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ABSTRACT 

Quantitative proportions of C,Cs alkenes, alkadienes, alkynes, alkanes and arenes were determined for indoor smoky air and for air 
inside a private car. Samples were taken on adsorbent cartridges and analysed by gas chromatography on an aluminium oxide column. 
The proportions of more than twenty reported alkenes, alkadienes and alkynes were demonstrated to be very similar in a smoky room 
and in sidestream cigarette smoke. Isoprene, ethene and propene are major components. Urban air polluted by petrol-fuelled vehicles 
differs mainly by having much lower proportions of isoprene and much higher proportions of petrol alkanes and alkylbenzenes. The 
total concentration of C,-C, hydrocarbons was found to be similar in a smoky room and in a car in urban trafiic. 

INTRODUCTION 

Increasing emphasis is being given to health 
hazards arising from the well-known volatile hydro- 
carbons ethene [ 11, 1,3-butadiene [2] and benzene [3]. 
Other volatile alkenes, alkadienes and arenes are 
likely to constitute significant but less well-known 
hazards. Non-smoking average people are exposed 
to these hydrocarbons mainly through environ- 
mental tobacco smoke and emissions from petrol- 
fuelled vehicles. 

A few volatile hydrocarbons have been reported 
in a comprehensive experimental study [4] and in an 
overview [5] of environmental tobacco smoke. A 
recent study of in-vehicle air pollutants [6] was based 
on volatile petrol alkanes and arenes. The whole 
range of C&C8 hydrocarbons from vehicles can be 
sampled on adsorbent cartridges and assessed by gas 
chromatography on a single column, as demon- 
strated recently for a road tunnel [7] and for urban 
air near to traffic [8]. This study uses a similar 
technique to compare volatile hydrocarbons in 
environmental tobacco smoke and vehicle-polluted 
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urban air. A critical purpose of the study is to assess 
quantitative proportions for a wide range of the 
potentially hazardous C2-Cs hydrocarbons charac- 
terizing air polluted by the two different sources. 

EXPERIMENTAL 

Several samples of environmental tobacco smoke 
were taken on different occasions in Junggrens Cafe, 
located along the Parade Avenue in Gothenburg, 
and well known for its delicious sandwiches. The 
volume of the room is cu. 150 m3 and about ten 
smoking and ten non-smoking customers were pre- 
sent during sampling. The absence of prominent 
contributions from room-specific sources in the cafe 
was ascertained by comparisons with samples from 
other smoky indoor places and with background 
samples taken before the opening of the cafe. 

Sidestream cigarette smoke was obtained by drop- 
ping a lit cigarette into a lOO-ml glass vessel. Samples 
of gas were taken after 2 min. The volume of the 
glass vessel was not critical with respect to the 
resulting hydrocarbon composition. The commer- 
cial brands studied were Blend Ultima (Swedish) 
and Marlboro Light. 
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In-vehicle samples were taken in a private car, a 
1988 Nissan Micra, with threeway catalyst equip- 
ment. The exhaust CH, level was well below 100 ppm, 
which is the upper limit permitted in the compulsory 
Swedish yearly car test. The fuel was unleaded 
RON 95 commercial petrol from the OK Petroleum 
chain. Samples were taken on two occasions during 
urban driving in Gothenburg from Chalmers Uni- 
versity of Technology to the Central Railway Sta- 
tion and back again. The driving time of 20 min 
included 10-20 stops at traffic lights and intersec- 
tions. The engine was warm from the start, the 
windows were closed, and the fan was set to inter- 
mediate speed. The ambient temperature was lO- 
20°C and the air was moderately turbulent. The 
absence of non-typical contributions to specific 
hydrocarbons was ascertained by comparisons with 
a variety of urban samples of traffic-polluted air. 

