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A CRITICAL LOOK AT N-NITROSAMINES IN WIRMWAL TOBACCO

SNOKE (ETS
Dietrich Hoffmann,)John D, Adams, and Klaus D, Brunnemann
American Hes oundation, Valhalla, NY 10595, U.S.A.

Cigarette smoke carcinogens are generally released
into the environment as sidestream smoke (88) constituents
at twice their levels inhaled as mainstream smoke (MS)
constituents, However, aromatic amines and nitrosamines
in S§ exceed MS levels up to 50 times. Regardless of the
fact that 88 is usually substantially diluted before being

inhaled as an environmental pollutant, there gre certain {scknewlidged

settings that provide hourly exposure to nitrosamines

cigarettps. The known carcinogenicity of several nitros-
amines and especially of those derived from the tobacco
alkaloids, raises concerns as to the health risk incurred
from repeated prolonged exposure to ETS. In order to ap-
proach risk assessment, data on uptake and retention of
environmental nitrosamines by passive emokers are need-
ed. While measurements of nicotine and its major metabo-
" lite cotinine in physiological fluidse provide biological
markers for ETS exposure, assessment of the uptake of
tobacco-specific nitrosamines (TSNA) would provide speci~
fic markers for c¢srcinogen exposure. The carcinogenic
TSNA derive exclusively from Nicotisna alkaloids, are
metabolically activated to alkylating species and bind to
globin., Data on the biological markers for ETS exposure
and possibilities for assessment of TSNA as biological
markers of carcinogen exposure will be discussed.
These studies sre supported by Grant NO. CA29580 from
the U.5. National Cancer Institute.
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Estimation of Smoke Dosage and Mortality of Non-smokers
from Environmental Tobacco Smoke.

M.A.H. Russell; Addiction Research Unit, Institute of R
Psychlatry, The Maudsley Hospital, London, England. K
This paper shows how biochemical markers can be used to estimate
smoke intake from passive smoking to complement epidemiological
studies on the health risks and mortality to non-smokers.
data from slow nicotine {nfusions given over one hour, we
estimated that the nicotine intake from passive smoking averages
about 0.014mg per hour among urban non-smokers leading their
usual daily lives. This compares with 0.23mg/hr in a smokefilled
public house, 0.36mg/hr during maximum exposure in an unvent-
ilated room, and 1.0 to 1.4mg nicotine per cigarette taken in by
active smokers. Further studies indicate that exposure to gas
phase components is some three times higher. Using these '
approaches we estimate that the mortality from passive smoking is

about 1000 non-smokers per year in Britain and more than 4000 per
‘'year in the United States, assuming that the relation of dose

risk can be extrapolated in linear fashion.
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International Study on Exposure to other People’
Smoke and Urinary Cotinine Levels in Nonsmokers.

Elio Riboli, (1ARC)
viv, i Epidemiology & Biostatistics, International

- Agency for Research on Cancer, Lyon Cedex, France.

The study will explore the relationship between passive
smoking history, as assessed by interview, and cotinine and
thiocyanate levels in urine., This study aims to elucidate
whether the conflicting results so far repoted on the
assocjation between lung cancer risk and passive smoking
are due to differences in exposure ascertainment and/or to
actual level of exposure.

Thirteen centres lecated in Canada, China, Federal

Repubilc of Germany, Greece, Hong Kong, India, Italy, Japan,
Poland and USA are participating in the study. Study
subjects are non-smoking-women, half of whom are currently
married to a smoker, the other half married to a non-smoker.
Recent exposure at home, at work, in public places and in
vehicles is investigated using an ad hoc questionnaire.
Urine samples are taken on the day of the interview.
Analyses of urine samples will be performed at the American
Health Foundation Laboratories, New York. Both cotinine and
creatinine will be measured in each urine sample, and their
levels will be standardized according to the amount of
creatinine present. Data collection will be completed by
summer 1986, and preliminary results wil} be available by
the end of 1986,
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JARC APPROACHES TO MONITORING EXPOSURE OF PASSIVE SMOKING

I.K. O'NEILL & E. RIBOLI
International Agency for Research on Cancer, Lyon, France

Two 'related XARC projects seek to clarify actual exposure
in passive smoking (PS), since no published or' sn-going
epidemiological studies have involved physico-chemical
measurements and yet severe inter-study discrepancies of
volume and ventilation exist of indoor spaces and probably
of substances in side-stream (SS) - mainstream (MS) smoke,
An international group of researchers on physico-chemical
measurements of PS, chose key methods for sampling,
analysis and considered background 3nformation on SS/MS
differences, ventilation, exposure assessment etc. This
will appear in 1986, in the IARC manual series “Environ-
mental Carcinogens: Selected Methods of Analysis". IARC is
also coordinating an international study on the methods to
assess exposure to passive smoking among non-smokers. The
study will compare the information provided by a question-
naire and the levels of cotinine and thiocyanate measured
in vivo. The presentation will discuss the need to clarify
relative exposures, and give progress on these approaches.
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Measuring problems in estimating the exposure to passive
v smoking using the excretion of cotinine in humans

H. Letzel®, A, Fischer-Brandies®, 1.c. Johnson®, K. Uberla™,
A. Biber®*¥ '

*

Gesellschaft fdr Informationsverarbeitung und Statistik
in der Medizin e.V., Minchen, FRG

*

Institut f0r Medizinische Informationsverarbeitung,
Statistik und Bjomathematik, Minchen, FRG

r ey ) ‘
Forschungslabor Prof. Dr. Schievelbein, Minchen, FRG

The evaluation of potential hazards of passive smoking is
essentially based upon a sufficiently exact determination of
actual exposure levels. During the last years, the measurement
of ‘nicotine and cotinine in plasma, saliva and urine has become
a method of choice. A series of experiments in hea volunteers
who were exposed to graded side-stream smoke levels in a climatic

mmmmammg

in a variability of measured nicotine and cotinine levels which
Can - pATticulazly at low exposure levels - exceed the influence
of chosen trial factors like level and duration of exposure.

