effects of passive and active smoke exposure and the much
smaller relative exposure of passive and active smokers. What might explain this huge
discrepancy?
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One might argue that studies of active smoking, by including exposed and non-
exposed non-smokers in their comparison group, underestimate the effect of active
smoking so that the ratios in Table 2 are too high.

This is irrelevant for three reasons:

(a) the comparison between Tables 2 and 3 is in fact direct and not affected by this false
baseline problem,

(b) failure to take the false baseline into account would have virtually no effect if risk was
proportional to exposure and exposures in passive smokers are so low and

(c) it ignores a bias in the opposite direction due to failure to take into account the fact
that smokers obviously have greater passive smoke exposure than do non-smokers.

Another point to be considered is duration of smoking. Since, in active smokers, risk of
lung cancer is approximately related to the 4th power of duration of smoking (Doll and
Peto 1978), one might infer that failure to take account of differences in duration might
cause relative bias by a factor of 3.2 (= 60,/45,) when comparing a 60 year old non-
smoker exposed to passive smoke from birth and a 60 year smoker who started at age 15.
Actually, the relative bias will be much less than this for two reasons. First, by no means
all passive smokers will have been exposed since birth. Second, the “duration to a power”
formula is only a valid approximation at smoker doses. Assuming a multistage model, it
can easily be shown that at low doses the excess risk in relation to passive smoking
becomes approximately linearly related to duration of smoking.

Neither of the above points really affect the huge discrepancy for which an
explanation is being sought. If one is still wishing to accept the epidemiology as valid, one
would have to seek an explanation either in a greater toxicity of ETS than mainstream
smoke or in a greater susceptibility of non-smokers. While there is evidence that
sidestream smoke has higher concentrations of some toxic chemicals than mainstream
smoke, the relevance of this finding to environmental tobacco smoke which is aged,
vastly diluted, chemically altered sidestream smoke, is not at all clear. There does not
appear to be any direct evidence that ETS is particularly noxious. Nor is there any direct
evidence that active smoking reduces susceptibility to relevant effects of ETS.

Limitations of Epidemiology

While it is not possible to completely rule out such explanations, the obvious alternative
explanation - that the epidemiology is in some way biassed - seems on the face of it much
more plausible. While the claimed effect of passive smoking may be large when viewed
against the magnitude of effect predicted on dosimetric grounds, it is actually quite small
when viewed against the magnitude of effect it has proved possible in the past to reliably
identify using epidemiological methods. Alderson (1983) has suggested that a well
designed case-control study should be able to confirm a two fold difference in risk but
that, for differences less than this, the power of the study design may be inadequate.
While case-control studies are particularly susceptible to a variety of sources of potential
bias, this conclusion may well be true for any non-randomised epidemiological study
(Lee 1988a).

In trying to assess whether bias might have arisen in the epidemiological evidence it is
necessary to consider potential limitations of the available data. A number of general
points can be made:
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Unrepresentativeness

Although it is clear that the combined study population in Table 1 is not fully
representative of non-smokers, this does not appear to be a serious issue, since studies
have been carried out in the US, UK, Greece, Sweden, Japan and Hong Kong, and Wald
et al. (1986) found no evidence of significant heterogeneity of relative risk estimates.

Sample Size

While none of the studies considered in Table 1 concern particularly large numbers of
non-smokers with lung cancer, chance can hardly be the total explanation of the
association between passive smoking and lung cancer since the overall relative risk
estimate quoted by Wald et al. (1986) of 1.35 is quite highly statistically significant, with
95% confidence limits of 1.19-1.54.

Confounding

Not all the studies considered have taken into account the possible confounding effect of
factors known or suspected to be related to lung cancer, such as occupation or nutrition.
Although it would perhaps be expected that non-smokers married to smokers might to
some extent share the tendency of smokers to work in dirtier jobs, standardisation for
occupation, or indeed any confounding factor, has never been found in practice to
explain any material part of the association between lung cancer and passive smoking. It
does not seem likely that failure to take confounding factors into account has materially
affected the issue.

Inappropriate Choice of Controls

General scientific principles demand that like should be compared with like as far as
possible. In a number of studies, there were clear exceptions to this. One example is the
study of Trichopoulos et al. (1981, 1984) in which controls came from a different hospital.
This may cause bias if patients came from different catchment areas with different
smoking characteristics. Another example is the recently reported study of Humble et al.
(1987), in which virtually all the interviews with controls were conducted directly while
much of the data for cases came from surrogates. While inappropriate choice of controls
may have materially biassed a few studies, it does not seem very likely, however, that it is
a major explanation for the huge discrepancy.

Inaccuracy of Disease Classification

It is well known that diagnosis of lung cancer is imperfect and studies such as those by
Garfinkel et al. (1985) which took pains to check and review all available evidence are to
be preferred to those that did not do so. However, random misclassification of diagnosis
would be expected to reduce the observed association between lung cancer and passive
smoking, not increase it, and differential misclassification of diagnosis does not seem
very likely, inasmuch as the doctor making the diagnosis is likely to have been blind to the
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patient’s ETS exposure in most cases, and not to have been affected by it even if he was,
given most diagnoses were made before the first study on the issue was published in 1981.

Non-reporting Bias

A problem in combining results from various studies to come to an overall assessment of
the evidence, by so-called “meta-analysis”, is the possibility that the studies being
combined are not representative of all those that have been carried out. In particular,
overall estimates of relative risk may be biassed upward if a scientist is less likely to
submit for publication, or a journal is less likely to publish, studies which show no
significant relationship of disease to the factor of interest or a significant trend in the
direction opposite to that expected in advance. Convincing evidence of bias resulting
from this in the context of randomised controlled trials has recently been collected by
Chalmers et al. (1987) and the problem may generally be greater in epidemiological
studies. One can easily imagine an investigator running a range of statistical analyses,
finding a few significant associations of interest, and then publishing papers on those,
ignoring the non-significant relationships. One can also imagine journals not being too
keen to given space to a paper on a new null association and one must inevitably wonder
whether the reason the first two studies published on passive smoking and lung cancer
(Hirayama 1981; Trichopoulos 1981) found a significant association was because first
published papers on any association tend to be positive. Indeed, there seems a case for
carrying out meta-analysis giving most weight to studies showing no association and least
weight to studies published first.

Although it is obviously important to conduct research into the problems of non-
reporting bias in epidemiological studies, it is difficult to claim that it is the full
explanation of the overall association between passive smoking and lung cancer. The
reasons for this view are two-fold. Firstly, the overall association remains significant
(though the relative risk estimate reduces to 1.20), even after eliminating the Hirayama
and Trichopoulos results. Secondly, the fact that lung cancer and passive smoking has
been a very “hot” issue in recent years suggests researchers should now be able to publish
results from studies showing no association between passive smoking and lung cancer
risk.

Lack of Objective Measure of ETS Exposure

A limitation of all the published epidemiological evidence is lack of objective
measurement of exposure to ETS. Subjects are classified mainly by whether or not they
are married to a smoker and occasionally by reported degree of exposure outside the
home, but there are no data available either on ambient levels of tobacco smoke
constituents at home or at work or on levels in body fluids such as blood, urine or saliva.
While (e.g. see Table 3) it can be shown that marriage to a smoker is indeed associated
with increased levels of cotinine, the relatively crude method used for determining
exposure leads to possibilities of bias in case-control studies where knowledge of disease
may consciously or subconsciously affect reporting of ETS exposure. While this may
have caused upward bias of the reported relative risk in some case-control studies, it can
hardly explain the whole association, since it would not be expected to cause upward bias
in prospective studies and the association seems as strong in prospective as in case-
control studies.
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Table 5. Hypothetical example of bias due to misclassification of 5% of smoking subjects as non-
smokers

Smoking habit* Assumed Observed

Subject  Spouse N Risk N Risk Passive  Active
effect effect

NS NS 60 1 60+2= 62 1.61 1

NS S 40 1 40+3= 43 2.33 1.44

NS Total 100 1 100 + 5 = 105 1.90 1

S NS 40 20 40—2= 38 20

S S 60 20 60—3= 57 20

NS Total 100 20 100—5= 95 10 10.5

Assumed concordance = (60 X 60)/(40 X 40) = 2.25
Observed concordance = (62 X 57)/(43 X 38) = 2.16

* NS, non-smoker; S, smoker

Lack of Objective Measure of Active Smoking Status

Although considered last, this appears to be the most serious problem affecting the
epidemiological evidence on passive smoking and lung cancer. As will be shown in the
next section, completely erroneous conclusions can be reached when the “non-smokers”
being studied actually include a small proportion of misclassified true smokers.

Misclassification of Active Smoking Habits as a Major Source of Bias

As shown in Table 5, misclassification of a small proportion of smokers as non-
smokers, coupled with a tendency for smokers to be married to smokers (“concordan-
ce”) can create an apparent positive effect of passive smoking when no actual effect
exists. It also leads to an underestimation of the active smoking effect and of the
concordance. The passive smoking bias depends critically on the assumed relative risk
for active smoking, the degree of concordance and on the level of misclassification of
subject smokers as non-smokers. This source of bias will also produce an artificial dose
response relationship when the “non-smoking” subjects are divided according to the
amount smoked by the spouse. It can be shown (Lee 1988b) that misclassification of
non-smoking subjects as smokers and of smoking spouses as non-smokers causes a
degree of bias that is minor compared with that resulting from misclassification of
smoking subjects as non-smokers.

In an attempt to determine the extent to which smokers misreported their smoking
habits and to which smokers tend to be married to smokers, Lee (1987) carried out three
separate studies. In the first study, which concerned accuracy of reported current habits,
1775 British subjects were asked about their smoking habits and use of other nicotine
products in a non-health context likely to minimize underreporting of smoking. They
were then (with no prior warning) asked to provide saliva for cotinine analysis and 1537
agreed to do so. As shown in Table 3 there was in general a very marked difference
between the cotinine levels of tobacco users and non-users. Using 30 ng/ml as a cut-off,



Increased Risk of Lung Cancer in Non-smokers Married to Smokers 33

1.1% of self-reported non-users could be classified as occasional users, with levels of to
100 ng/ml, while 1.4% could be classified regular users, with levels above 100 ng/ml.

The second study, which aimed at obtaining information, on accuracy of past
smoking habits, followed up in 1985 540 subjects previously interviewed in 1980 about
their smoking habits. Ten % claiming on one occasion never to have smoked made
inconsistent statements on the other occasion, with inconsistent smokers being more
often men, old, smokers of fewer cigarettes and long term ex-smokers.

The third study, which aimed at obtaining information on smoking habit concordan-
ce, involved 8857 subjects aged 16+ interviewed regarding their own smoking habits and
that of their spouse. The concordance ratio, 3.55 in men and 3.07 in women, was found to
be rather greater than that assumed in the example in Table 5. Concordance rose with
amount smoked. Thus, the chance of having a spouse who was a manufactured cigarette
smoker was 22% for subjects who reported no such smoking, and 45%, 52% and 59%
respectively for subjects who reported smoking 1-17, 18-22 and 23+ manufactured
cigarettes per day.

From the data obtained, Lee (1987) concluded that misclassification could bias
relative risk estimates in relation to passive smoking upwards by a factor of 1.31 in men
and 1.24 in women, not significantly different from the pooled estimate of risk in relation
to passive smoke exposure.

At about the same time as Lee presented his findings, Wald et al. (1986) used similar
techniques to estimate the bias from misclassification, but based on a number of smaller,
and less representative studies, not specifically designed for the purpose. They estimated
this misclassification would have less effect, reducing the pooled estimate of risk only
from 1.35 to 1.30, i.e. it had only caused upward bias by a factor of 1.04.

Examination of the detail of how the estimates of bias of Wald et al (1986) and of Lee
(1987) were arrived at reveals three reasons for the difference. The first was that Wald et
al. (1986) used an assumed relative risk of 8 for the effect of active smoking observed in
women whereas Lee (1987) used 10. The second was that the calculations of bias by Wald
etal. (1986) were mathematically inaccurate, due to confusion between true relative risks
in relation to active smoking and those observed (which are affected by misclassifica-
tion). These are less important than the third reason, which is that Lee et al. (1987) found
that 1.4% (10/808) self-reported non-smokers were current regular smokers, whereas
Wald et al. (1986) only found 0.14% (1/705) such cases.

In an attempt to reconcile this difference, I have recently conducted a detailed
literature review of the evidence on misclassification of smoking habits, which will be
published as a book early in 1988.

Despite the various study designs and populations involved a number of clear
conclusions were reached:

(1) Even in circumstances that are apparently similar quite a wide variation in the extent
of misclassification can be found.

(2) The proportion of “non-smokers” subsequently found actually to be smokers is
markedly higher in smoking cessation studies than in studies where the respondent is
under no special pressure not to smoke.

(3) The proportion of “non-smokers” subsequently found actually to be smokers is also
markedly higher in lung cancer patients than in the general population. This is not
surprising in view of the overall a priori expectation that a lung cancer patient actually
is a smoker.

(4) Studies of “non-smokers” without lung cancer and under no special pressure not to
smoke suggest that around 4% are likely actually to be current smokers. While not all
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studies provide information on the extent to which such misclassified smokers smoke,
and those that do indicate many of them are occasional smokers, it seems that 1to 2%
of self-reported non-smokers are regular smokers.

(5) In addition to these misclassified current smokers there are a somewhat larger number
of ex-smokers misclassified as never smokers. Available information suggests that
these tend to have smoked less and a longer time ago than average ex-smokers.

(6) None of the studies have investigated whether the extent to which smokers deny
smoking depends on whether their spouse happens to smoke, which is of theoretical
importance as it could materially affect estimates of bias.

(7) There is even now virtually no information on the extent to which smoking habits
might be misclassified in Japan and Greece, from whence came the early epidemiolo-
gical evidence on passive smoking and lung cancer. The only study in Japan, by Akiba
et al. (1986), provided data suggestive of substantial misclassification of smoking
habits. Here, of 187 men who reported not smoking in 1964-68, as many as 96 (51%)
reported in 1982 that they had smoked.

While there is an obvious need for further research on misclassification of smoking habits
the results of the review! suggested strongly that Wald et al. (1986) had seriously
underestimated its importance.

Overall Conclusion

It has clearly been shown that there is a huge discrepancy between the relative doses of
smoke constituents to which passive and active smokers are exposed and the much larger
relative effect claimed from epidemiological evidence. The most likely explanation for
this discrepancy seems to be a persistent bias affecting all the studies due to a small
proportion of smokers being wrongly classified as non-smokers in the epidemiological
studies.
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An Introduction to the Study of Smoking
Using Urinary Hydroxyproline

H. Kasuga

Summary

The indicators used to identify the effects of environmental tobacco smoke (ETS) and
exposure to low level nitrogen dioxide (NO,) on the respiratory system are so weak that
they can not be detected using traditional markers such as the increased prevalence of
respiratory symptoms and a decrease in lung function. After studying urinary hydroxyp-
roline (HOP) starting in 1977, we first reported the significant relationship between HOP
and smoking, ETS and NO, in the air, in 1981. Since then, the coherent association
between urinary HOP and the established pathological and biological development of
lung diseases has been studied. Bias problems based on confounding factors, misclassifi-
cation of nonsmokers and over- or underestimation of ETS effects also have been
discussed.

