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ABSTRACT
Benzene is a volatile organic air pollutant that is ubiquitous in the environment. It is
frequently reported in urban airsheds, principally as a result of evaporative emissions
from motor vehicles. Increasingly stringent fuel quality standards have resulted in
lower mean benzene concentrations in many urban airsheds, however the
concentrations reported indoors can be higher than those in urban airsheds. Mean
indoor benzene concentrations can reach one order of magnitude higher than those
reported in urban airsheds. Long term exposure to very high benzene concentrations
can result in leukemia, however the health risks of long term non-industrial exposure
in the general public are currently uncertain.

An important part of determining the risks of non-industrial benzene exposure is to
first determine the influence of various activities on 24-hour personal benzene
exposure. Previous research has identified commuting in a private motor vehicle and
refuelling with low benzene fuel as statistically significant contributors to nonindustrial benzene exposure in the Northern Hemisphere, however none has
quantified the increase in benzene exposure as a result of these activities over a 24hour period in the Mediterranean climate. The results of the 1987 TEAM study in the
South Bay section of California reported that automobile exhaust was a significant
contributor

to

non-industrial

benzene exposure based

on

exhaled

breath

concentrations (p<0.05) and commuting in a private vehicle (p=0.0003) and refuelling
(0.05)

were important

contributors based

on

personal

benzene exposure

concentrations (Wallace et al., 1988).
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The aims of this thesis were to identify the roles and importance of selected activities
in personal exposure to benzene, to determine the increase in 24-hour personal
benzene exposure attributable to these activities and quantify the risk posed by these
activities in a Mediterranean climate. In particular, the aim of this thesis was to
investigate whether commuting in a private motor vehicle and refuelling are
significant contributors to non-industrial personal benzene exposure in a
Mediterranean climate, or whether lifestyle and climate interact.

This research was composed of a personal exposure study, a source monitoring study
and a risk assessment. A cross-sectional personal exposure study was conducted for
two reasons. Firstly, to quantify the mean personal benzene concentrations to which a
representative sample of the general public of Perth was exposed as a result of their
daily activities and behaviours. Secondly, to quantify the frequency of commuting by
private motor vehicle and refuelling with low benzene fuel in Perth. Fifty participants
were recruited for the personal exposure study, and asked to wear a monitor for 24hour periods (including weekends) in summer and winter and record their activities
and locations in a diary. Prior to the monitoring they were asked to complete a
questionnaire seeking background information on their home, lifestyle and
behaviours. The results of the research revealed that there was not a statistically
significant difference between the personal benzene exposure concentrations in
summer and winter. An analysis of the questionnaire and time activity diary data
using a generalised linear mixed model revealed that the time spent commuting in a
private motor vehicle (β= 0.281, p<0.0001) and refuelling with low benzene fuel (β =
0.194, p=0.033) were statistically significant contributors to non-industrial benzene
exposure. Each hour spent commuting resulted in a mean increase in 24- hour
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personal exposure of 0.74 µgm-3 (β= 0.729 µg m-3, p< 0.0001). The mean increase in
exposure per hour of commuting in a private motor vehicle was larger in winter (β=
0.8 µg m-3, p=0.008) than summer (β= 0.67 µg m-3, p=0.004). Refuelling increased
personal exposure by 1.50 µg m-3 (1.49, p<0.0001) in each 24-period when refuelling
was reported.

Benzene source monitoring was conducted at selected locations in Perth for two
reasons. Firstly, data quantifying non-industrial personal benzene exposure during
refuelling and commuting in a private vehicle in Perth was needed, and secondly, to
make an assessment of risk attributable to these activities.

Benzene source measurements were conducted in two carparks in the Central
Business District (CBD), in the vicinity of the northbound and southbound lanes of
the Kwinana Freeway, and at a petrol station. The 7- day arithmetic mean benzene
concentrations in the carparks were 4.49 µg m-3 and 1.23 µg m-3. The 7- day mean
benzene concentrations northbound on the Kwinana Freeway was 2.78 µg m-3, and
the mean benzene concentration southbound was 2.57 µg m-3. Benzene emissions in
the carpark and on the Kwinana Freeway were measured during vehicle idling, which
is representative of vehicle speed during heavy vehicle traffic. Benzene emissions at
the petrol station were monitored in the vicinity of the petrol bowser, which is
representative of emissions during refuelling. The 24- hour mean benzene
concentration at the petrol station bowser was 38.15 µg m-3.

The results of this research revealed that refuelling and commuting in a private
vehicle are the most significant contributors to non-industrial benzene exposure in
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Perth, and that the contribution of these two activities in Perth is far greater than in
previous published research, on the basis of the results obtained from the generalised
linear model. The results of this research quantified the increase in non-industrial
benzene exposure from refuelling and commuting in a private motor vehicle in a
Mediterranean climate for the first time, and quantified the lifetime excess cancer risk
attributable to these activities in a Mediterranean climate for the first time. The
lifetime excess cancer unit risks of these two activities in a Mediterranean climate
were 7.4x10-5 or 7.4 per 100000 population for commuting and 15.03 x 10-4 or 15 per
10000 for refuelling.
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