Sources of this variation were quantified. Their impact on the

validity of cotinine in urine as a marker for recent exposure to
passive smoking will be discussed.
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Determination of nicotine and cotinine in human
serum and urine. An interlaboratory study.

A Biber*, G. Scherer**, ], Hoepfner**, F. Adi-
kofer**, . E. Haddow***, G, J., Knight***;
*Forschungslabor Prof. Dr. Schievelbein, Minchen,

FRG
**Forschungsgeselischaft Rauchen und Gesundheit

mbH, Hamburg, FRG
***Foundat1on for Blood Research, Scarborough

Maine, USA.

Nicotine and cotinine concentrations in body fluids
are widely used as markers for tobacco smoke uptake by
smoking and exposure to environmental tobacco smoke,
Since analytical quality assurance of nicotine and co-
tinine measurements is still lacking, we initiated an
interlaboratory study involving 10 laboratories in UK,
Sweden, Finland, USA, Japan and W-Germany experienced
in performing nicotine and cotinine determinations in
biological fluids by radioimmuno assay (RIA) and/or
gas chromatography {(GC). Eighteen serum and 18 urine
samples (derived from 8 smokers and 10 non-smokers;

2 non-smoker samples were spiked with known amounts of
nicotine and cotinine) were analyzed. So far results
are available from 5 laboratories. The GC derived
values show fair agreement, but those determined by
RIA demonstrate higher interlaboratory variability,
especially in the urine samples. For both GC and RIA,
relative variability is extremely high in the non-

smoker samples.
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Mathematical Modeling of Nicotine and Continine as
Quantitative Biological Markers of Environmental

Tabacco Smoke Exposure

(14PA &) S.L. Schwartz, R.T. Ball, P. Witorsch+,
Dept. of Pharmacology, Georgetown University,
‘Schoo] of Medicine, Washington, DC, and Dept. of
Medicine*, George Washington University, Washington,

DC, USA.

Computer software developed in our laboratory {CMATRIX)

was used to design a physiological pharmacokinetic model

of nicotine absorption, distribution, metabolism and
excretion in man, The model accommodates inhalation of
nicotine from varjious environmental settings and
physiological conditions in man. It was also used to predict
pharmacokinetic behavior of cotinine arising from nicotine
metabolism. Model predicted variation in body-fluid
nicotine levels confirm that nicotine is not an acceptable
quantitative marker of ETS exposure. Though cotinine
provides a more stable pattern, preticted interindividual
variation suggests the need for specific strict sampling
and monitoring guidelines for cotinine to be a reliable

quantitative marker.
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DEPOSITION RATES OF SIDESTREAM TOBACCO SMOKE PARTICLES
AND ASSOCIATED POLYCYCLIC AROMATIC HYDROCARBONS (PAls)

T. Vu Duc, and C.K. Huynh
Institute of occupational medicine and industrial hygiene,

Route de la Clochatte, CH-1052 Le Mont=-sur-Lausanne,
fwitzerland, - s e

Most of the people spend a great majority of their times, from 75 to 90% indoors
and tobacco smokes can constitute the main source of pollution in the indoor
environment. Exposure to environmental tobacco smokes have been associated with
annoyance and irritations of the respiratory system as well as other health related

problems.

In the context of energy conservation, a minimum ventilation rate was recommended,
just enough to keep an acceptable comfort. To maintain a reduced level of
pollutants, it is desirable to evacuate the most toxic substances. The fate and
dissipation of cigarette smokes from the ambient atmosphere of a closed space

have to be considered.

In our study, the side-stream smokes of cigarettes were generated in an
experimental chamber, The depletion of total particulate matter, size distributed
particles and their associated PAHs were investigated as a function of times. The
smoking protocol according to the Coresta standards was followed. A Climet
optical counter for the particle size distribution was used and PAHs were analyzed
by gas chromatography-mass spectrometry. CO was used as a tracer of the stability
of the atmosphere in the experimental chamber.

The results show that 70% of the particles below 0.3 pm remain in suspension after
8 hours, while the 0.5-1 um particles dissipate in a relatively fast rate. The PAH

levels follow a similar trend.
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'Hydroxy-phenantrenes in urine of non-smokers and smokers,

I. Hoepfner®, G. Dettbarn®*, G. Scherer*, G. Grimmer*®,
F. Adikofer*;

S, ;_orschungsgesellschaft Rauchen und Gesundheit mbH, Hamburg,
Ra o
** Biochemisches Institut fir Umweltcarcinogene, Ahrensburg, FRG.

