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ABSTRACT
Objectives Smoke-free policies not only reduce harm
to non-smokers, they may also reduce harm to smokers
by decreasing the number of cigarettes smoked and
increasing the likelihood of a successful quit attempt.
However, little is known about the impact of exposure to
smoking on patios on smoking behaviour.
Design and participants Smokers from the Ontario
Tobacco Survey, a longitudinal population representative
cohort of smokers (2005–2011). There were 3460
current smokers who had completed one to six follow-
ups and were asked at each follow-up whether or not
they had been exposed to smoking on patios in the
month.
Main outcome measures Generalised estimating
equations and survival analysis were used to examine
the association between exposure to patio smoking and
smoking behaviour changes (making a quit attempt and
time to relapse after a quit attempt), controlling for
potential confounders.
Results Smokers who were exposed to smoking on
patios (adjusted incident rate ratio (aIRR) = 0.89; 95%
CI 0.81 to 0.97) or had been to a patio (aIRR = 0.86;
95% CI 0.74 to 0.99) were less likely to have made a
quit attempt than smokers who had not visited a patio.
Smokers who were exposed to smoking on patios were
more likely to relapse (adjusted HR=2.40; 95% CI 1.07
to 5.40)) after making a quit attempt than those who
visited a patio but were not exposed to smoking.
Conclusions Exposure to smoking on patios of a bar
or restaurant is associated with a lower likelihood of
success in a quit attempt. Instituting smoke-free patio
regulations may help smokers avoid relapse after
quitting.

INTRODUCTION
The health risks of second-hand smoke are well
established with no risk-free level of exposure.1

Associated health effects include stroke, lung
cancer, coronary heart disease, low birth weight,
nasal irritation, middle ear disease, respiratory
symptoms, impaired lung function, lower respira-
tory illness, and sudden infant death syndrome.1

Several jurisdictions have found dramatic decreases
in hospital admissions for worsening of chronic
obstructive pulmonary disease (COPD) and acute
coronary syndrome following the implementation
of smoke-free policies.2–4 This evidence supports
eliminating exposure to second-hand smoke as a
public health priority.
In many jurisdictions, including the province of

Ontario, most indoor workplaces, bars and

restaurants are covered by smoke-free laws, bylaws,
and ordinances. While some outdoor environments
such as transit areas, open air stadiums and school
grounds are regulated at the local or national level;
a number of jurisdictions in Australia, New
Zealand, the USA and Canada have sought to
reduce second-hand smoke exposure further by
implementing more comprehensive outdoor smoke-
free laws and regulations including prohibiting
smoking on restaurant and bar patios.5 The
Smoke-Free Ontario Act implemented in May
2006 banned smoking in all enclosed public spaces
and workplaces, however the legislation permitted
smoking on patios that are not covered by a roof.
Outdoor smoke-free patio ordinances are gener-

ally justified in three ways. First, waitstaff and
patrons in outdoor areas can be exposed to sub-
stantial concentrations of tobacco smoke,6 particu-
larly within 1–2 m of a lit cigarette. Outdoor
smoke may also drift into protected indoor spaces.7

Second, outdoor smoke-free laws are believed to
change social norms by influencing the social
climate around tobacco use; thus, reducing expos-
ure could lead to denormalisation and decreased
use among current and susceptible smokers.
Numerous jurisdictions have shown changes in atti-
tudes and norms following smoke-free regula-
tions.8–10 Third, smoke-free laws may have a direct
effect on reducing harm to smokers by encouraging
quitting behaviour through eliminating visual cues
and physical exposure to airborne nicotine which
can trigger relapse and undermine efforts to quit
and maintain abstinence. There is evidence that
indoor smoke-free restrictions in workplaces,
public places and homes lead to decrease in the
number of cigarettes smoked per day and increases
in the likelihood of attempting to quit.11–15

Smokers in Ireland also reported that their compre-
hensive smoke-free legislation helped them sustain
their abstinence.15

To the best of our knowledge, there are no quan-
titative studies of the impact of patio smoking bans
on the smoking cessation behaviours of affected
patrons. Outdoor bans represent one of the more
innovative elements in progressive health policies
towards reduction of harm from tobacco. We
hypothesise that exposure to smoking on patios
decreases the likelihood of a smoker making a quit
attempt and increases the chance of relapse follow-
ing a quit attempt. This study examines whether
exposure to smoking on patios is associated with
the likelihood of making a quit attempt and the
risk of relapse after a quit attempt. We also
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investigate the correlates of exposure to smoking on patios
among smokers and non-smokers.

METHODS
Participants
Data from the Ontario Tobacco Survey, a population-based longitu-
dinal survey of adult smokers with cross-sectional samples of non-
smokers in Ontario, Canada were used to examine these questions.
Smokers were followed for up to 3 years at approximately 6-month
intervals. Recruitment took place between July 2005 and June 2008
with the final longitudinal panel ending in 2011. Non-smokers
were sampled concurrently with smokers, but were not followed
longitudinally. The response rate was 61%, with 80% retention at
12-month follow-up. The distribution of sample characteristics was
consistent with census data; further details of the sampling and
recruitment processes of the survey are documented elsewhere.16

Research ethics approval for this study was obtained from the
University of Toronto and the University of Waterloo.

There were three different analytic sets used in this paper (see
figure 1). To examine correlates of exposure to smoking on
patios, eligible respondents were smokers and non-smokers with
data on exposure to second-hand smoke and restaurant/bar
attendance (n=4997). Questions on exposure were not asked in
the first two waves of the study. All observations prior to the
implementation of the Smoke-Free Ontario Act, which banned
smoking inside bars and restaurants in all jurisdictions in May
2006, were excluded from all analyses.

To assess quit attempts, the analytic set included those who
were current smokers at baseline and had completed at least one
of the 6-month, 12-month or 18-month follow-up interviews
(n=3460 for the quit attempt objective). Respondents could
contribute multiple observations: 1960 respondents contributed
three sets of observations, 846 contributed twice, and 654 once
for a total of 8226 observations.

To assess rates of relapse after a quit attempt, a subsample of
373 people from the quit attempt analytic set were examined. To
be eligible for this analysis, the individuals must have been current
smokers at the previous survey, made a quit attempt in the past
6 months and have been currently abstinent for at least 30 days.
These restrictions ensured that the quit attempt preceded the
assessment of past 30 day exposure to smoking on a patio, and
that the relapse event occurred subsequent to the exposure. For
example, if a participant reported a quit attempt that began within
the past 2 weeks, they would be excluded because the quit attempt
may have begun subsequent to the patio visit.

Measures
Exposure to patio smoking was assessed through a combination
of six questions asking if the respondents had been to a bar or a
restaurant in the past 6 months and if yes, how often they had
sat on patios in the past 30 days. Respondents who sat on patios
‘some’ or ‘all of the time’ were then asked whether or not there
were other people smoking around them. This measure could
include both direct physical exposure to second-hand smoke
and visual exposure to smoking (cues). Exposure to smoking on
patios was classified in four ways, based on past 30-day patio
attendance and exposure as follows: ‘No bar or restaurant
attendance’; ‘bar or restaurant attendance, but no patio attend-
ance’; ‘patio attendance, not exposed to smoking’ and ‘patio
attendance, exposed to smoking’.

Outcome measures
A quit attempt was defined using the response to “In the past
6 months, did you try to quit smoking completely?” as a

self-reported measure for making a serious quit attempt;
smokers who were abstinent for more than 30 days at the time
of follow-up were considered to have made a quit attempt.

Time to relapse associated with patio smoking was assessed
through length of abstinence subsequent to the quit attempt,
derived from a series of questions on smoking behaviour. At the
first follow-up, the duration of the quit attempt was the longest
period reported without smoking a cigarette. Additional time
was added to this figure, for the period of time that the partici-
pant reported continuous abstinence in subsequent follow-ups.
If still abstinent, the period between survey dates of the individ-
ual was added to the length of abstinence at the first follow-up.
If the participant reported smoking at a subsequent follow-up, a
midpoint censoring rule applied, with one-half of time since last
interview added to the duration of abstinence recorded. This
process of adding duration of abstinence was repeated until the
individual reported smoking, was lost to follow-up, or the study
ended. This procedure produced a relatively continuous relapse
curve.

Covariates
Potential confounders were assessed, including age, sex, marital
status (married vs other), having children under 18 in the home
(yes/no), level of education completed (less than high school,
completed high school, some college or university, completed
college or university), region of Ontario (North, Southwest,
East, Greater Toronto Area), self-reported health (excellent to
poor), daily or occasional smoking, season of interview (April–
October vs November–March), survey date, perceived addiction
(very, somewhat, not at all addicted), prior lifetime use of
pharmaceutical quit aids (ie, nicotine patch, gum and spray,
bupropion, and varenicline: yes/no), and prior lifetime use of
behavioural quit aids (ie, self-help, counselling, group therapy:
yes/no). For the present study, high and moderate nicotine
dependence was based on the Heaviness of Smoking Index
(HSI) and defined as a score of greater than 2,17 with
less-than-daily smokers assigned a value of zero, although was
included in regression models as a continuous variable.

Analysis
Association of individual characteristics and exposure to
smoking on patios in Ontario was assessed among smokers and
non-smokers. The association of exposure to smoking on patios
with making a quit attempt was assessed among eligible
smoking participants using Generalised Estimating Equation
(GEE) regression models. The association between exposure to
smoking on patios and time to relapse after a quit attempt was
assessed using a Cox regression model among smokers who had
made a quit attempt. Tests of the proportional hazards assump-
tions (plots of the survival function and Schoenfeld residuals)
were performed and found to be satisfactory. Interactions
between patio smoking and gender, heaviness of smoking and
occasional smoking were examined and were statistically insig-
nificant. All analyses accounted for the complex survey design
and were conducted using Stata V.12 (StataCorp).

RESULTS
Twenty per cent of adults in Ontario reported being exposed to
smoking on patios between 2006 and 2008. Younger, male, and
married respondents were over-represented among those
exposed (table 1). Exposure to smoking on patios was more
likely in the warmer months, with 68% of participants reporting
exposure during April–October, and 32% reporting exposure in
the colder months of November–March. Participants from the
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greater Toronto Area (with no complete bans on patios) were
most likely to be exposed, while those in Eastern Ontario
(including cities with comprehensive bans on smoking on
patios, such as Ottawa and Kingston) were least likely to be
exposed. In general, smokers were significantly more likely than
non-smokers to report being exposed to patio smoking (74% of
those exposed to smoking on patios were current smokers).

Those exposed to smoking on patios in the past 30 days were
less likely to report making a quit attempt compared with those
who did not visit a bar or restaurant (incident rate ratio, IRR:
0.89; 95% CI 0.81 to 0.97; table 2). Smokers who visited a
patio but did not report exposure to smoking in the past
30 days were also less likely to report making a quit attempt
than those who did not visit a bar or restaurant (IRR = 0.86;
95% CI 0.74 to 0.99). However, there was no difference in quit

attempts between those who went to a patio and were exposed
to smoking and those who went to a patio and were not
exposed (IRR = 0.97; 95% CI 0.82 to 1.15; p=0.733).

In the analysis examining the relationship of exposure to
smoking on patios to relapse, only recent quitters who were abstin-
ent for at least 30 days at the time of the survey were included.
Those who were exposed to smoking on patios were more likely
to relapse at the following interview than those who did not go to
a bar or restaurant (HR = 1.65; 95% CI 1.07 to 2.55; table 3).
The relationship was even stronger when compared with those
who went to a patio but were not exposed to smoking (HR=2.40;
95% CI 1.07 to 5.40; p=0.033). Unlike the results for quit
attempts, there was no significant difference in relapse between
those who visited a patio but not exposed to smoking and those
who did not visit a patio.

Figure 1 Analytic population sets.
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DISCUSSION
Getting current smokers to quit and stay quit has an immediate
public health benefit with impacts on heart disease and
COPD-related deaths.18 While smoke-free patios may also have

important health impacts, due to a reduction in physical expos-
ure to smoke, and positive effects on changes in social norms
among smokers and non-smokers, this study is the first to con-
clude that they may help smokers avoid relapse following a quit

Table 1 Associations between demographic characteristics and past 30-day exposure to smoking on patios among smokers and non-smokers
in the Ontario Tobacco Survey at baseline

Not visiting bar or
restaurant
N=3203

Visiting bar or restaurant/
no patio
N=402

Visiting patio/no smoking
N=413

Visiting patio/smoking
N=979

Per cent 95% CI Per cent 95% CI Per cent 95% CI Per cent 95% CI

Age*
18–29 7.62 (6.75 to 8.59) 7.71 (5.47 to 10.76) 9.2 (6.77 to 12.39) 25.03 (22.41 to 27.84)
30–39 12.74 (11.63 to 13.94) 13.18 (10.21 to 16.86) 18.16 (14.73 to 22.18) 18.79 (16.47 to 21.37)
40–49 23.1 (21.68 to 24.60) 17.91 (14.46 to 21.97) 21.79 (18.07 to 26.03) 20.94 (18.50 to 23.60)
50–59 24.6 (23.14 to 26.12) 29.6 (25.34 to 34.25) 23.97 (20.10 to 28.33) 19.92 (17.53 to 22.54)
60–69 17.64 (16.36 to 19.00) 17.66 (14.24 to 21.70) 17.68 (14.29 to 21.66) 10.32 (8.56 to 12.38)
70+ 14.3 (13.13 to 15.56) 13.93 (10.88 to 17.67) 9.2 (6.77 to 12.39) 5.01 (3.80 to 6.56)

100 100 100 100

Sex*
Female 61.04 (59.33 to 62.71) 43.28 (38.52 to 48.18) 55.93 (51.10 to 60.65) 47.91 (44.79 to 51.04)

Male 38.96 (37.29 to 40.67) 56.72 (51.82 to 61.48) 44.07 (39.35 to 48.90) 52.09 (48.96 to 55.21)
100 100 100 100

Education*
Less than high school 14.17 (13.01 to 15.42) 10.7 (8.03 to 14.11) 9.44 (6.98 to 12.67) 10.01 (8.28 to 12.05)
Completed high school 27.66 (26.14 to 29.24) 24.13 (20.20 to 28.56) 20.1 (16.51 to 24.24) 30.54 (27.73 to 33.50)
Some college 34.09 (32.47 to 35.75) 29.1 (24.87 to 33.74) 34.14 (29.72 to 38.85) 34.42 (31.51 to 37.46)
Completed college/university 22.17 (20.76 to 23.64) 33.83 (29.37 to 38.60) 33.9 (29.50 to 38.60) 23.39 (20.85 to 26.14)
Refused 1.9 (1.48 to 2.44) 2.24 (1.17 to 4.25) 2.42 (1.31 to 4.44) 1.63 (1.00 to 2.65)

100 100 100 100
Marital status*
Not married 61.75 (60.06 to 63.42) 62.69 (57.85 to 67.28) 63.2 (58.43 to 67.71) 44.43 (41.35 to 47.56)
Married 38.25 (36.58 to 39.94) 37.31 (32.72 to 42.15) 36.8 (32.29 to 41.57) 55.57 (52.44 to 58.65)

100 100 100 100
Children in the home
None 62.72 (61.03 to 64.38) 72.25 (67.65 to 76.42) 61.17 (56.37 to 65.76) 62.87 (59.79 to 65.85)
One or more 37.28 (35.62 to 38.97) 27.75 (23.58 to 32.35) 38.83 (34.24 to 43.63) 37.13 (34.15 to 40.21)

100 100 100 100
Region*
Toronto 18.2 (17.18 to 19.27) 22.64 (18.91 to 26.86) 30.02 (25.94 to 34.45) 24.31 (21.91 to 26.88)
Northern Ontario 28.57 (27.40 to 29.76) 32.59 (28.31 to 37.18) 23 (19.28 to 27.20) 27.99 (25.44 to 30.68)
Eastern Ontario 26.07 (24.95 to 27.22) 24.63 (20.76 to 28.95) 23 (19.29 to 27.19) 22.37 (20.02 to 24.91)
Southern Ontario 27.16 (26.02 to 28.33) 20.15 (16.59 to 24.26) 23.97 (20.19 to 28.20) 25.33 (22.87 to 27.96)

100 100 100 100
Reported poor health*
No 83.39 (82.06 to 84.64) 85.82 (82.06 to 88.90) 88.62 (85.18 to 91.34) 86.31 (84.02 to 88.33)
Yes 16.61 (15.36 to 17.94) 14.18 (11.10 to 17.94) 11.38 (8.66 to 14.82) 13.69 (11.67 to 15.98)

100 100 100 100
Smoking status*
Non-smoker 48.7 (46.97 to 50.43) 57.25 (52.35 to 62.01) 58.84 (54.02 to 63.49) 26.25 (23.59 to 29.10)
Current smoker 51.3 (49.57 to 53.03) 42.75 (37.99 to 47.65) 41.16 (36.51 to 45.98) 73.75 (70.90 to 76.41)

100 100 100 100
Season*
November–March 50.92 (49.19 to 52.65) 56.22 (51.32 to 60.99) 34.14 (29.72 to 38.85) 32.07 (29.22 to 35.06)

April–October 49.08 (47.35 to 50.81) 43.78 (39.01 to 48.68) 65.86 (61.15 to 70.28) 67.93 (64.94 to 70.78)
100 100 100 100

All characteristics measured at baseline (N=4997).
*p<0.05.

