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Abstract

Objective - To evaluate the room-to-
room distribution of environmental to-
bacco smoke (ETS) in two typical homes
with low ventilation rates.

Methods - Cigarettes were smoked in one
room and airborne tobacco smoke com-
ponents (nicotine, isoprene, and par-
ticles) and the mutagenic activity of the
particulate matter were measured simul-
taneously in that room and several other
rooms in the homes.

Results - With the exception of nicotine,
the measured components had similar
concentrations in all rooms. The nicotine
concentrations were much lower in ad-
jacent rooms than in the smoking room.
Conclusions - Non-smoking occupants in
typical smoking homes will be exposed to
ETS in whichever room they stay. Nic-
otine disappears faster from room air
than other ETS components.

(Tobacco Control 1993; 2: 222-5)

Introduction
Although active smoking is the major de-
terminant for premature disease and death,
passive smoking, ie, exposure to environmental
tobacco smoke (ETS) has also been linked to
significant effects in exposed persons. There is
now a consensus in the literature that passive
smoking causes an increased risk of heart
disease"? and lung cancer®®, notwithstanding
dissenting views from tobacco industry consul-
tants.® Passive smoking in children is also
linked to lower respiratory tract illness®? and
there is growing evidence that it is a major co-
factor in the development of allergies and
asthma.5 811

While adults have some opportunity to avoid
passive smoking, children are much more
restricted in their ability to avoid exposure; if
parents or guardians smoke, the child can be
exposed to ETS. In the counselling of parents
it is often suggested that smoking should not
occur near children, which is commonly under-
stood to mean that smoking should not be
carried out with children in the lap or in the
same room. The latter is probably due to the
misconception that passive smoking is the
direct and immediate exposure to the visible
wisps of smoke emerging from cigarettes.

The present study was undertaken in order
to study how tobacco smoke is dispersed in real
homes having low ventilation rates that typi-
cally prevail in temperate and cold climate

zones in order to conserve energy. The study
included the measurement of concentrations of
nicotine, isoprene, and particles (which to-
gether comprise a reasonable distribution of
component types present in ETS), as well as
the mutagenic activity of the particulate
matter.

Materials and Methods

HOMES

The homes investigated were one 3-bedroom
apartment and one 3-storey/3-bedroom town-
house (see figure). The apartment had a floor
area of about 74m? and a total volume
(excluding closed cabinets, bathrooms, etc) of
about 140 m®. The townhouse had a base areas
of about 55 m? and a total volume (excluding
closed cabinets, bathrooms, etc) of about
300 m®. Smoking did not occur on a routine
basis in either of the homes.

SMOKING AND SAMPLING

Smoking'? was performed in the living rooms
with a frequency of 1 cigarette every 30 min in
the apartment and 1 cigarette every 20 min in
the townhouse. The smoking was started 1.5
hours before sampling was initiated and con-
tinued throughout the sampling period of
200 min. Samples for analysis were collected at
the sites shown in the figure at about 1.5 m
above the floor. Each home was investigated
twice and the results are given for each
investigation.

NICOTINE

Nicotine was sampled with battery-operated
personal pumps (Casella AFC123, Casella
London Inc, UK) at a rate of 21/min and
collected on two successive 37 mm diameter
teflon-coated glass fiber filters (TX40HI20W-
W, Pallflex Products Corp, Putnam, Penn-
sylvania, USA). The second filter was treated
with sodium bisulphate to collect gas-phase
nicotine according to the method of Hammond
et al'® The filters were extracted with an
aqueous 10 M sodium hydroxide solution
containing 59, ethanol.'* The basic aqueous
solution was then extracted into heptane
containing 0.1 %, triethylamine.'* Isoquinoline
was added as an internal standard.!® The
extracts were analysed for nicotine on a Varian
Model 3400 gas chromatograph with a nitrogen
detector. The results are given here as the total
concentration of nicotine!® (ie, the sum of
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nicotine collected on the particulate filter and
the gas-phase filter).

ISOPRENE

Isoprene was measured with a portable Photo-
vac 10850 gas chromatograph (Photovac Inc,
Canada) as described elsewhere.!” Each room
was measured (every 30 min) in the apartment.
Only one room was measured (every 10 min)
in the townhouse.

PARTICLES

The concentration of particles less than 10 um
was measured with a TSI Piezobalance Model
3500 (TSI Inc, St Paul, Minnesota, USA).
Each sampling location was measured every
30 min (ie, seven times during the actual
sampling period).

MUTAGENICITY

Particulate matter was collected with battery-
operated pumps (Aircheck sampler, SKC Inc,
Eighty Four, Pennsylvania, USA) at a rate of
4 1/min on 37 mm diameter glass-fiber filters
(3-A-1/NH, renamed MGI160, Stora Filter
Products, Grycksbo, Sweden). Filter extrac-
tion, sample preparation, and mutagenicity
testing in the microsuspension assay have been
described elsewhere.!®* The mutagenicity
testingwasperformed withthe Salmonellastrain
TA98 in the presence of metabolic activation
in the form of rat liver S9 (1.S-9, Molecular
Toxicology, Inc, Annapolis, Maryland, USA).
The results are given as revertants (rev)/m?
air.