Two groups of smokers and non-smokers {each comprising 5 subjects)
were put on a controlled diet low in polyeyclic aromatic hydrocarbons -
(PAH). During the 1st day after admission (control day}, smoking was
not allowed, thus avoiding exposure of the non-smokers to environmental
tobacco smoke {(ETS). On the 2nd day, the non-smokers were exposed
to ETS in an unventilated room for 8 hours. The concentration of ETS
produced by the cigarette smokers was adjusted to 20-25 ppm CO. The
24h-urines of non-smokers {2 groups of 5 subjects each = NS) and
smokers (2 groups of 5 subjects each = 8} were collecied during the
control day (NS_, S ) and the exposure day (NS_, $ ). Aliquots from
individual subjec?s o? each group were pooled an% anealysed for HO-
phenantrenes (HO-PHE). The urinary HO-PHE excretion (ug/24h) is as

follows: i e L gegdet
Group 1 739 4784 T48 524 ST g gt
Group 2 4 .81 3. 516 586
In another experiment, B non-smokers were put on a diet fow in PAH
for 2 days and on a diet high in PAH for 2 further days. The urinary ot
excretion of HO-PHE was nearly twice as high after the high-PAH diet
as after the low-PAH d','et‘ (Luﬂ ned O\SSbua"Ld with mw “‘3"‘:" nc."l‘.“,'.-l-' o ur:qq)
Our results indicate that HO-PHE in urine is 8 marker for dietary
uptake o PAH,. However, it does not clearly differantiate—smokers and
non-smokers and is certainly unsuitable for detecting PAH uptake from
EVS exposure.
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Degressive' and regressive tumor antigen curves in active and
passive smokers

¥F. Portheine, Institute of Medical Chemistry, Jahnstrafle 7 - 9,
D-4460 Nordhorn, Federal Republi¢c of Germany

Investigation and analysis of more than 40,000 blood samples for
tumor markers could fully confirm that smokers ighale an apprec-
iable carcinogenic risk to the extent of their exposure: they show
CEA values up to 7 ng/ml.,

After total abstinence, the CEA titer may fall into the normal
range in six to 18 months depending on the initial situation,

The overlapping specificity and sensitivity range as well as quality
controls are referred to,

In 80% of otherwise healthy nonsmokers {age 20 to 40 years), the
CEA titer was less than 2 ng/ml. A similar group (10} of passive
smokers displayed values around 3 ng/ml.

Analyses of tumor markers can only reproduce a delayed retro-
spective view of a small ;subaspect of the problem of passive
smoking, .
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FETAL GROWTH RETARDATION IN RATS CAUSED BY MATERNAL
PASSIVE SMOKING DURING PREGNANCY

E. Mohtashamipur, K. Kempa, and K. Norpoth

Institute of Hygiene and Occupational Medicine, University
Medical Center, Bssen University, »-4300 Essen, FRG.

Although the relation between maternal active smoking and
fetal development is well studied, less attempt has been
made to evaluate the effects of maternal passive smoking
on fetus. The few reports that exist, in this connection,
are epidemiologic not e;perimental. We performed & prelim-
fnary experiment to determine the effects of involuntary
;EEEThg during pregnancy on the growth of fetus. As a model,
pregnant Wistar rats were passively exposed to the sidestream
smoke of a commercial brand of cigarettes during the first,
second and the third week of pregnancy. The animals were
individually exposed to the smoke in a 145.2 dm? glass chamber
resembeling a room provided with normal air flow. The cigaretttes
were smoked by a smoking machine under standard conditions.
The uterine horns were removed a day before the natural delivery
and the fetuses were examined macroscopically. Among the
parametiers studied, significant losses of body weights, body
lgpgths and head circumferences were found for those whose
mothers were ﬁiggively exposed to the diluted sidestream smoke
of 2 to 4 cigarettes. The most retardation of development was
found to be for those whose mothers involuntarily smoked during
the third week of pregnancy. Howevezl_gg_g[gss anomaly was observed.
These studies are in process to examine the other parameters of
growth affected by maternal passive smoking in rats.
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The effects of smoke exposure to infants

D.Schwartz-Bickenbach, S.Schulte-Hobein, S.Abt.,H.Nau,
Institut fiir Toxikologie und Embryonalpharmakologie, Garystr. 5,
1000 Berlin 33 (Free Walversidy o Serlin)

The consequences of smoke exposure via mother®s milk and passive
smoking on the physical and psychomotor development of infants
during their first year of life were investigated in a group of
children of smoking mothers and compared with a matched control
group. The measurement of continine concentrations in mother’s
milk and urine of the infants represents an objective criterium
for the actual nicotine exposure. So far our results show that
1. the intrauterine growth retardatjon often seen in the target

s cemhiva group 1sn't cau up_at lve months;
AN 2. 08 g mothers nurse their babies for a shorter time than

O enteatd non smoking mothers do;

3. cotinine concentrations in mothers milk differ dependent on
number of cigarettes smoked and nicotine contence of the
cigarette sorts;

4. cotinine concentrations in the urine of the infants are 5 to
20 fold higher during the nursing period than after weaning;

5. the psychomotor development does not differ significantly
between the infants of The tEfggg:graaﬁ'iﬁﬂ'fﬁ%‘?ﬁﬁ??ﬁr group.
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Uptake of Sidestream Smoke by Syriah Golden Hamsters

N.J. Haley, J.D. Adams, J. Alzofon, 0. Hoffmann;
Naylor Dana Institute for Disease Preven
American Health Foundation; VYalhalla, N.Y. 10595