Among articles presented by us during the past 4 years, several papers and some
arguments for and against this study on urinary HOP were introduced:

1) The effect of cessation from smoking on the urinary excretion of hydroxyproline [19].

2) A prospective repeated cross-sectional study on the possible health effects caused by
automobile exhaust and passive smoking {20].

3) Impact of smoking on the concentration and activity of alpha-1-antitripsin in serum,
in relation to the urinary excretion of hydroxyproline. Matsuki H, Kasuga H et al.,
1988.

4) Behavior of urinary hydroxyproline and effect of cigarette smoking in silicosis. Osaka
F, Kasuga H, Matsuki H et al., 1985.

5) Opinions contrary to the relationship between urinary hydroxyproline and smoking,
ETS and NO,.

Introduction

Hydroxyproline (HOP) is one of the essential constituents in collagen and elastine and is
an unique one which is not found in other tissues. Therefore, urinary HOP is regarded to
be a potential candidate for the study of the breakdown of lung tissue due to smoking and
environmental tobacco smoke (ETS).

As is generally known, the index symptom such as “a persistent cough and phlegm”
based on the BMRC Questionnaire [1] is used frequently as a clinical marker, but it is not
applicable for ETS effects because prevailing concentrations of ETS are estimated to be
less than 1% of an undiluted mixture of sidestream and second-hand mainstream smoke.
Therefore, urinary HOP as a biochemical marker for ETS effects appeared on the stage,
and a causal relationship between smoking including ETS and its health effect was

H. Kasuga (Ed.) Indoor Air Quality
© Springer-Verlag, Berlin Heidelberg 1990
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reported by Matsuki et al. [2] in 1981. However, some confounding factors which
influence the excretion of HOP into urine have been found. Accordingly, it is very
important to control these factors, including growth and age [3], disorders in hormone
secretion, various collagenosises, outdoor or indoor air pollution with nitrogen dioxide
(NO,), pregnancy, and abnormalities in collagen metabolism in other sites than the lung.
For details on this problem, we refer to our reports [4-9] so far; our method for HOP
analysis [10] is recorded in the manual [11] for passive smoking, IARC, WHO, 1987. Our
improved method is suitable for routine determination of HOP in urine at concentrations
up to at least 400 ng/ml. The limit of detection is about 50 ng/ml. The autoanalyzer can
handle 40 samples per hour. It is very difficult to obtain 24-h urine samples from many
individuals, but the ratio of hydroxyproline to creatinine in a spot urine sample,
particularly collected after fasting, is representative for the quantity of hydroxyproline in
24-h urine. Determination of urinary creatinine is performed routinely.

The amount of HOP excreted in urine is affected by the gelatin content of food, except
in case of urine collected after fasting. Even if gelatin is ingested the day before urine
sampling, its influence on urine HOP can be avoided by discarding the urine collected in
the early morning after a 10-12-h overnight fast and collecting a fasting urine sample 2 h
later.

As the first step of the study on smoking effects, it is necessary to classify the selected
subjects according to the amount of exposure to cigarette smoke, directly or indirectly. In
case of smokers, they can report their own smoking habits in the response to the question
by means of interview and questionnaire. But in order to express the personal exposure
levels to ETS for non-smokers, we are forced to ask for the smoking habits of potential
smokers who supply the ETS. Since such answers are apt to be biased it may cause
misclassification of the non-smoking subjects. Therefore, some biochemical markers
have been used to assess the exposure to cigarette smoke including ETS. Among them,
urinary cotinine has shown to be the most reliable marker for active and passive smoking.
But it is not always easy to use this complicated measurement for hundreds or thousands
of subjects in epidemiologic surveys. Therefore, a new questionnaire [12] has been
developed. The questions in the old questionnaire were revised and enlarged by inserting
only a phrase “How many cigaretts did you smoke in the presence of non-smoking spouse
and child at home a day?”. This new questionnaire showed a significantly high correlation
between urinary cotinine levels and the number of cigaretts smoked in the presence of
nonsmokers [12] (Table 1).

On the other hand, it may be necessary to use much more detailed questionnaires for
studying the relationship between ETS and lung cancer, as Dr. Wynder mentioned. The
interview with such a questionnaire is now used in an international survey sponsored by
the IARC {13], to provide information on past and current active and passive smoking
status. This troublesome questionnaire with as many as 20 sheets may be needed for
studying lung cancer because it has been suggested that exposure to cigarette smoke
during childhood may cause lung cancer later in life, and its incubation period may be
more than ten years.

Since our study using urinary HOP aims at detecting preclinical signs of COLD
(chronic obstructive lung diseases) except asthma, it may be possible to abbreviate most
of the question sheets. In an actual epidemiological survey, it may be a practical way to
examine all the subjects with such an improved questionnaire, and to check for report
bias by measuring urinary cotinine. Originally the ETS effect is so weak that we can not
always obtain a significant result according to circumstances, e.g. studies carried out by
Verplanke et al. [14] in Holland and by Matsuki et al. [15] on Chinese women in Hong
Kong were unsuccessful. So, it is necessary to use a sufficient number of subjects on
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Table1. Correlation coefficients among urinary cotinine level and involuntary smoking. (From

[23p

Winter Child Co/CR Mot. Co/CR Fam. Cig/day Fam. Cighouse/day
Child Co/CR - 0.396* 0.494%* 0.626**

Mot. Co/CR - - 0.799%* 0.820%*

Fam. Cig/day - - - 0.851%*

Fam. Cig house/day - - - -

Summer Child Co/CR Mot. Co/CR Fam. Cig/day Fam. Cighouse/day
Child Co/CR - 0.250 0.389* 0.526%*

Mot. Co/CR - - 0.426* 0.730%*

Fam. Cig/day - - - 0.854%*

Fam. Cig house/day - - - -

* p<0.05, ** p<0.01

Remarks: Child Co/CR: Cotinine to creatinine ratio in children, Mot. Co/CR: Cotinine to
creatinine ratio in mothers, Fam. Cig/day: Familial smoking per day at home, Fam. Cig house/
day: Familial smoking at home per day in the presence of non-smokers
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condition that each bias and confounding factor is under control, and to find a potential
internal and external consistent trend by a prospective way, even though each association
in the subgroup is weak. Several interventional studies [16-18] with rodents were
conducted recently for smoking effects but these ended in failure to show an increase in
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urinary HOP. It seems that a major part of the failure can be ascribed to a defective
experimental plan using the short term exposure with low-level ETS. Furthermore,
nonsmoking workers are exposed to ETS at offices frequently but measurement of ETS
at offices is more difficult than at home. Therefore, at present it may be advisable to select
non-smoking, non-working, housewives and schoolchildren as the study subjects. And
such an investigation carried out in summer time may be a problem that requires careful
consideration because the high level ETS is hard to be formed due to well-ventilation at
home in summer [4] (Figs. 1, 2). On the contrary, health effects induced by NO; in
automobile exhaust should be measured in a summer period because they are masked by
higher levels of indoor air pollution which often results from kitchen and space heating in
the winter season.

In conclusion, although we have made a gratifying progress in this field, there still
remains much to be done. Opinions presented so far may be summarized in some studies
conducted during four years after the review [9] on this problem stated at the
International Symposium on Effects of Indoor Air Pollution with Special Reference to
Nitrogen Oxides and Smoking sponsored by Tokai University and WHO, in 1984, as
follows.

The Effect of Cessation from Smoking on the Urinary Excretion
of Hydroxyproline [19]

The increased urinary HOP levels due to smoking decrease with time, after discontinua-
tion of smoking, and approached to the lower levels found among non-smokers. This
observation must be useful for supporting the positive dose-effect relationship between
urinary HOP and smoking. Furthermore, it is important from a public health and
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Table 2. Calculated proportional and rate constant, correlation and time to reach non-smokers
HOP-ratio levels for each group of ex-smokers

Ex-smoking k (week) InA r No. Time (weeks)
(cig./day)
1-10 —0.0751 2.279 0.43]1%* 4 61
11-20 —0.0673 2.630 0.613%** 17 73
21-30 —0.0754 2.821 0.611%** 11 68
31-40 —0.0709 2,925 0.819%** 10 74
41- —0.0429 2.853 0.391** 7 120

** p<0.01; *** p<0.001
model: In (C;-Co)=1InA +kt;+¢;

where C; is the HOP-ratio of i-th sample, t; is the time (week) of the i-th sample, ¢; is the error of the
i-thsample and has a normal distribution with mean 0 and a variance o2, Co is the mean HOP-ratio
value of the non-smokers

pathogenic point of view, to determine the time course of recovery from the increased
HOP-ratio. That is, this study was carried out with the object of bringing out a coherent
association between urinary HOP and smoking and a consistence of availability of
urinary HOP as marker.

The effect of cessation from smoking was assessed in 49 smokers who participated in
an anti-smoking course using the urinary HOP;: creatinine ration (HOP-ratio). Urine
samples were collected daily at the beginning of the course for five days and during the
subsequent 14 weeks, two times a week. The subjects were divided into five groups
depending on the number of cigarettes smoked daily before cessation: 1-10, 11-20, 21-
30, 31-40 and >41 cigarettes. The urinary HOP-ratio immediately after cessation of
smoking was proportional to the mean daily number of cigarettes smoked in the past.
This result was in agreement with that of a similar survey undertaken in adult men, in the
same district in the same year (Fig. 3). All subgroups showed decreasing HOP-ratios with
an increasing period of abstinence. Half of the total observed decrease in the HOP-ratio
after the 14 weeks was reached within 5 or 6 weeks (Fig. 4). When using the Brinkman
Index to adjust for the number of smoking years, half of the maximum decrease in all
subgroups was reached within four weeks. In an exponential decay model fitted to the
data (Table 2), the halflife time to reach the non-smokers urinary HOP levels was nine to
ten weeks for all subgroups. And it was estimated that the HOP levels of smokers who
smoked less than 41 cigarettes before cessation reached the HOP levels of the control
group after 61-74 weeks. The period needed for the most heavy smokers subgroup was
estimated to be 120 weeks. The results suggest that the urinary HOP-ratio is useful as a
biochemical marker for the short-term breakdown of lung collagen and lung elastin.

Influence of Automobile Exhaust and ETS (Environmental Tobacco Smoke)
in Areas Alongside Main Road [20]

This present study is a critical assessment of the effects on health of ETS and NO,
generated from main roads. A hydroxyproline:creatinine ratio (HOP-ratio) was used as
the representative measure of the health effects. The associations between the HOP-ratio
and ETS, and the HOP-ratio and low concentration NO, are essentially very weak; for
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Remarks: Area I: within 50 m from roadside.

Area II: 51-100 m from roadside.

Area III: over 101 m from roadside

this reason, being able to control the confounding factors and their resulting bias was a
major priority in the study. In order to ascertain the consistency and strength of these
associations and coherence of the evidence repeated cross-sectional study was performed
each year in May over an eight-year period from 1977 to 1984. 4,375 schoolchildren from
F primary school area acted as subjects for the study. The school area was a typical urban
residential area adjoined by main roads with a daily traffic of 3,000 vehicles or more such
as C highway, but excepting these, it was a typical residential area with no other
significant NO, generating sources as large-scale factories. The area was divided into
three according to the distance from the main roads. (Area I: areas within 50 m from the
roadside, Area II: within 50-100 m, Area III: over 101 m.) Subjects were divided in four
groups according to levels of ETS exposure through passive smoking in the home, which
were represented by the number of cigarettes smoked per day at home, by all members of
the family, (NPS group: non-passive smoking, LPS group: 1-10 cig./day, MPS group:
11-20 cig./day, HPS group: 21 or more cig./day).

The association between ETS and the HOP-ratio was investigated as that of pupils
living in Area III which was free of any direct influence from automobile exhaust
diffusion. The area and HOP-ratio association was observed using the NPS group which
was free of ETS influence.

1) The HOP-ratio increased as the level of ETS exposure increased and was greatest in
schoolchildren who lived in the area nearest the main roads. The strength of the
association was considered statistically significant based on the magnitude of the
HOP-ratio, the correlation coefficient, a two-way layout and relative risk. This, with
the coherence of the measurements for each area in each year, seemed to suggest
without exception a strong causal relation. The influence of ETS and area distinctions
on the HOP-ratio were totally independent and showed virtually no interaction.

2) Lowered ventilation rates in the winter heating period tended to produce high levels of
NO; indoor air pollution and often overrode the influence of the roads (according to
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Fig. 7. HOP-ratio of ETS and automobile exhaust (1977-1984)

filterbadge measurements of NO, exposure levels). In addition, this not only
eliminated difference in HOP-ratios according to area distinction but also produced
the indoor ETS and increased ETS exposure opportunities as evidenced by the urine
cotinine levels measured. It thus became clear that the survey of ETS and area
distinction influence would have to be conducted during the summer months.

3) In order to control any bias, all pupils were subjected to a prior medical check-up and
those with any confounding factors in HOP-ratios were eliminated from the study.
However, the changes in patterns of indoor smoking from 1980 onwards were not
sufficiently accounted for by the former interview and questionnaire surveys so we
introduced an additional bias, namely misclassification of pupils. Subsequently,
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the possibility to cause underestimation of ETS influence was suggested, thereby
establishing the need for a revision of the relevant questionnaires.

However, we cannot offer any conclusion on the possibility that these changes in the
HOP-ratios may in the future have morbid effects to cause the development of chronic
bronchitis, or emphysema of the lungs.

Impact of Smoking on the Concentration and Activity of Alpha-1-Antitrypsin
in Serum in Relation to the Urinary Excretion of Hydroxyproline [21]

This study aims at assessing the coherent association between smoking and urinary HOP,
in the light of the “protease and antiprotease balance theory” by Eriksson. Alpha-1-
antitrypsin (a,-AT) is the most important inhibitor of proteases in human serum and is
essential in preventing autodigestion of the lung by inhibiting elastase and collagenase.
Oxidation renders this inhibitor inactive. Cigarette smoke contains many potent oxidants
which can reduce the functional activity of a;-AT and turn the existing balance with lung
proteases into an imbalance resulting in the degradation of connective tissue in the lung.

The data suggest that active smoking has significant impact on the concentration and
activity of 0;-AT in serum as well as on the urinary excretion of HOP. The data
concerning passive smoking reveal less consistent results, except for the urinary excretion
of HOP (Fig. 8).