VENTILATION RATE

The ventilation rates were estimated by the
rate of disappearance of isoprene and par-
ticulate matter after smoking ended. The
ventilation rate of the apartment was also
measured separately by the disappearance of
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butane gas emitted into the apartment and
analysed by gas chromatography. The ven-
tilation rates were found to be about 0.5 air
changes per hour (ACH).

OUTDOOR AIR

Ambient outdoor particulate matter was col-
lected for mutagenicity assays in the vicinity of
the apartment or house on 9 cm diameter
glass-fiber filters at a rate of 50 1/min during
the periods of indoor measurement. The
mutagenicity was determined with the same
procedure as that used for indoor samples.
Particle concentrations were also measured
with the TSI Piezobalance instrument before
and after the indoor studies. For the days on
which indoor samples were collected, com-
munity air pollution data were obtained from a
rooftop site in the city centre 5 and 20 km from
the apartment and the house.

Results and Discussion

Tables 1 and 2 summarise the results of the
indoor measurements giving the data for each
of the replicated studies in each home. The
ambient outdoor air was relatively clean: the
average outdoor mutagenic activity of the four
sampling periods was 60 rev/m® with indi-
vidual values of 200, 15, < 10, and < 10. The
outdoor concentrations of particles measured
before and after the indoor studies were always
<50 ug/m®. The data obtained from the
community air pollution site corroborated
these measurements. Thus, the high indoor
concentrations were almost entirely due to the
smoking.

Airborne nicotine is a specific indicator for
the presence of tobacco smoke and has been
used as a tracer in many studies!® in addition to
measurements of particle concentrations. In
other studies it has been found that the nicotine
concentration in ambient outdoor air is much
less than 1 pg/m3.2°

The mutagenic activity of the organic extract
of airborne particles can be used as a pollution
parameter.”

Isoprene is a major component of tobacco
smoke,!” but can have other sources, such as
human exhalation. The one or two persons
present in the homes during the experiments
would have contributed only small amounts of
isoprene as the human exhalation is about
0.1-0.4 mg/h and the tobacco smoke emission
is about 5 mg/cigarette.”

The concentrations of nicotine decreased
drastically with the distance from the living
room, where the smoking took place, to other
rooms in the homes (tables 1 and 2). This is in
contrast to the other pollutants, which were at
about the same concentrations in all rooms of
the apartment and which only decreased by
about 509, in the most remote room of the
townhouse.

The efficient dispersion of ETS to all rooms
in the homes, as shown by the analysis of
particles and isoprene, implies that occupants
cannot escape exposure to ETS if smoking
occurs within the home. One might ask how
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Table 1 The concentration of ETS components in two separate studies (a and b) in a 140 m® apartment while

smoking one cigarette every 30 min in the living room.

L (living room) B (bedroom) S (study room)
ETS component a b a b a b
Nicotine (ug/m?) 31 35 20 24 8 10
Isoprene (ug/m®) 50 160 150 160 130 140
Particles (ug/m®) 350 410 350 420 290 330
Mutagenicity (rev/m?) 2500 2700 2600 3800 2200 2600

Table 2 The concentration of ETS components in two separate studies (c and d) in a 300 m® 3-storey/3-bedroom
townhouse while smoking one cigarette every 20 min in the living room.

L (living room) K (kitchen) B (bedroom) A (attic)
ETS component ¢ d ¢ d ¢ d c d
Nicotine (ug/m?®) 63 87 20 32 11 9 9 12
Isoprene (ug/m?®) nd®* nd nd nd 180 200 nd nd
Particles (ug/m®) 380 480 nd nd 270 290 240 280
Mutagenicity (rev/m?®) 3400 5400 2900 3100 2400 3200 2200 2100

* nd = not determined.

the dispersion would be if interior doors are
closed instead of open. A closed door would
certainly decrease the movement of ETS into
the room while the door is closed, but the
dispersion will start as soon as the door is
opened. It should be noted that ventilation
rates of 0.5-1 ACH require several hours to
remove ETS from the smoking area; however,
the maintenance of a closed door for several
hours after someone has smoked is not a
practical alternative.

The results of the present study corroborate
the finding of an earlier study?® in which
particulate matter was collected by electro-
static precipitation in children’s rooms in
smoking and non-smoking families. The result
of that study showed that the mutagenic
activity in the sampled rooms was very much
higher in smoking families than in non-
smoking families and indicated that the frac-
tion of ETS entering the sampled rooms was
almost as much as would be expected from an
even distribution of mutagenic tobacco smoke
particles throughout the homes.

Airborne nicotine is a specific indicator of
the presence of tobacco smoke. It has, however,
been pointed out previously that nicotine may
disappear faster from air than other ETS
components,®** but these suggestions were
based on laboratory experiments in chambers
with more or less inert surface materials. The
present study, in real environments, confirms
that nicotine disappears faster from indoor
home air than other components, implying
that the exposure to nicotine relative to other
ETS components may be dependent on the
distance between the smoker and the passive
smoker.

The major message from this study is that
smoking in the home will expose non-smoking
occupants to tobacco smoke throughout the
home, with potential health consequences.
Parents and other child guardians should be
enlightened about this fact.

This study has been supported financially by the Swedish
Council for Building Research. Mrs Birgitta Bohm contributed
nicotine analyses and mutagenicity assays and allowed her
townhouse to be polluted twice.
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