4 Chaiton M, et al. Tob Control 2014;0:1–6. doi:10.1136/tobaccocontrol-2014-051761

Research paper

group.bmj.com on June 22, 2015 - Published by http://tobaccocontrol.bmj.com/Downloaded from 

http://tobaccocontrol.bmj.com/
http://group.bmj.com


attempt. However, the results of this study suggest that smoke-
free patios do not increase the likelihood of quit attempts.

Current smokers were much more likely than non-smokers to
report visiting a patio where smoking was taking place. Smokers
may seek out patio environments when visiting hospitality
venues, as uncovered patios are one of the few remaining public
places where people can smoke. Likewise, non-smokers may
seek out smoke-free indoor spaces to avoid possible exposure to
smoke on patios.19 Some regional variation in reported smoke
exposure can be explained, in part, by regional or municipal
by-laws. For example, in Eastern Ontario, the community of
Kingston has a local by-law that requires all patios to be smoke-
free; however, there were insufficient numbers of participants
during the times the by-laws were in place to analyse separately.

Previous studies have found that exposure to second-hand
smoke at home, at bars and restaurants, and in workplaces is
associated with greater numbers of cigarettes smoked, reduced
likelihood of quit attempts, and increased chance of
relapse.20 21 A three-country study in England, the Netherlands
and Ireland, comparing quit attempts and success before and
after the introduction of smoke-free laws, reported that a com-
prehensive bar and restaurant ban (without specific patio cover-
age) was effective at increasing quit attempts and quit success,
while partial laws had no effect.22 23 However, most compre-
hensive bans that do not include patios increase outdoor
smoking behaviour, as smokers take their cigarettes outside.19

This study suggests that outdoor exposure does impact quit
success; however, there was no effect of smoke exposure over
and above the effect of visiting a patio with respect to quit
attempts. Most quit attempts are planned,24 and this suggests
the relationship between smoke-free indoor places and quit
attempts may operate through a different mechanism.

One potential mechanism for the association of relapse behav-
iour with exposure to smoking on patios is through introducing
social cues to smoke. Previous research has found that exposure
to social or visual cues for smoking is associated with a decrease
in motivation to quit and increased risk of relapse.25–29 This
study used a measure of exposure that did not distinguish

between exposure to sensory (visual, odour) cues related to
smoking and physical exposure to nicotine in second-hand
smoke. Further research is needed to distinguish between the
relative effects of the visual and odour cues and the direct
effects of exposure to smoke.

The interpretation of the association must be taken with
caution. People were able to choose whether or not they were
exposed to smoke on patios. It is evident that people who go to
patios are quite distinct from those who do not go out or do
not visit patios. Although we controlled for a number of demo-
graphic and smoking-related characteristics, there may still be
residual confounding. The reduced likelihood of quit attempts
among all individuals who had visited a patio, irrespective of
smoke exposure, suggests that there may be characteristics of
people who visit patios per se that make them more resistant to
quitting. Smokers may seek out patios that permit smoking, par-
ticularly for social interactions, while the nature of the visit to
the patio (eating, drinking, socialising) was not assessed in this
study, we did find that smoke exposure alone, and not simply
the characteristics of people visiting patios, was associated with
relapse, suggesting that the active mechanism is specific to either
physical or social exposure to smoking. Another potential limi-
tation is that the measurement of exposure to smoke and visit-
ing a bar and patio was self-reported, and participants may not
have reported exposure to smoke from their own cigarettes.
However, this is a greater concern with the analysis of quit
attempts, as patio exposure was measured prior to, and inde-
pendently of, cessation behaviour studied and so the true risk of
response-bias due to non-objective measurement of patio attend-
ance should be smaller for the relapse analysis. Exposure to
smoke may also vary, as a patio may be an area people are
required to pass through, akin to a doorway. Smokers who are
struggling with a quit attempt may be more likely to notice and
report this type of exposure as they pass through.

The association between exposure to smoking on patios and
relapse could also be affected by alcohol use, which was not
measured directly in this survey. However, there was no associ-
ation between relapse and attendance at a bar or restaurant

Table 2 Association between exposure to smoking on patios and making a quit attempt in next 6 months (n=460, observations=8226), using
generalised estimating equations method

Patio smoking exposure* Observations Made a quit attempt (IRR) 95% CI p>|z|

Did not go to a restaurant or bar 5511 1.00
Went to a restaurant or bar but did not visit a patio 470 1.03 0.90 to 1.18 0.68
Visited a patio but was not exposed to smoking 448 0.86 0.74 to 0.99 0.04
Exposed to smoking on patios 1797 0.89 0.81 to 0.97 0.01

*Controlling for age, sex, education, marital status, having children in the home, region of Ontario, self-reported health, daily or occasional smoking, season, survey date, Heaviness of
Smoking Index, perceived addiction, as well as lifetime use of pharmaceutical and behavioural quit aids.
IRR, incident rate ratio.

Table 3 Association between time to relapse after a quit attempt and exposure to smoking on patios among recent quitters who were not
smoking at the time of interview (n=373), using survival analysis

Patio smoking exposure* Observations Person years relapse, N HR 95% CI p>|z|

Did not go to a restaurant or bar 252 269.52 128 1.00

Went to a restaurant or bar but did not visit a patio 37 34.77 17 0.92 0.54 to 1.58 0.76
Visited a patio but was not exposed to smoking 25 25.30 8 0.64 0.30 to 1.35 0.24
Exposed to smoking on patios 59 48.03 36 1.65 1.07 to 2.55 0.02

*Controlling for age, sex, education, marital status, having children in the home, region of Ontario, self-reported health, daily or occasional smoking, season, survey date, Heaviness of
Smoking Index, perceived addiction, as well as lifetime use of pharmaceutical and behavioural quit aids.
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where alcohol use was also likely to have occurred, implying
that the effect was specific to social or physical exposure to
smoking. In Ontario, the interior of bars and restaurants were
officially smoke-free, and exposure to smoking indoors was
minimal. Further research could help understand how changes
in regulations impact changes in smoking behaviour.

CONCLUSION
Visiting a patio, irrespective of smoke exposure, was associated
with a decreased likelihood of attempting to quit smoking;
however, exposure to smoking on patios was associated with
relapse among smokers who had made a quit attempt. Exposure
to second-hand smoke is known to have direct health effects.30

These results suggest that regulations that reduce smoking on
patios may also benefit health by helping recent quitters stay
smoke-free.

What this paper adds

▸ Getting current smokers to quit and stay abstinent remains
one of the most significant outcomes of tobacco control
policy.

▸ This paper provides important evidence of a potential
contribution of outdoor smoking bans in meeting this
objective.

▸ This population representative longitudinal study of smokers
demonstrates that exposure to smoking on patios during an
ongoing quit attempt increases the risk of relapse.
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Some persons feel that although establishing smoke-free 
buildings is justified, establishing smoke-free areas outdoors is not.  
This paper discusses the toxicity of tobacco smoke, the factors 
determining its concentration, and argues that tobacco smoke in 
places where people live, work, or congregate, whether indoors or 
outdoors, poses a nuisance to many, and both an acute and chronic 
health hazard to some.  Thus, local governments are justified in 
establishing smoke-free zones outdoors. 

Tobacco smoke contains at least 172 toxic substances, 
including 3 regulated outdoor air pollutants, 33 hazardous air 
pollutants, 47 chemicals restricted as hazardous waste, and 67 
known human or animal carcinogens.1  The law of conservation of 

 †  Visiting Assistant Professor, Tufts University School of Medicine and 
Repace Associates, Inc., 101 Felicia Lane, Bowie, MD 20720 U.S.A., 
http://www.repace.com/. 
 1. JAMES L. REPACE, EXPOSURE ANALYSIS 203 (Wayne R. Ott et al. eds., 2006). 
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mass dictates that this must be true whether tobacco smoke is 
inhaled in the act of smoking, or inhaled by nonsmokers out of the 
air indoors or outdoors, known as secondhand smoke (SHS). 

The concentration of tobacco smoke pollution in buildings 
and in vehicles is proportional to the density of smokers, and 
inverse to the ventilation rate.2  Tobacco smoke pollution outdoors 
(outdoor tobacco smoke—or OTS), is far more complicated, being 
determined by the density and distribution of smokers, the wind 
velocity (direction and speed), and the stability of the atmosphere.3  
High SHS concentrations are produced by high smoker density, 
low wind velocities, and stable atmospheric conditions.  SHS 
concentrations persist for hours after smoking ceases indoors, while 
OTS concentrations dissipate rapidly after smoking ceases 
outdoors.4  However, during smoking, OTS levels outdoors may be 
as high as SHS indoors, especially in close proximity to smokers. 

I. STATE AND LOCAL OUTDOOR SMOKING BAN POLICIES 

Several states have taken steps to restrict smoking in outdoor 
locations and even in automobiles where children are present.  As a 
result of research conducted by the state, culminating in the listing 
of OTS as a Toxic Air Contaminant, some of the most restrictive 
ordinances have been passed in California. 

The City Council of Calabasas, California, passed an ordinance 
that took effect January 1, 2007, “prohibit[ing] smoking in all 
public places, indoor or outdoor, where anyone might be exposed 
to secondhand smoke.”5  The outdoor ban “includes outdoor cafes, 
bus stops, soccer fields, condominium pool decks, parks and 
sidewalks.”6  “Smoking in one’s car is allowed, unless the windows 

 2. James L. Repace, Fact Sheet: Outdoor Air Pollution from Secondhand Smoke 
(2005), available at http://www.repace.com/pdf/OTS_FACT_SHEET.pdf. 
 3. Id. 
 4. Neil E. Klepeis et al., Real-Time Measurement of Outdoor Tobacco Smoke 
Particles, 57 J. AIR & WASTE MGMT. ASS’N 522, 522 (2007); James L. Repace, Address 
Before the 13th World Conference on Tobacco OR Health: Abstract of Indoor 
and Outdoor Carcinogen Pollution on a Cruise Ship in the Presence and Absence 
of Tobacco Smoking (Oct. 17, 2004) (unpublished working paper, on file with 
author). 
 5. John M. Broder, Smoking Ban Takes Effect, Indoors and Out, N.Y. TIMES, Mar. 
19, 2006, at 1; CALABASAS, CAL., MUN. CODE §§ 8.12.030–.040 (2006), available at 
http://www.bpcnet.com/codes/calabasas. 
 6. Broder, supra note 5, at 1. 
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are open and someone nearby might be affected.”7  Violators face 
“warnings, fines of up to $500 for repeat offenses, and 
misdemeanor charges.”8  The ordinance followed a few “weeks after 
the California Air Resources Board declared secondhand smoke to 
be a Toxic Air Contaminant that can lead to respiratory infections, 
asthma, lung cancer, heart disease and death.”9  “Smoking has been 
prohibited on most Southern California beaches and piers since 
2003.”10  Nationwide, in excess of “700 cities . . . have enacted 
ordinances placing some limits on outdoor smoking, according to 
the American Nonsmokers’ Rights Foundation.”11  California 
Governor Arnold Schwarzenegger “signed a bill [making] it an 
infraction to smoke in a vehicle if someone under age 18 is 
present.”12  Other California smoking prohibitions “include a ban 
on smoking in enclosed workplaces and within 25 feet of a 
playground.”13  Legislation banning smoking in cars with young 
children present was adopted in Arkansas in 2006, and similar 
smoking bans with children have been introduced in the states of 
California, Georgia, Michigan, New Jersey, New York, Pennsylvania, 
and Vermont.14  Louisiana has limited smoking in cars when 
children 13 and younger are in the vehicle.15

II. STUDIES OF OUTDOOR TOBACCO SMOKE CONCENTRATIONS 

A limited number of controlled experiments and field studies 
of OTS have been conducted in California, Europe, Maryland, and 
the Carribean.  These studies show that OTS levels outdoors are 
often as high as SHS levels indoors, although there are differences 
in the persistence of OTS levels once smoking ceases. 

 7. Id. 
 8. Id. 
 9. Id. 
 10. Id. at 2. 
 11. Id. 
 12. Steve Lawrence, State Bans Smoking with Kids in Vehicle, ASSOCIATED PRESS, 
Oct. 11, 2007. 
 13. Id. 
 14. Wayne Ott et al., Air Change Rates of Motor Vehicles and In-Vehicle Pollutant 
Concentrations from Secondhand Smoke, 1–14 J. EXPOSURE SCI. & ENVTL. EPIDEMIOLOGY 
1, 13 (2007). 
 15. Vaughn W. Rees & Gregory N. Connelly, Measuring Air Quality to Protect 
Children from Secondhand Smoke in Cars, 31 AM. J. PREVENTIVE MED. 363, 363 (2006). 
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A. California 

The California Air Resources Board (CARB) study measured 
OTS nicotine concentrations outside an airport, college, 
government center, office complex, and amusement park.16  CARB 
found that at these typical outdoor locations, Californians may be 
exposed to OTS levels as high as indoor SHS concentrations.17  
CARB found that OTS was strongly affected by the number of 
smokers, and moderately affected by the size of the smoking area 
and the measured wind speed.18  The CARB study concluded that 
OTS concentrations are detectable and are sometimes comparable 
to indoor concentrations.  The study also demonstrated that the 
number of cigarettes being smoked (i.e., total source strength), the 
position of smokers relative to the receptor, and atmospheric 
conditions can all lead to substantial variation in average 
exposures.19  CARB concluded that OTS is a “Toxic Air 
Contaminant.”20

A Stanford University study measured OTS respirable particle 
concentrations in outdoor patios, on airport and city sidewalks, and 
in parks.21  It also conducted controlled experiments of SHS 
indoors and OTS outdoors.22  It found that mean SHS particle 
concentrations outdoors can be comparable to SHS indoors.23  
Within about 2 feet of a smoker, OTS was quite high and 
comparable to SHS concentrations measured indoors.24  The study 
found that levels measured in 2 sidewalk cafés were detectable at 
distances beyond 13 feet.25  It further found that, in contrast to 
SHS, OTS does not accumulate and that OTS peaks are more 

 16. See CAL. ENVTL. PROT. AGENCY: AIR RESOURCES BOARD, PROPOSED 
IDENTIFICATION OF ENVIRONMENTAL TOBACCO SMOKE AS A TOXIC AIR CONTAMINANT 
(2005), http://repositories.cdlib.org/tc/surveys/CALEPA2005. 
 17. Id. at 5–12. 
 18. Id. at 23. 
 19. Id. at 82–91. 
 20. Id. at 25. 
 21. Klepeis et al., supra note 4, at 525 (study conducted via “15 on-site field 
visits to 10 public outdoor locations containing smokers”). 
 22. Id. at 525–26. 
 23. Id. at 531. 
 24. Id. at 532 (“Generally, average levels within 0.5 m[eters] from a single 
cigarette source were quite high and comparable to indoor levels . . . .”) (0.5 
meters equals approximately 1.64 feet). 
 25. Id. (“[D]uring 2 on-site proximity experiments . . . OTS was still 
detectable . . . at distances of approximately 3–4 m[eters] from a single cigarette 
on sidewalk patios.”) (4 meters equals approximately 13.12 feet). 
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sensitive to source-receptor proximity and wind velocity.26  Thus, 
long-term averages for OTS concentrations are averaged over a 
large number of transient peaks, which only occur when smokers 
are active, whereas indoor concentrations remain high long after 
smoking has ceased.  The total dose to a person indoors from each 
cigarette will be greater than that received from each cigarette 
smoked outdoors.  The study found upwind OTS concentrations 
very low and downwind OTS much higher.27