The impact of active and passive smoking on the serum levels of a,-AT, the trypsin
inhibitory capacity (TIC), the trypsin inhibitory activity (TIA) and the urinary
hydroxyproline to creatinine ratio (HOP-ratio) was studied. The subjects used in the
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study on active smoking were 167 healthy adult men and in the study on passive smoking
189 healthy primary school children. Serum levels of a;-AT in active smokers were
significantly higher than those in non-smokers (Fig. 8). The TIC as well as the TIA in
active smokers decreased with increasing number of cigarettes smoked (Figs. 9, 10). The
urinary HOP-ratio increased significantly with increasing number of cigarettes smoked.
On the other hand, in the case of passive smokers a significant difference was obtained
only for the HOP-ratio. The associations between all markers in active smokers were
significant. Less strong associations were found in the case of passive smokers (Fig. 11).
These results suggest that the urinary excretion of hydroxyproline can be considered as a
marker for the imbalance between proteases and antiproteases as a result of smoking.

Behavior of Urinary Hydroxyproline and Cigarette Smoking Effect
in Silicosis [22]

It is common knowledge that symptoms of pneumoconiosis deteriorate rapidly with
smoking. But many problems, demanding solutions from a viewpoint of epidemiology,
still lie before us. It seems that the behavior of urinary HOP holds the key for them.

This study was conducted through regular pneumoconiosis examination according to
the law on 1,096 employees of medium and small-sized ceramic enterprises in the Tokai
district in 1981-82.

Interview examination with the BMRC questionnaire, X-ray examination and
measurements of the urinary hydroxyproline to creatinine ratio (HOP-ratio) were carried
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Fig. 14. Turning point of HOP-ratio by grade with X-ray photo. O, without symptoms; ®, with
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out in order to elucidate the relationship between silicosis and urinary HOP-ratio and
to demonstrate the effect of smoking on pneumofibrosis. The grades of silicosis were
classified into five types (0 to 4) with increasing severity of the symptoms based on the
Japanese Classification of Radiographs of Pneumoconioses. Index symptoms of
respiratory diseases were recorded using BMRC questionnaire [9]. In healthy subjects
(type 0), the urinary HOP-ratio increased with the number of cigarettes smoked
(Fig. 12).

In smokers, the collagen metabolism was rapidly repressed and fibroplastic condi-
tions developed, although smoking itself did not seem to induce pneumofibrosis.

In the non-smoking group, the HOP-ratio was the lowest in type 0 and it increased in
the order of type 1 and 2. The turning point was at type 2 and the HOP decreased type 3
and 4, by turns (Fig. 13). Further analysis of the data showed that the turning point for
non-smokers without index symptoms was found at type 3, whilst the turning point for
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non-smokers with index symptoms was at type 1 (Fig. 14). Shifting of the turning point
suggests that index symptoms also promote fibroplastic activities.

Contrary Opinions Against the Relationship Between Urinary HOP
and Smoking, ETS and NO,

Intervention Studies

Intervention studies of urinary HOP levels in rodents were conducted by Mullenae et al.
[16], Read and Thornton [17] and Higashi et al. [18]. These studies were generally
performed using an extreme short exposure term combined with an extreme small
number of subjects, and they ended in failure to show a positive result.

If an exposure level of NO, as in actual air pollution is used, a prolonged exposure
experiment with numerous subjects shall be needed from a pathological viewpoint. In
addition to our study, Mizoguchi and Yoshida [23] also reported in 1986 that urinary
HOP-ratios in schoolchildren living in three areas with different ambient NO,
concentrations in Tokyo increased with the NO, concentration.

Opinions Presented by Adlkofer [24, 25]

1) Adlkofer stated in 1983 as follows: even though smoking was originally regardless of
the HOP excretion, the HOP: creatinine ratio increased with smoking because the
creatinine excretion was positively correlated with the number of cigarettes smoked.

2) He raised another objection to our studies in 1987.

- The urine volume in smokers was larger than that in non-smokers.

- HOP excreted into urine was reabsorbed to some extent but tubular reabsorption
of HOP was interfered by the increasing urine flow.

- Incontrast with HOP, urinary creatinine was not reabsorbed at all. Therefore, he
concluded that the HOP: creatinine ratios in smokers were higher, irrelevant to the
higher HOP excretion.

3) Inthe same paper, he stated as follows; HOP in 24 h urine of smokers was found to be
larger than that in non-smokers, but after standardizing for body surface, the urinary
HOP excretion was almost completely unaffected by tobacco uptake.

Answers

1) If his opinion was right, it would be impossible to apply the cotinine ratio in random
urine as a substitute of cotinine in 24-h urine, It is not too much to say that the
usefulness of urinary cotinine; creatinine ratio was established by the report on
involuntary smoking by Surgeon General U.S.A. in 1986 [28]. Urinary HOP:
creatinine ratio which was developed in the 1960 s by Allison et al. [26] and Whitehead
[27] is prevailing now in the field of epidemiology, and it was also included in the
manual on passive smoking, IARC, in 1987.

2) His syllogistic conclusion does not seem to be supported with high reliability and
consistency. The possibility of his opinions is only very slight.

3) Excretion of HOP decreases with aging, and body surface increases with aging [3]. In
conclusion, I think that there is no need to adjust for body surface, in this case but, it is
necessary to adjust for growth or age.
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Chapter 1: Environmental Tobacco
Smoke Measurement




The Aging of Sidestream Tobacco Smoke Components
in Ambient Environments

R.R.Rawbone, W.Burns, and G. Haslett

Summary

A large number of sidestream smoke components have been measured over a 50-min
time period in a well-defined experimental room. The results show a variable rate of
decay following smoking which would suggest that extrapolation from a single
measured “marker” to other potential smoke components should be performed with
caution.

Introduction

Environmental tobacco smoke is a dynamic aerosol and its characteristics, both physical
and chemical, depend on a number of factors; these include the elapsed time since its
formation, whether the smoke plume is allowed to fully form before dispersion and the
more general dilution within the ambient environment [1]. In terms of a single point
sampling site the resultant measurement value will therefore not only depend upon the
characteristics of the environment and the number and manner of cigarettes being
smoked but also upon both temporal and spatial factors of the sampling position relative
to the smoking.

This dynamic nature of the aerosol results not only in a loss of volatile components,
including nicotine, from the particles to the vapour phase, but also in a complex and
variable behaviour of the individual chemical components which manifests in their
exhibiting different decay characteristics. This is of importance in the interpretation of
ambient air studies which are generally limited to the measurement of one or two
environmental tobacco smoke markers,

The objective of this paper is to demonstrate this variability in decay patterns for a
series of chemical measurements over a 50-min period following smoke generation in a
well defined experimental room.

Materials and Methods

Smoke was generated using a modified smoking head from a Battelle rotary smoking
machine [2] in a specially constructed room with a volume of about 48,000 litres. The
internal walls, ceiling and floor were coated with a sealant paint and there was a single
door with no windows, other than a sealed observation port; all other access, including
that for electricity supply and air sample collection, was through sealed ducting. During
the current studies there was no active ventilation in the room and furniture was kept to a
minimum. Temperature and humidity were monitored continuously.

H. Kasuga (Ed.) Indoor Air Quality
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At the start of each experiment 16 cigarettes, with a standard mainstream delivery of
17 mg tar (PMWNF), were smoked on the rotary smoker to the reference conditions of
one 35 ml puff of 2 s duration every minute. The mainstream smoke was ducted away and
the sidestream smoke, after formation of the plume, mixed into the room by a series of
fans. In order to maintain a constant carbon monoxide level in the room throughout a 50-
min-study period, as a standard condition, single cigarettes were smoked subsequent to
the initial 16 cigarettes being extinguished. The time at which the initial cigarettes were
extinguished was also taken as time zero for the commencement of chemical measure-
ment.

Ambient chemistry in the room was measured using the following techniques which
have also been employed, for comparative purposes, in a benchtop collection device [3]
for the measurement of freshly generated sidestream smoke:

Carbon monoxide was measured continuously using a non-dispersive infra-red
analyser (Analytical Development Co., Model RFA/1).

Nicotine, which is distributed between the particulate and vapour phases, was
measured as total nicotine by collection into a Tenax trap over 5-min-sampling periods,
with subsequent thermal desorption and gas chromatographic analysis (Perkin Elmer,
ATD50).
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Particulates were measured using the MINIRAM (Miniature Real-time Aerosol
Monitor, GCA Corporation, Model PDM-3), a light scattering device which samples
over 10-s-time periods. This instrument gives a quantitatively high result because of its
sensitivity to particle size distribution and its dependence upon a relevant calibration [4].

Ammonia was measured continuously using a selective ion electrode.

A “whole smoke” gas chromatographic profile was obtained by actively drawing the
ambient atmosphere through standard Perkin Elmer ATD50 tubes packed with Tenax
TA, 60-80 mesh for a 15-min-period at a flow rate of 300 ml/min. The Tenax was then
thermally desorbed in two stages onto a 50 m mixed Ucon phase capillary column. Values
for 33 distinct peaks were calculated as the peak area relative to that of the Internal
Standard (Dimethyl Furan), these included Acetone, Acrolein, Acetonitrile, Pyridine
and 3-vinyl pyridine.

A “phenolic profile” was obtained by drawing the atmosphere through a small
Cambridge filter pad for 10 min ata flow rate of 20 I/min. The pad was then silylated using
BSTFA and Digol was added as an Internal Standard. This was then heated for 1 hat 80°C
and run on a 25m SES4 capillary column. Values for 26 peaks, including Catechol,
Glycerol, and Hydroquinone were calculated with reference to the Internal Standard.

Results

Figures la and 1b show the results for nicotine, carbon monoxide and Miniram
particulates. The carbon monoxide levels remain constant at the relatively high level of
22 ppm throughout the 50-min-study period, this being consequent upon the defined
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smoking regimen. The particulate levels can be seen to fall by about 15% and this is most
likely accounted for by the loss of volatile materials to the ambient atmosphere. In
contrast to this relatively small decline in particulate levels however is the rapid fall in
airborne nicotine levels which decay to less than 20% of their initial value.

Figure 2 shows that the levels of ammonia exhibit a similar rapid decay to that seen for
nicotine.

Examples from the analysis of the “phenolic profile” are given in Fig.3 which
illustrates the decay of Catechol together with Glycerol and Hydroquinone. These results
draw attention to the fact that whilst the majority of components appear to show an
exponential decay pattern this is not invariable and as an example Hydroquinone
appears to decay over this time period in a linear fashion.

Because of the longer periods over which the “whole smoke” profile samples are
obtained it is not possible to display the changes graphically. Comparing the time periods
0~15 min with 30-45 min gives some idea of the variability in rates of decay. These are
illustrated in Table 1 where the percentage change of individual peak areas between the
two periods can be seen to range from 0% to 40%.

Of the 50 plus components of sidestream smoke examined in these studies in no case
was any component found to increase over the 50-min-time period.
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Table 1. Levels of major components in the “whole smoke” profile of an ambient air sample and
their % change over a 45-min-time period

Peak No. Identification 15-30-min- 45-60-min- % change
value value
1 1.51 1.64 -5
2 0.62 0.61 —13
3 4.40 3.94 —22
4 0.65 0.74 0
5 0.52 0.46 —22
6 0.36 0.30 —-27
7 Acetone 0.77 0.87 0
8 Acrolein 0.34 0.38 -3
9 1.28 1.22 —-16
10 Pyridine 1.05 1.10 -8
11 Acetonitrile 0.67 0.68 —11
12 0.68 0.58 —25
13 Benzene 2.66 2.36 —-22
14 0.52 0.53 —10
15 Int. Standard 1.00 (33.5) 1.00 (29.4)
16 Toluene 4.51 5.20 0
17 0.79
18 2.31 1.93 -27
19 2.29 1.73 —34
20 3-Vinyl pyridine 0.70 0.76 -5
21 Phenol 1.99 2.28 0
22 2.25 1.75 —32
23 0.89 0.75 —26
24 1.20 1.00 —-27
25 1.31 1.23 -17
26 353 3.00 —25
27 1.92 1.90 —13
28 1.45 1.40 —15
29 1.83 1.56 —25
30 2.01 1.68 —-27
31 1.64 1.25 -33
32 1.02 0.74 —-36
33 0.65 0.44 —40

Values presented were calculated by the (peak area of component)/(peak area of Internal
Standard). Values in brackets were the actual peak areas. The % change between the results allows
for the differences in value for the Internal Standard

Discussion

The results presented in this paper clearly demonstrate the variability in the decay pattern
for individual components of environmental tobacco smoke. Although the measure-
ments were made in an experimental situation at a relatively high ambient smoke level
this variability would certainly be encountered in the real-life situation.

It is thus clear that to make extrapolations from the measurement of a single marker
to the behavior of other smoke components involves an assumption which is likely to be
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Fig. 4a,b. “Whole smoke” chromatographic profiles of (a) freshly generated sidestream smoke in a
benchtop apparatus and (b) environmental tobacco smoke following the dispersion of sidestream
smoke from 16 cigarettes

invalid. One further point can be noted from a comparison between fresh sidestream
smoke measured in a benchtop apparatus and sidestream generated in the experimental
room. This is illustrated in Fig. 4 which presents the whole smoke profiles obtained in a
Keith apparatus with that taken in the experimental room immediately following the
smoking of the 16 cigarettes. The four components labelled A, B, C and D, which have
been provisionally identified as Furan, Acetone, Acrolein and Acetonitrile, are among
those which can be seen to have greatly reduced levels in the room relative to those in the
benchtop collection device. Although these components appear in fresh smoke their
apparent decay is so rapid that they may not be seen to any significant extent in room air.

Conclusions

1) Environmental tobacco smoke is a dynamic aerosol which exhibits both temporal and
spatial variation.

2) Each of the components of smoke measured has its own decay rate and pattern.
Relative to carbon monoxide and particulates, nicotine and ammeonia have rapid
decay rates.

Other components, which probably include Acrolein, decay at an even faster rate and
high airborne levels are probably never achieved.

3) Extrapolations from benchtop sidestream measurement to room air based on simple
dilution calculations is unlikely to provide valid information.

4) Extrapolations from a measured “marker” in ambient air studies to other potential
smoke components should be performed with caution.
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Indoor Air Quality: The Contribution of Environmental
Tobacco Smoke

R.Perry, J.N. Lester, M. Hunter, P. W. W, Kirk, and S.-O.Baek

Summary

An extensive 30-week survey of environmental tobacco smoke has been undertaken in
Great Britain. The survey consisted of over 2,900 sampling operations according to a
scheme which covered a range of situations to which the public are exposed during their
travel and leisure as well as at home and work. Sampling took account of population
distribution as well as geographical and seasonal effects.

Three components of tobacco smoke - particulate matter as measured by Minirams,
carbon monoxide and nicotine - have been determined in smoking and non-smoking
situations, whilst the reported presence or absence of smoking within 2h prior to
sampling was used to distinguish between non-smoking and smoking environments. The
survey was structured around 30 min sampling periods, using unobstrusive, portable
sampling equipment capable of detecting each of the three components at less than 5% of
their individual (occupational exposure limit (OEL) is the UK recognized workplace
safety level).