Samples were taken on triple-layer cartridges 
(glass, 150 mm x 4 mm I.D.) with Tenax TA (0.6 ml, 
60/80 mesh, Chrompack), Carbotrap (0.4 ml, 20/ 
40 mesh, Chrompack) and Carbosieve S-III (0.4 ml, 
60/80 mesh, Chrompack) as adsorbents. The sam- 
pling volumes were cu. 1 ml for sidestream smoke 
and N 500 ml for ambient air. The analytical separa- 
tions were performed on a 50 m x 0.32 mm I.D. 
fused-silica PLOT column (Chrompack) with alu- 
minium oxide-5% potassium chloride as the sta- 
tionary phase. The system for sampling, thermal 
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desorption and gas chromatography has been de- 
scribed previously [9]. The analytical results were 
checked with respect to the proportions of specific 
hydrocarbons by comparisons with duplicate sam- 
ples. Ethene and the C3 hydrocarbons were sampled 
without breakthrough losses [9]. Alkadienes and the 
alkenes with more than two alkyl groups adjacent to 
the double bond appeared to be sensitive to losses by 
chemical decomposition when using the triple-layer 
cartridges. Their quantitative proportions were 
checked by duplicate samples taken on Tenax or 
Tenax + Carbotrap cartridges. Response differences 
of the flame ionization detector were disregarded, 
although a correction for the somewhat higher 
response of benzene [7,8] and alkylbenzenes [A was 
previously applied for urban air. 

Mass spectra, total-ion chromatograms and sin- 
gle-ion chromatograms were obtained from a Vari- 
an Saturn II ion trap mass spectrometer, coupled to 
an aluminium oxide column in the GC unit. Gas 
samples of sidestream cigarette smoke were injected 
directly onto the GC-MS system without adsorbent 
sampling. 

RESULTS AND DISCUSSION 

Chromatographic separation 
In Fig. 1, the separation achieved for C2--Cs 

hydrocarbons from a smoky cafe room is demon- 

Fig. 1. Gas chromatographic separation of ambient volatile hydrocarbons from tobacco smoke (Junggrens Caf6, Gothenburg, 
April 1 Xh, 1992; prominent components originating mainly from sources other than cigarettes are marked with an asterisk; the time scale 
includes the initial desorption period, and a programmed lowered chart speed in two steps after 60 min total time). 
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strated. The identities of the hydrocarbons marked 
in the chromato~am were dete~ined from reten- 
tion data and from mass spectra of the correspond- 
ing species appearing in the chromatogram of side- 
stream cigarette smoke. A major advantage of the 
al~inium oxide column is the clear-cut position of 
C, alkenes between the C, and C,+ 1 alkanes. The C, 
alkadienes elute later than the C, alkenes because of 
the larger induced polar interactions with the sta- 
tionary phase. The non-linear temperature pro- 
gramme (Fig. 1) further improved the separation of 
the hydrocarbons. 

In studies of hydrocarbons, the aluminium oxide 
column offers the advantage that polar compounds 
are not eluted from the column. The only oxygen- 
containing species observed from environmental 
tobacco smoke were furan and methylf~ans. These 
are disregarded in the results given for hydrocar- 
bons. Nitrogen-contai~ng and other polar com- 
pounds from environmental tobacco smoke can be 
analysed on conventional columns after proper 
adsorbent sampling [lo], 

Hydrocarbon composition 
The quantitative proportions of prominent CX- 

Cs hydrocarbons are given in Table I with emphasis 
on a wide coverage of unsaturated species. Smoky 
ambient air is compared with sidestream smoke 
from a cigarette, with air inside a car during urban 
driving, and with vehicle-polluted air in a road 
tunnel. 

The percentage proportions of alkenes, alkadienes 
and alkynes are remarkably similar for the cafe and 
for the sidestream smoke. The proportion of the 
carcinogenic 1,3-butadiene is notably higher than in 
vehicle emissions. Isoprene (methyl-1,3-butadiene) 
is the major component, in sharp contrast to vehicle- 
polluted air. The extensive release of isoprene is 
likely to be linked to the high content of linear 
isoprene polymers in tobacco [ll]. The higher 
proportion of isoprene in sidestream smoke than in 
the smoky room may be due partly to a lower than 
average oxygen supply during the experimental 
combustion. The alkenes from tobacco and from 
vehicle emissions are the same, but their quantitative 
proportions are higher in tobacco smoke. Cigarette 
smoke contains ethene and propene in similar high 
amounts, whereas vehicles emit considerably more 
ethene than propene as combustion products. 

Among the isomeric C4-Cs alkenes, the proportions 
of unbranched 1-alkenes and of 2-methyl-2-alkenes 
are relatively higher for cigarette smoke. The pro- 
portions of the 1,3-pentadienes and other incom- 
pletely resolved species were confirmed by mass 
spectrometric single-ion mo~to~ng for sidestream 
smoke samples. 