An inhalation bioassay with syrian golden hamsters is being
conducted to evaluate the toxic and carcinoenic potential of
sidestream smoke (SS5) relative to mainstream smoke (MS). A Hamburg
11 smoking machine was used to allow nose-only delivery of MS
to hamsters and a modification allowed for the simultaneous
collection of §%—ilu;jmmlg_hﬂﬂl_ﬂglilgﬁy to a different rack of
animals. The tolerated dose of SS was determined by varying the
air/smoke dilutions drawn through the animal restrainers.
Preliminary data indicated that 20 % carboxyhemoglobin (COHb)
could be obtained in SS exposed animals without fatality. Optimum
exposure levels were determined. Mponthly measurements of COHbD,
nicotine an nine indicate th re
absorbing higher amounts of these smoke constituents than the M5

-counterparts. tumor 1ncidence and carcinogenicity data are being
collected through complete necropsy and histology protocols and
uptake data continue to be collected. These studies should help
eludicate the carcinogenic potential of SS which has been suggested *
from its composition and from recent epidemjological data of cancer
incidence in nonsmokers. This study was supported by Grant
CA-29580 from the NC].
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The Effect of Smoke Age and Dilution on the Cytotoxicity of
Sidestream {Passive) Smoke.

Gerald Sonnenfeld and R.B, Griffith; Univ, of Lousville School
of Medicine, Louisville, KY 40292 and College of Pharmacy,
Univ. of Kentucky, Lexington, KY 40536-008}, USA.

Decreases in the mortality of monolayer cultures of L-929 cells
exposed to sidestream {SS) smoke with increases in smoke age and
dilution have been reported {(Arch. Toxicol. 58:120, 1985} but smoke
concentration and mathematical relationships had not been estab-
lished. Additional studies (Griffith et al, pvt. communication)
showed that the SS smoke generated in the interval between puffs
was 1.68 ml/s, with a concentration of 5.36%. The SS concentration
was directly correlated with % mortality (r=.987) to have 0% mor-
tality at a concentration of 1.19% and a calculated mortality of
9562% at a concentration of 100%. The In of ¥ mortality was corr-
elated with increases in smoke age {r=-,9999) and the regression
equation was used to calculate O mortality at an age of 30 s and
393% mortality at the time of smoke generation. These data indi-
cate that undiluted, unaged 55 smoke is very toxic, but that cyto-
toxicity decreases rapidly with dilution and age. The importance
of these results to passive smoking justifies additional studies.
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. Deposition of the Ultrafine Psrticulate Component of Sidestream
<6 %4 Cigarette Smoke in the Human Respiratory Tract.

RS "“"(_F.C. Hiller, P.J. Anderson, and J.D. Wilson. The Unlversity of
Arkensas for Medical Sclences and the Unlversity of Arkansas
vGraduate [nstitute of Technology, Little Rock, Arkansas, U.S.A.

Sidestream cigarette smoke was generated Into an inhalation chamber fror
which flve norma! male volunteers inhaled the smoke. Exhaled smoke was
col.lec*ted and analyzed using an electrical asrosol enalyzer, Size
distribution of the smoke aerosol after 15/ aging end mixing was: ooun'f.
median diameter, 0.11 sym, mass median diameter 0.43 um, and gecmetric
standard devlation, 1.96. Deposition fraction measured as concentration
difference for each size frection between i{nhaled snd exhaled serosol (J.
Appl. Physiol. 58:223, 1985} for each size interval was: 0.075 pm, 0.24 +
10.04; 0,13 pm, 0,15 + 0,04; 0,24 am, 0.10 + 0,04; and 0,42 am, 0,07 +
0.02. The declining deposition fraction es size approaches 0.5 ym Is
consistant with previous theoretical and experimental deta. The
deposition fractions are somewhat lower than that previously found for the

sane subjects Inhaling a stable research serosol using the sane methods.
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Physfiological Changes in Pulmonary Development Related to Passive
Smoking and its Interactions with Active Smoking.

M.D. Lebowitz, C.J. Holberg; Univ. Arizona, Div. Respiratory Sciences,
Tucson, USA.

Effec;s on pulmonary development and changes in respiratory
flows-small and large airways, were determined from age five to
young adulthood. Pulmonary growth models were created using 152¢
repeat physiological tests on 362 individuals studied in time for
up to 12 years {average of 9 years). They had various initial
respiratory characteristics. Mathematical calculations then determ-
ined independent effects of individual variability over time, péass-
ive and active smoking, and symptomotology. Interactions of passive
and active smoking affected flows (small airways) adversely and size
compensated flows were adversely affected independently. Studies of
newborn physiology showed adverse effects of intrauterine exposure
to smoking, especially decreased flows in females and increased vol-
umes in males (associated with decreased size compensated flows),
which appear to account for a majority of the effects of passive
smoking. The remaining effects are additive or synergistic, in
specific high risk groups. Exposuré response characteristics are
most critical, and will be discussed.
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Extrapolation from Rat Studies with Environmental Tobacce Smoke
{ETS) to Humans: Comparison of Particle Mass Deposition and of
Clearance Behavior of ETS Compounds,

G. Oberdirster and F. Pott, Dept. RBB, Univ. of Rochester,
Rochester, RY USA and Med. Inst. f. Umwelthygiene, Univ. of
bisseldorf, FRG.

Model calculations are performed and show, that inhalation via nose
of monodisperse submicronic particles leads to lower deposition in
rats than in humans for both the pulmonary and trachecbronchial
region, Heterodispersity of ETS increases deposition in all regions.