B.  Denmark 

Boffi measured OTS respirable particle pollution in a car park 
(open space), outdoors in front of a conference center with 
smokers under a roof (18 smokers during a measurement time of 
35 minutes), indoors in the nonsmoking conference center, along 
the motorway to Copenhagen city centre, and inside a Copenhagen 
restaurant where smoking was allowed.28  He found that mean 
values observed with smokers in front of the conference center 
were significantly higher than the outdoor parking place, indoor 
conference center, motorway, and Copenhagen outdoor official 
data.29

C.  Finland 

Repace and Rupprecht measured OTS respirable particle 
pollution in 5 outdoor cafés and on city streets in downtown 
Helsinki.30  They found that air pollution levels during August 2003 
in Helsinki outdoor cafés with many smokers were 5 to 20 times 
higher than on the sidewalks of busy streets polluted by bus, truck, 
and auto traffic.31

 26. Id. at 530–32. 
 27. Id. at 532. 
 28. R. Boffi et al., A Day at the European Respiratory Society Congress: Passive 
Smoking Influences Both Outdoor and Indoor Air Quality, 27 EUR. RESPIRATORY J. 862, 
862 (2006). 
 29. Id. at 863. 
 30. James L. Repace & Ario Alberto Rupprecht, Paper Presented at the 13th 
World Conference on Tobacco OR Health: Outdoor Air Pollution from 
Secondhand Smoke (July 14, 2006). 
 31. Id. 
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D. Maryland 

Repace measured outdoor fine particle and carcinogen 
concentrations from OTS on the campus of the University of 
Maryland in Baltimore County.32  Using controlled experiments, 
Repace found that cigarette smoke respirable particulate (RSP) 
concentrations decline approximately inversely with distance 
downwind from the point source, whereas cigarette smoke 
carcinogen concentrations decline approximately inversely as the 
square of the distance from source to receptor.33  The experiments 
showed that OTS smoke levels did not approach background levels 
either for fine particles or carcinogens until about 23 feet from the 
source.34  Levels of irritation begin as low as 4 micrograms per cubic 
meter (µg/m3) SHS-RSP, and levels of odor detection are as low as 
1 µg/m3.35  Thus SHS odor would be detectable in these 
experiments as far as 7 meters from the source, and levels of 
irritation would begin at 4 meters from the source.36

E.  The Caribbean 

Experiments conducted on a cruise ship underway at 20 knots 
at sea in the Caribbean showed that OTS in various smoking-
permitted outdoor areas of the ship tripled the level of carcinogens 
to which nonsmokers were exposed relative to indoor and outdoor 
areas in which smoking did not occur, despite the strong breezes 
and unlimited dispersion volume.37  Moreover, outdoor smoking 
areas were contaminated with carcinogens to nearly the same 
extent as a popular casino on board in which smoking was 
permitted.38

 
 

 

 32. Repace, supra note 2. 
 33. Id. at 9. 
 34. Id. at 10. 
 35. Martin H. Junker et al., Acute Sensory Responses of Nonsmokers at Very Low 
Environmental Tobacco Smoke Concentrations in Controlled Laboratory Settings, 109 
ENVTL. HEALTH PERSP. 1045, 1050–51 (2001). 
 36. See id. at 1049–50. 
 37. James L. Repace, Address at the 14th Annual Conference of the 
International Society of Exposure Analysis: Indoor and Outdoor Carcinogen 
Pollution on a Cruise Ship (Oct. 2004). 
 38. Id. 
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Figure 1.  Indoor and Outdoor Carcinogen Pollution on a 
Cruise Ship39

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Outdoor carcinogen levels in the presence of smoking in a 

ship underway at sea at 20 knots of speed is comparable to indoor 
levels in the ship’s casino, again showing a strong proximity effect 
despite the open air and strong breezes.40

F.  Smoking in Cars 

Two studies have shown that secondhand smoke in the small 
volumes of cars leads to very high exposures.  Ott, Klepeis, and 
Switzer measured carbon monoxide (CO) and fine particle (PM2.5) 
from multiple cigarettes smoked inside of 4 motor vehicles under 
both moving and stationary conditions, and found high particle 
concentrations inside cars with smokers due to the small volumes 
of the passenger compartments, and found that the concentrations 
become extremely high with the low air change rates caused by 

 39. Id. 
 40. Id. 
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closing windows and air conditioning.41  They concluded that these 
extremely high particle concentrations constitute a serious health 
risk for adults and children who are passengers in a car with a 
smoker.42  These findings were echoed by a Harvard School of 
Public Health report, concluding that SHS in cars can be up to 10 
times more of a health risk than SHS in a home.43  At least 20 states 
and a number of municipalities have considered limiting smoking 
in cars where minors are present.44

III. DISCUSSION 

Individual cigarettes are point sources of air pollution; 
smokers in groups become an area source of SHS pollution.  
Outdoor air pollutants from individual point sources are subject to 
plume rise if the temperature of the smoke plume is hotter than 
the surrounding air; however if the plume has a small cross-section, 
as for a cigarette, it will rapidly cool and lose its upward 
momentum, and then will subside, as the combustion particles and 
gases are heavier than air.45  Thus, in the case of no wind, the 
cigarette plume will rise to a certain height and then descend, and 
for a group of smokers, for example, sitting in an outdoor café, on 
a hospital patio, or in stadium seats, their smoke will tend to 
saturate the local area with SHS. 

In the case where there is wind, the amount of thermally-
induced plume rise is inversely proportional to the wind velocity—
doubling the wind velocity will halve the plume rise.46  In this case, 
the cigarette plume will resemble a cone tilted at an angle to the 
vertical.47  The width of the cone and its angle with the ground will 
depend upon the wind velocity: a higher wind will create a more 
horizontal but wider cone (due to increased turbulence), with 
uncertain impact on exposure to SHS for downwind nonsmokers.48  
If there are multiple cigarette sources forming an area source of 

 41. Ott et al., supra note 14, at 15. 
 42. Id. 
 43. Rees & Connelly, supra note 15, at 363.  The report concludes that levels 
of RSP measured in private cars were unsafe for children at prolonged rates.  Id. at 
367.  See also Lawrence, supra note 12. 
 44. Lawrence, supra note 12. 
 45. Repace, supra note 2, at 1. 
 46. Id.  See generally SAMUEL J. WILLIAMSON, FUNDAMENTALS OF AIR POLLUTION 
(1973). 
 47. WILLIAMSON, supra note 46; Repace, supra note 2, at 1. 
 48. WILLIAMSON, supra note 46; Repace, supra note 2, at 1. 
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SHS, the downwind concentrations will consist of multiple 
intersecting cones, i.e., overlapping plumes of increased 
concentration in the volume of overlap, before re-dissipating with 
increasing distance from the area source.49  As the wind direction 
changes, SHS pollution will be spread in various directions, 
fumigating downwind nonsmokers. 

A. Symptomatic Effects 

There are a number of studies that show that nonsmokers 
suffer both illness and irritation from tobacco smoke exposure.  
SHS contains a large quantity of respirable particles, which can 
cause breathing difficulty for those with chronic respiratory 
diseases, or trigger an asthmatic attack in those with disabling 
asthma.50  For the remainder of nonsmokers, Junker et al. report 
eye, nasal, and throat irritation thresholds for 24 healthy young 
adult females for repeated exposures over the course of 2 hours, 
corresponding to an SHS-PM2.5 concentration of about 4.4 µg/m3.51  
As Figure 2 shows, these levels are exceeded even at distances 3 or 4 
meters (10 to 13 feet) downwind of a smoker in a sidewalk café, 
posing an irritation and annoyance problem even for healthy 
nonsmokers.  With larger numbers of smokers, this irritating cloud 
of pollution would extend to even greater distances.  Thus, there is 
scientific data to support OTS being both a health threat to 
asthmatic patients and a public nuisance to nonsmokers in general. 
 
 
 
 
 
 
 
 
 
 
 

 

 49. WILLIAMSON, supra note 46. 
 50. James Repace, Indoor Air Pollution and the Asthma Epidemic 5 (July 
1996) (unpublished working paper, on file with author). 
 51. Junker et al., supra note 35, at 1049. 
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Figure 2.  Outdoor Tobacco Smoke (OTS) In a Sidewalk Café 
and a Backyard Patio52

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Overall average OTS mass concentrations as a function of proximity to the OTS source measured during experiments on a 

backyard patio using smoldered cigarettes, and two sidewalk cafés with human-smoked and smoldered cigarettes, for which source 

proximity was precisely recorded.  Background RSP levels were subtracted from all measurements. 

 
Figure 2 illustrates the proximity effect in a sidewalk café: 

outdoor tobacco smoke was still detectable at distances of 
approximately 3 to 4 meters from a single cigarette on sidewalk 
patios.  Slightly elevated particle concentrations were detected at a 
distance of 8 meters from a cluster of burning cigarettes and 
around the corner of the house during a backyard patio 
experiment.53

Speer investigated subjective reactions of nonsmokers who 
developed symptoms from passive smoking.54  Speer divided the 
nonsmokers into 2 groups: 191 nonsmokers with allergic diseases 
such as nasal allergy, asthma, and allergic headache, and a control 
group of 250 non-allergic nonsmokers without such diseases.55  

 52. Klepeis et al., supra note 4, at 532, fig. 3. 
 53. Id. 
 54. See generally Frederic Speer, Tobacco and the Nonsmoker: A Study of Subjective 
Symptoms, 16 ARCHIVES ENVTL. HEALTH 443 (1968). 
 55. Id. at 443–44. 
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Speer concluded that an impressively large number of people 
complain of symptoms from tobacco smoke, both allergic and non-
allergic individuals.56  The symptoms are summarized in Figure 3 
on the following pages. 
 

Figure 3.  Known Symptoms of Passive Smoking57

 
 Passive Smoking may produce:  

 
• Itching, tearing, burning, 

reddening, swelling of eyes, 
blinking—increasing with 
exposure; 

 
• Sneezing, blocking, running, 

itching of nose; 
 
• Coughing, wheezing, sore 

throat—respiratory discomfort 
might begin within a half hour, 
persist for 8 to 12 hours; 

 
• Headache, nausea and dizziness; 
 
• Choking sensation; 
 
• Irritation of mucous membranes 

of nose, throat, lung;  
 

• Respiratory disease exacerbation; 
 
• Respiratory symptoms, depressed 

pulmonary function. 
 
 
 
 

 
Passive smoking is the 
inhalation of secondhand 
or environmental tobacco 
smoke (SHS)-polluted air.  
SHS is the toxic waste of 
tobacco consumption. 

 

 
 56. Id. at 446. 
 57. Id. at 443–46; Herbert Savel, Clinical Hypersensitivity to Cigarette Smoke, 21 
ARCHIVES ENVTL. HEALTH 146 (1970). 
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Prevalence of SHS symptoms reported 
by 10,000 nonsmoking office workers, 

exposed 8 hours per day58

 
• Difficulty working near a 

smoker (50%) 
 

• Forced to move away from 
desks (36%) 

 
• Bothered by SHS (33%) 

 
• Eye irritation (48%) 

 
• Nasal irritation (35%) 

 
• Aggravation of pulmonary 

disease (25%) 
 

Odor acceptability59 ~ 
1µg/m3 SHS-RSP; 
irritation threshold60: 4.4 
µg/m3

 
Savel reported on 8 nonsmokers with clinical hypersensitivity 

to cigarette smoke; all 8 individuals were allergic nonsmokers, and 
all developed immediate upper respiratory discomfort after being 
exposed to cigarette smoke.61  Savel also reported a number of 
adverse symptoms, including eye and nose irritation, choking 
sensation, and both sinus and migraine headaches.62  Savel 
concluded that an allergy to cigarette smoke might produce 
clinically distressing upper respiratory tract symptoms in 
nonsmokers with allergic backgrounds, exert a depressant effect on 
the antibacterial defense mechanisms of the lung, exert a toxic 
effect on lymphocytes, and play a role in the pathogenesis of 
pulmonary distress.63

 
 

 
 58. Cary B. Barad, Smoking on the Job: The Controversy Heats Up, 48 
OCCUPATIONAL HEALTH & SAFETY 21, 21–24 (1979). 
 59. Junker et al., supra note 35, at 1050. 
 60. Id. 
 61. Savel, supra note 57, at 146. 
 62. Id. at 147. 
 63. Id. 
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Figure 4.  Smoked and Smoldered Cigarettes Showing the 
Cancer-Causing Polycyclic Aromatic Hydrocarbons (PAH) and 

SHS-RSP Data64
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The Junker (2001) irritation index shows the median 

threshold of SHS irritation for healthy nonsmokers.65  Figure 4 
illustrates the proximity effect in an outdoor plaza where students 
congregated in widely scattered tables on a college campus in 
Baltimore, Maryland.66  The proximity effect was studied in a 
controlled experiment involving 10 college student smokers placed 
in rings of increasing diameter around 2 air quality monitors so 

 64. Repace, supra note 2. 
 65. Junker et al., supra note 35, at 1045. 
 66. Repace, supra note 2, at 6. 
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that no matter which way the wind blew, the monitors were always 
downwind of 1 smoker.67  Relative to a ring radius of 4 meters (13 
feet), where the level is 4 units high, the SHS-RSP exposure 
concentration at 1.5 meters (5 feet) is 13 units high for particles 
and 35 units high for PPAH carcinogens, as shown in Figure 4.  In 
this experiment, the proximity effect near a ring-shaped area 
source increases SHS by a factor of 3 for particles and a factor of 
nearly 9 for carcinogens. 

B.  Asthmatic Effects 

There is very good evidence that environmental tobacco 
smoke has direct irritant effects in the case of passive smoking by 
children under the age of 4; this effect appears to diminish in 
children aged over 4 years.68  There is also good evidence that SHS 
can trigger bronchospasm in some adults with asthma.69  SHS is 
associated with wheezing symptoms, medical therapy for wheezing, 
and wheezing-related emergency department visits by children.70  A 
causal association exists between SHS and increased episodes and 
aggravation of symptoms of children with asthma, affecting 200,000 
to 1,000,000 children under the age of 18.71  More than 14 million 
Americans reported having asthma in 2000, according to the 
National Center for Health Statistics.72  “Asthma is a leading 
contributor of limited activity and absences from work and school; 
it also causes 5000 deaths each year in the U.S.  The National 
Heart, Lung, and Blood Institute estimates that the annual direct 
and indirect costs of asthma were $12.7 billion in 2000.”73  By 2004, 
7.1% (20.5 million) of people currently had asthma.74  Among 
children under age 18 years, 8.5% (6.2 million) currently had 
asthma.  Among adults 18 years and over, 6.7% (14.4 million) had 
asthma.75  According to one report, teenage children exposed to 

 67. Id. 
 68. Repace, supra note 4. 
 69. Id. 
 70. Id. 
 71. Id. 
 72. Nat’l Heart, Lung, and Blood Inst., Asthma: Frequently Asked Questions, 
http://www.nhlbi.nih.gov/health/prof/lung/asthma/surveil_faq.htm. 
 73. Press Release, Nat’l Insts. of Health, NHLBI Funds Centers for Reducing 
Asthma Disparities (Oct. 30, 2002), available at http://www.nhlbi.nih.gov/new/ 
press/02-10-30a.htm. 
 74. Nat’l Heart, Lung, and Blood Inst., supra note 72. 
 75. Id. 