Overall mean Miniram particulate matter was 0.56 mg m™3, with a smoking location
mean of 0.81mg m™3 and a non-smoking mean of 0.31 mg m™>. These results, as
determined by the Miniram light scattering device are, however, known to be an
overestimate when compared to methods based on the measurement of particulate
mass, such as the Piezobalance. Subsequent studies in a variety of locations have shown
the Miniram to over-estimate by at least a factor of 2.5 in the presence of tobacco
smoke.

The overall mean carbon monoxide level was 2.4 ppm with a mean of 2.7 ppm in
smoking locations and 2.1 ppm in non-smoking locations. With the limitations of the
carbon monoxide monitors, this difference is not thought to be significant,

In calculating the mean results for nicotine, a value of 6.8 pg m™3 (i.e. half the limit of
detection) was assumed whenever the nicotine level was below the limnit of detection.
This has almost certainly led to an over-estimation of nicotine, particularly in non-
smoking situations, where nicotine was rarely detected. Applying this factor the mean
overall nicotine concentration was 14pug m™> with a mean of 21 ug m~2 in smoking
locations and 8 ug m~3 in non-smoking locations. No nicotine concentrations exceed the
OEL set at 500 4 m™3 and 95% of all readings were below 10% of the OEL.

Introduction

Considerable effort has been expended over the last 15years attempting to control
emissions of air pollutants into the atmosphere from sources such as power stations,
factories and automobiles [1]. More recently, increasing public awareness has prompted

H. Kasuga (Ed.) Indoor Air Quality
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concern regarding the quality of indoor air, particularly as the majority of the population
spend up to 80%-90% of their lives indoors [2].

There are many sources of indoor pollutants (both gaseous and particulate) including
the use of gas stoves and fires, coal, coke, and wood fires, house plants, cooking, cleaning,
painting, and the adoption of a variety of household and office products including
cleaning agents, glues, correction fluids, plastics and varnishes [3, 4]. In addition, the
simple act of movement resuspends particulate matter [5] whilst building materials and
furnishings, especially when new, may release a variety of organic materials into the
indoor atmosphere [6]. Release of formaldehyde from cavity wall insulation, furniture
and fabrics are all examples of such indoor air pollutants and are of considerable public
concern.

Specific interest has been directed towards pollutants associated with emissions from
gas cooking and other problems such as radon build up, “sick-building” syndrome and
environmental tobacco smoke (ETS) [1, 7]. Probably the most emotive issue is that of
ETS, largely with respect to considerations of irritation and discomfort, but more
especially in the light of recent epidemiological studies alleging risks to the health of the
exposed non-smoker.

The contribution ETS components make to the indoor air environment is difficult to
quantify for a number of reasons. Environmental tobacco smoke has not yet been
sufficiently characterized such that its nature can be clearly defined. The concentration of
any individual ETS compound or group of compounds in an enclosed space is dependent
upon its generation rate from the tobacco, the source consumption rate, ventilation, the
concentration of the constituent in the incoming ventilation air, dimensions of the room,
the degree of mixing, the rate of removal by adsorption or chemical transformation and
the effectiveness of any air cleaning devices such as air conditioning systems [8].

One major problem when attempting to define the contribution of ETS to air quality
is that in real life situations ETS normally exists in association with a complex mixture of
air contaminants from other sources, particularly those from other combustion sources
[1]. Indeed, these may not necessarily originate from indoor situations. Pollutants such as
carbon monoxide for example, readily pass from the outdoor to the indoor environment
without significant change'in concentration [9]. However, indoor pollutants can give rise
to high local concentrations, but are greatly diluted on passing to the outdoor
environment. In contrast, reactive gases such as ozone and sulphur dioxide are rapidly
removed in the indoor environment and levels are normally only a fraction of those
commonly encountered outdoors [10], thereby indicating the complex relationship
between indoor and outdoor air.

To date the major short-fall of studies examining ETS in the failure to adequately
quantify the actual ETS dose received by the non-smoker. Environmental Tobacco
Smoke is a complex and greatly diluted mixture of sidestream (commonly defined as the
smoke which issues from the product between puffs), mouthspill (smoke released from
the mouth before inhalation) and exhaled smoke, the proportions of which will vary
depending on the smoking behaviour of the individual smokers. In realistic circum-
stances ambient concentrations depend on sidestream smoke and the exhaled main-
stream smoke [11, 12]. In order to quantify ETS components therefore, any component
determined should ideally be unique to tobacco smoke, present in sufficient quantity to
be easily detectable, similar in emission rate for a variety of tobacco products and be
present in a fairly consistent ratio to other smoke components of interest [9].
Furthermore, it is apparent that in order to evaluate the contribution of tobacco smoke
to indoor air quality, non-smoking as well as smoking situations need to be studied under
as wide a variety of actual conditions as possible.
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Consequently the objectives of this study were

- to assess indoor air quality in home, work, leisure and travel situations;
- to evaluate the ETS components of indoor air;
- to compare smoking and non-smoking environments.

Materials and Methods
Markers for ETS

Three main components of tobacco smoke were identified as markers within the study,
namely, nicotine, carbon monoxide and Miniram particulate matter (TPM).

Nicotine fulfils most of the criteria for a suitable marker being a major component of,
and almost exclusive to, tobacco smoke and also is detectable in small quantities of air at
low concentrations [11, 13, 14]. Moreover, nicotine has been measured in the majority of
existing studies [1].

Carbon monoxide is a commonly measured constituent of indoor tobacco smoke in
field surveys since it is a major component of cigarette smoke and is relatively easy to
measure, although there are many other sources of indoor carbon monoxide besides
tobacco smoke [9, 11, 16].

Total suspended particulate matter can be defined as particles (generally <15 um)
suspended in the atmosphere, as collected for subsequent gravimetric determination. An
alternative generalised measurement of particulates utilizing a light scattering technique
was used and subsequently calibrated against piezobalance and gravimetric methods.

Survey Design

A 30-week field survey was designed to study four types of indoor environment;
workplaces (W), homes (H), leisure (L) and travel (T). Monitoring was evently
distributed between each type and performed by an independent research laboratory
(Hazleton Laboratories UK Ltd., UK). The study was designed to evaluate a total of 30
locations representing a wide variety of exposures throughout the United Kingdom
which were considered in three major regions according to population density (Table 1).

These figures were derived from recent statistics [17], by a market research group
(MAS Survey Research Ltd., UK) to represent the geographical regions, urban and social
status of the UK.

Homes were randomly selected after reclassification by local authority area according
to these criteria. Work situations were randomly selected within each classification
according to type and size (number of employees) of business to reflect any particular
location based on a quota system. Leisure and travel situations were identified and
arranged around work and home samples to maintain flexibility.

A balance of timing with respect to days of the week, start times, and times of the year
was arranged so as to cover the spectrum of normal life exposure (Fig. 1). The study was
divided into three 10-week-periods, each area being sampled completely over any 10-
week-period. Each operative subsequently rotated to a different area during the
following 10-week-period. A staggered pattern of start times and days enabled extended
coverage of time of day and days of the week. These were repeated by succeeding
operatives.
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Table 1. Allocation of sampling locations in the United Kingdom

Area Location Population Total Conur- Large Small urban/rural
No. % regions bations urban
H* Lb
South East 30 9 4 1 3
2 South West, 34 10 1 2 3 4
Wales, Midlands,
East Anglia
3 North, Yorkshire, 36 11 6 2 1 2
Humberside,
North West,
Scotland

2 H - high density
b L - low density
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Fig. 1. Typical operative work schedule during any 10-week-period. H: house call; B: business call;
T travel call; L: leisure call; * Residual T & L performed where possible after arrival at new locality

Equipment Selection and Analytical Procedures

The equipment used was potable, robust and discretely operable, being reliable and
precise. Four integrated kits were assembled and tested in field trials prior to the study.
Each kit consisted of a carbon monoxide dosimeter (General Electric 15 ECCICOZ2;
MDA Scientific, UK), a Miniram PDM-3 particulate dosimeter (GCA Corp., USA), a
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temperature probe and an electrical event marker interfaced to a data logger. Air flow
through CO and TPM dosimeters during sampling was maintained at rates of 0.006 m3
h™'and 0.015 m>h~! respectively using two Alpha pumps (DuPont Ltd., USA)illustrated
in Fig. 2.

Each sampling event lasted for a period of 30min, CO, TPM and temperature
readings being logged every 2 min. Concurrently, nicotine samples were obtained by
adsorption onto 200 mg of Tennax TA adsorbent (Chromopak, UK) contained in open
ended steel tubes which were placed on the CO line. Readings of relative humidity were
recorded manually along with relevant site details in the operators diary. Nicotine
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samples were analysed using 2-stage thermal desorption followed by capillary gas
chromatography (Perkin Elmer, 8320) fitted with FID.

A total of 5% of samples were validated in the field by Imperial College staff in
parallel with Hazleton field operatives. Instrument cross checks were also performed
with all kits between each 10-week-work-period.

Miniram TPM dosimeters were retrospectively subject to a separate calibration
exercise in comparison with piezobalance and gravimetric methods.

Results

Summary data for the complete 30-week-study is given in Table 2 along with
corresponding percentile values. In each table a smoking sample is one in which smoking
is known to have taken place during sampling or within the 2 h prior to sampling.

Carbon monoxide had an overall mean concentration of 2.4 ppm for some 2,657
measurements throughout the survey. In smoking situations the mean carbon monoxide
level was 2.7 ppm (49.6% of samples) and in non-smoking situations it was 2.1 ppm. In
95% of cases where smoking was taking place, carbon monoxide concentrations were less
than 7.2ppm compared with 5.9ppm in non-smoking situations (Table 2). The
distribution of CO values indicated the relatively high proportion of readings within the
ranges 0-2 and 2-4 ppm (Fig. 3). Similarly mean CO values observed in each activity
confirmed these low levels, travel locations having greatest means at 2.9 ppm and 2.7 ppm
for smoking and non-smoking situations respectively (Fig. 3). However, differences
between these situations remained small regardless of activity or smoking status.

When comparing the difference in particulate levels between smoking and non-
smoking situations the values quoted should be assessed with caution due to the likely
over-estimation of the Miniram for particulate levels in mixtures of ETS and particulates
from other sources. Indeed, comparative assessments of Miniram TPM, piezobalance
and gravimetric methods revealed overall overestimates of 2.5 over piezobalance data
and 2.0 over gravimetric data. These also varied according to smoking status. The mean
overall Miniram TPM reading determined from 2801 readings was 0.56 mg m ™3, In places
where smoking occurred a mean of 0.81 mg m— was found whereas a mean of 0.31 mg
m ™3 occurred where no smoking was recorded. Smoking and non-smoking related
uncorrected Miniram TPM values in 95% of all cases were less than 2.42 and 0.88 mg m™?
respectively. A similar distribution of data was observed with low numbers of high
readings although this was less marked in smoking situations (Fig. 3). The highest mean
TPM values were observed in smoking locations particularly in leisure areas with a value
of 0.91 mg m~3 and in travel locations with a mean of 0.79 mg m™3 (Fig. 3).

Of the 2912 sites sampled for nicotine, 49.6 % represented smoking situations. Across
these samples the mean nicotine concentration was 14 ug m™ (median N.D.) compared
with 21 pg m™? in smoking locations only and non-detectable in non-smoking situations
(Table 2), their distribution is shown in Fig. 3.

Nicotine was not detected in 77.5% of all samples taken. Concentrations found were
less than 49.8 pg m™3in 95% of all samples whereas in smoking situations 95% were below
74 ugm~3. Where no smoking occurred within 2 h of sampling, 95 % of samples were below
16 pg m~3, and nicotine exposure was consistently very low across all activities. Where
smoking occurred travel and leisure activities appeared to be associated with highest
nicotine readings, mean nicotine values being 24 and 22 ug m~3 respectively (Fig. 3).

Nicotine, carbon monoxide and miniram TPM samples recorded during the 5%
validation programme, initially randomly chosen and subsequently selected, were
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Fig. 3a-c. Mean values and distributions of CO (a), nicotine (b), and TPM (c)
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Fig.3b
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Fig. 3¢
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subjected to paired t-test analysis. No significant differences were observed (p = 0.05)
between Imperial College and HUK collected data for any parameter. Of the manually
collected relative humidity and temperature readings which were t-tested, only tempera-
ture readings were found to be significantly different (p = 0.05). However, the difference
(0.7°C) was negligible, subsequent tests performed in the laboratory confirmed the kits to
be within 0.1°C of each other. Cross checks involving all kits between 10-week-periods
also revealed no significant differences (p = 0.05) between paired nicotine, carbon
monoxide and miniram TPM data.

Discussion

Several authors have previously indicated the inherent difficulty associated with the
assessment of human exposure to ETS as a consequence of the number of variables
involved[11, 15]. Apart from human behaviour and environmental factors, experimental
design and analytical considerations are also important. In this study reported values are
based on arithmetic means of large numbers of individual results and hence may reflect
any imbalance that exists in the number of observations in each sampling category. The
incidence of smoking and non-smoking samples within each category and activity may
not reflect the “natural” relative incidence. Therefore an average exposure to ETS in all
situations over both smoking and non-smoking samples require certain assumptions to
be made prior to evaluation.

In terms of the survey as a whole the sampling locations within each activity were
selected at random and therefore the relative incidence of smoking to non-smoking
situations should reflect the “natural” incidence due to the large number of data points.
Overall 49.5% of all locations were smoking samples. As one examines the sampling
locations within each activity in more detail, however, the incidence of smoking to non-
smoking may not reflect the “natural” incidence. For example, assessing the exposure to
ETS in a bus in all situations is difficult since smoking occurred during or prior to 75% of
the samples (n = 113). Over all travel locations, however, smoking had occurred in 56%
of all samples (n = 537) a proportion which is more likely to be representative. Care must
therefore be exercised when examining the data in detail.

No ambient air quality standard exists for nicotine in air in the United Kingdom but
an OEL of 500 g m™3 has been set by the Health and Safety Executive for long term
industrial exposure in terms of an 8 hour time weighted average. Of all the locations
sampled in this study, 95% were less than 10% of this OEL, furthermore, the overall
respective non-smoking and smoking nicotine means of 8 and 21 ug m™3, were regarded
as higher than anticipated in reality. These high mean values were attributable to non-
detected nicotine readings, in non-smoking and smoking environments, being recorded
as 6.8 ug m™3 accounting for a reasonable distribution of data below the 13.6 pg m™>
detection limit.