. However, when the deposited surface area dose per generation is

calculated a greater deposition occurs in rats than in humans in the
transitional zone of the airways, 1.e., the region of the terminal
and respiratory bronchioles.

Dose to the airways is also determined by the clearance kinetics
of the deposited substances - which in turn depends both on physical
processes and the metabolism. As a consequence, the pulmomary reten-
tion of inhaled ETS components can be quite different in rats and
hunans. For example, we determined in separate studies that the
pulmomry half time of Cd - an ETS compound - is about 80 days in
rats and more than 600 days in primates. Thus, both lung_deposition
and lung clearance of ETS compounds have to be considered when
extrapolating results from animal studies to humans.
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Ultrastructural Changes in Respiratory Tract after
, Exposure to Cigarette’s Main~ and Sidestream Smoke.

M. Emara, M. Blank{ and U. Lessner
Inst. of Ana Iniv.Med.Center, Essen Univer-

sity, Hufelandstr 55, D=-4300 Essen, FRG.

SEM- and TEM-electron microscopic studies of cigarette
smoke-treated respiratory epithelia of men and rats are
described. Additional freeze-etching studies of the
cilia have shown primary alterations after exposures to
cigarette’s smoke. Differences were found between ultra-
structural changes following the exposure to main- and
sidestream smoke. Cilia were the first to be affected
by the smoke. The surface membranes were found to be
wavy and rough, and the membrane proteins were mini~
mized. There also were some changes in the architecture
of microtubulis. These ultrastructural changes of cilia
were seen to accompany cytoplasmic protrusions of the
cellular surface. Bundles of cilia were enveloped with
these latter cytoplasmic protrusions. An additional
observation was the multiple alterations of cytoorgan-

elles within the epithelium.
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Personal Air Exposures and Breath Concentrations of Benzene and
and Other Volatile Aromatic Compounds

L.A. Wallace, Harvard University School of Publie Health, USA
E.D. Pellizzari, Research Triangle Institute, USA

Measurements of personal exposure and exhaled breath concen-
trations of 20 volatile organic compounds were made for 200
smokers and 300 nonsmokers in five U.S. cities (1980~-84). Smokers
showed significantly increased breath concentrations of eix hydro-
carbons: benzene, styrene. ethylbenzene, o-xylene, mt+p-xylene,
and octane. Homes with smokers had higher indoor air concentra-
tions of the same compounds than homes without smokers dufing full

tmram and winter. Passive smokers exposed at work had significantly
el .

vaie it higher levels of benzene and other aromatics in their breath thean

witW \tn\t.t*’\: e
unexposed nonsmokers. Measuring exhaled breath and personal or

indoor air for volatile aromatic compounds appears to be a
feasible, although costly, way to determine exposure of passive
smokers.
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Caschromatographic Determination of Polycyclic Aromaifc Hydrocar-
bons, Azaarenes, Aromatic Amines in the Particle and Yapour Phase
of Maip- and Sidestream Smoke of Cigarettes.

C. Grimmer. K.-W. Naujack, G. Dettbarn
Biochemisches Institut fUr Umweltcarcinogene, D-2070 .toflhansdorf

' The particles and the semi volatiles of the main stream and side
stream smoke from a mechanically smoked clgarette were collected on
a filter system consisting of a cambridge filter as well as poly-
styrene beads coated with polydimethylsiloxane. The fractions of
polycyclic aromatic hydrocarbons (PAHY, azaarenes (HZPAC) and aro-
matic amines (NH,-PAH) isolated by a specific enrichment procedure
were separated by high resolution gas chromatography (fused silica
columns) and characterized by s simultancous detection of a FID,
ECD and a nitrogen specific detector. The amount of the single com-
pounds of PAH, N-PAC and NH,-PAH in the particle and vapor phase of ,
main- and side stream smoke, respectively was determined quantita- }

tively.
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Quantitative evaluation of cigarette sidestream smoke components
under controlled experimental conditions.

CJ. Blake,JJ. Piade \ W, Fink;
Philip Morris Europe, Research & Development, Neuchitel,

Switzerland, ’

The concentration of selected components of cigarette sidestream
smoke was determined in a_1B2 m? stai t chamber
under controlled experimental conditions. The chamber was operated
in the static mode. Concentrations were monitored as function of
number of cigarettes smokeéd and of time. Among the.components -
measured were CO, NO, NO2, HCN, NH3, formaldehyde, phenols and
nicotine as well as aerosol particle mass.

Two different types of cigarettes were used for this study.
Cigarettes were smoked under standard DIN smoking conditions
(2 sec, 35-ml puff once per min) at 60% rel. humidity and 20°C.
Sidestream smoke components were either continuously monitored by
automatic computer controlled instrumentation or were trapped and

analysed by GC2, HPLC or other techniques.

In all cases concentrations of investigated compounds are propor-
tional to the number of cigarettes smoked in the range of 5 to 30
cigarettes, Changes in concentrations of smoke components as a
function of time will be demonstrated. Maximum possible contribution
of cigarette sidestream smoke to ETS as function of cigarette number

is reported.
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Analysis of epvironmental tobacco smoke (ETS) constituents in
indoor air under controlled conditions.