The proportions of alkylbenzenes and of C&s 
alkanes are much higher in vehicle-polluted air than 
in cigarette smoke. These hydrocarbons are promi- 
nent components of petrol and are emitted mainly as 
unburnt exhaust hydrocarbons [S]. The volatile 
C4-C5 alkanes are also major components of petrol 
vapours. From the results given in Table I, it is 
concluded that C,-C, alkanes originate mainly 
from traffic emissions even in smoky rooms. Al- 
though there is little traffic near to the cafe, a 
significant contribution from vehicles is also indi- 
cated for benzene and the G-C8 alkyl~~nes. 
Background samples taken before the opening of the 
cafe confirmed the presence of C.&J, alkanes and 
Cs--Cs arenes. On the other hand, the results for 
sidestream cigarette smoke demonstrate that not 
only benzene but also significant amounts of methyl- 
benzene (toluene) and Cs alkylbenzenes are formed 
as combustion products from tobacco. 

With regard to rooms polluted by cigarette smok- 
ing, it is concluded that alkadienes, alkenes and 
several other volatile hydrocarbons orginate pre- 
dominantly from tobacco smoke. Mainstream smoke 
contributes, although the yields are higher for 
sidestream smoke [5]. A compa~son between side- 
stream and mainstream smoke indicated a similar 
composition for the C&s hydrocarbons. A wide 
range of volatile hydrocarbons in mainstream smoke 
is known from early studies 1121. The hydrocarbon 
proportions in sidestream smoke from a Swedish 
cigarette (Blend) were found to be similar to those 
given in Table I (Marlboro). Sidestream smoke from 
different cigarettes is known to differ less in compo- 
sition than mainstream smoke [13]. The tabulated 
hydrocarbon proportions for sidestream smoke and 
smoky indoor air compare well with results previ- 
ously reported for a few of the most prominent 
hydr~arbons [4]. Although the proportions of 
hydrocarbons were found to be similar in different 
smoky rooms, specific indoor sources and sinks may 
give partly deviating results. 

With regard to in-vehicle volatile hydrocarbons, it 
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TABLE I 

COMPOSITION (%) OF CZ-Ca HYDROCARBONS IN AIR POLLUTED BY TOBACCO SMOKE AND TRAFFIC EMISSIONS 

Smoky Sidestream Car Road tunnel [7] 
cafe smoke September 23rd, 1992; February 19th, 1992; 
April 15th, 1992 Marlboro 08.20-08.40 h 08.10-08.40 h 

Alkenes 31 38 10 14 
C2 Ethene 8.9 11.1 4.7 7.8 
C3 Propene 11.6 9.6 2.3 2.8 
C4 bans-2-Butene 0.8 1.0 0.3 0.3 

I-Butene 2.1 2.8 0.4 0.6 
Methylpropene 1.9 2.7 0.9 1.1 
cis-2-Butene 0.6 0.7 0.2 0.2 

C5 Cyclopentene 0.2 0.3 0.1 0.1 
3-Methyl-I-butene 0.5 0.7 0.1 0.1 
trans-2-Pentene 0.3 0.4 0.2 0.2 
2-Methyl-2-butene 1.2 2.7 0.3 0.3 
1 -Pentene 0.8 1.2 0.2 0.2 
2-Methyl-1-butene 0.7 1.3 0.2 0.2 
cis-Zlentene 0.2 0.3 0.1 0.1 

C6 1-Hexene 0.8 1.3 0.1 0.1 
2-Methyl-Zpentene 0.3 0.4 0.1 0.1 

Alkadienes 20 34 
C3 Propadiene 0.2 0.2 
C4 1,2-Butadiene 0.1 0.1 

1,3-Butadiene 1.9 3.2 
C5 Isoprene 16.7 29.2 

cis- 1,3-Pentadiene 0.2 0.2 
trans-1,3-Pentadiene 0.4 0.4 

i.1 
0.0 
0.4 
1.5 
0.0 
0.0 

1 
0.2 
0.0 
0.7 
0.0 
0.0 
0.0 

Alkynes 2 2 
C2 Ethyne 0.9 0.8 
C3 Propyne 0.4 0.4 
C4 Butenyne 0.1 0.2 

2 
2 

5 
5 

- 

0.0 

- 

0.0 

Alkanes 
C2 Ethane 
C3 Propane 
C4 Methylpropane 

Butane 
C5 Methylbutane 

Pentane 
C6 Methylcyclopentane 

2-Methylpentane 
3-Methylpentane 
Hexane 

28 
6 
6 
4.0 
4.3 
1.5 
1.1 
0.3 
0.5 
0.3 
- 

I2 46 35 
3 1.4 0.9 
4 0.8 0.5 
0.5 5.1 2.8 
1.7 11.8 4.8 
0.3 9.1 7.1 
0.5 3.3 3.2 
0.0 2.0 1.8 
0.0 2.7 2.8 
0.0 2.0 2.4 
0.0 2.2 2.0 