The mean overall nicotine value of 14ug m™3 was lower than that observed by
Maramatsu et al. [18] who found a mean nicotine concentration of 20.3 pg m™? (max
83 pg m~3, n = 91) in various work, leisure and travel locations. However, Sterling et al.
{1]in a summary of 230 studies undertaken in buildings in the United States reported a
median nicotine concentration of 8.5 ug m—> where smoking was permitted. Similarly,
nicotine values associated with different activities are compatible with previous
findings. For example, mean nicotine concentrations in offices of 19pg m™, with
maximum of 48 pug m~3 from 10 samples and in railway workshops of 5.1 ug m™3,
maximum 41 pg m™3 from 14 samples, have been measured [14]. An early study had
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suggested a mean nicotine concentration of 1.1 ug m~3 for 160 samples with a maximum
of 16 ug m—> [19].

Occupational Exposure Limits to carbon monoxide in the United Kingdom are
50 ppm as an 8 h time weighted average for long term exposure and 400 ppm as a 10 min
time weighted average for short term exposure [16]. In this study carbon monoxide values
were relatively low throughout and no individual 30 min mean carbon monoxide
concentration exceeded the OEL of 50 ppm, and 95% of all locations were below 14% of
this OEL. In 95% of cases where smoking was taking place, carbon monoxide
concentrations were less than 7.2 ppm compared to 5.9 ppm in no smoking situations and
the distribution data would indicate significant contributions from other combustion
sources at the higher levels of carbon monoxide. Sisovic and Fugas [9] suggested that,
during summer months, indoor carbon dioxide levels in shops can be significantly
affected by proximity and density of traffic.

Particulates were determined by light scattering methods which must be related to
standard gravimetric or piezobalance measurements due to difficulties in Miniram
calibration related to particle size and particulate colour. Despite such calibration
considerations the Miniram was the only instrument capable of the field monitoring
required in this survey due to its portability, robust nature and logging capability.
Comparative assessment of particulates were consistent with the findings of Rawbone et
al. [20], who suggested a reduction factor of 2.5 for Miniram readings. Assuming a
correction factor of 2.5, all particulate concentrations in the survey were below the OEL
of 5,000 ug m~3 set for “respirable dust” [21]. Furthermore, 95% of all samples would be
less than 14% of the OEL and 95% of all smoking samples would be less than 19% of the
OEL. The findings observed compare favourably with other studies when the correction
factor is applied. Typical values for particulates in indoor air have been reported to range
between non-detectable levels and 700 pg m~3 in the United States with a median value of
37ug m™? [1]. In a comparison of sampling methods for respirable suspended
particulates (< 3.5 um) undertaken by the Reynolds Tobacco Company, Conner et al.
[22] reported gravimetric particulate data up to 306ug m~3 in a restaurant where
smoking was taking place.

Summary and Conclusions

- An extensive 30-week-survey of indoor air quality in the UK has been undertaken.

- Travel, work, home and leisure activities were evaluated approximately 3,000 times.

- Components of ETS monitored were: CO, Miniram particulate matter and nicotine in
smoking and non-smoking situations.

~ Ventilation and building design can affect ETS.

- TPM was significantly higher in smoking versus non-smoking situations although
both are consistently less when determined by piezobalance and gravimetric methods.

- CO readings were all background level and significantly less than outdoor air. Fifty
percent were below 2 ppm in smoking and non-smoking situations.

- More than 50% nicotine values in smoking and 90% in non-smoking environments
were below the 14 ug m™3 detection limit, 77.5% overall,

~ Travel and leisure ETS exposures were consistently higher than home and work
exposures.

-~ Home and work exposures to nicotine, 5% or less than UK long term occupational
exposure limits (OEL), whereas travel and leisure were within 10% of UK OEL of
500 ug m™.
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Personal Exposure to Ambient Nicotine in Different Seasons

S.Umemura, Y.Ishizu, and M. Muramatsu

Summary

To evaluate the difference in the exposure of nonsmoking women to environmental
tobacco smoke (ETS) between winter and summer, exposure levels of ambient nicotine in
both seasons were measured by a personal nicotine monitor carried by the nonsmoking
subjects throughout the whole day. Housewives and working women were selected as the
nonsmoking subjects.

The average amount of nicotine inhaled by housewives during their smoking
husbands’ holiday was estimated to be 93.2 ug/day in winter and 34.3 ug/day in summer.
The winter and summer values were 2,22 and 2.01 times higher, respectively, than those
determined during their husbands’ workday.

The average amounts of nicotine inhaled during a workday by working women with a
smoking husband and without a smoker in their family were estimated to be 75.1 ug/day
and 68.8 ug/day in winter, and 50.8 ug/day and 51.6 ug/day in summer, respectively.
These values in winter and summer for the women with a smoking husband were 1.24 and
1.14 times higher, respectively, than the values determined during their holiday. On the
other hand, the value during a holiday for the women without a smoker in their family
was negligibly small regardless of season. Thus, the daily exposure to ETS was found to
be generally higher in winter than in summer. The difference in the exposure levels
between winter and summer was particularly significant for housewives.

Introduction

It is indispensable to quantify the exposure level of nonsmokers to ETS in order to assess
the health effects of exposure to ETS. Various ETS components such as acrolein[1, 3, 10],
aromatic hydrocarbons [1], CO [1, 3, 10], nitrogen oxides [3, 11} and respirable
particulate matter [2, 8] have been measured under realistic conditions as markers of the
exposure to tobacco smoke. The major limitation of using these components is that they
do not all originate from tobacco smoke as there are other sources of them in the
environment [9].

Nicotine, however, is a specific indicator for ETS exposure, Therefore, nicotine has
been extensively used as an excellent marker for ETS exposure [ 1,2, 4-7, 11]. The authors
have developed a personal nicotine monitor to enable measurement of individual
exposure levels of nonsmokers to ETS in their daily lives, and have measured personal
exposure of nonsmokers to ambient nicotine in various living places [6, 7]. In the present
work, the difference between winter and summer in the personal exposure of nonsmoking
women to ambient nicotine has been measured by the personal nicotine monitor as a part
of a series of studies evaluating exposure levels to ETS.

H. Kasuga (Ed.) Indoor Air Quality
© Springer-Verlag, Berlin Heidelberg 1990
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Experimental Methods

Eleven nonsmoking women, i.e., five housewives with smoking husbands, three working
women with smoking husbands and three working women without smokers in their
families, were selected as the subjects.

A personal nicotine monitor, which consists of a sampler tube and a small sampling
pump [6], was carried by the subjects throughout the whole day, in summer and winter.
Ambient nicotine was collected in the sampler tube by drawing air at 40 ml/min. The
sampler tube was exchanged every 8 h.

After collection, n-propanol solution containing 400 ng of 7-methylquinoline (7-MQ)
was injected into the sampler tube as an internal standard. Then the sampler tube was
placed in a cylindrical furnace heated to 280°C and connected directly to a gas
chromatograph (GC) equipped with a nitrogen-sensitive detector. By passing the carrier
gas through the sampler tube, the collected nicotine and 7-MQ were desorbed onto a GC
column and analyzed. A glass column (2m X3 mm i.d.) packed with Chromosorb W
(AW-DMCS, 30/60 mesh) coated with 10 wt % of PEG-20M and 2 wt % of KOH was used
for the analysis. To improve the desorption efficiency of nicotine, a small amount of
ammonia vapor was added into the carrier gas during the thermal desorption period.
Further details of the personal nicotine moniter and analytical methods have been
reported in the previous papers [6, 7].

Results and Discussion

Figure 1 shows the comparison of the exposure level of ambient nicotine between winter
and summer for housewives with smoking husbands. The exposure level was significantly
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higher in winter than summer and also during the husband’s holiday than his workday.
The highest average of nicotine exposure for housewives was observed between 16:00
and 24:00 on their husbands’ holiday in winter. The average exposure in this case went up
to 14.2 ug/m3, which was about twice as high as the level for the comparable time period
during their husbands’ workday in winter. According to the results of questionnaire
answered by the subjects, windows were usually closed in winter, while they were more
often opened in summer. This indicates that the rooms were naturally well ventilated in
summer and this, in turn, would significantly contribute to reducing the exposure level to
nicotine in summer.

Figure 2 shows the comparison of nicotine exposure levels between winter and
summer for working women with smoking husbands. The exposure level was somewhat
higher in winter than in summer, but not so significantly different as the case for
housewives with smoking husbands shown in Fig. 1. The highest average of nicotine
exposure for these women was observed between 8:00 and 16:00 of their workday
regardless of season. This result indicates that these subjects are more exposed to ETS in
their working places than in their homes. The average exposure level to nicotine during
the same period of a workday was 11.3 pg/m? in winter and 7.4 pg/m? in summer.

Figure 3 shows the comparison of the nicotine exposure levels between winter and
summer for working women without a smoker in family. As can be seen from Fig. 3,
nicotine exposure level was very small during their holiday and between 0:00 and 8:00 on
their workday. The average exposure level between 8:00 and 16:00 on their workday
reached 12.4 ug/m3 in winter and 11.2 pg/m? in summer. Such a small difference in the
exposure level between winter and summer will be attributed to the fact that their
working places were air-conditioned throughout all seasons.

The results shown in Figs. 1, 2 and 3 are in fair agreement with those of Hinds and
First [5], Badre et al. [1], Weber and Fischer [11], First [2], and Hammond et al. [4]. For
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example, Hammond et al. have recently reported that the exposure level of office workers
to nicotine was in the range from 9 to 28 pg/m?>.

Figure 4 illustrates the estimates of “daily amount of nicotine inhaled” and
“equivalent number of cigarettes smoked” by passive smoking. The former was estimated
by multiplying the nicotine concentration (ug/m?) by a respiration volume of 11.5m?/
day, and the latter was obtained by dividing the “daily amount of nicotine inhaled” by the
nicotine amount (1 mg) inhaled through active smoking of one cigarette.

The average of the daily amount of nicotine inhaled by housewives during their
husbands’ holiday was estimated to be 93.2 ug in winter and 34.3 pg in summer. The
values for winter and summer were 2.22 and 2.01 times higher, respectively, than for their
husbands’ workday. The averages of the daily amount of nicotine inhaled during the
workday by working women with smoking husbands and without a smoker in their
families were estimated to be 75.1 ug and 68.8 ug in winter, and 50.8 pg and 51.5pug in
summer, respectively. The values in winter and summer for working women with
smoking husbands were 1.24 and 1.14 times higher, respectively, than those values
obtained during their holiday. The daily amount of nicotine inhaled by women without a
smoker in family was negligibly small regardless of season. Thus, Fig. 4 clearly shows that
the amount of nicotine inhaled is larger in winter than in summer. This may largely result
from good ventilation owing to leaving the windows open more often in summer as
mentioned above.

In this study, the highest nicotine exposure was observed for a housewife whose
husband smoked 31 cigarettes/day at home during a holiday in winter. In this case, the
daily amount of nicotine inhaled by this woman throughout the day was estimated to be
177 pg, which is only equivalent to the amount of nicotine inhaled by active smoking of
0.177 ordinary cigarettes containing 1 mg of nicotine in mainstream smoke. Therefore,
the amount of nicotine inhaled by nonsmoking women in their daily lives is considered to
be far smaller than that inhaled by a smoker through active smoking.
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Figure 5 shows the relationship between the 8-h average of nicotine exposure for

women with smoking husbands and the number of cigarettes smoked by the husband at
home in the corresponding period. As one might expect, the correlation is not good
enough to be able to evaluate the exposure level of a nonsmoking woman to ETS
according to the number of cigarettes smoked by her husband. This is because the
exposure level to ETS depends not only on the smoking habits of the spouse but also on
other factors such as the smoking habits of fellow workers, ventilation conditions of
environment, the life style of the subject, and so on.
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The Measurement of ETS Through Adsorption/Desorption
Procedures

C.Proctor and H. Dymond

Introduction

Environmental tobacco smoke (ETS) has received increasing attention in recent years,
yet there is still no clear way of precisely measuring ETS. This is due to several
compounding factors. ETS is an extremely complex mixture of compounds [1], it is
much diluted and integrated with the ambient air and hence any compounds present
from other sources, and it is not a stable entity [2]. Because of the dilution factor and
the complexity involved one must use a highly sensitive and selective analytical
technique that can determine the presence of chemicals specific to tobacco smoke. The
alternative is to measure an environment with and without tobacco smoke present, but
this is rarely possible in realistic situations [3]. Furthermore the technique must take
account of the fact that ETS is continuously changing; it is analytically a moving target.
This paper presents a method that allows the acquisition of chromatographic profiles of
ambient air.

ETS originates from the combination of the sidestream smoke of a burning cigarette,
the exhaled mainstream smoke and any smoke spilled from the mouth during draw
(mouthspill). Its concentration and composition will depend on many factors, including
the type of tobacco product smoked, the number smoked, the air movement conditions in
the environment, and the type of adsorbent surfaces such as walls and furnishings
present. It will consist of chemicals in both the gaseous, the vapour and the particulate
phases. Moreover, it is a dynamic aerosol and some compounds traditionally associated
with the particulate phase of smoke are found in the vapour phase of aged ETS as the
particles tend to lose volatiles with time [4]. Associated with this phenomena is the fact
that different compounds in ETS will have different decay rates.

Some constituents of ETS may be measured directly by portable and sensitive
equipment [5], but this generally is only applicable to gases such as carbon monoxide
which are non-specific to tobacco smoke and will be produced by other forms of
combustion [6]. More specific chemicals, such as nicotine, when in the low concentra-
tions found in ETS require concentration steps in the analytical method. An appropriate
method for achieving this, and at the same time producing chromatographic profiles of
the ambient atmosphere is described here.

Collection of the Sample

Adsorption traps have become increasingly more accepted in methods aimed at
measuring concentrations of chemicals in ambient atmospheres[7]. The general principle
is very simple. A known volume of air is drawn through a chemical support with
adsorbent properties. If the correct adsorbent is used and concentrations are not so high as
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to cause breakthrough, then sampling can take place over several hours. The longer the
sampling period, the better the sensitivity of the analysis. However, this should be
balanced by the fact that the measurement is an average over a period of time and does
not account for short-term temporal variations, though this may also be desirable.

In assessing the capability of an adsorbent system it is necessary to investigate one
compound at a time. The obvious choice for ETS is nicotine. This is because it is specific to
tobacco smoke, it is in high concentration relative to other volatile components and
because it has been traditionally a measure of mainstream smoke. Numerous analytical
methods for the determination of ambient nicotine have already been published [8]. All use
an initial trap for concentration of the sample. The National Institute for Occupational
Safety and Health Administration (NIOSH) recommend that the nicotine is trapped on
Amberlite XAD-2 resin [9]. The sample can then be eluted with a quantity of ethyl acetate
and quantified by gas chromatography. Liquid desorption, however, introduces a
considerable dilution factor to the analysis and thus does not allow the attainment of very
low limits of detection. The sensitivity of the method is much improved if thermal
desorption of the adsorbent is used as then the total sample is analysed in one go.