H. Klus®, H. Begutter®, A. Nowak®, G. Pinterits**, I, Ultsch*,

H. Wihlidal**;
* Austria Tabakwerke AG, Forschung und Entwicklung, Wien,

Austria
** Osterreichisches Forschungszentrum Seibersdorf GmbH,

Seibersdorf, Austria,

The quality of indoor air was evaluated for some selected ETS
constituents. Twenty experimental sessions with different subjects
and ETS concentrations were carried out, Up to 4 subjects, smokers
and nonsmokers, were present in an office room of 83,8 m? for 2h,
During this period the window was closed. Opening of the door when
subjects entered or left and the number of cigarettes, mgars and
pipes, smoked ad libitum, were protocolled.

Carbon monoxide (CO) and nitrogen oxides (NO, Nox) were moni-
tored continuously, The concentrations were in the range of
A3-14 ppm CO, A62-236 ppb NO, respectively, Maximal levels of
NO, reached 22 ppb. Samples of air were analyzed for nicotine,
formaldehyde hydrogen cyanide, phenols, ammonia, acroleine, and
N-nitrosamines. Furthermore, the relative amount of aerosole particu-
late matter was estimated.

In addition, the data obtained are compared with the background
levels of all these substances measured in the same room without

subjects prior to each single experiment,
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Analysvls of environmental tobacco smoke (ETS) constituents
in indoor air under real life conditions.

M. Ball,[M, Intorp ) B. Schilling;
H.F. & Ph. E, Reemtsma, Aohtabak~Forschung~-Entwick lung,
Hamburg, FRG. '
Methods have been developed for inconspicuous sampling of
indoor air and analysis of selected air constituents with special
consideration of ETS-related components.

Samples were taken from different localities like living room
of a 4-person household, restaurant, pub, car and railway com-
partment, occupied by smokers and non-smokers respectively.

Air samples were analyzed for nicotine, formaldehyde, phenols,
ammonia, hydrogen cyanide, carbon monoxide and N-nitrosamines.
The concentrations of carbon monoxide {CO) were in the range
of 1 to more than 20 ppm. Maximeal levels of CO were measured

in air samples taken from cars, raflway compartments and the
living room of a 4-person household. They do not correlate to the

responding velues of ETS constituents e.n. nicotine.
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Estimation of Personal Exposure to Ambient Nicotine
in Daily Environment

M.Muramatsu, S.Umemura; Central Res, Inst., Japan
Tobacco Inc., Yokohama: J.Fukui, T.Arai, S.Kira;
JIchi WMed. “school, Tochigi, Japan

To evaluate the actual Levels of passive exposure to
tobacco smoke in various daily environments, exposure
level to ambient nicotine was measured with a pocketable
nicotine personal monitor attached to d nonsmoker.

The personal monitor consists of a sampler tube contain-
ing an absorbent and a portable sampling pump. The
collected nicotine on the tube was directly desorbed
onto a GC column and analyzed. |

Average exposure levels to ambient n;cotine on both
smoking seats and nonémoking seats in airplane and in
train were 13.3ug/m?® and 5.3ug/m?, and 16.7ug/m? and 2.0
pvg/m?, respectively. Amounts of nicotine passively in-
haled in such smoky places as car, bar and coffee shop,
though influenced mainly by the number of cigarette
smoked -and conditions of ventilation, were estimated to
be less than 50ug/hr in this study.
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A COMPARATIVE STUDY OF ENVIRUNMENTAL TOBACCO SMOKE
PARTICULATE MASS MEASUREMENTS IN AN ENVIRONMENTAL CHAMBER.
B.J. Ingebrethsen, D.l, Heavner, A.L. Angel, J.M. Conner,
G.B. Oldaker III, and C.R. Greenl R.J. Reynolds Tobacco
Company, Research and Development, Bowman Gray Technical
Center, Winston-Salem, NC 27102

ETS particulate mass is currently being measured by a number of
research groups with several methods that have not been directly
compared in controlled experiments. The purpose of this study is
to provide a comparison among several commercially available
instruments and a newly developed gravimetric/spectrophotometric
method for assessing ETS particle mass concentrations. ETS was
generated over a range of concentrations in an environmental
chamber by introduction of sidestream only, by introduction of
sidestream plus machine-smoked mainstream, and by human-smoking.
Measurements were made with two TSI Model 5000 Aerosol Mass
Monitors (piezoelectric), two GCA Minirams (nephelometry-based),
one active and one passive, one PPM Handheld Aerosol Monitor
(nephelometry-based), and a Fluoropore membrane filter collection
procedure by which mass was determined both gravimetrically and by
UV absorbance (325 nm). Measured mass concentrations were found
to depend not only on the analytical procedure, but also on the

method of ETS generation.
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JTHE MEASUREMENT OF 'ENVIRONMENTAL TDBACCD SMOKE' PARTICULATES

R G RAWBONE, W BURNS, R A PATRICK
RESEARCH DIVISION, GALLAHER LIMITED, BELFAST

Mainstresm tar yields from cigarettes, derived by traditional
gravimetric methods, should not be compsred directly with ambient
smoke yields derived in the same way, because of & redistribution
of chemice)l components between vapour and particulate phases,
ageing effects end changes in particle sizs.

Light scattering methods for the routine measurement of
atmospheri¢ particulates depend upon a relevant celibration, Wwhen
applied to atmospheric tobacco smoke calibration ageinst mainstreem
smoke 1s inappropriste and even ageinst undiluted sidestream smoke:
is open to question.