15. REPACE - ADC 6/11/2008  6:09:39 PM 

2008] BENEFITS OF SMOKE-FREE REGULATION OUTDOORS 1635 

 

tobacco smoke in cars had an even higher risk of persistent wheeze 
than if they had been exposed at home.76

C.  Health Risks from Exposure to SHS and OTS 

Repeated exposure to a carcinogen, such as air pollution from 
SHS and OTS, over a lifetime increases the risk of cancer.77  The 
U.S. Surgeon General has stated that there is “no risk free exposure 
to SHS”—chronic risk is proportional to average exposure 
concentration times duration of exposure times the dose-response 
relationship.78  Federal regulatory agencies compute risk over a 70-
year standard lifetime (e.g., EPA) or over a working lifetime of 45 
years (e.g., OSHA).79  Typical risks for lung cancer from passive 
smoking are in the range of 1 to 10 deaths per 1000 persons per 
lifetime.80  Typical chronic heart disease risks are 10 times higher.81  
“De minimis” or acceptable risk is typically 1 death per 1,000,000 
persons per lifetime.82  OSHA’s “significant risk of material 
impairment of health” is 1 death or irreversible serious health 
effect per 1000 workers per 45 year working lifetime.83  “De 
manifestis” or obvious risk is 5 deaths or irreversible adverse health 
effect per 10,000 people at risk.84  For workers indoors, it would 
take tornado-like rates of ventilation or air cleaning to reduce risks 
from chronic workplace exposure to de minimis levels; ergo, there 
is no risk-free chronic exposure to SHS.  This is also likely to be 
true for waiters in outdoor cafés.  Moreover, indoors or outdoors, 
for persons who have serious asthma, chronic obstructive 

 76. Peter D. Sly et al., Exposure to Environmental Tobacco Smoke in Cars Increases 
the Risk of Persistent Wheeze in Adolescents, 186 MED. J. AUSTL. 322, 322 (2007). 
 77. See RISK ASSESSMENT FORUM, U.S. ENVTL. PROT. AGENCY, GUIDELINES FOR 
CARCINOGEN RISK ASSESSMENT 5-1 to -7 (2005) (discussing risk characterization as 
bringing together hazard, dose-response, and exposure analysis). 
 78. Americans for Nonsmokers’ Rights, Second Hand Smoke: The Science 1 (Nov. 
2006), available at http://www.no-smoke.org/pdf/SHS.pdf. 
 79. See JOHN R. FOWLE III & KERRY L. DEARFIELD, U.S. ENVTL. PROT. AGENCY, 
RISK CHARACTERIZATION HANDBOOK 154 (2000), available at http://www.epa.gov/ 
OSA/spc/pdfs/rchandbk.pdf (EPA); James L. Repace et al., Air Nicotine and Saliva 
Cotinine as Indicators of Workplace Passive Smoking Exposure and Risk, 18 RISK ANALYSIS 
71, 78 (1998) (OSHA). 
 80. See James L. Repace et al., A Quantitative Estimate of Nonsmokers’ Lung 
Cancer Risk from Passive Smoking, 11 ENV’T INT’L 3, 6–9 (1985). 
 81. Repace et al., supra  note 79, at 79. 
 82. Curtis C. Travis et al., Cancer Risk Management: A Review of 132 Federal 
Regulatory Decisions, 21 ENVTL. SCI. & TECH. 415, 418 (1987). 
 83. Repace et al., supra note 79, at 79. 
 84. Travis et al., supra note 82, at 418. 
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respiratory disease, or heart disease, even brief exposures to SHS 
could land them in the emergency room or worse.  It is generally 
these patients who died in the notorious outdoor smog episodes in 
the Meuse Valley in Belgium in 1930, Donora, Pennsylvania in 
1948, and London in 1952, which eventually led to stringent 
regulation of outdoor air pollution.85

Arguments against banning smoking in certain outdoor public 
venues were advanced by Professor Simon Chapman in his 
presentation at the Tobacco Control Legal Consortium Symposium 
on the Limits of Tobacco Control Regulation. 

Our focus in this symposium on whether policy and 
advocacy for the regulation of SHS might sometimes go 
“too far.”  [Where] “going too far” in SHS policy means 
efforts premised on reducing harm to others, which ban 
smoking in outdoor settings such as ships’ decks, parks, 
golf courses, beaches, outdoor parking lots, hospital 
gardens and streets.  It is also the introduction of 
misguided policies allowing employers to refuse to hire 
smokers, including those who obey proscriptions on 
smoking indoors while at work.  Many people are 
comforted by the smell of camp and log fires, even 
seeking out such exposures.  But the same people will 
sometimes become outraged by the occasional, fleeting 
exposure to tobacco smoke.  While nearly identical in 
terms of their noxious content, both forms of smoke have 
entirely different meanings.  If radically different concerns 
about inhaling essentially the same zoo of noxious 
particles was all that mattered here, we would have to 
conclude that many people can be frankly irrational.  But 
outrage about some forms of smoke and open acceptance 
of others is very explicable to sociologists of risk 
perception.  Among the many key determinants of 
meaning and outrage are whether a noxious agent is seen 
as voluntary or coerced; natural or artificial; and whether 
the risk has been amplified by lots of media attention.  We 
don’t read much about the dangers of inhaling campfire 
smoke, smoke from incense or candles or cooking, but we 
read a lot about the dangers of secondhand cigarette 
smoke.  I emphasize that I am very supportive of 
preventing smoking in crowded, confined outdoor 

 85. WILLIAMSON, supra note 46.  See also STEPHEN T. HOLGATE ET AL., AIR 
POLLUTION & HEALTH (1999). 
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settings such as sports stadia, in most outdoor dining 
sections of (particularly small) restaurants and in 
unblocking the entrances to buildings by having smokers 
move further away.86

My response to Professor Chapman’s arguments follows: We 
agree completely on the principle of banning smoking in outdoor 
cafés and sports stadia.  However, I disagree that because campfire 
smoke and smoke from incense, candles, or cooking have not (yet) 
received the same level of notoriety that SHS has (largely because 
they have not been researched until recently), that they do not 
pose both acute and chronic health hazards resulting from the 
toxicity of fine particles.87  In fact, smoke from any source in places 
where people live, work, or congregate is going to pose a nuisance 
to many and an acute health hazard to some.  Smoke from all of 
these sources is the product of incomplete combustion and is toxic 
to humans.  As with indoor smoking, if enough persons complain 
about outdoor smoking, local governments will be moved to 
protect the public, as they have done for decades with factory 
smoke and auto exhaust, and are scientifically justified in doing so 
for OTS on the basis of the exposure analysis discussed herein. 

IV. CONCLUSIONS AND POLICY IMPLICATIONS 

In 1946, a city ordinance urged by concerned citizens was 
passed in Pittsburgh, Pennsylvania, despite the absence at that time 
of any scientific evidence of the health effects of outdoor air 
pollution levels on the population.  Thus, early public air pollution 
policy was formulated on the basis of intuition.  Similarly, a wave of 
restrictions on outdoor smoking has been passed in several U.S. 
states, despite the absence of health effects studies on OTS and the 
paucity of data on OTS concentrations.  However, data is 
accumulating in support of the public’s intuitive response to OTS.  
Recent field studies plus controlled experiments demonstrate that, 
regardless of which way the wind blows, individuals in an outdoor 

 86. Simon Chapman, Professor of Public Health at the University of Sydney, 
Austl., Presentation at the Tobacco Control Legal Consortium Symposium on the 
Limits of Tobacco Control Regulation at William Mitchell College of Law (Oct. 23, 
2007). 
 87. See generally Wayne R. Ott & Hans C. Siegmann, Using Multiple Continuous 
Fine Particle Monitors to Characterize Tobacco, Incense, Candle, Cooking, Wood Burning, 
and Vehicular Sources in Indoor, Outdoor, and In-Transit Settings, 40 ATMOSPHERIC 
ENV’T 821 (2006). 
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café, transiting through a building doorway, on a public street, 
sidewalk or bus stop, even on the open deck of a cruise ship at sea, 
or otherwise surrounded by a group of smokers, are always 
downwind from the source and are thus subject to being enveloped 
in a cloud of obnoxious, irritating, asthmagenic, carcinogenic, and 
atherogenic fumes. 

These studies also show that under a variety of conditions, 
levels of OTS can be as high as indoor levels of SHS.  Smoking in 
the small volume of cars leads to much higher levels of tobacco 
smoke air pollution than in other enclosed environments.  
Individuals who suffer from asthma, especially children, are at 
acute risk from OTS.  Healthy persons are subject to annoyance 
and increased risk of developing chronic disease from repeated 
OTS exposure over a lifetime.  This new data confirms public 
intuition, demonstrating that public demand for smoke-free 
outdoor spaces is not “going too far,” and justifies policies banning 
smoking in outdoor locations, in vehicles, where people congregate 
in public, or where workers are placed at risk, such as outdoor 
cafés. 
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ABSTRACT
Objective This paper considers the evidence on
whether outdoor secondhand smoke (SHS) is present in
hospitality venues at high levels enough to potentially
pose health risks, particularly among employees.
Data sources Searches in PubMed and Web of
Science included combinations of environmental tobacco
smoke, secondhand smoke, or passive smoke AND
outdoor, yielding 217 and 5,199 results, respectively
through June, 2012.
Study selection Sixteen studies were selected that
reported measuring any outdoor SHS exposures
(particulate matter (PM) or other SHS indicators).
Data extraction The SHS measurement methods were
assessed for inclusion of extraneous variables that may
affect levels or the corroboration of measurements with
known standards.
Data synthesis The magnitude of SHS exposure
(PM2.5) depends on the number of smokers present,
measurement proximity, outdoor enclosures, and wind.
Annual excess PM2.5 exposure of full-time waitstaff at
outdoor smoking environments could average 4.0 to
12.2 μg/m3 under variable smoking conditions.
Conclusions Although highly transitory, outdoor SHS
exposures could occasionally exceed annual ambient air
quality exposure guidelines. Personal monitoring studies
of waitstaff are warranted to corroborate these modeled
estimates.

BACKGROUND
Secondhand smoke (SHS) is a rich source of sus-
pended fine particulates and is a significant con-
tributor to total particulate load in indoor
environments where smoking occurs.1 An eleva-
tion of 10 mg/m3 of long-term exposure to fine par-
ticle air pollution (particulate matter (PM)2.5),
including that from tobacco smoke, is associated
with 6%, 9% and 14% increased risk for all cause,
cardiopulmonary and lung cancer mortality
respectively.2

Indoor smoke-free air laws have had lasting and
important health benefits including improved
indoor air quality, reductions in SHS exposure and
tobacco use, and lower rates of respiratory and car-
diovascular events.3 Less than 11% of the world
population is protected by a comprehensive smoke-
free air policy covering 100% of all non-hospitality
workplaces, bars and restaurants.4 Nevertheless, in
recent years there has been a normative shift with
regard to smoking in public indoor places in which
today, 28 countries have country-wide comprehen-
sive smoke-free air laws present.5 However, as jur-
isdictions implement indoor smoke-free legislation,

the outdoor areas of such locations may become
more commonly cited sources of SHS exposure as
smoking gets pushed outdoors.6 7

Globally, outdoor smoking restrictions are
uncommon,8 though one of the most widespread
outdoor smoking bans occurred in New York City
in 2011 when smoking was banned in all parks,
beaches and pedestrian plazas.9 Given the limited
research linking exposures to SHS from outdoor
environments to health effects, many current pol-
icies have been justified by citing preservation of
public amenity, the potential impacts on social
norms surrounding smoking, or litter reduction
rather than an overt concern to protect the health
of those exposed to SHS.9–13 Moreover, in commu-
nities where indoor smoke-free air laws are already
present, surveys have shown that large proportions
of respondents would express preference for add-
itional smoke-free policies, such as those in
outdoor areas of dining establishments.14–18

Assessment of the health consequences of SHS
exposure has been dominated by long-term expos-
ure studies conducted in indoor settings where
SHS concentrations can remain high, long after
active smoking has ceased.19 However, mean
outdoor SHS exposures are highly dependent on
external factors and must be averaged over several
transient peaks occurring only during active
smoking. Thus, the total SHS exposure level
received per cigarette will be greater in indoor
spaces compared with exposures from cigarettes
smoked outdoors.19

Regardless, acute health effects have been asso-
ciated with short-term, low level SHS exposure.
Even very low concentrations (4.4 μg/m3) of envir-
onmental tobacco smoke (measured in PM2.25)
were found to facilitate eye, nasal and throat irrita-
tions among non-smokers.20 Potentially more
serious acute effects on respiratory21 and cardiovas-
cular health have been observed, such as impaired
flow-mediated vasodilation in healthy non-
smokers,22 endothelial cell morbidity,23 or platelet
aggregation in non-smokers.23 24 Additionally, fre-
quent SHS exposure is also independently asso-
ciated with preclinical atherosclerosis.25 26

Emerging research has suggested that under spe-
cific conditions, SHS levels can be temporarily
comparable with or even temporarily higher than
levels observed indoors.27–33 However, if average
SHS levels are high enough to produce ill health
effects, they are likely to be more pronounced
among employees working in outdoor areas where
smoking is allowed due the higher frequency of
exposures experienced across working shifts and
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overtime. The purpose of this review is to describe the factors
that can contribute to higher SHS exposure levels, particularly
in outdoor hospitality venues, and to estimate the levels of
SHS exposure that may be experienced by wait staff working
at typical outdoor hospitality venues.

METHODS
Searches were conducted in June 2012 using the search strings
Topic=(‘environmental tobacco smoke’) OR Topic=(‘SHS’) OR
Topic=(‘passive smoking’) AND Topic=(outdoor) in Web of
Science and (((environmental tobacco smoke (Title/Abstract))
OR SHS (Title/Abstract)) OR passive smoking (Title/Abstract))
AND outdoor (Title/Abstract)) in PubMed, yielding 5199 and
217 results, respectively. Review of the abstracts yielded only
16 studies that dealt either exclusively or partly with the direct
measurement of outdoor SHS levels. Secondary searches of the
references in these papers were conducted, but no further peer-
reviewed papers were located.

Of these 16 studies found in the peer-reviewed literature, 6
were completed in non-hospitality settings.7 31 34–37 Although
evidence from these studies has been considered, the focus of
this paper is on SHS exposure levels observed at outdoor areas
of hospitality, or hospitality-like settings. Two studies reported
on overlapping results,6 32 with the latter updating previous
results to include more venues and time point assessments.
Reviewed studies, dated between 2007 and 2011, were from the
USA (n=5), Australia (n=3), New Zealand (n=3), Canada
(n=2), Spain (n=2) and Denmark (n=1). A table summarising
all peer-reviewed studies is available as web only material (see
online supplementary appendix A).

Although the primary conclusions in this report are based on
the peer-reviewed literature, non-peer reviewed studies (grey lit-
erature) consisting of conference proceedings, abstracts and
reports not apparently published in indexed journals were also
reviewed. These were obtained via contact with colleagues in
the field and searches of personal research collections. The 7
studies found in the grey literature are only considered as sup-
plementary evidence.19 33 38 39–42

Using the data obtained from the experimental and observa-
tional studies in the peer-reviewed literature, estimates of
excess PM2.5 exposure were calculated. These estimates are
meant to approximate the above-background PM2.5 exposure
levels that may be experienced by employees working at typical
smoking-allowable outdoor hospitality venues. The online sup-
plementary appendix B provides the calculations used.

RESULTS
Measuring SHS contamination in outdoor settings
Given the complex nature of SHS, direct measurements are dif-
ficult to obtain. However, multiple methodologies have been
developed to measure representative components of SHS as
proxies for overall exposure. One such component, nicotine,
has been measured extensively using the nicotine concentration
present in the air38 and the individual biological dose received,
though cotinine, a nicotine metabolite.43–45 However, airborne
nicotine concentrations may not necessarily reflect that of
other constituents of SHS,46 and ‘between-individual’
differences in nicotine metabolism have been noted.44 45

Other studies have measured specific carcinogenic components
of SHS, such as particulate polycyclic aromatic
hydrocarbons (PPAH)47 or the tobacco-specific carcinogen 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanol48 as proxies for
SHS exposure. The resulting exposures levels obtained by the
use of biomarkers like cotinine or other carcinogenic

compounds are representative of all cumulative exposures over
a given time period. This can make it difficult to differentiate
exposures of interest, such as exposures from outdoor sources
of SHS exposure, from other exposures experienced over the
same period of time.