Adsorbents applicable to thermal desorption must fulfill several criteria:

- the adsorbent must be efficient in trapping the chemical under consideration, whether
that compound is in the particulate or the vapour phase;

- theefficiency should be such that there is no breakthrough of compound during long
sampling periods;

- the adsorbent must however be able to release all of the compound after thermal
desorption for a short period of time and at a temperature below that likely to degrade
the sample;

- the adsorbent itself must be chemicallyinert and thermally stable (to avoid leaching of
compounds associated with the support complicating the analysis);

- the adsorbent must be able to trap the sample for some length of time without
degradation to allow for the transfer time between the sample being collected and the
eventual analysis time.

We found that the adsorbent Tenax TA, which is a polymer of 2,6-diphenyl-p-phenylene
oxide [10], satisfied all of these criteria when considering the collection of nicotine.
Several experiments were run before coming to this conclusion. In all experiments a
weight of 0.4 g Tenax TA (35-60 Mesh) was packed into a stainless steel tube as described
in Fig. 1.

The first experiment was to assess the collection efficiency of the trap to ambient
smoke particulates. This was done using a Malvern LASX Laser Aerosol Spectrometer.
This instrument is limited to a lower size range limit of 0.09 to 0.11 um. Samples of 40 cc
of both fresh sidestream smoke and aged ETS were collected and introduced into an inert
bag containing 2,000 cc of nitrogen. The samples were then analysed by the spectrometer
with and without a trap between sample and analyser. The experiment showed the trap to
have a collection efficiency for all particulates of 96% for “fresh” smoke and 93% for
aged smoke. This efficiency was consistent over the range of particles observed from 0.09
to 2pm. A similar experiment, but using the adsorbent Supelcoport 100/120 mesh
containing 5% OV17 in the trap, gave trapping efficiencies for all particulates of 99.6%
for “fresh” smoke and 99% for aged smoke. Even though the Tenax efficiency is not as
good, further factors make it useful.

The second series of experiments set out to determine the collection efficiency of
vapour phase constituents. Nicotine is thought to be almost entirely in the vapour phase in



84 C. Proctor and H. Dymond

Fig. 1. Schematic diagram of the sampling tube -used for adsorption

aged smoke [2] and so it was used for this check. By sampling ETS produced in a
controlled room through two tubes in series it was determined that the first tube was 99 %
efficient,

The good thermal stability of Tenax is well documented, and so the third experiment
investigated the retention of nicotine on the tube during thermal desorption. By injecting
liquid standards of nicotine in propanol both onto the Tenax and directly into the
analysis system, and by analysis of ETS samples, it was determined that a desorption of
15 min at 150°C released 99% of the nicotine for subsequent analysis.

Storage of trapped samples was also considered, and it was found by taking samples
of ETS in parallel that there was no deterioration in nicotine content over two week
refrigerated storage [11].

There has been much data published on the effectiveness of Tenax as an adsorbent for
a wide range of volatile materials [12]. Within the regime of using 0.4 g of Tenax and
typically sampling 1,000 cc of air at a rate of 10 cc per minute, the tubes will be efficient
for the majority of volatile compounds present in ambient air.

Analysis of the Sample

Such complex mixtures as found in ambient air require a powerful separation stage in
order to resolve the individual components. In order to attain good resolution the sample
must be presented to the chromatographic column as a discrete sample. Therefore, direct
thermal desorption (which requires 10 to 15 min for complete release) will result in a
poorly resolved chromatogram. This can be overcome by the introduction of a
cryofocusing step in the procedure. The sample of trapped and concentrated ambient air
is swept off the trap by being heated at 150°C for 15 min whilst a flow of helium gas
flushes the desorbed components through the system and into a cold trap containing a
small amount of Tenax (approximately 0.05 g) maintained at —30°C. This secondary,
cryofocusing trap is then rapidly heated electronically in order to “inject” the collected
compounds onto the chromatographic column.

Our instrumental set-up is illustrated in Fig. 2. A Perkin-Elmer ATD-50 is used for the
two stage desorption. The carrier flow can be split both before and after secondary
trapping. The head of the chromatographic column is positioned directly after the cold
trap. A heated transfer line containing the column then links the trap to a Perkin-Elmer
Sigma 3 gas chromatograph. The exit of the column is fed directly into the ion source of
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Fig. 2. Schematic diagram of the analytical instrumentation used to analyse the adsorbed samples

Fig. 3. Chromatographic profile of the ambient atmosphere in a bar in a public house

a Hewlett-Packard mass selective detector. This combination of analytical techniques
allows introduction of the concentrated sample, followed by high resolution separation
of the individual components, followed by identification and quantification of each
compound by the mass spectrometer.
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Breakthrough of compounds through the cold trap can be monitored by running the
mass spectrometer during primary desorption. When using the apparatus to measure
ETS samples, this is rarely a problem. Tenax is hydrophobic and so any moisture
collected during sampling will not cause analytical problems such as freezing of the cold
trap.

The mass spectrometer is a very selective and sensitive device. From the fragmen-
tation patterns produced by electron impact most compounds can be uniquely identified.
The sensitivity of the device allows the measurement of sample in sub nanogram
concentrations.

Examples of Chromatographic Profiles of Ambient Atmospheres

The following are examples of the type of chromatographic profiles that may be obtained
with the analytical system described. In each case sample air volumes of between 1 and 2
litres were taken at approximately head height from a static position and no attempt was
made to avoid close contact with smokers. Sample flow rate was 0.6 1/h for each sample.
Analysis of samples was achieved in every case with a primary desorption of 15 min at
150°C onto a cold trap maintained at —30°C. Secondary desorption heated the cold trap
from —30 to 200°C, thus introducing the sample to a 30m, 0.25 um Supelco SPB-5
capillary column. The mass spectrometer was run in total ion mode with a multiplier set
at 2000 V.

Fig. 4. Chromatographic profile of the environment in the living room of a private house
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Fig. 5. Chromatographic profile acquired in the kitchen of a private house during cooking in an
electric oven

The first example was taken in the bar of a public house during a lunchtime period.
There were more than six active smokers present, three of which sat close to the
monitoring point. Figure 3 shows the chromatographic profile for this sample. The
nicotine peak corresponds to an ambient concentration of 38 ug/m? of nicotine. There
are clearly a large number of compounds present in this atmosphere. For example, the
large peak at 15.5 min retention time corresponds to dichlorobenzene. This presumably
arises from the use of a cleaning agent in the pub.

Figure 4 shows the chromatographic profile corresponding to the ambient air in the
living room of a private house. Two people smoked a total of six cigarettes during a 2-h-
sampling period. The ambient nicotine concentration averaged over this period was 8 ug/
m?. Many of the other compounds observed were found to be aliphatic hydrocarbons.
Figure 5 was acquired in the kitchen of the same house during the cooking of a meal using
an electric oven. There the nicotine level was found to be 3 ug/m>. The majority of the
chemicals identified were common to both environments.

The ambient atmosphere in a car during a 2-h-motorway (high speed) journey is
illustrated in Fig. 6. Five cigarettes were smoked by the driver during the trip, the sample
was taken in the position of a front seat passenger, and the air ventilation devices and
windows remained closed for the majority of the journey. The average ambient nicotine
content was found to be 8 pg/m? Again the profile is complex and contains many
compounds.
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Fig. 6. Chromatographic profile of the ambient air in a car during a 2-h-journey

Finally, Fig. 7 presents the profile of the atmosphere in an Indian restaurant duringa
meal taken by two smokers over the period of two hours. Three other people were noticed
to be smoking during the same period. Nicotine level was found to be 12 pg/m?3. More
than 200 other chemicals were observed in the analysis, many of them being volatile
“flavour” type compounds.

Conclusions

This work has demonstrated that adsorption/thermal desorption procedures can be used
to measure volatile compounds present in ambient atmosphere. However, the chromato-
graphic profiles given as examples make it clear that ambient air consists of a complex
mixture of compounds. Moreover, the analysis of several realistic environments, all of
which contained ETS, shows large differences in the individual chemicals present in
different atmospheres. As ETS is common to the experiments, these differences
presumably arise from the contribution of various sources other than tobacco smoke.

Therefore, any measurement of ETS, whether it takes nicotine or some other
compound specific to tobacco smoke as a marker, must use analytical methodology
capable of high resolution of the mixture. It should also use a detection technique capable
of specific identification of the compound because, as has been shown in this paper for
the case of nicotine, the peak of interest is likely to be small relative to signals arising from
other volatile compounds.
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Fig. 7. Chromatographic profile of the atmosphere of an Indian restaurant
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Removal of Cigarette Smoke Particulates
from Room Environment*

H.Emi, C.Kanaoka, and Y. Otani

Summary

Performance of commercial room air cleaners for the removal of cigarette smoke was
evaluated experimentally by measuring the change in the cigarette smoke concentration
in a closed room. As a result, the rate of decrease in particulate concentration increased
with an increase in the product of the volumetric flow rate and the collection efficiency of
the room air cleaner. The combination of electret filters and corona charger appeared to
be the most effective for the removal of cigarette smoke in room environment. The
change in the particulate concentration in a closed room was well described by mass
balance equation for cigarette smoke in both the presence and absence of smoke
generation.

Introduction

As more and more of our time is spent in a closed environment, the adverse health effect
of cigarette smoke on nonsmokers is of great concern from both mental and
physiological aspects. In order to protect nonsmokers from cigarette smoke exposure,
economic versions of a room air cleaner with disposal cartridge filters have been
commercialized and installed in air-conditioned offices and houses. However, since
cigarette smoke consists of submicron particles which are not easily removed by the
conventional air filters, there is great doubt about the effectiveness of these air cleaners
for cigarette smoke removal. In the present work, the fractional and overall collection
efficiencies of two types of commercial room air cleaners were measured and compared
with those of remodelled air cleaners equipped with different filter media. Then, the
effectiveness of the room air cleaners for the removal of cigarette smoke was evaluated by
operating them in a closed room filled with cigarette smoke.

Experimental Procedure
Measurement of Collection Efficiency of Room Air Cleaners
Figure 1 shows the two types of commercial room air cleaners studied in the present

work. Type I utilizes electrostatic force to collect particles. Particles entering the cleaner
are first charged by a corona charger and then filtered by an electret filter. The electret

*This research was supported by the Smoking Research Foundation, which is gratefully
acknowledged.
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Fig. 1. Structures of room air cleaners

filter consisted of permanently charged fibers with average diameter of dy= 38 um and
the packing density of a=0.049, The filtration area was 45X 25 cm? and the volumetric
flow rate, Q, was either 1.0m3/min (filtration velocity u=15¢m/s) or 2.5m?/min
(u=38 cm/s). Although the thickness of the filter, L, was 2.7 mm, the pressure drop was
only 7 and 20 Pa at u= 15 and 38 cm/s, respectively, because of the large fiber diameter.

In order to elucidate the effects of charged filter and charging particle on the removal
of cigarette smoke, the performance of remodelled version of Type I was also measured.
The remodelled Type [ was equipped with a “medium” performance filter in place of the
electret filter and could be operated with and without the corona charger. The medium
performance filter (L =0.548 mm, d;= 3.52 um, a =0.044) had pressure drop of 20 Pa at
u=15c¢m/s and 68 Pa at 38 cm/s.

The Type I room air cleaner was equipped with a “high” performance glass fiber filter
(L =0.330mm, df= 1.82 um, a =0.047). Since the high performance filter was made of
fine glass fibers with a high pressure drop, the Type II was designed to have a large
filtration area (150 X 22 cm?) and thus a low filtration velocity, by the use of pleated filter.
However, the pressure drop was 35 Paatu=6cm/s (Q = 1.2m3/min) and 52 Pa at 10cm/
s (2.0m?/min), which was much higher than that of electret filter at a given Q.

The overall collection efficiency of the room air cleaner was measured by a piezo
balance mass monitor (Respirable Aerosol Mass Monitor, Kanomax Model 51-1111) by
using cigarette smoke particles (Japanese cigarette brand, “MILD SEVEN”). The
fractional efficiency was measured with the indoor aerosol particles or the cigarette
smoke by a condensation nucleus counter (TSI Model 3020) after classifying them into
monodisperse particles with an electrostatic classifier. In the measurements, ducts with
sampling tubes were attached to the inlet and outlet of the cleaner in order to separate
influent and effluent airs of the cleaner. Further, because these commercial room air
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cleaners had simple structures and were manufactured with little attention to the leakage
of air, a large portion of influent air did not flow through the filter. Therefore, the leakage
of air was avoided by sealing the possible passages of air with a silicone sealant.

Measurement of Cigarette Smoke Concentration Change in a Closed Room

The air cleaner was placed in a closed room filled with cigarette smoke particles, and the
change in the cigarette smoke concentration was measured.

Figure 2 shows the arrangement of experimental room. The volume of the room is
3.5%X4.9X2.7m? and windows and doors were sealed with masking tape to ensure a
“closed” room. The piezo balance mass monitor, cigarettes and room air cleaner were
placed on a table (1.52 m wide, 3.04 m long, and 0.70 m high). Fans were placed at five
locations, and the uniformity of the smoke concentration was assessed by measuring the
concentrations at four different locations with a light scattering photometer (I to IV

Table 1. Overall of collection efficiencies of room air cleaners

Air cleaner Type I Type 11
Flow rate Q [m*/min]} 1 2.5 1.2 2.0
Corona charger on off on off
Overall efficiency
Electret filter 0.96 0.29 0.94 0.21
Medium performance filter ~ 0.61 0.05 0.42 0.03
High performance filter 0.40 0.31
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shown in Fig. 2). Three cigarettes (the cigarette brand, “MILD SEVEN") were lit and
placed at each of three locations, a total of nine cigarettes were burned to fill the room
with the sidestream smoke. The concentration change in the room was measured with
and without the smoke generation. In the measurement with smoke generation, one or
two lit cigarettes were placed at the center of the table after the burn-out of the first nine
cigarettes.

The mass median aerodynamic diameter of the cigarette smoke (sidestream of
cigarette brand, “MILD SEVEN") measured by an Andersen Air Sampler was 0.64 um,
and the geometric standard deviation was 1.87.

Experimental Results
Collection Efficiency of the Room Air Cleaner

Table 1 shows the overall collection efficiency of cigarette smoke measured with the piezo
balance mass monitor. The overall efficiency varies widely from 0.03 to 0.96 depending
on the operating condition of the air cleaner. The table shows that the volumetric flow
rate has little influence on the collection efficiency but that the activation of the corona
charger changes the efficiency drastically. The increase in the collection efficiency of the
Type I with medium performance filter by the activation of the corona charger resulted
from the electrostatic image force which is exerted between charged particle and
uncharged fiber. For the Type I with electret filter, the uncharged particle is captured by
electrostatic induced force, whereas, when particles are charged, the Coulombic force is
also exerted on the particle in addition to the image and induced forces, thus giving the
very high collection efficiency of over 90%. The strong electrostatic effect on the particle
collection is clearly seen from the fractional collection efficiency. Figure 3 shows the
fractional collection efficiency of room air cleaner of Type I with electret filter measured
with the indoor aerosol, and Fig. 4 is the fractional efficiency of Type II measured with
sidestream cigarette smoke. In Fig. 3, when the corona charger is activated, the
penetration curve is very sharp and the maximum penetrating particle size exists at about
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dp=0.02 pm. Since the average diameter of the cigarette smoke particles is 0.64 um which
is much larger than the maximum penetrating particle size, the cigarette smoke is
removed at very high collection efficiency. On the other hand, the Type II has a flat
penetration curve, and maximum penetration exists at d, =0.1 pm which is close to the
average size of the cigarette smoke. Consequently, the Type II is operated near the
minimum collection efficiency of the filter, resulting in a very low overall efficiency for
cigarette smoke.