An alternative calibration for ambient smoke is proposed in which
levels of particulate matter are measured directly using a caescade
impactor with plezo=bslance stages. Results demonstrate a five
fold overestimate of concentration uwhen light scattering devices ere
calibreted against undiluted sidestream smoke.

These problems need tu'be understood in all studies where .
extrapoletion from the environment back to the cigarette is to be
underteksen,
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A STUDY OF THE ATMOSPHERE IN LONDON UNDERGROUND TRAINS BEFORE AND
AFTER THE PROHIBITION OF SMOKING

C J PROCTOR; R3D CENTRE, BAT(UK&E) LTD, SOUTHAMPTON, ENGLAND

In July of 1984, London Transport decided to enforce a ban on
smoking from all of its Underground railway train compartments.
This ruling presented an opportunity to study the effect of banning
smoking on the ambient atmosphere of a popular public environment.
In order to assess the contribution of tobacco smoke to any
particular environment, it is necessary to measure a number of
chemical constituents of smoke.

We shall describe methods of measuring carbon monoxide, airborne
particulates and nicotine simultanecusly using discrete, sensitive
instrumentation contained in a portable package. In repeated

investigations of smoking compartments re the ban, it was found
that _the Jevels of the selected compartments were far below
industrial exposure 1imits, as recommended by the Occupational

Sa jon {(OSHA). Furthevmore, 1T was
illustrated that there was little difference in the concentration
of carbon monoxide in train compartments whether smoking was
permitted or not. The validity of the methods used to reach these
conclusions will be discussed, along with the problem of placing

the contribution of tobacco smoke to ambient atmospheres in true
perspective.
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EFFECT OF ENVIRONMENTAL TOBACCO SMOKE (ETS) ON AIR QUALITY
WITHIN AIRCRAFT CABINS. G.B. Oldaker III and F.C. Conrad, Jr.,
R.J. Reynolds Tobacco Company, Research and Development, Bowman
Gray Technical Center, Winston-Salem, NC 27102

Nicotine concentrations were determined in passenger cabins of
B727 and B737 aircraft during domestic flights in order to assess
the effectiveness of smoker segregation as a means of minimizing
exposure of non-smokers to ETS, Sampling systems including
constant flow pumps and sorbent tubes containing XAD-4 resin were
used to collect integrated samples of nicotine. Sampling systems
were concealed in briefcases to ensure that sampling operations
were unobtrusive. Analysis involved desorption of nicotine into
ethyl acetate and quantification with gas chromatography and
nitrogen-phosphorus detection. Twenty-three samples were acquired
in smoking sections and thirty-nine samples in no-smoking sections
at the boundaries with smoking sections. In no-smoking, bgundary
sections, nicotine concentrat;ons ranged from 0 to 40 ug/m> with
an arithmetic mean of 11 pg/m*., In smoking sections, nicotine
concentratjons ranged from 0 to 112 ug/m® with an arithmetic mean
of 23 wg/m*. Sampling times ranged from 13 to 179 minutes with an
arithmetic mean of 57 minutes. Results indicate that no-smoking
sections are essentially ETS-free for aircraft such as B727's and
B737's, which have "once through" ventilation systems.
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Urinary mutagenicity after controlled exposures to
environmental tobacco smoke (ETS).

G.Scherer*,K.Westphal*,A,Biber**, 1, Hoepfner*,F.Ad kofer*;
* Forschungsgesellschaft Rauchen und Gesundheit
mbH, Hamburg, FRG
** Forschungslabor Prof, Dr. Schievelbein, Minchen,

FRG.

Twenty non-smokers were put on & defined diet low in
polycyclic aromatic hydrocarbons (PAH). The first day following the
night after admission was the control day during which exposure to
tobacco smoke was avoided. On the second day the subjects were ex-
posed to ETS in an unventilated room for & hours., Two' separate ex-
periments were carried out. In the first, the concentration of ETS
produced by cigarette smokers was adjusted to 10 ppm CO, while the
second it was set between 20-25 ppm. The uri mutagenicity in
the 24h urine samples as tested with the Salmonella (1A 98) micro-
S & after exposure to 10 ppm CO, and th-

ome assaydidTnotincreas
ased only marginally under the extreme exposure.condifjons of

20-25 ppm TO, The increase was in the same order of magnitude as

3fter 3 diet rich in leafy vegetables and charcoal broiled meat,

and lower than in smoking controls.
We conclude that exposure of non-smokers to ETS does not increase

their urinary mutagenicity, provided that exposure conditions are
within a realistic range.
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URINARY EXCRETION OF MUTAGENS IN PASSIVE SMOKERS

E. Mohtashamipur, G.Milller, K.Norpoth, M.Endrikat, and
W. Stiicker

Institute of Hygiene and Occupational Medicine, University Medical
Center, Essen University, D-4300 Essen, Fed.Rep. of Germany

Six healthy young volunteers with no history'Of active
smoking were asked to keep to their western diets avoiding
the consumption of alcoholic beverages, excess coffee, any
sort of medicament, and the known pro- and/or anti-mutagen-
containing foods and drinks, 24 h before and during the
experiments. They were exposed passively to cigarette smoke 435‘,;Ht,
produced by four habitual smokers in an unventilated 48.6 m’ kel
room for 8 h. The carbon monoxide concentration was 18.85 +
7.3 ppm during the 8-h exposure.

