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Abstract

For a small room (16 =), continously polluted with side-
stream smoke from 2, 3 or &4 cigarerres, the highest pellution
lavels recorded were: CO, 25 ppm: N0, 0.91 pph; HON, 56 pg/ind;
formaldehyde, 1.6 ug/md; nicorine, 288 pp/md; and parciculate
matter, 4,600 ugfm3. During each session, the nonsmokers stayed
in the room for B0 minutes. Saliva, blood and urine, collected
before, during and 5 hrs following exposure, were analyzed for
nicotine, ¢otinine, and thiocysnate, Blood was analyzed alwo
for COHb, The highest levels of nicotine or cotinine in the
physiological fluids of the passively exposed individeals did
not exceed 3% of the mean per person recorded for 450 amokers of
20 cigarettes/day. Nitrosoproline (NPRO) in urine, serves as
an indicator for endogenous nitrosamine formation upon exposure
to nitrosating agents. TFirst data after passive smoke exposure
do not indicate increased urinary excretion of KPRO.

Introduction

Epidemiological studies have indicated an iacreased risk
for lung cancer in passive smokers {2,5,6,13), Weak asssocia-
tions have also been reported for passive smoking snd nasal
pinus cencer gnd for childhood brain tumors in the offspring of
women passively exposed to sidestream smoke during pregnancy
(6,11)., However, a number of other studies failed to confirm
such associations (3,8,9). This discrepancy is not surprising
because of the relatively small increased risk for cancer in
passive smokers and because of the many potencial sources of
bias snd confounders inherent in epidemioclogical studies on weak
associmtions (12), An elucidation of the significance of the
association requires epidemiological studies with different
population groups, & better understanding of the physicochemical
nature of sidestream smoke and polluted indoov air and quantits-
tive comparisons of the uptake of smoke constituents by active
and passive smokers.
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Sidestream Smoke and Indoor Poliution

Sidestream smoke (S5) is a composite of effluents generated
in different ways during the burning of a tobacco product. The
peak temperature in the burning cone of a cigarette during puff-
ing while mainstream smoke (MS) is being formed, reaches 900°C;
during puff intervals it is »600°C. This is an important factor
for the divergence of certain physicochemical parameters and
toxic agents in mainstresm and sidestream smoke (14, Table 1),
5§ releases also significantly higher quantities of certain com-
ponents than does MS. This applies especially to CO, nicotine
pyrolysis products and those vapor phase components for which
the tobacco nitrate serves as a precursor {14).

Table 1. Comparisons of Mainstream and Sidestream Smoke of
Cigarettes.

Parameters

Feak temperature during
formation (*C) 2600

Particle Size {pm} 0.01 - 0.1

pd of smoke (blended
cigarecte) 5.8 6.9 -~ 8.0

Smoke dilution {Vol.X)*
Carbon monoxide 3 ]

Carbon dioxide 8 =2
Oxygen 12 16 =20

Hydrogen 3 ' =0.5

*10 mm away from the burning sene,

It needs to be noted that the release of particulate matter, of
nicotine and of many other smoke components is significantly de-
creased in the M5 of low-yield and ultrs low-yield cigarettes,
but that the 55 yields remain relatively unchanged (10). The
reported values for CO and other toxic agents for smoke polluted
indoor environments range between 5-110 ppm depending on room
size and degree of ventilation and on the numbar of cigarettes
smoked (10). 1In respect to carcinogenesis, the h%}h concentra-
tione of volatile N-nitrosamines (up to 0.24 pg/m?) and of MO,
(up to 0.5 ppm) which may contribute to the endogensus formation
of nitrosamines are of special interest (1,7},
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Inhalation of Polluted Alr by Nonsmokers: A Model Brudy.

Two or 3 male nonsmokers were placed for BD min in a small
room (=16 m?) which was continuously poliuted with 5§ of 2, 3 or
4 cigarettes, respectively, 85 was generated by a amoking
machine, the MS from these cigarettes was directed outside the
room. Table 2 presents data pertaining to characteristics and
the environment of the test chamber.

Table 2, Test Laboratory.

Bize: 16.3 md
Temperature: 22 £ 1°C
Air Exchanges: & x per hour

Pollutants: Sidestream Smoke of 4 concurrently smoked
1Rl Cigarettes

indoor Pollution: Particulate Matter 4,600 pg/w?
Nicotine 280 pg/fmd
Hydrogea Cyanide 56 pg/md
’ Carbon Monoxide 25 pem
N0, 0.91 ppm
Formaldehyde 1.6 mg/m?

Before passive smoke exposure, an indwelling catheter was in-
serced in the sntecubital vein of the 10 volunteers, permitting
blood sampling before, during, and after exposure, buplicate
blood samples were drawn at 10 minute intervals up to BO minutes
of exposure snd, subsequently, at larger intervals wp to 5 hrs
pPOEL exposure.

Neither thiocyanate in saliva, serum and urine nor carboxy-
hemoglobin in serum (<2.0%) were gignificantly elevated. The
sverage nicotine values in salive increased significantly,
reaching maxima of 430, B40 and 880 ng/ml sfter 6080 min expos-
ure for the 3 degrees of pollutien, Upon leaving the room, the
nicotine values decreased rapidly, veaching background levels
afrer 2=3 hrs. Cotinine levels in saliva up to 5 ng/ml were re-
corded 2 hrs after lesving the room. Nicotine in serum was not
gignificantly different from the background whereas cotinine
reached 4 ng/ml 3 hrs afrer the wvolunteers hed left the voom.
The most aignificant nicotine-cotinine results were observed in
the urine analysis. A dose response for nicotine was indicated
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Table 3. Nicotine and Cotinine Levels In Saliva, Serum And Urine of Volunteers
{Sumsary of Avernsge Values)

Saliva (ng/mg) Serum (ng/ml) Urine (ng/mg Creatinine}
Nicot ine Cotinine Cotinine Nicétine Cotinine
Ln 4% 7% £ v 2% 3k 4%

Baseline

*Numbers represent room pollution by smoke of 2, 3 or 4 cigarettes.

**[ = Inside exposure room during pellution; D = outside exposure toom after leaving the room.
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**] = Inside exposure room during pollution; O = outside exposure room after leaving the room.

within 2 hrs and for cotinine within 2-5 hre after exposure
(Table 3).

In & preliminary study, we measured the 24 hr excretion of
N-nitrosoproline (NPRO) in the urine of & male nonsmokers who
had been in the exposure room polluted by BS of 4 cigarettes on
2 consecutive days three times daily for B0 minutes. NPRO ex-
cretion did not increase significantly (average 2.7 to 3.9 pg/24
hel.

Discussion

This model study has shown that nicotine in saliva is the
best immediste, indicator of passive smoke exposure wvhereas
cotinine (and possibly nicotine) in urine appears to be the most
reliable marker of such exposure during the following 24 hrs.
In our study of 450 active smokers, we found a plasma cotinine
plateau at 300 ng/wl which was reached after about 20 cigarectes
(4). The highest value recorded in this study of passive wmoke
exposure was & ng/ml. This indicates that the nmicotine (and
smoke) uptake from passive exposure amounts to wmerely a small
percentage of the uptake from active cigarette smoking. How-
ever, this conclusion requires confirmation by field studies.

The preliminary study on the endogencus formation of NPRO
in 4 passive smokers did not demonstrate significant increases
¢f urinary NPRO excretion (2.7 to 3.9 pg/24 hr) compared to the
average ‘NPRO excretion in cigarette smokers (11.7 ug/24 hej 7).
However, this wmodel study requires confirmation with datas from a
larger group of volunteers and also from field studies with
passively exposed subjects.
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