Measurement of airborne PM, yet another component of
SHS, is the most common method to assess SHS exposure.
Although particles less than 2.5 microns in diameter (PM2.5)
are not specific to particles originating from combustion of
tobacco products, a substantial amount is released from
burning cigarettes, and such measurements have been validated
as a method for assessing SHS exposure indoors.49 50 Of the 16
studies found in the peer reviewed literature assessing outdoor
SHS levels, 13 elected to measure PM2.5 levels (see online sup-
plementary appendix A). The remainder of this paper focuses
on SHS exposures measured by PM2.5.

Observed levels of SHS contaminants in outdoor areas
Experimental studies can provide valid means to quantify
outdoor tobacco smoke (OTS) levels under controlled scenarios.
Two studies by Klepeis and colleagues quantified exposures and
addressed the effects of proximity to the source and varying
wind speeds and directions on OTS concentrations.27 51

Controlled experiments conducted at a private residence by
Klepeis and colleagues used clusters of various monitors
(Photoelectric aerosol sensors (PAS), laser counters (GRIMM)
and Nephelometers (NEPH)). Measurements were converted
from each respective monitor ’s native unit to measure respir-
able suspended particle (RSP) mass concentrations in μg/m3

which is a close approximation of PM2.5.27 Monitor clusters
were placed on opposite sides of smolder-smoked cigarettes at
distances between 0.25 and 4 m away. ‘Smoking’ sessions used
3–5 cigarettes burned successively. During periods of active
‘smoking’ the overall average OTS particle levels ranged from
10–22 mg/m3 (NEPH) to 38–61 mg/m3 (PAS) across all distances
over 10 min experimental periods. These results were likely
influenced by a ‘microplume effect’, in which highly transitory
peaks, some exceeding 1000 mg/m3, were observed in close
proximity to active smoking sources.

Follow-up experiments by Klepeis and colleagues used carbon
monoxide (CO) as a tracer gas to better understand human
exposures to air pollutants occurring within short distances
from a point source in ground-level outdoor environments.51

CO was released from a central point at known emission rates
while surrounding sensors measured CO concentrations in a
three-dimensional array at various heights and distances away.
Precise wind speeds and directions were continuously moni-
tored and recorded. Based on these experiments, statistical
modelling approaches were developed to estimate air concentra-
tions for other pollutants and source emission rates, such as
those arising from OTS particle exposures. The average RSP
particle concentration due to OTS was estimated to be 70–
110 mg/m3, calculated using the reported average fine particu-
late emission rate of cigarettes (1.4 mg/min), the normalised
average single direction concentration of 50–80 mg/m3 per mg/
min (from CO experiments), and a range of horizontal dis-
tances of 0.25–0.5 m.

Although these experimental studies provide evidence of
emissions from single point sources under controlled scenarios,
they may not be fully applicable to real world hospitality-like
settings. Observational studies may provide additional empir-
ical evidence about factors that may temporarily influence SHS
(PM2.5) exposures in outdoor hospitality venues. In particular,
four observational studies in the peer reviewed literature
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provided the most detailed information on such factors.28–30 52

Three of these studies collected PM2.5 data using the TSI
SidePak AM510 monitor, applying a calibration factor of 0.32
(unit-less) to the raw data to correct for properties related to
SHS.28–30 A fourth study measured real-time PM2.5 levels using
the DustTrak (TSI, Incorporated: Shoreview, Minnesota, USA)
monitor, also applying a calibration factor of 0.32 to the raw
data.52

Cameron et al collected data within 1 m of active smokers at
a convenience sample of 69 outdoor dining areas in Melbourne,
Australia.29 Mean ambient levels were 8 mg/m3. PM2.5 levels
averaged 18 mg/m3 across the total observation time period
(average of 25.8 min/venue) and 27 mg/m3 when active
smoking was present (averaged over 10 min). After accounting
for ambient concentrations, smoking in these outdoor patios
contributed an average excess above ambient levels of nearly
10 mg/m3 of particulates over the entire measurement period.

Stafford et al30 measured PM2.5 levels in 28 alfresco cafes and
pubs in Perth and Mandurah, Australia. Mean PM2.5 levels for
none, one and two or more smokers were 3.98, 10.59 and
17.00 mg/m3, respectively, with the weighted average PM2.5

concentration over ‘smoking present’ periods being 14 mg/m3

(total of 388 smoking min logged). After adjusting for back-
ground levels (3.98 mg/m3), active smoking outdoors contribu-
ted a 10 mg/m3 boost in PM2.5 levels across the entire
measurement period. A limitation of this study is that data on
distance or position of the smokers relative to the monitor was
not collected. Although this study did include an indicator of
wind conditions, it was unclear how wind speeds were
assessed, and direction was not reported.

Brennan et al examined changes in outdoor and indoor air
quality levels after implementation of an indoor smoking ban
in Melbourne, Australia.28 Outdoor hospitality venues visited
were semi-enclosed with direct access to indoor areas (n=19).
Concurrent outdoor and indoor monitoring occurred for 30 min
at each venue within 5 m of the indoor-outdoor access point.
Contrary to predictions, geometric mean (GM) outdoor PM2.5

levels decreased 38% after implementation of the smoking ban
(from 19.0 mg/m3 to 13.1 mg/m3), while adjusting for ambient
PM2.5 levels (5 mg/m3). The observed mean smoking prevalence
outdoors increased from pre- (6.2%) to post-ban (7.3%)
(p=0.401). However, the smoking prevalence indoors at the
pre-ban assessment (4.7%) was already lower than the preva-
lence outdoors (6.2%), suggesting that smoking behaviours
may have already shifted outdoors prior to the ban. This may
explain why the smoking prevalence outdoors did not signifi-
cantly increase at the post-ban assessment.

A study by St. Helen and colleagues from the U.S. observed
outdoor PM2.5 levels at five hospitality venues measured on up
to four separate occasions. Mean PM2.5 levels at three locations
(Bar 1: 63.9 mg/m3, Bar 2: 51.0 mg/m3, and Restaurant 1:
39.7 mg/m3) were found to be significantly elevated above
ambient levels (20.4 mg/m3, p<0.0001). After adjusting for
vehicular traffic near venues, the number of smokers present
remained the only statistically significant predictor of Log
(PM2.5) levels, indicating that SHS exposures are the likely
source of PM2.5 levels observed at outdoor areas of hospitality
venues. However, this study did not adjust for other factors
that are known to influence PM2.5 levels such as the presence
of partial enclosures or the proximity of smokers to the moni-
tors, and may also be limited by the inclusion of a small
number of venues.52

Other observational studies have come to similar conclu-
sions, but the findings should be interpreted cautiously.

Compared with other studies,28–30 52 outdoor PM2.5 levels were
observed to be much higher in studies by Wilson and collea-
gues.6 32 In four randomly selected outdoor smoking areas of
hospitality venues, an average of four lit cigarette present pro-
duced mean PM2.5 levels of 36 mg/m3 (range 19–75) while
ambient concentrations averaged 14 mg/m3. In two purpose-
fully selected outdoor areas with a higher degree of enclosure,
mean PM2.5 levels were 65 and 182. Data concerning many
external factors that could affect these levels, such as monitor-
ing proximity, were not provided, and the inclusion of only
four study sites limits the use of this data. However, this study
does highlight that increasing the degree of enclosure of an
‘outdoor ’ space can dramatically increase PM2.5 levels.

There is also evidence to suggest that OTS can drift indoors,
compromising indoor smoke-free environments.6 7 28 32–35 39 In
addition, once tobacco smoke has drifted indoors, it does not
dissipate as quickly as it would in outdoor environments.39

However, most of these studies did not specify the distance
from entrances to monitors or other factors such as traffic
between areas and the presence of open or closed doors, com-
promising the ability to make valid assessments of this data.

In summary, several key findings are obtained from these
studies: (1) observational studies estimate that exposure to SHS
outdoors adds approximately 10 mg/m3 or more of excess PM2.5

exposure; (2) although exposures are almost always highly tran-
sitory, experimental studies find that excess exposure levels can
exceed estimated levels obtained from observational studies by
an order of magnitude; (3) it may be possible for outdoor to
indoor SHS drift leading to contamination of indoor smoke-free
environment; and (4) outdoor PM2.5 concentration can be
similar to levels observed in indoor smoking allowable areas,
but these levels are highly influenced by external factors.

Influence of external factors on levels of exposure to SHS
contaminants
Number of lit cigarettes
Results from Zhang, et al showed that increasing numbers of
lit cigarettes per 1000 ft2 of patio area (0, 1.0–4.3, 4.4–8.7, 8.8–
16.7 and 16.8–41.7 lit cigarettes) increased the GM PPAH levels
from 4.7 mg/m3 (no cigarettes) to 9.1, 16.9, 19.1 and 27.0 mg/
m3, respectively.47 Although regression models by Stafford et al
only predicted about 40% of the overall variance in PM2.5, the
number of active smokers present was found to be the greatest
contributor to the variance.30 Other multivariate modelling by
Brennan found that an increase of one in the number of mean
lit cigarettes was associated with a 25% increase in GM
outdoor PM2.5.28 After adjusting for pedestrian and vehicle
traffic, St. Helen and colleagues found that lit cigarettes at or
passing by outdoor study sites significantly increased log
(PM2.5) levels.52

Distance from monitor to point source
Most studies assessing the distance between active smoking
and a monitoring device have demonstrated a proximity effect.
Experimental work has found that RSP levels were approxi-
mately halved for each doubling of distance from the point
source,27 51 but approached ambient levels at distances >2 m.51

Based on regression modelling by Cameron, cigarettes smoked
at distances >1 m from a monitor did not significantly predict
overall PM2.5 levels (p=0.261).29 Outdoor SHS levels have been
found to be roughly equal to or greater than indoor SHS levels
at very close distances (<0.5 m).27 Although wait staff are
often in close proximity to customers, such distances may not
be applicable to real world exposures between smoking and
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non-smoking individuals at typical smoking-allowable outdoor
areas of hospitality venues.

Wind conditions
Only two observational studies reported on wind conditions,
but they were based solely on observations made by data col-
lectors and thus should not be used in making conclusions.30 40

Controlled experiments completed indoors utilising a fan to
blow smoke plumes at a constant speed of 0.4 m/s found that
RSP levels were approximately three times higher downwind
relative to upwind levels.27 Outdoors, wind observed to blow
the smoke plume from smolder-smoked cigarettes in a single
direction at approximately 0.5 m/s lead to mean downwind
PM2.5 levels of 130 mg/m3 measured at 0.6 m away. Mean RSP
levels were still elevated above background levels by 13–41 mg/m3

at further downwind distances away (1.7–2.7 m), while RSP
levels measured at 0.6 m upwind to smolder-smoked cigarettes
were nearly zero (2 mg/m3).27

Normalised average CO concentrations were observed to fall
by one-third to one-half as average wind speeds increased
from <0.2 m/s to 0.2–0.5 m/s.51 While CO concentrations
approached ambient levels at horizontal distances of about
2 m, this distance may be somewhat extended under low wind
conditions (<0.2 m/s), possibly resulting in 30–50% higher con-
centrations downwind nearby active smoking.51

Partial enclosures
Enclosures such as walls, fences, garden umbrellas and roofs
can substantially influence exposures to SHS in outdoor areas.
These conditions may lead to ‘street canyon’ effects which are
characteristic of unobstructed air movement along building
boundaries resulting in windier conditions and higher levels of
ventilation. Conversely, partially enclosed areas may contain
SHS to a greater degree.27 The purposeful monitoring of two
highly enclosed ‘outdoor ’ smoking areas in New Zealand
demonstrated the influence of SHS exposures under these con-
ditions; mean levels were found to be 124 mg/m3 compared
with only 36 mg/m3 from open air smoking areas.32 Although
Brennan and colleagues found no association between outdoor
air quality and the level of enclosure,28 two studies estimate
that outdoor overhead coverage can increase SHS levels by
about 50–70%.27 29

From unpublished literature, mean PM2.5 levels in outdoor
hospitality venues in Vancouver, BC ranged from 6 to 430 μg/
m3, although many of these venues had complete roof cover-
ings and nearly complete wall coverings.41 High, yet transitory
peak 10-s PM2.5 level were also found in a fairly enclosed
outdoor courtyard (716 μg/m3)40 and levels were also elevated
under patio and table umbrellas.39 40 42

Measured outdoor SHS contaminants compared with
established air quality benchmarks
The WHO provides guidelines for short (24-h) and long term
(annual) PM exposures.53 Guidelines for ambient air quality,
including PM and other harmful components are also provided
by factions within individual countries, such as the US
Environmental Protection Agency (EPA) and Australia’s
National Environment Protection Council.54 55 Table 1 presents
the ambient air quality standards for total particulates for the
WHO, the USA and Australia.

Air monitoring of short-term exposures to PM arising from
transient outdoor exposures such as SHS are likely to produce
low 24-h or annually averaged exposures due to intermittent
and typically short exposure periods. No guidelines or standards

are presently available for such intermittent exposure to PM2.5,
but some studies have attempted to estimate 24-h or annual
PM2.5 exposure from outdoor SHS using the aforementioned
guidelines6 27 32 51 or the US Air Quality Index.30 41 56 These
standards were devised for total ambient air pollution which
has a different composition than tobacco-specific pollution.27

However, the fundamental issue is whether such transient
outdoor SHS exposures are sufficient to exceed such guidelines,
thus making a stronger case to warrant the need for outdoor
smoke-free legislation. Although studies using personal-level air
monitoring may better describe individual SHS exposures in
outdoor smoking-allowable areas, such data is currently
unavailable. In the interim, short term exposure levels can be
estimated using data reported in observational and experimen-
tal studies, as summarised below.

Observational studies
Three observational studies of outdoor bar and restaurant areas
suggest that PM2.5 levels are elevated by approximately 10 mg/
m3 during times when active smoking occurs.28–30 Such studies
may not accurately account for meteorological or proximity
factors, but it is unlikely that the aforementioned 24-h or
annual guidelines for PM2.5 exposure would be exceeded based
on these estimates.

Experimental studies
Experimental studies may provide more precise measurements
of external factors. However, modelled assumptions may
under- or over-estimate the true occupational exposures from
SHS as they may not reflect real-world exposures. Nevertheless,
work by Klepeis et al27 estimated that the EPA 24-h standard
for fine particulates could be exceeded if an individual experi-
enced as few as nine cigarette events, each lasting approxi-
mately 10 min at a downwind distance of 0.3 m. However, this
estimate was based on levels obtained from one very short
measurement period (10-min), at a close distance to a smoker,
limiting the generalisability of this estimate.

Later work by Klepeis estimated an occupational 24-h particle
exposure to wait staff working in smoking-allowable outdoor
patios to be 23.7 mg/m3.51 This estimate assumed approximately
100 min of total OTS exposure, very close proximity to the
smoking patron (0.25 m), and exposures contributed by the
presence of only one smoking patron at tables directly served by
the worker. From these estimates, however, the 24-h standards
for PM2.5 exposures would likely be exceeded only if extra-
occupational PM2.5 exposures are assumed.51

Estimated projections combining observational and experimental
research
Due to the inherent limitations of both the observational and
experimental studies, combining data from each study type

Table 1 Maximum ambient particulate concentration standards from
Australia (‘Air NEPM’), the USA (NAAQS), and the WHO

Pollutant
Averaging
period

WHO
(mg/m3)

USA
(mg/m3)

Australia
(mg/m3)

PM10 particles 24 h 50 150 50
PM2.5 particles 24 h 25 35 25

1 year 10 15 8

Source (AU): http://www.environment.gov.au/atmosphere/airquality/standards.html#air.
Source (US): http://www.epa.gov/pm/standards.html.
Source (WHO): http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf.
NAAQS, National Ambient Air Quality Standards; PM, particulate matter.
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may provide the most valid and reliable estimates of daily and
annual occupational outdoor SHS exposures. From observa-
tional studies, a typical outdoor hospitality worker in a
smoking-allowable area may be exposed to active smoking
between 40%29 and 70%30 of their total working time, or
about the SHS equivalent of 0.4–0.7 lit cigarettes at any given
time from varying distances and angles.