Concentration Change of Cigarette Smoke in a Closed Room

Figure 5 shows the change in the cigarette smoke concentration after lighting nine
cigarettes. The room air cleaner installed was Type I with electret filter (Q = 2.5m?/min,
corona charger is on). The solid circles are the data measured with the piezo balance mass
monitor and the open symbols are those measured with the photometer at different
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Fig. 6. Cigarette smoke concentra-
tion change under the operation
of room air cleaner of Type I with
electret filter in the absence of
smoke generation

Fig. 7. Cigarette smoke concentra-
tion change under the operation
of room air cleaner of Type I with
medium performance filter in the
absence of smoke generation

locations. Since the data measured at different locations fall on a single curve, particle
concentration is considered to be uniform in the experimental room.

The change in the particle concentration under various operating conditions of room
air cleaner Type I is compared in Fig. 6 (with electret filter) and Fig. 7 (with medium
performance filter) and those for the Type II are compared in Fig. 8. These figures show
that the particle concentration decreases linearly on semi-logarithmic paper, i.e.,
decreases exponentially with time. Furthermore, since the rate of particle removal by a
room air cleaner is proportional to the collection efficiency, E, and volumetric flow rate
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of the cleaner, Q, the rate of decrease of particle concentration is higher as the product of
EQ increases (see Table 1). When the room air cleaner is not operated, the particle
concentration reduces gradually because of the gravitational and diffusional particle
deposition onto the surface of the room.

The influence of particle generation on the concentration is shown in Fig. 9. When one
cigarette is continuously burned and the air cleaner is off, the particle concentration does
not decrease because one burning cigarette supplies more particles than those removed
by the wall deposition. However, if the room air cleaner is on, the concentration reduces
to a constant value.

Discussion
When particle concentration is uniform throughout the closed room, the change in

particle concentration may be estimated by accounting the mass balance of particles. The
mass balance equation is
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V—dd—(t:=M—CugSf—C%S,—CEQ )

where V is the volume of the room, C the particle concentration, t the time, M the rate of
particle generation, ug the gravitational settling velocity of the particle, D the diffusivity
of the particle, 6 the concentration boundary layer thickness, S¢ and S, are the floor and
total surface areas of the room. Integrating Eq. (1) with the initial condition of C=Cy at
t=0,

M
C=Coexp(—-—3—t)+T[1—exp(—%t)] @)
where
D
a=EQ+ugSf+—5—-St 3)

Eq. (2) gives the steady state concentration. Letting t — oo,

=M
C= - 4)

If there is no generation source of particle (M =0), then Eq. (2) reduces to
a
C=Cypexp (~ v t) 3)

Egs. (2)-(5) explain all the observed dependence of particle concentration on time as
shown in Figs. 7-9, in both presence and absence of a particles generation source.

In the prediction of concentration change of cigarette smoke, ug and D are calculated
from the measured size distribution of cigarette smoke. However, since the concentration
boundary layer thickness 8 depends on the mixing condition of air in the experimental
room, § =0. 9 um was obtained empirically from the data without smoke generation and
room air cleaner, equating the experimental slope and —(u S¢+ DS;/3). The value of
8=0.9 um is about one order of magnitude less than the value reported for monodisperse
polystylene latex particles (Harrison 1979), but is in agreement with the value reported
for cigarette smoke particles (Yoshida et al. 1979).

The lines shown in Figs. 7-9 are predicted lines by Eqgs. (2) and (5) with the value of
8=0.9 um. The predicted lines well describe the experimental data under any operating
condition of the room air cleaner in the presence and absence of smoke generation.

Through the results obtained in the present work, the rate of decrease in the cigarette
smoke concentration becomes higher as the product of volumetric flow rate and
collection efficiency of room air cleaner increases. However, an increase in a volumetric
flow rate brings up both an increase in pressure drop and an decrease in collection
efficiency. The conventional filter, which collects cigarette smoke particles mostly by
Brownian diffusion, is not suitable for air cleaner installation, unless the cleaner is
designed to have a large filtration area (this, of course, leads to an increase in size of air
cleaner). Combination of electret filter and corona charger is more advantageous for the
removal of cigarette smoke particles because cigarette smoke particles which are hardly
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removed by diffusion and other mechanical collection mechanisms, are effectively
captured by electrostatic forces.
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Results from Surveys of Environmental Tobacco Smoke
in Offices and Restaurants

G.B.Oldaker III, P.F. Perfetti, F. C. Conrad Jr., J. M. Conner,
and R. L. McBride

Summary

Surveys were conducted in several major cities in order to estimate the exposures of
occupants in offices and restaurants to environmental tobacco smoke (ETS). Concentra-
tions of ETS were estimated by measuring vapor phase nicotine and ultraviolet
particulate matter, an empirically derived parameter providing an upper limit for the
contribution of ETS to respirable suspended particles (RSP). Area samples were
collected with portable air sampling systems (PASS), which are battery-powered devices
contained in otherwise ordinary briefcases, a design allowing sampling to be performed
unobtrusively. Nicotine was determined with gas chromatography and nitrogen specific
detection. UV-PM was determined spectrophotometrically by analyzing methanolic
extracts of RSP collected after separation at 3.5 pm with an inertial impactor. For offices,
mean concentrations of nicotine, UV-PM, and RSP were 4.8, 27, and 126 pg/m?,
respectively. Mean concentrations of nicotine, UV-PM, and RSP for restaurants were 5.1,
36, and 126 ug/m?, respectively.

Within the past decade, environmental tobacco smoke (ETS) has emerged as a
major issue within the general subject area of indoor air quality. The issue has
acquired increased attention owing to recent reports by the U.S. Surgeon General [28]
and the National Academy of Sciences [5]. Reviewing results from epidemiological
investigations, these two bodies concluded that there exists a causal relation between
exposure to ETS and incidence of lung cancer. This conclusion has elicited contro-
versy for several reasons: results of the investigations vary in terms of epidemiological
and statistical significance and overall quality; relative risks indicated are low within
the context of epidemiological associations; consistent “dose”-respose relationships
are not observed (with dose inferred from questionnaires regarding spouses’ smoking
behavior); and the experimental designs of the investigations admit the strong
possibility of influence by biases and confounding. A scientifically rigorous approach
to clarify controversial issue calls for quantifying exposures and doses of the subject
populations either included in or affected by epidemiological investigations [4].
Toward this goal, scientists with the tobacco industry have been engaged in develop-
ing and applying sampling technologies and analytical methodologies for assessing
exposures to ETS in indoor environments. This paper summarizes progress in
connection with surveying exposures in offices and restaurants, two important, public
environmental categories. Results from one of the several surveys conducted have
been presented earlier by Conner et al. [7].

H. Kasuga (Ed.) Indoor Air Quality
© Springer-Verlag, Berlin Heidelberg 1990
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Experimental Method

Surveys were performed in four major cities in the U.S. and Canada during the spring,
summer, and autumn months. The cities all have populations greater than 100,000. At
least 30 samples were acquired for each environmental category in each city. Offices were
surveyed in all cities; restaurants were surveyed in three cities. Sampling was conducted
either by scientists with the tobacco industry or by independent contractors.

Selection of Sampling Sites

Offices were selected based upon the criterion that they be shared by two or more persons
of whom at least one smoked. Office managers were informed of this criterion and given a
description of guidelines regarding appropriate sampling locations. These guidelines
were contained in a protocol prepared as part of the overall project effort. Based upon
these, managers selected offices to be sampled. Sampling was performed during normal
business hours. None of the offices had smoking restrictions.

Restaurants were selected from listings contained within telephone directories.
Sampling was performed during normal lunch and dinner hours. None of the restaurants
had smoking restrictions.

Selection of Sampling Locations

Sampling locations within offices and restaurants were selected based upon a protocol’s
guidelines, which were derived from those described by Nagda and Rector [19]. The
protocol was prepared in response to recommendations of the American Chemical
Society [1]and, in addition, was patterned after quality Assurance Project Plans required
by the U.S. Environmental Protection Agency for projects conducted by them [21].

Sample Collection

Area samples were collected with Portable Air Sampling Systems (PASS) [16], which
from the outside appear to be ordinary briefcases. During operation the PASS remains
closed. An on-off switch is located beneath the briefcase’s handle, and inlet and exhaust
ports are fashioned of brass to match the briefcase’s normal hardware. With these
battery-powered devices, integrated samples are obtained for determining concentra-
tions of vapor phase nicotine, respirable suspended particles (RSP), and ultraviolet
particulate matter (UV-PM), an empirically defined measure providing an upper estimate
of the contribution of ETS to RSP. Eudy et al. [9] and Eatough et al. [8] have reported
that at least 90% of nicotine associated with ETS is in the vapor phase. The PASS is also
equipped with three monitoring devices including a carbon monoxide monitoring
system, a thermistor, and a pressure transducer, the latter two which enable volumetric
results to be adjusted to actual conditions of temperature and pressure. Data provided by
monitoring devices are stored in a data logger. (Efforts to reduce and interpret carbon
monoxide data are in progress; consequently, carbon monoxide measurements are not
discussed further here.)

The PASS’s nicotine sampling system includes a sorbent tube containing XAD-4 resin
connected with a short section of rubber tubing to a constant flow sampling pump
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operated at 1 1/min. The major components of the sampling system for particulate matter
species are an inertial impactor separating at 3.5pum, a filter assembly housing a
Fluoropore membrane filter, and a constant flow sampling pump operated at 2 |/min.
The inertial impactor is sized to correspond to that employed in piezoelectric balances
manufactured by TSI, Inc., St. Paul, MN.

Samples were collected for a minimum of 1 h in order to provide adequate material for
the gravimetric determination of RSP,

Analysis

Nicotine was analyzed with a method representing an enhancement of the method
employed by the U.S. National Institute of Occupational Safety and Health (NIOSH)
[20]. This enhanced method, which entails gas chromatography and nitrogen specific
detection, has been described by Ogden et al. [22]. The gravimetric method for
determining RSP was derived from the method described by Treitman et al. [27]. UV-PM
was quantified according to the method described by Conner et al. [6]. For this method,
filters employed for the RSP determination are extracted with methanol and the
absorbance of the methanolic extract is measured spectrophotometrically at 325 nm.
Masses of UV-PM are then interpreted with a standard calibration curve obtained from
generating known concentrations of ETS in an environmental chamber [12]. The
methods for determining RSP and UV-PM have been shown to be unbiased relative to
piezoelectric balances [14].

To ensure further the quality of results, collaborative tests were conducted involving
laboratories engaged in the surveys. Results from these tests have been reported by
Ogden and Conner [23].

Results and Discussion

Data from determinations of nicotine, UV-PM, and RSP for restaurants and offices
associated with each city were analyzed statistically. These analyses indicated that each
data se associated with each city was distributed log-normally. Moreover, these analyses

Table 1. Summary of results for measurements of ETS in offices and restaurants. Concentrationsin
3
pg/m

Nicotine UV-PM RSP
Offices
Mean 4.8 27 126
Range 0-69.7 0-287 0-1,088
(n = 156) (n=125) (n=131)
Restaurants
Mean 5.1 36 126
Range 0-23.8 0-184 0-685

(n = 170) (n=182) (n=83)
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showed that no statistically significant differences existed among the data sets for the
cities. Consequently, results for each analyte were pooled and geometric means were
computed. Results for offices and restaurants are summarized in Table 1.

Offices

For offices, nicotine results are consistent with those previously reported. Hammond et
al. [11] found concentrations of nicotine in offices that ranged from 3.1 to 28.2 pg/m’>,
These researchers used personal sampling devices that collect nicotine on Teflon-coated
glass fiber filters treated with sodium bisulfite. Muramatsu et al. [17, 18] employ personal
sampling devices utilizing Uniport-S coated with silicon OV-17 for the collection of
nicotine. They reported average nicotine concentrations ranging from 5.9 to 22.2 pg/m?
for 8-h-samples collected in three offices. Weber and Fischer [29] reported much lower
concentrations of nicotine in offices. These researchers, however, employed Cambridge
filters to collect nicotine, and as Badre et al. [3] have observed, substantial losses of
nicotine occur with this procedure.

The mean concentration of RSP, 126 pg/m?, as well as the range of concentrations, 0
to 1,088 pg/m?3, are comparable to results reported by Weber and Fischer [29]. Using a
piezoelectric balance, these researchers reported mean and maximum RSP concentra-
tions of 170 and 1,130 pg/m?, respectively, for samples collected in 44 workrooms. This
same measurement technique was used by Quant et al. [25] who reported average
concentrations of RSP ranging from 36 to 89 pg/m?® during daytime periods in three
offices.

The UV-PM results strongly suggest that a substantial portion of the RSP measured
originates from sources other than ETS. Thus, based upon comparisons of the tabulated
means, UV-PM represents about 20% of the RSP. This observation points to RSP’s lack
of specificity and therefore its general inappropriateness for use as an indicator of ETS in
settings outside of the laboratory.

Restaurants

Results associated with restaurants are also consistent with results previously reported.
Muramatsu et al. [17] collected eight 1-h-samples in five restaurants; they reported mean
and maximum nicotine concentrations of 14.8 and 27.8 pg/m3, respectively. (Hinds and
First [13] used Cambridge filters to collect nicotine and reported much lower
concentrations of nicotine in restaurants. However, as was noted above, their results are
presumed to be biased owing to low collection efficiencies of the filters.)

Survey results for RSP are comparable to results reported by Repace and Lowrey [26],
who surveyed RSP with a piezoelectric balance in 10 restaurants. RSP concentrations
ranged from 29 to 414 ug/m? for 13 sampling periods of times ranging from 2 to 40 min.
These researchers attempted to assess the contribution of smoking to indoor concentra-
tions of RSP and to demonstrate the validity of a model for estimating such contributions
based upon number of occupants and room volume. A mean RSP concentration of 42 pg/
m?3 was found in no-smoking sections and places where smoking was not seen to occur. In
places where smoking occurred, a mean RSP concentration of 171 ug/m? was found.
Although smoking was observed in all the restaurants surveyed by us, smoking was not
continuous. Thus, mean results would be expected to fall between these two means, as
indeed is the case.
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The UV-PM results for restaurants are similar to those of offices. Thus, relative to the
tabulated mean RSP, UV-PM makes about a 30% contribution.