Arenes 19 14 40 45 
C6 Benzene 4.8 3.9 9.6 9.1 
C7 Methylbenzene 8.4 6.4 16.0 17.5 
C8 Ethylbenzene 1.0 0.7 3.1 3.7 

Dimethylbenzenes 4.3 2.8 11.6 14.5 

is concluded that they originate almost exclusively low ambient temperature. The higher proportions of 
from traffic emissions. The results from the road butanes in the private car may be due to petrol 
tunnel represent outside-vehicle concentrations at vapours from other vehicles and from the sampling 
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TABLE II 

CONCENTRATIONS bg/m3) OF HAZARDOUS HYDROCARBONS IN A SMOKY ROOM AS COMPARED WITH A 
PRIVATE CAR 

The first two samples represent high indoor levels of cigarette smoke, and the following two samples moderate and fairly high levels of 
vehicle-emitted pollutants inside a car during urban driving. The last column gives rush hour levels from previous measurements in an 
urban road tunnel [7]. 

Cafe Cafe Car Car Tunnel 
April 15th, 1992; May 12th, 1992; September 23rd, 1992; September 24th, 1992; February 19th, 1992; 
13.25-13.55 h 10.30-l 1.00 h 08.20-08.40 h 07.50-08.10 h 08.10-08.40 h 

CHx F-kG) 640 570 390 630 3600 
Ethene 56 42 18 30 280 
Propene 13 37 9 15 100 
Benzene 30 38 37 55 330 
Methylbenzene 53 40 62 110 630 

car itself. The observed proportions of benzene and 
alkylbenzenes are higher than reported for US 
vehicles [6], because of the higher proportion of 
arenes in urban air in Sweden [8], reflecting a high 
content in petrol. The elevated concentration of 
isoprene in the car is likely to be explained by 
isoprene in exhaled air from the two persons in the 
car. The isoprene content in exhaled air may ap- 
proach 1000 pg/m3 [14]. Differences in net human 
uptake between the hydrocarbons may also give rise 
to minor differences in concentrations. Thus ben- 
zene is known to be excreted through breath to a 
greater extent than alkylbenzenes [ 151. 

levels. This is explained mainly by the limited 
dilution of the traffic emissions in the tunnel. 

Human exposure 

It has previously been demonstrated that the 
concentrations of traffic-emitted hydrocarbons are 
higher in private cars during urban driving than in 
the breathing zone of cyclists [17]. The concentra- 
tions in cars were also observed to be higher than on 
the pavement, and several times higher than in 
off-traffic places where official urban air pollution 
levels are often measured. Similar observations were 
made in a recent extensive study of in-vehicle air 
pollutants [6]. The obvious explanation is that cars 
run straight into air pollutants from the vehicles 
ahead, whereas the pollutants are rapidly diluted 
with increasing distance from the stream of vehicles. 

In Table II, exposure levels for selected hazardous It is evident that the concentrations of volatile 
hydrocarbons are compared. The recorded concen- hydrocarbons and other air pollutants are consider- 
trations are of the same order of magnitude in the ably higher in vehicles and in smoky rooms than in 
smoky room as in the private car during urban most other urban environments. The daily exposure 
driving. The alkene levels tend to be highest for time exceeds 1 h for many people. Children are often 
cigarette smoke and the arene levels tend to be exposed in vehicles and in public and private smoky 
highest for traffic pollution. The cafe is regarded as rooms. It is concluded that exposure in smoky 
being smokier than average cafes, but less smoky rooms and in vehicles should be primary targets of 
than many pubs. The lower in-vehicle level corre- efforts to decrease health hazards due to urban 
sponds to moderate wind and traffic, whereas the volatile hydrocarbons. In Sweden, prohibition of 
upper level corresponds to weak wind and peak smoking in hospitals and various public indoor 
trafftc. The upper in-vehicle concentrations were environments are examples of means of reducing 
similar to those observed for volatile arenes in a exposure. Current extensive plans for new urban 
recent study of hydrocarbons in commuter cars [ 161. road tunnels represent an environmental change 
The road tunnel concentrations correspond to peak that may result in greatly increased exposure in 
traffic and are 5-10 times higher than the in-vehicle vehicles [7]. 
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