Particulate concentrations at varying directions and wind
speeds can be obtained from experimental data (Klepeis et al,
table 3, page 3165).51 Assuming light winds (0.1 m/s), the
average air pollution concentration from an arbitrary source
averaged over all distances and angles was 42.8 mg/m3 (see
online supplementary appendix B).51 This figure can be
manipulated to resemble OTS pollution using exposure data on
the presence of active smoking from observational studies29 30

and the fine particle emission rate for a cigarette (1.4 mg/
min).57 From this data, the excess PM2.5 exposures from OTS
incurred over typical working shifts can be estimated and com-
pared with 24-h and annual exposure guidelines.

Table 2 estimates the 24-h and annual PM2.5 exposures from
occupational OTS exposures using sensitivity analyses for
lower (0.4 lit cigarettes present at all times), moderate (0.7 lit
cigarettes present at all times) and higher (1.0 lit cigarette
present at all times) SHS exposure conditions. After accounting
for ambient PM2.5 levels averaged from observational studies
(6. 5 mg/m3), the excess occupational OTS attributable PM2.5

exposure for an 8-h shift was calculated to be 17.5 mg/m3

under the lower smoking exposure condition, 35.4 mg/m3 under
the moderate smoking exposure condition, and 53.4 mg/m3

under the higher smoking exposure condition (see online sup-
plementary appendix B).

The 24-hour and annual estimates are presented for occupa-
tional exposures with varying time spent working outdoors
(4-hour vs 8-hour shifts). Depending on the smoking exposure
conditions present, part-time employees working 4-hour shifts
outdoors may experience between 2.9 mg/m3 (lower exposure)
and 8.9 mg/m3 (higher exposure) of excess 24-hour PM2.5 expos-
ure attributable to outdoor occupational SHS. Among full time
workers (8-hour shifts), this would equate to between 5.8 mg/m3

and 17.8 mg/m3 added over a 24-hour period. At the highest
exposure condition assessed, this equates to an estimated
annual excess of 6.1 mg/m3 (part time) to 12.2 mg/m3 (full
time) of added PM2.5 exposure attributable to outdoor occupa-
tional tobacco smoke exposures, above and beyond ambient
levels.

These calculated estimates suggest that it is unlikely for
outdoor occupational SHS exposure alone to exceed any of the
aforementioned guidelines for 24-hour PM2.5 exposure.
Although it may be plausible that such exposures could occa-
sionally exceed the annual PM2.5 exposure guidelines, this was
only under the highest modelled exposures.

Of note, the average outdoor air pollutant concentrations cal-
culated from the Klepeis et al51 data are averaged across a large
distance from the emission source (0.25–4 m) to reflect the
varying nature of exposure due to movement of wait staff.
However, all distances were weighted equally in creating this
measure, possibly resulting in an underestimate of the true
exposure as studies have shown that concentrations decrease as
a function of distance to the point source.

CONCLUSIONS
Together, these studies suggest that typical outdoor dining or
drinking areas of bars and restaurants can lead to elevated
levels of SHS exposure for both patrons and workers. Although
OTS is far more transient than indoor tobacco smoke, patrons
and staff can be briefly exposed to high concentrations of
tobacco-generated PM2.5 under certain conditions. Evidence
from the studies presented here suggests that these levels may
occasionally be equivalent to or higher than levels observed in
indoor setting when smoking is permitted at close proximity.

Due to outdoor weather conditions and dispersion effects,
tobacco-originating PM2.5 exposure levels have been shown to
drop sharply under most conditions at distances greater than
2 m from a single point source. However, outdoor areas of bars
or restaurants often have more than one smoker present, poten-
tially contributing to higher SHS concentrations. As a result,
this 2 m radius may be substantially extended due to dense
table placement, a greater number of active smokers, single

Table 2 Estimates of 24-hour and Annual PM2.5 exposures (in μg/m3) attributed to occupational outdoor tobacco smoke (OTS) under lower,
moderate, and higher exposures

Lower exposure Moderate exposure Higher exposure

Wind condition 0.1 m/s 0.1 m/s 0.1 m/s

Length of shift worked outdoors 4 h 8 h 4 h 8 h 4 h 8 h
Number of lit cigarettes present at all times† 0.4

lit cigarettes
0.4
lit cigarettes

0.7
lit cigarettes

0.7
lit cigarettes

1.0
lit cigarette

1.0
lit cigarette

Cigarette emission factor (CEF) (constant)‡ 1.4 mg/min 1.4 mg/min 1.4 mg/min 1.4 mg/min 1.4 mg/min 1.4 mg/min
Total cigarette emissions (# lit cigarettes* CEF) 0.56 mg/

cigarette
0.56 mg/
cigarette

0.98 mg/
cigarette

0.98 mg/
cigarette

1.4 mg/
cigarette

1.4 mg/
cigarette

Average air pollution concentration across all distances and
angles§

42.8 μg/m3 42.8 μg/m3 42.8 μg/m3 42.8 μg/m3 42.8 μg/m3 42.8 μg/m3

Average exposure for 8-hr Shift* 24.0 μg/m3 24.0 μg/m3 41.9 μg/m3 41.9 μg/m3 59.9 μg/m3 59.9 μg/m3

Assumed ambient air concentration (constant)¶ 6.5 μg/m3 6.5 μg/m3 6.5 μg/m3 6.5 μg/m3 6.5 μg/m3 6.5 μg/m3

Excess exposure above ambient air concentration* 17.5 μg/m3 17.5 μg/m3 35.4 μg/m3 35.4 μg/m3 53.4 μg/m3 53.4 μg/m3

24-h excess PM2.5 Exposure from occupational OTS* 2.9 μg/m3 5.8 μg/m3 5.9 μg/m3 11.8 μg/m3 8.9 μg/m3 17.8 μg/m3

Annual excess PM2.5 exposure from occupational OTS* 2.0 μg/m3 4.0 μg/m3 4.0 μg/m3 8.1 μg/m3 6.1 μg/m3 12.2 μg/m3

*See appendix B, uploaded as ‘Web Only’ material, for an explanation of all calculations.
†From Cameron et al29: active smoking was present 38.4% of the total observation time; From Stafford et al30, active smoking was present 71.2% of the total observation time. The higher
exposure category is an estimate of when one cigarette is present at all times over the entire 8 h shift.
‡Klepeis et al57 first reported the average fine particulate emission rate for cigarettes of 1.4 mg/min.
§Klepeis et al51—this figure (42.8 μg/m3) was calculated from table 3 using light wind (0.1 m/s) speeds
¶Ambient levels averaged 6.5 μg/m3 across observational studies, which were usually measured at off-site locations where no smoking was observed to occur. Brennan: 5 μg/m3,
Cameron: 8 μg/m3, Perry: 6 μg/m3, Stafford: 4 μg/m3, Wilson et al32: 14 μg/m3, and Wilson et al6: 2 μg/m3.
PM, particulate matter.
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directional and light wind speeds, and other factors such as
partial wall or roof coverings. Although partial smoke-free pol-
icies may be practical and enforceable in some outdoor settings
where movement by both patrons and wait staff is at a
minimum, they may be particularly inadequate in limiting SHS
exposures for both patrons and workers in settings where
patrons are mobile, such as beer gardens or outside areas of
bars.

Pope and colleagues estimate that an increase of 5–10 mg/m3

in average annual PM2.5 exposure is associated with a 3–6%
increased risk in all-cause mortality.2 Similarly, increases in
annual PM2.5 exposures are also associated with increased risk
of cardiopulmonary and lung cancer mortality.58 As our calcu-
lated annual estimates of excess PM2.5 exposures attributable to
OTS ranged from 2.0–12.2 mg/m3 under varying exposure con-
ditions, it may be plausible for staff working in smoking-
allowable outdoor areas to present with ill health effects from
such occupational exposures. However, personal monitoring
studies are necessary to corroborate these calculated estimates.

The studies presented here have reported that patrons and
staff have highly variable SHS exposure levels in outdoor drink-
ing or dining areas of bars, restaurants or pubs. Moreover, not
only did exposure vary by location, but SHS levels could be
highly variable within the confines of a single venue. Because
these studies used stationary monitors, it not feasible to assess
the variation in SHS exposure experienced by wait staff during
the course of a typical work day. However, to date, no personal
monitoring studies of wait staff in outdoor settings have been
conducted to corroborate the modelled estimates of staff expo-
sures in these worksite settings. Such studies may be inherently
challenging due to higher costs, difficulty in recruitment of
individual wait staff, securing agreement for participation from
businesses, or the potential for changes in behaviours of both
wait staff and patrons due to monitoring activities.

Additional studies were found that assessed PM2.5 exposures
in non-hospitality settings such as outside of buildings,
walking on city streets or in semi-enclosed bus shelters.7 31 34–37

However, the estimates presented in this paper are based on
observational studies of hospitality settings and experimental
studies simulating hospitality-like settings. Therefore, it may
not be appropriate to generalise these estimates to other outdoor
settings where exposures are likely to be different. Similar
studies assessing outdoor SHS exposures in parks, beaches, or
other outdoor settings are warranted to support exposure-based
legislation aimed at restricting smoking in these locations.

Limitations of the paper, particularly the calculation pre-
sented in table 2, do exist, the first of which is the extrapola-
tion of the experimental studies to the real-world scenarios
used in our calculations. Smolder-smoked cigarettes, used in
experimental studies, generate SHS that is comprised only of
sidestream smoke, while SHS from free-range smoked cigarettes
contains a mixture of sidestream and exhaled mainstream
smoke. At least initially, the median particle size of sidestream
smoke is smaller than that of the particles of mainstream
smoke.59 Therefore, it is plausible that PM2.5 exposure levels
generated from experimental studies using smolder-smoked
cigarettes may overestimate exposure levels generated if free-
range smoked cigarettes were used. However, given that side-
stream smoke is estimated to contribute higher particle yields
in SHS,59 60 the degree of difference is not expected to be very
large. Additionally, the results obtained from the experimental
studies27 51 provide the most comprehensive information on
the factors that are most likely to influence SHS levels out-
doors. Another limitation is that these findings are based on

measurements that have been obtained from a wide range of
‘outdoor ’ areas of hospitality settings, from fully open-air to
highly enclosed, potentially limiting the consistency between
individual studies. Although several assumptions were made to
estimate the excess exposures to PM2.5, these estimates may be
used as a guide for potential excess exposure levels at typical
outdoor hospitality settings.

Of note, this is not a systematic review. However, given the
limited available research on SHS exposure measurements in
outdoor settings, to the best of our knowledge, this review
does report on all available literature at the time of our initial
search. Furthermore, widening our search to include the MeSH
term for secondhand tobacco smoke, ‘Tobacco Smoke Pollution’
did not result in the identification of additional studies of inter-
est. Thus, the search criteria used was likely sufficient to iden-
tify all relevant literature for this review.

Future research is needed to fully understand the potential
health effects from intermittent SHS exposures in outdoor
areas. Additionally, studies that incorporate both environmental
SHS exposure measurements and biomarkers may be warranted
to link the contribution of these intermittent SHS exposures to
actual internal dose and potential health effects. The estimates
obtained here suggest that it is unlikely for PM2.5 exposures
from SHS alone in outdoor smoking-allowable hospitality set-
tings to exceed the aforementioned PM2.5 guidelines. Although
these estimates do not incorporate non-tobacco PM2.5 sources
due to limitations of the available data, SHS related PM2.5

exposures from these outdoor hospitality settings may be sig-
nificant contributors to overall 24-h or annual PM2.5 exposure.

Policy-driven smoke-free policies have typically been
grounded in the prevention of adverse health effects to
non-users of tobacco products.5 However, current evidence of
potential adverse health effects due to intermittent tobacco
smoke exposures at outdoor hospitality venues is weak. To
obtain a better evidence base for policy determination in these
locations, additional studies, including those employing per-
sonal monitoring methods to ascertain more accurate SHS
exposures levels, are needed. Moreover, outdoor SHS exposure
data in non-hospitality settings is also warranted to support
the implementation of smoking restrictions in other outdoor
areas. Important secondary, collateral benefits of smoke-free
policies may include the denormalisation of smoking, lower
smoking initiation rates among youth, and reduced tobacco
consumption among adults.12 13 Therefore, based on the
limited data presented in this paper, it seems plausible to
suggest that smoking restrictions could be implemented in
outdoor areas of bars and restaurants where SHS exposures are
fairly high and consistent, as potential adverse health effects
would likely be most pronounced in such situations.

What this paper adds

This paper is one of the first to review the evidence related to
secondhand smoke (SHS) exposure in outdoor areas of hospital-
ity venues. The findings show that under conditions commonly
experienced in these outdoor areas where people are generally
close together, SHS exposures can increase average annual
exposure to particulates for both patrons and employees, putting
them at increased risk of adverse health effects.
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Objective: To investigate whether the Irish smoking ban has had an impact on secondhand smoke (SHS)
exposures for hospitality workers.
Design, setting, and participants: Before and after the smoking ban a cohort of workers (n = 35) from a
sample of city hotels (n = 15) were tested for saliva cotinine concentrations and completed
questionnaires. Additionally, a random sample (n = 20) of city centre bars stratified by size (range
400–5000 square feet), were tested for air nicotine concentrations using passive samplers before and after
the ban.
Main outcome measures: Salivary cotinine concentrations (ng/ml), duration of self reported exposures to
secondhand smoke, air nicotine (mg/cubic metre).
Results: Cotinine concentrations reduced by 69%, from 1.6 ng/ml to 0.5 ng/ml median (SD 1.29;
p , 0.005). Overall 74% of subjects experienced decreases (range 16–99%), with 60% showing a
halving of exposure levels at follow up. Self reported exposure to SHS at work showed a significant
reduction from a median 30 hours a week to zero (p , 0.001). There was an 83% reduction in air
nicotine concentrations from median 35.5 mg/m3 to 5.95 mg/m3 (p , 0.001). At baseline, three bars
(16%) were below the 6.8 mg/m3 air nicotine significant risk level for lung cancer alone; at follow up this
increased to 10 (53%).
Conclusions: Passive smoking and associated risks were significantly reduced but not totally eliminated.
Exposure to SHS is still possible for those working where smoking is still allowed and those working where
smoke may migrate from outdoor areas. Further research is required to assess the true extent and
magnitude of these exposures.

O
n the 29 March 2004, Ireland became the first country
to introduce a smoking ban in indoor workplaces.
Smoking has been banned in all bars, restaurants,

cafes, and hotels (excluding bedrooms, outdoor areas, and
properly designed smoking shelters).1 The ban aims to protect
workers, particularly those in the hospitality industry, from
the health consequences of secondhand smoking (SHS) such
as increased risks for lung cancer, coronary heart disease, and
asthma.2–5

Although several studies have assessed exposure levels
relative to workplace smoking policy,6–9 relatively few studies
have illustrated the levels of exposure of those most highly
exposed such as hospitality workers6 8–15 and fewer still have
assessed the exposure reductions yielded by smoking bans.16–18

As more jurisdictions consider legislating for smoke-free
workplaces, these may become the most sought after elements
of the evidence base. The purpose of this research was to
investigate whether the Irish smoking ban has had an impact
on SHS exposures for hotel and bar workers.

METHODS
Cotinine monitoring of hotel workers
Cotinine is a biomarker of recent passive smoking exposure,
as it is produced when the body breaks down nicotine
absorbed over the previous 2–3 days.19 Saliva samples were
obtained from a sample of hospitality staff 2–3 weeks before
(baseline) and 4–6 weeks after (follow up) the smoking ban.
All 40 hotels in Galway city in the Health Service Executives’

Environmental Health database were visited. Each manager
was asked for permission to approach staff and request their
participation in the study. Hotel staff were then recruited;
screening questions ensured participants were non-smokers
from non-smoking or restricted smoking households (less
than 45 minutes exposure per day to one smoker). All
participants gave informed consent. The saliva samples were
obtained during a working shift using salivettes (Sarstedt
Ltd, County Waterford, Ireland; part no. 15/1534) and the
time worked before the test recorded. The samples were
coded and stored in cool boxes before frozen storage within
three hours. Samples were shipped in dry ice to ABS
Laboratories, London for analysis by gas chromatography.20

Baseline demographic data were obtained with a question-
naire completed after the cotinine test.