Estimation of Exposure to ETS

The results of these surveys show mean nicotine and UV-PM concentrations to be low. In
order to place these results in a more convenient form for discussion and interpretation,
many researchers have employed the cigarette equivalent concept [13, 17, 24, 26, 29].
Assumptions atttending use of this concept have been described [28]. Here, exposures are
estimated from the mean nicotine concentrations reported in Table 1. (Exposures
estimated from mean nicotine concentrations are higher than those computed from UV-
PM results, with the assumption made that UV-PM is equivalent to “tar” as defined by the
Federal Trade Commission.) Also assumed for estimation of exposures are a breathing
rate of 8.61/min, which corresponds to miscellaneous office work [2], and a U.S. sales
weighted average “equivalent cigarette” delivering 0.88 mg nicotine [10, 15]. According-
ly, estimated mean exposures for an eight-hour work day in an office is 0.02 cigarette
equivalent and for a 1-h meal in a restaurant, 0.003 cigarette equivalent.
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Strategy for Future ETS Exposure Measurements Relative
to Its Transient Nature and Other Indoor Air Pollutants

I. O’Neill

Introduction

From the outset, it has not been possible to relate exposure to individual components of
mainstream (MS) and environmental tobacco smoke (ETS)! with important biological
outcome in humans. We do know from the extensive studies by Spengler et al. (1985),
Wallace et al. (1985), Hirayama (1981), both that ETS is a main indoor source of airborne
particulates and volatile carcinogens, and also that passive exposure to tobacco smoke
seems associated with increased risk of lung cancer. Following on the IARC evaluation of
ETS carcinogenicity? (IARC, 1986), there are substantial problems in devising the
appropriate strategy for exploring the relationship between ETS pollution and the
biological outcome in humans. Looking at this another way, there is a fundamental gap
between the epidemiological and experimental approaches to this problem. Discussed
below are the key problems of the multiplicity of pollutants in indoor air and the
potential importance of active although transient components; this discussion is related
to some IARC activities in this field.

Biologically Active Components of Indoor Air Pollution

Since most people spend 75% to 90% of their time on average breathing indoor air (NRC
1981), and building design has changed greatly in recent years (Mage and Gammage
1985), a number of recent studies have examined the biological activity of indoor air and
substances infiltrating from outside. Mutagenicity of indoor air has been compared to
indoor activities in studies in the Netherlands (Van Houdt et al. 1984), USA (Lewtas
1982), Finland (Salomaa 1987) and Norway (Lofroth et al. 1983). It is notable, however,
that the levels of airborne particulate found, for example, by Spengler et al. (1985) in the
USA are much lower than those arising from unventilated combustion of biomass in non-
industrialized countries (WHO 1984) where respiratory illness is often a major
contributor to mortality for women who are almost entirely nonsmokers. Hence, there

! The Sixth World Conference on Smoking and Health (Tokyo, 9-12 November, 1987) resolved
that ETS is a misnomer implying a natural component of the environment. In the absence of any
proposed alternative, ETS, however, is used in this paper.

2 This IARC working group evaluation included the following statement: “The observations on
nonsmokers that have been made so far are compatible with either an increased risk from
“passive” smoking or an absence of risk. Knowledge of the nature of sidestream and mainstream
smoke, of the materials absorbed during “passive” smoking, and of the quantitative relationships
between dose and effect that are commonly observed from exposure to carcinogens, however,
leads to the conclusion that passive smoking gives rise to some risk of cancer”.

H. Kasuga (Ed.) Indoor Air Quality
© Springer-Verlag, Berlin Heidelberg 1990
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Table 1. Detailed methodology for contaminants of indoor air in IARC Manual series (volume 12)

Air Biological monitoring
Radon and radon daughters + -
Asbestos + +
HCHO and Aldehydes + -
Nitrogen oxides + -
N-nitroso compounds + -
E.TS. Volume 9 +
Particulate - mutagens + -
- organics + Volume 8
Volatile organics - aromatics + Volume 10
- halogenated alkanes + Volume 7
Pesticides + ~
Carbon monoxide + -

are a wide range of biologically-active components of indoor air (Table 1) and care must
be taken to set the findings from ETS exposures in an appropriate context.

Exposure to Biologically Active Components of ETS

Exposures to ETS components that have established biological activities, including
carcinogenesis, have been measured in many indoor environments (Repace 1987; US
Surgeon General 1986). Although measurements for nicotine in the breathing zone or of
its metabolite, cotinine, in urine, have been developed as tobacco-specific markers (Van
Vunakis et al. 1987; Muramatsu et al. 1984), the relationship is poorly known between the
levels of airborne nicotine and substances having biological activity. For example, a
recent report (Thawborne et al. 1988)indicates that nicotine has a short half-life in indoor
air so that exposures extrapolated from nicotine can consequently be underestimated.
The relationship of concentrations between nicotine and carcinogens in sidestream
smoke is markedly different from that in mainstream smoke; it is from the effects of the
latter exposure by active smokers that many workers have tried to extrapolate the effects
of passive smoking. Using exposures to nicotine or carbon monoxide (two substances
easily measured in both the environment and biological fluids) leads to major
underestimations for exposures to some carcinogenic substances, especially aromatic
amines and NDMA which are much richer in sidestream smoke (Table 2). Some studies,
for example that of Hugod et al. (1978), have attempted to quantify exposure to ETS
components in terms of “cigarette equivalents”, but since we do not know which are the
biologically critical components of mainstream smoke, such comparisons can be
misleading at present.

One way through these problems would be to make parallel measurements firstly in
human tissue of appropriate macromolecular adducts, or biological effects arising from
several tobacco-related substances having known adverse biological effects, and secondly
of urinary cotinine or breathing zone nicotine. This should establish whether nicotine-
based markers can indicate the likely DNA damage that is a consequence from the co-
occurring carcinogens; such possibilities are presently limited. Bryant et al. (1988) have
shown that 4-aminobiphenyl (4-ABP) adducts in nonsmokers are in the range of 10-30%
of the smoking-related levels in smokers; however, it is not yet clear whether there may be other
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Table 2. Enrichment of substances of biological interest in sidestream smoke compared to amounts
in mainstream smoke, relative to nicotine and particulate matter®

Enrichment relative Enrichment relative
to nicotine to particulate matter
Particulate matter 0.5 1.0
Nicotine 1.0 2.0
co 1.1 1.6to 3
Benzene 3.3 6
NDMA 71033 12 to 60
NNK 0.3to 1.3 0.6to 2.4
4-Aminobiphenyl 10 19
Benzo(a)pyrene 1 1.6 to 2.2
2-Naphtylamine 10 18
Acrolein 3toS S5to 10

2 See Environmental Carcinogens: Methods of Analysis and Exposure Measurement, Volume 9

Table 3. Reviews on aspects essential to measurement and control of environmental tobacco smoke
(volume 9) and indoor air (volume 12) of IARC Manual series

E.T.S. INDOOR AIR
(11 classes) (12 classes)

Health effects/cancer epidemiology
Biological effects

Sources

Generation (S.S.-M.S. differences)

Air and biological monitoring, field surveys
Back-up questionnaire (international)
Concentrations already found

Controls and validation measurements

P+ +++ 1 ++
++++ 1+

environmental sources of this bladder carcinogen, although its use has been prohibited for
many years. Although Bos et al. (1983) found an increase in excreted urinary mutagenicity
by passive smokers under experimental conditions, later studies have not been able to find
reliable differences that could be used as a marker for exposure under real conditions.
Morimoto et al. (1984) found a small increase of mitomycin C-inducible S.C.E. in
lymphocytes but Husgavfel-Pursiainen et al. (1987) could not find SCE difference between
groups of non-smokers having large differences in ETS exposure.

Cotinine/creatinine ratios are being investigated in an IARC study to compare
exposures in 13 centres world-wide (Riboli 1987) and now have shown there to be a
substantial difference in mean exposures to ETS between populations which also have
different ventilation and room volumes of their dwellings (results being prepared for
publication). Therefore, it would be surprising not to find a range of relative risks for
passive smoking being reported from studies in different countries, and it would seem a
necessary clarification to measure several tobacco-related indicators and 4-ABP adducts,
S.C.E.’s and possibly hydroxyproline (Kasuga et al. 1987) in these populations. As one
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approach for resolving the technical difficulties and interpretations of exposure
determination, we are preparing two volumes on ETS and Indoor Air in the IARC series
“Environmental Carcinogens - Methods of Analysis and Exposure Measurement” for
which the background information contained is listed in Table 3.

Especially of note for considering the consequences of polluted indoor air, is that ETS
may display synergism with radon daughters (Bergman and Axelson 1983; US Surgeon
General 1986) of which the latter is known to cause lung cancer from occupational studies.
Different studies (Repace and Lowrey 1985; NCRP 1984) have estimated attributable risks
forthesetwo agentstobe of the same orderinthe USA, although theseestimates are farless
proportionally thanascribed to pollution by carbon monoxide and biomass combustionin
other countries (WHO 1984; Cha and Cho 1988).

Transiently Active Substances and Oxidative DNA Damage for Tobacco Smoke

Present approaches to monitoring ETS and most other airborne exposures do not envisage
the presence of biologically active substances having a very short lifetime; however,
Hirayama (1984) has advanced an hypothesis based on his extensive field observations
during the large-scale prospective study (Hirayama 1981) that freshly generated ETS (the
term “neighbour tobacco smoke” or “NTS” has been coined by him) is of crucial
importance. Experimental data by Sonnenfeld et al. (1985) show that 95 % of the cytoxicity
to cultured mammalian cells exposed to sidestream smoke is lost after only 10s; they
showed this activity to be principally in the gaseous phase. Pryor et al. (1983) have shown
substantial concentrations of fast-decaying free radicals in the gaseous phase but also a
lower concentration of more persistent radicals (Church and Pryor 1985). Nakayama et al.
(1985) showed that DNA single strand breaks are produced in cultured human cells by
aqueous extracts of cigarette tar and that this damage was inhibited by superoxide
dismutase (SOD) thus implying an oxygen-dependent radical-mediated process. Borish et
al. (1987) have subsequently shown that DNA synthesis and repair is blocked by tar-
induced lesions and that these are consistent with radical-mediated damage caused by the
semi-quinone radicals which are the principal radical type in cigarette tar. In light of these
experimental observations on shortlived entities, the empirical hypothesis of NTS by
Hirayama (1984)could be meaningful and also would provide a disproportionate effect for
small rooms and poor ventilation.

There is also another transient aspect which can be inferred from the work of Ahotupa
etal. (1987) who have shown that administration of NDMA leads to a short-lived burst of
lipid peroxidation in rats; such processes could lead to oxidative damage for DNA which
has been advanced (Ames 1988) as a potential source of carcinogenesis. (It should be
noted that NDMA is very prominently enriched in sidestream smoke compared to
mainstream smoke). Added to these effects is the fluctuation in ETS exposure for which
cotinine in urine measurement can only indicate a time-weighted mean, and not peaks of
exposure to freshly generated ETS containing transiently-stable compounds. Together,
these findings call into question the fundamental basis of using conventional monitoring
procedures, namely that the substance of importance either persists in the air or that its
measurable biological effect persists. Until further investigations are undertaken, the
markers of ETS in air and biological fluids cannot be used to compare the biological
activities of different exposures, although they may serve as a basis for exposure to
tobacco products, to which future data on transient substances might later be linked with
care.
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Table 4. Substances from tobacco smoke for which exposure methodology is available (IARC
Manual, volume 9)

(a) Carcinogens or co-carcinogens (b) Tobacco-related substances
Volatile N-nitroso compounds Nicotine
Tobacco-specific N-nitroso compounds Carbon monoxide
Polycyclic aromatic hydrocarbons Nitrogen oxides
Aromatic amines Cotinine (in urine)
Phenols Thiocyanate (in urine)
Aldehydes Hydroxyproline (in urine)

Need for Standard Methods for Exposure Ascertainment

The need for standard validated methods has long been recognized as a principal
requisite for comparing exposures in order to establish causal relationships and was the
reason for establishing the IARC Manual series; this problem was brought to the fore
when it was not found possible to directly link the incidence of human liver cancer with
aflatoxin exposures because different analytical procedures giving incomparable data
had been used in different studies and countries. Measurement of ETS levels and
exposures will require methods that are universally accepted as having both sufficient
accuracy and relevance. Hence, substances presently recognised as having biological
activity in ETS, or that may serve as surrogates, are dealt with in detail in the recently
published IARC volume (IARC 1987). These are listed in Table 4.

This volume also contains background information that can help interpretation and
design of studies as well as epidemiological questionnaire use in the on-going IARC study
on passive smoking. A similar treatment of indoor air pollutants (Table 1) is contained in
the volume in preparation.

Conclusions

The recognition that indoor air and ETS may present problems for human health is
relatively recent, and the scientific basis for distinguishing the mechanisms of biological
hazard remains to be established. The problems arising from multiple pollutants and
transiently-present substances require urgent attention due to the major consequences
for altering life-style, building ventilation, and heating/cooking practises for a large
fraction of the world’s population.
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Assessment of ETS Impact on Office Air Quality
J.J.Piadé, C. Gerber, and W.Fink

Summary

The contribution of environmental tobacco smoke (ETS) to indoor air quality was
investigated by quantifying the concentration of some of its constituents in the course of a
series of strictly controlied experiments.

One brand of commercial cigarettes was smoked by trained smokers following a
prescribed protocol both in a test-chamber and in an office of a modern, air-conditioned
building. The ETS components investigated were CO, NO, NO, and nicotone. The
concentration of respirable suspended particles (RSP) was also monitored using three
different methods.

The concentrations of these ETS constituents and their ratios are reported, together
with background and outdoor levels. In addition, the influence of room ventilation,
smoke generation rate, wall deposition effects, etc., is discussed.

Introduction

The indoor air concentration of ETS components has been surveyed by many authors in
real-life measurements, but with little or no information on smoke generation. In other
reports, mostly for exposure studies, both smoke generation and air concentration of
several ETS components were carefully monitored, but with often unrealistic smoke
levels [1, 2].

This paper is the first part of a study aimed at investigating ETS chemistry in real-life
situations, but with a strictly defined smoke generation and investigating a wide array of
components. It comes as a continuation of previous investigations on sidestream smoke
(SS) generated in a test-chamber [3]. In this study the effects of smoke generation
patterns, room ventilation and air mixing should be assessed, with an emphasis on the
time variation of the measured concentrations and their ratios. This paper reports on
early results establishing the experimental concept, checking methods and evaluating the
impact of various indoor environmental factors.

Experimental Procedures
Smoking Sessions
The office used for this study has a surface of 12m? and a volume of 35m?, with a

door and a large window. Its walls are plastered, the floor is carpeted and it is
furnished with a desk, three chairs and a cupboard. It is situated in a modern building
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