Frameshift mutagens were isolated from 10-h urine samples
using chloroform and were tested for mutagenicity in the
Salmonelle/mammalian microsome assay employing Salmonella
typhimurium TA98, Although clearly enhanced, no.significant
mutagenic activity could be found with 25 ml equivalent urine/

Q_gte after passive exposure to cigarette smoke, The weak mutagggifities
found were highly significant when 50 ml equivalent urine/plate
‘was_tested. No direct correlation was observed between_grine:‘h
mutagenicity and the urinary cotinine concentration. The results
obtained are discussed with reference to inconsistent reports in
literature concerning the mutagenicity of urine after passive

smoking.
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CLASTOGENIC EFFECT OF PASSIVE SMOKING ON BONE MARROW
POLYCHROMATIC ERYTHROCYTES OF NMRI-MICE

E. Mohtashamipur, K.Norpoth, and H.Straeter

Institute of Hygiene and Occupational Medicine, University Medical
Center, Essen University, D-4300 Essen, Fed.Rep. of Germany

L

Genotoxic effect of passive inhalation of cigarette’s.
sidestream smoke on bone marrow polychromatic erythrocytes
was studied using male NMRI mice. The animals were individu-
ally placed in a 145.2 dm3 glass chamber resembling a
room provided with normal air flow. They were exposed to
the sidestream smoke of a commercial brand of cigarettes
smoked by a smoking machine under standard conditions, In-
¢reased formation of micronuclei within polychromatic erythro-
cytes (PCEs) of femoral bone marrow 30 h after passive smoking
was con ted to be due to the clastogenic effect of the smoke.
Passive inhalation of the diluted sidestream smoke of a single
cigarette resulted in a significant increase ( p < 0.01} in the
frequency of micronucleated PCEs. This clastogenic activity
was found to be dose-dependent. '
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tung cancer and passive smoking : Association an artefact due to
misclassification of smoking habits?

P.N.Lee
25 Cedar Road, Sutton, Surrey, England.

1775 subjects were interviewed about their current smoking
habits and use of nicotine-containing products and 1537 later
provided a saliva sample for cotinine snalysis. Of 808 non-
smokers/users, 20 (2.5%) had cotinine values above 30 ng/ml,
indicating their gelf-reports were false,

In another study, 540 subjects were interviewed in 19580 and
in 1985, 7.2% of subjects who stated in 1985 they had never
smoked had earlier reported current or ex-swoking. 12.8% of 1980

never smokers subsequently claimed to have smoked and started
before 1880,

Coupled with evidence of strong concordance between spouse's
smoking habits, these misclassification rates would produce an
apparent increase in lung cancer risk in non-smokers married to

smokers similar to that observed epidemiologically, even when no
true passive smoking exists. '
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Exposure Misclassification as an Interpretation of Some Case
Control Studies of ETS and Lung Cancer in Nonsmoking Women.

S. James Kilpatrick,dr.,
Dept. of Biostatistics, Medical College of Virginia, Richmond,

Va.

Several Case Control studies have reported a statistically
significant relationship between environmental tabacco smoke

ETS and lung cancer. In these studies exposure to ETS is retro-
spectively determined by interview of the subject or a

close relative or friend. Apparent "dose-response" relationship
have been taken as supporting the claim that ETS éxposure, in
fact, increases the risk of lung cancer, i.e. 2 causal inter-
pretation. In such studies, several alternative explanations

for a statistically significant result, including biased selection
of subjects, confounding of ETS exposure with occupational,
environmental or life style factors and misclassification must

be considered. This paper presents an analysis of the potential
contribution of differential misclassification of exposure in

the case-control studies of Garfinkel, Correa and Trichopoulos.
Differential misclassification rates in cases and controls is
postulated to result from the tendency of respondents to inflate
the amount of ETS exposure for the lung cancer cases and deflate
the report of exposure for controls. Levels of overall misclassi-
fication which would account for the published results

are calculated to be 3, 19 and 20 percent in the studies of
Garfinkel, Correa and Trichopoulos, respectively. Several models
of misclassification are shown to give virtually the same results,
consistent with the discrete nature of the data. Finally, exposure
misclassification, restricted to cases alone, is shown to mimic
the dose response relationship. The existence of exposure mis-
classification is but one of the sources of potential error

which must be evaluated before the case-contro} studies can

be considered to support a causal relationship between ETS
exposure and lung cancer in nonsmokers.
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Mutagenic Determination of Passive Smoking.

P.I. Lingl. G. LBfro'thl'z and ‘J, Lewtasa;

\ 1) Department of Radiobiology, University of
Stockholm, Sweden; 2) Nordic School of Public
Health, Gothenburg, Sweden; 3) .U.S. Environ-
mental Protection Agency, RTP.,NC USA.

It has earlier been shown by menns of the Ames
Salmonella plate incorporation test that a major
part of the particulate mutagenic activity in
indoor air originates from tobacco smoking under
moderate smoking conditions, |

The mutagenic'activity of environmental tobacco
smoke (ETS) has been further characterized with
potentially more sensitive microsuspension test
systems and it is presently possible to determine
and quantitate ETS with personal sampling and to
discriminate ETS from other airborne mutagens by
means of a simple fractionation with isolation of
the basic, mutagenic components.

Mutagenicity of airborne particulate matter is
thus a specific method-fotigssessing exposure to
ETS which can be used alone or in conjunction with

vapor phase nicotine analysis.
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