Airborne nicotine monitoring of bars
Passive samplers were located behind the bar counters of 20
city centre bars for 7–10 hours, on the Friday preceding the
ban (baseline) and six weeks later (follow up). An even
number of bars were selected randomly from a database
categorised into small, medium, large, and super pubs. Of the
20 bars approached, none refused to participate. Four follow
up samples had to be repeated because of lost data. As one
venue had closed, 19 of the 20 venues were sampled at follow

Abbreviations: CHD, coronary heart disease; LDL-C, low density
lipoprotein cholesterol; OHSA, US Occupational Safety and Health
Administration; SHS, secondhand smoke
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up. The passive samplers contained a filter treated with
sodium bisulphate and are known to be sensitive and
accurate measures of vapour phase nicotine.21 All samplers
were clipped to spirit drink dispensers in the bars before
lunchtime on Fridays and collected during the evening. In
order to be able to interpret whether recorded levels were
associated with high/low smoking rates, and to check for
tampering with the samplers between times, a series of
observations were made. At the time of placing and retrieving
the samplers, the number of occupants and smokers in the
bar was recorded. In addition, two further counts were
covertly undertaken, also checking the positioning of the
sampler for signs of tampering. Samples were sent to the
Chemist Service Laboratory, Public Health Agency, Barcelona,
Spain, for analysis by gas chromatography/mass spectro-
metry. Weather conditions at both baseline and follow up
were mild/fine with no rain.

RESULTS
Profile
At baseline 52 workers from 15 hotels gave saliva samples
and completed a questionnaire. Eight workers (15%) refused
to participate in the study. At follow up, 11 participating
workers were unavailable to give samples as they no longer
worked at the venues and so they were excluded (baseline
cotinine values: 0.2, 0.5, 1.3, 2.2, 3.9, 4.1, 5.6, 10.5, 14.1, 31.4,
and 105.1 ng/ml). In addition, to control for misreported
smoking status, we excluded subjects with saliva concentra-
tions exceeding 15 ng/ml20 22 (baseline cotinine values: 21.8,
64.9, 107.9, 161.3, 322.9, and 349.7 ng/ml, respectively).
Baseline and follow up comparisons were therefore under-
taken on 35 of the 55 workers at 15 of the hospitality venues.
The baseline profile of subjects is given in table 1.
Bar venues ranged in size from 384 square feet to 5200

square feet and represented a cross section of venue types
including traditional bars, music bars, hotel bars, and super
pubs. At follow up eight bars had provided newly designated
outdoor smoking areas. These uncovered areas were adjacent
to main entrance doorways and consisted of areas cordoned
off by waist level demountable screens.

Cotinine concentration
At baseline, 20% of workers had cotinine concentrations
above 5 ng/ml, with 6% having concentrations greater than
10 ng/ml. At follow up, no cotinine concentrations greater
than 5 ng/ml were recorded (fig 1). At baseline 80% exceeded
0.57 ng/ml with this reducing to 49% at follow up. Overall
74% experienced decreases of 16–99%, with over a third of all

hotel staff (34%) experiencing reductions greater than 70%.
For 60%, exposure levels were halved at follow up. Of the
nine that experienced increases, all were less than 2 ng/ml.
Workers were tested 6.6 hours into their shift on average at
baseline and 4.95 hours into their shift at follow up.
Table 2 shows that median cotinine concentrations

declined from 1.6 ng/ml at baseline to 0.5 ng/ml at follow up
(p , 0.005: 95% confidence interval (CI)). This represents a
69% reduction in median cotinine concentrations. Median
concentrations reduced for all types of work except manage-
ment, which experienced a small, insignificant increase from
already low values (p . 0.05). Reductions were significant for
waiters and ‘‘other’’ duties (p , 0.05: 95% CI) undertaken by
31% of workers—namely, front desk (3), portering (2), leisure
club (1), accommodation (2), and kitchen (1) bar staff (2)
(p , 0.05: 95% CI). The highest median cotinine concentra-
tions at baseline and at follow up were experienced by bar
staff (5.4 and 2.6 ng/ml) and waiters (3.9 and 1.6 ng/ml).
A reduction in median cotinine concentrations from 1.6 to

1.4 ng/ml (p , 0.05) was experienced by subjects living in
households where no one smoked (n = 23). Those living in
restricted smoking households (n = 12) experienced a re-
duction in median cotinine concentrations from 1.45 ng/ml
to 0.4 ng/ml (p , 0.05).
Self reported exposure to SHS at work showed a significant

reduction from a median of 30 hours a week at baseline, to a
median of zero at follow up (p , 0.001: 95% CI). At baseline,
68% reported that they had over 21 hours of exposure to SHS
with 23% having up to 20 hours of exposure and 10% having
no exposure. At follow up, 70% reported no exposure and
30% reported 1–2 hours of exposure at work in the last seven
days.

Air nicotine
The median air nicotine concentrations reduced significantly
from 35.52 mg/m3 (mean=35.81 mg/m3 SD=25.74) to
5.95 mg/m3 (mean=10.23 mg/m3 SD=9.66) representing an
83% reduction in air nicotine levels (p , 0.01: 95% CI).
Reductions were experienced in 16 of the 19 bars at follow up
(fig 2). The level of reduction ranged from 38–90%. At
baseline higher concentrations were generally observed in
medium and small sized bars than in large bars and super
pubs. Only small and medium venues exceeded 60 mg/m3 at
baseline and only small bars exceeded 20 mg/m3 at follow up.
The three venues that experienced increases in air nicotine
concentrations had low concentrations at baseline (, 6 mg/
m3) and at follow up remained below the average (, 10 mg/
m3) At baseline, three bars (16%) were below 6.8 mg/m3, at

Table 1 Baseline profile of subjects (n = 35) in 15 venues

Male Female Total

n % n % n %

Age
18–21 2 13 10 53 2 6
22–30 5 31 8 42 15 43
31–40 7 38 1 5 14 40
41–50 3 19 4 11

People allowed to smoke in home 11 69 7 37 18 51
Length of time current job
, 6 months 5 31 0 0 5 15
6 months to 1 year 1 6 9 50 10 30
1–3 years 5 31 3 17 8 24
3+ years 5 31 6 33 11 32

Work duties
Waiting 4 25 7 37 11 31
Management 5 31 5 26 10 29
Other 5 31 6 32 11 32
Mixture 2 13 1 5 3 9
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follow up this increased to 10 (53%). Bars with designated
outside smoking areas (n = 8) had higher concentrations of
airborne nicotine at follow up than those that did not
(n = 11) (mean 13 mg/m3, median 10 mg/m3 v mean 8.2 mg/
m3, median 5.6 mg/m3; p = 0.31).
The mean number of smokers observed actively smoking

indoors during four separate baseline visits to the venues
ranged from 2.5–11.75; almost two thirds of bars (63%) had
4–8 active smokers. At follow up no smokers were observed
smoking indoors.

DISCUSSION
The study found that since the introduction of the national
workplace smoking ban in Ireland, significant reductions in
both air nicotine (80%) and saliva cotinine concentrations
(70%) have been experienced. This corresponds with the
reported compliance rates with the smoking ban exceeding
90%23 and should result in substantially lowered health
impacts.
When compared to data available for England, median

cotinine concentrations of Galway hotel workers fell to less
than a sixth (0.5 v 3.2 ng/ml) of those found in London bar
workers15; however, much like other studies, exposure has
not been totally eliminated11 12 with Galway hotel workers’
cotinine concentrations 25% higher than those found in all
English non-smokers15 (0.5 v 0.4 ng/ml median) and more
than twice those found in Galway school children from non-
smoking homes24 (0.6 ng/ml v 0.267 ng/ml geometric mean:
SD 0.969 ng/ml). This continuing exposure seems particularly
the case for those undertaking bar work or waiting duties,
whose work could involve them circulating in smoking areas
or in areas in close proximity to where the migration of SHS
into non-smoking areas from elsewhere may be a factor.

Biological markers are useful in quantifying exposure and
an important step in linking exposure to relative risk of
adverse outcomes.5 Whincup et al25 related the 20 year
cardiovascular mortality of 4729 randomly selected men in
the UK to their serum cotinine at study entry. In the first four
years of follow up, those with more cotinine had 3.7 times
greater risk of coronary heart disease (CHD) compared to
those in the lowest quartile (, 0.7 ng/ml), and the propor-
tion with major CHD was comparable to that of light
smokers. The proportion of Galway hotel workers exposed
above this cut off point (saliva cotinine equivalent 0.56 ng/
ml26) declined from 80% (28) before the ban to 49% (17) after
the ban. Although the Galway bar workers were selected to
have little or no home exposure (usually a major contributor
to cotinine), those in the upper half of exposure had higher
cotinine concentrations, with a median 12% higher and 75th
centile 50% higher, respectively, than those in the Whincup et
al25 study, which reported a significant dose–response trend.
Much of the recent data on the relationship of SHS and

heart disease indicate the effect is acute, as well as chronic.
Thus, healthy young non-smokers exposed to SHS for 30
minutes had compromised endothelium function comparable
to that of smokers, activated platelets comparable to levels
found in smokers, and increased presence of endothelial cell
mortality in the blood27; for six hours after exposure, adverse
impact on serum lipids were observed, including a significant
decrease in the resistance of low density lipoprotein
cholesterol (LDL-C) to oxidation and a significant increase
in macrophage uptake of LDL-C.28 The recent experience of
Helena, Montana, which had a 40% decrease in acute
myocardial infarction after smoking was banned in
workplaces and public places,29 demonstrates that short
SHS exposures effects are not limited to cellular effects, but
that SHS also affects the system as whole.
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Figure 1 Salivary cotinine
concentrations at baseline and follow
up.

Table 2 Cotinine concentrations for hotel staff by type of work duties

Waiter (n = 11) Management (n = 10) Other (n = 11) Mixed (n = 3) Total (n = 35)

Baseline F/U Baseline F/U Baseline F/U Baseline F/U Baseline F/U

Mean 4.59 1.46 1.19 1.24 2.6 1.1 2.88 1.43 2.86 1.29
SD 4.24 0.88 1.67 1.13 3.0 1.68 3.36 2.06 3.36 1.29
Geometric mean 2.5 0.98 0.48 0.65 1.3 0.36 0.87 0.51 1.17 0.6
Median 3.9 1.6 0.55 0.95 3.1 1.7 2.0 0.4 1.6 0.5
25th centile 1.3 0.5 0.16 0.18 0.85 0.1 0.05 0.09 0.4 0.2
75th centile 9.5 2.2 1.6 2.2 2.6 2.6. 6.6 3.8 4.2 2.2

F/U, follow up.
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In addition, although any level of preventable exposure is
unacceptable30 it can be useful to interpret measured air
nicotine concentrations in terms of the population risk
thresholds they may exceed. Repace et al31 32 estimated the
point at which population risk decision thresholds would be
exceeded for US regulatory authorities. They calculated that
workplace environmental nicotine exposure of 2.0 mg/m3 for
45 years presented a lung cancer risk of three in 10 000, a de
manifestis risk—that is, ‘‘a risk of obvious or evident
concern’’ or risks so high that the US regulatory agencies
have almost always acted to reduce them. All the bars in the
Galway study exceeded this level both before and after the
ban. However, the US Occupational Safety and Health
Administration (OSHA), in evaluating urgently actionable
risk to workers, uses a risk rate of one death per 1000 workers
per WLT45, called the ‘‘significant risk of material impairment
of health’’ level. It has been estimated that ‘‘significant risk’’
would occur at or above 6.8 mg/m3 for lung cancer and at
0.68 mg/m3 for heart disease.31 32 In Galway, median air
nicotine concentrations fell from 35.52 mg/m3 to 5.95 mg/m3

and whereas three bars met the OSHA risk threshold at
baseline, an additional seven bars complied at follow up
resulting in 53% (10) of bars falling below the ‘‘significant
risk level for lung cancer only’’.
The implementation of the workplace smoking ban has

been accompanied by a growth in café society, pavement
cafes, and outdoor smoking shelters. The resultant new trend
in smoking and its potential impact on outdoor and indoor
exposures has received little consideration in the legislation.
While a requirement for roofed outdoor smoking shelters is
that not more than half of their perimeter is surrounded by
one or more walls or similar structures, there is no legal
requirement as to their minimum proximity to buildings nor
is there a requirement as to the minimum proximity of
smokers to open doors or windows.1 So that despite the
dilution effect of outdoor air there is the potential for
infiltration of tobacco smoke into indoor areas. Although

there was an 83% reduction in air nicotine concentrations
and median concentrations fell below 6.8 mg/m3, in those
bars with designated outside smoking areas airborne nicotine
concentrations were higher than in those bars without such
an arrangement, suggesting that SHS may be migrating
indoors. The extent to which outdoor smoke infiltration may
be a contributor to indoor pollution and exposure levels in
workers requires further investigation. Nevertheless, in the
early weeks of the smoking ban significant reductions in
exposure and associated risks have been observed. Based on
an equation by Benowitz19 that relates airborne nicotine
exposure to blood cotinine concentrations, we calculate that a
2–3 hour visit to a typical Galway pub would have exposed
patrons to enough SHS with no other exposure to raise their
cotinine above the referent level in Whincup et al.26 Before the
smoking ban, three quarters of the pubs had measured levels
of nicotine sufficient to produce this elevation, while after the
ban fewer than 20% had such high levels of nicotine.
In recruiting hotel workers for the study, all staff who were

on duty at the time the hotel was visited by a member of the
study team were asked to participate. It must be acknowl-
edged that this convenience sampling approach combined
with the small sample size cannot ensure that the results are
statistically representative of hotel workers in Galway city.
This would have required a random sample of all hotel
workers employed which was outside the time and cost
constraints of the current study. In addition, by selecting only
hotels for inclusion in the study, the sample is not
representative of all hospitality establishments. This places
limitations on the study in terms of its ability to make
generalisations about the findings for the hospitality industry
in Galway and indeed for Ireland as a whole. Because visits to
obtain samples were unannounced and the shift patterns of
the volunteers varied it was not possible to standardise the
time into a shift that samples were obtained. At follow up our
subjects were tested an hour and a half earlier into their shift
than at baseline (mean 4.95 hours v 6.6 hours) equating to
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roughly a 25% shorter shift. This may in part have con-
tributed to the overall 70% (1.1 ng/ml) reduction found but
this contribution is felt to be small. For example, 90 minutes
exposure at 17 mg/m3 (the median for the smokiest of
restaurants in a recent European study9) would account for
an elevation in saliva cotinine of approximately 0.32 ng/ml.19

Although the scale of reduction found in both these
popular markers of SHS exposure are on a par with studies
that have examined smoking bans or non-smoking poli-
cies6 7 11 12 the difficulty remains as to how we interpret such
data in terms of relative exposure and risk for normal daily
exposures to SHS. This is so, partly because of the paucity of
data on population SHS exposure patterns and partly because
so little is still known of the precise dose–response relation-
ship that SHS has with cardiovascular disease. As existing
smoking bans have yet to result in the total elimination of
community based exposures, these remain important
research issues for public health.
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What this paper adds

For those advocating for smoking bans there are few studies
that show the scale of exposure and risk reduction that may
result from such bans. We used the unique opportunity of the
Irish smoking ban to investigate its impact on hospitality
workers.
During the first six weeks of the smoking ban’s implemen-

tation the signs in terms of reduced exposure and risk are
positive. However, the study suggests that despite high
compliance rates with the ban, exposure to secondhand
smoke is still possible for those working in exempted areas
and those working where smoke may migrate from outdoor
areas. Further research is required to assess the true extent
and magnitude of these exposures.
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Physicians for a  Smoke-Free Canada  
1226 A Wellington Street ♦ Ottawa ♦ Ontario ♦ K1Y 3A1 
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Smoke-free patios 
Only 26% of Canadians live in communities where workers and the 
public are protected from second hand smoke on public patios. 
 

Every level of Canadian government can 
pass laws to protect the public from 
exposure to cigarette smoke. 

• The federal government has the authority to pass 
laws to protect federally-regulated workers 
(including those working in the banking, 
communications, interprovincial transport sectors 
as well as federal government employees) 

Provincial governments have the authority to pass 
laws to protect the public from exposure to smoke in 
areas under their jurisdiction (including bars, sports 
and other commercial venues) 

Percentage of population living in a community 
where smoking on restaurant patios is not 
allowed.  
 

.

Most provinces also allow municipalities to 
pass laws to provide greater levels of 
protection than are offered by provincial 
law. 

• 4 provinces and 1 territory have passed laws to 
ban smoking on patios and outdoor hospitality 
venues. 

• Citizens and workers of Newfoundland and 
Labrador, Nova Scotia, Alberta and the Yukon are 
protected from exposure to smoke on patios.  
Citizens in Prince Edward Island are also protected 
until 10 p.m. 

Some municipalities (mostly in western 
Canada) have passed laws to protect their 
communities because province-wide 
protection is not in place. 

Many municipalities in the lower mainland of 
British Columbia and on Vancouver Island have 
passed laws banning smoking on patios. 

Ottawa is the largest Ontario municipality to have 
banned smoking on patios.  

1 in 4 Canadians lives in a 
community where smoking 
on public patios is not 
allowed. 

25 million Canadians 
don’t.  
 

 



  
November 2012    2  

 

 

Jurisdiction  Date in effect Population 
Protected 

Provincial 
population  

Percentage 
protected 

     

British Columbia  1,920,199 4,400,057 44% 
Anmore 2008 2,092   
Capital Regional District July 1, 2007 359,991   
Coquitlam August 10, 2010 126,456   
North Vancouver May 15, 2010 84,412   
Powell Rver  13,165   
Richmond March 31, 2009 190,473   
Surrey July 31, 2008 468,251   
Vancouver April 1, 2008 603,502   
West Vancouver July 27, 2009 42,694   
Whistler May 19, 2009 9,824   
White Rock January 1, 2009 19,339   
     
     

Alberta January 1, 2008 3,645,257 3,645,257 100% 
     

Saskatchewan  222,189 1,033,381 22% 
Saskatoon July 1, 2004 222,189   
     

Manitoba   1,208,268 0% 
     

Ontario  1,202,374 12,851,821 9% 
Brighton December 2, 2008 10,928   
Burpee and Mills July 7, 2003 308   
Huron Shores May 31, 2004 1,723   
Kingston May 1, 2003 159,561   
Ottawa April 2, 2012 883,391   
Tehkummah May 4, 2004 406   
Thunder Bay July 1, 2004 146,057   
     

Quebec   7,903,011 0% 
     

New Brunswick   751,171 0% 
     

Nova Scotia December 1, 2006 921,727 921,727 100% 
     

Prince Edward Island September 15, 2009 140,204 140,204 100% 
     

Newfoundland and Labrador  July 1, 2005 514,536 514,536 100% 
     

Yukon Territory May 15, 2008 33,897 33,897 100% 
     

Nunavut   31,906 0% 
     

Northwest Territories   41,462 0% 
     

Canada   8,600,383 33,476,688 26% 
 
 
100% 
• NSRA – Compendium of smoke-free bylaws 

• Statistics Canada.  Census 2011.  
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Executive Summary 
 
From November to December 2006 air quality was assessed in 20 outdoor smoking areas 
(OSA) attached to Capital Regional District (CRD) area bars and restaurants.  The 
smoking areas ranged in the degree to which they were enclosed, with some areas being 
fully enclosed and some being substantially open to the outdoors. 

The concentration of fine particle air pollution, PM2.5, was measured with a TSI SidePak 
AM510 Personal Aerosol Monitor. PM2.5 is particulate matter in the air smaller than 2.5 
microns in diameter.  Particles of this size are released in significant amounts from 
burning cigarettes, are easily inhaled deep into the lungs, and cause a variety of adverse 
health effects including cardiovascular and respiratory morbidity and death. 

Key findings of the study include: 
 The average level of fine particle air pollution in outdoor smoking areas was 16 

times higher than outdoor background levels and more than 3 times higher than 
indoor air in smokefree hospitality venues.  

 The average fine particle air pollution exposure in outdoor smoking areas was 96 
μg/m3, which is similar to indoor levels in restaurants and other hospitality venues 
where smoking is permitted. 

 94% of fine particle pollution exposure in the OSA’s was attributed to tobacco 
smoke. 

 Peak 30-second PM2.5 exposures in the outdoor smoking areas were 268 μg/m3, 
almost 3 times higher than the average PM2.5 exposure.  

 The average PM2.5 concentration was significantly correlated with the average 
number of burning cigarettes during the sampling (Spearman’s rho=0.68, p<.01). 
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Introduction 
 
Tobacco smoke pollution (TSP) contains at least 250 chemicals that are known to be 
toxic or carcinogenic, and is itself a known human carcinogen,[1] responsible for an 
estimated 3,000 lung cancer deaths annually in never smokers in the U.S., as well as more 
than 35,000 deaths annually from coronary heart disease in never smokers, and 
respiratory infections, asthma, Sudden Infant Death Syndrome, and other illnesses in 
children.[2] In Canada, the mortality toll from TSP exposure exceeds 300 lung cancer[3] 
and 700 coronary heart disease[4] deaths per year.  Although population-based data show 
declining TSP exposure in the U.S. overall, TSP exposure remains a major public health 
concern that is entirely preventable.[5, 6] Because requiring smokefree environments is 
the most effective method for reducing TSP exposure in public places,[7] the Centers for 
Disease Control and Prevention “Healthy People 2010” Objective 27-13 encourages all 
states and the District of Columbia to establish and to enforce smokefree air laws in 
public places and worksites.[8] 
 
Currently in Canada, 9 (out of 13) provinces or territories have comprehensive smokefree 
workplace legislation that prohibits indoor smoking in public places including restaurants 
and bars.  The provinces/territories are Northwest Territories, Nunavut Territory, New 
Brunswick, Manitoba, Saskatchewan, Newfoundland and Labrador, Ontario, Quebec, and 
Nova Scotia.  British Columbia and Prince Edward Island have weaker smokefree 
workplace laws that allow smoking in designated smoking rooms.  Alberta restricts 
smoking only in places where minors are allowed and exempts casinos, bars and bingo 
halls.  Yukon does not have a smokefree law, although its major population center, 
Whitehorse, has a weak law prohibiting smoking in most public places but allowing 
designated smoking rooms and allowing smoking in bars.  Currently in the U.S., 17 
states, Washington, DC, and Puerto Rico have passed strong smokefree air laws that 
include restaurants and bars. The states are Arizona, California, Colorado, Connecticut, 
Delaware, Hawaii, Maine, Massachusetts, Montana, New Jersey, New Mexico, New 
York, Ohio, Rhode Island, Utah, Vermont, and Washington (the Montana and Utah laws 
include bars in 2009).  Arkansas, Florida, Idaho, and Nevada have smokefree air laws 
that exempt only stand-alone bars.  Nevada also exempts casinos.  Hundreds of cities and 
municipalities across the U.S. and Canada have also taken action, as have whole 
countries including Ireland, Scotland, Uruguay, Norway, New Zealand, Sweden, Italy, 
Spain and England. 
 
The high levels of exposure to TSP in the hospitality industry have been well 
established[9-12] and have driven the proliferation of the aforementioned comprehensive 
smokefree air legislation.  As a result of these smoking restrictions, much of the active 
smoking in hospitality venues has moved to nearby outdoor areas such as patios.  Most 
smokefree air legislation does not restrict smoking in these outdoor areas although Nova 
Scotia and Newfoundland have restrictions that extend to these outdoor areas of bars and 
restaurants.  Anecdotal evidence indicates that even in places that do have smoking 
restrictions for outdoor areas these restrictions have poor compliance and are not well 
enforced.  Many of these “outdoor” smoking areas are not really outdoors but are 
partially or fully enclosed spaces attached to the main building structure.  In these cases, 
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we would expect TSP exposures to be similar to indoor places.  Whether these “outdoor” 
smoking spaces are fully or partially enclosed or predominantly open air, there is very 
little evidence as to what the exposures are to tobacco smoke pollution in these places. 
  
The purpose of this study was to evaluate the air quality in the outdoor smoking areas of 
bars and restaurants in the Capital Regional District (CRD) in Victoria, British Columbia.  
The Capital Regional District Clean Air Bylaw that prohibits all indoor smoking has been 
in place in the CRD since 1999. There are currently no restrictions on smoking in an 
“outdoor area”. In this study an “outdoor smoking area” refers to an area outside of the 
main bar or restaurant where smoking is permitted although the space may be enclosed to 
varying degrees.  Air quality was assessed in 20 of these outdoor smoking areas attached 
to bars and restaurants in the CRD.  The relation between air pollution and the presence 
of smoking was assessed.  It was hypothesized that air would be more polluted in these 
outdoor smoking areas compared to background pollution levels and smokefree indoor 
environments. 
 
Methods 
 
Overview 
 
In November and December 2006 air quality was assessed in the outdoor smoking areas 
(OSA) of 20 hospitality establishments in the CRD.  Visits were attempted to a total of 33 
venues although assessments could not be completed in 13 places due to incomplete data 
(5 places) or because the outdoor smoking areas were closed (8 places). 

Measurement Protocol 
 
A 30 minute sample was taken using the TSI Sidepak in the outdoor smoking area of 
each venue.  The number of people in the OSA and the number of burning cigarettes 
were recorded every 15 minutes during sampling.  These observations were averaged 
over the time in the OSA to determine the average number of people and the average 
number of burning cigarettes.  In addition the proximity of the burning cigarettes was 
estimated using a sonic measuring device (Zircon DM S40 Sonic Measure, Zircon 
Corporation, Campbell, CA).  The sonic measure was also used to measure the size of the 
OSA in square meters.  Additional observations were also recorded including whether 
there was a roof and what percent of the OSA was covered by the roof, and what percent 
of the sides of the OSA were covered by walls, tarps, or other coverings. 
 
A TSI SidePak AM510 Personal Aerosol Monitor (TSI, Inc., St. Paul, MN) was used to 
sample and record the levels of respirable suspended particles in the air.  This device is a 
laser photometer with a built-in sampling pump that draws air through an attached tube. 
Its handy size (106 mm × 92 mm × 70 mm) enabled it to be transported inconspicuously 
and carried over the investigator’s shoulder or placed on a table. The device was set to 
measure PM2.5 by attaching a size selective impactor (50% cut-off size at 2.5 μm). This 
ensured that the vast majority of the mass of secondhand smoke particles was measured 
by the device while filtering out larger particles (>2.5 microns) that are from other 
sources.  Inside the measuring space, particles reflect laser light, whose intensity is 
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detected at a 90° angle to the laser beam. The device was used with an applied calibration 
factor of 0.32, which is suitable for tobacco smoke.  This calibration factor was 
determined by comparison to another laser photometer that had been used in previous 
studies of secondhand smoke measurement.[9]  This calibration factor has also been 
confirmed by other researchers.[13, 14] Klepeis[13] also determined a similar calibration 
factor was suitable for outdoor tobacco smoke particles.  The device was zeroed prior to 
each use with a filter impermeable to fine dust 
according to the manufacturer’s specifications. 

etected at a 90° angle to the laser beam. The device was used with an applied calibration 
factor of 0.32, which is suitable for tobacco smoke.  This calibration factor was 
determined by comparison to another laser photometer that had been used in previous 
studies of secondhand smoke measurement.[9]  This calibration factor has also been 
confirmed by other researchers.[13, 14] Klepeis[13] also determined a similar calibration 
factor was suitable for outdoor tobacco smoke particles.  The device was zeroed prior to 
each use with a filter impermeable to fine dust 
according to the manufacturer’s specifications. 
  
The equipment was set to a 30-second log interval, 
which averages the previous 30 one-second 
measurements.  Sampling was discreet in order not to 
disturb the occupants’ normal behavior.  For each OSA, 
the first and last minute of logged data were removed 
because they are averaged with indoors and entryway 
air.  The remaining data points were averaged to 
provide an average PM2.5 concentration within the 
OSA. 

The equipment was set to a 30-second log interval, 
which averages the previous 30 one-second 
measurements.  Sampling was discreet in order not to 
disturb the occupants’ normal behavior.  For each OSA, 
the first and last minute of logged data were removed 
because they are averaged with indoors and entryway 
air.  The remaining data points were averaged to 
provide an average PM

  
  

  
  
Investigators under contract with the Vancouver Island Health Authority did the sampling 
and researchers from Roswell Park Cancer Institute analyzed the data. 
Investigators under contract with the Vancouver Island Health Authority did the sampling 
and researchers from Roswell Park Cancer Institute analyzed the data. 
  
Statistical AnalysesStatistical Analyses 
 
The primary goal was to compare the average PM2.5 concentrations in outdoor smoking 
areas to 1) nearby smokefree outdoor air, and 2) indoor smokefree air in similar 
hospitality venues. For the comparison to outdoor air, statistical significance was 
assessed using the Wilcoxon Signed-Rank Test and for the comparison to indoor 
smokefree air the Mann Whitney U-Test was used. Non-parametric statistical tests are 
used as the PM2.5 levels are not expected to be normally distributed.  For this same reason 
geometric mean values are also presented in addition to the arithmetic means in Table 1.  
Descriptive statistics including the OSA size (in square meters), percent of OSA with a 
roof above, percent of enclosed wall space, average number of patrons, average number 
of burning cigarettes, and average cigarette proximity are reported for each venue and 
averaged for all venues. 

2.5 concentration within the 
OSA. 

PM2.5 is the concentration of particulate matter in the air smaller than 2.5 
microns in diameter.  Particles of this size are released in significant amounts 
from burning cigarettes, are easily inhaled deep into the lungs, and are 
associated with pulmonary and cardiovascular disease and mortality. 

TSI SidePak AM510 Personal 
Aerosol Monitor  

 



Table 1.  Average PM2.5 Level in Each Capital Region Outdoor Smoking Area

Venue # Size (m2)

Roof Area 
Covered 

(%)

Wall Area 
Covered 

(%)
People 
(mean)

Cigarettes 
(mean)

Average 
Cigarette 
Proximity 

(m)

Peak 30-
second 
PM2.5 

(μg/m3)

Average 
PM2.5 

(μg/m3)

Background 
PM2.5 

(μg/m3)*
TSP PM2.5 

(μg/m3)**
1 28 65 30 8.3 2.3 1.8 171 40 3 37
2 40 100 95 1.0 1.0 1.8 100 16 3 13
3 54 100 98 7.0 3.0 1.5 105 32 3 29
4 45 100 90 5.0 3.7 2.0 273 102 3 99
5 45 100 98 21.3 8.7 1.1 692 365 3 362
6 28 100 98 13.0 3.0 1.1 523 227 11 216
7 46 100 90 17.3 6.0 1.1 74 45 14 31
8 66 100 95 10.0 2.7 1.5 429 256 14 242
9 40 100 98 1.7 1.7 2.5 139 52 6 46

10 55 80 60 4.7 3.3 1.8 343 74 6 68
11 35 15 30 1.7 1.7 0.9 112 12 2 10
12 35 95 80 3.0 1.3 1.0 130 12 2 10
13 45 100 100 10.3 4.7 1.5 191 37 6 31
14 41 100 80 12.3 7.3 1.7 137 61 6 55
15 48 90 90 8.7 4.0 2.1 144 78 6 72
16 34 100 90 11.0 6.0 1.3 1318 430 6 424
17 12 100 70 0.7 0.7 1.8 14 8 7 1
18 33 100 80 0.7 0.7 2.5 398 47 6 41
19 28 100 80 8.3 2.7 2.1 63 19 4 15
20 45 100 85 0.5 0.5 2.0 13 6 7 -1

Mean 40 92 82 7.3 3.2 1.7 268 96 6 90
Geometric Mean 38 87 78 4.5 2.5 1.6 158 48 5 35 †

* Nearby measured outdoor PM2.5 concentration.
** PM2.5 concentration attributable to tobacco smoke pollution.

† TSP PM2.5 for venue 20 was changed to "+1" in order to calculate geometric mean.
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Results 
 
A summary of each location visited is shown in Table 1.  The average PM2.5 level in the 
20 outdoor smoking areas was 96 μg/m3, 16 times higher than the level (6 μg/m3) 
measured in nearby, smokefree, outdoor air.  This difference is statistically significant 
according to the Wilcoxon Signed-Rank Test (p<0.001).  The average PM2.5 level in the 
outdoor smoking areas is also 3.4 time higher than the average in a large cross-sectional 
sample of 162 smokefree hospitality venues in the U.S.[12]  This difference is 
statistically significant according to the Mann Whitney U-Test (p<0.001).  These 
comparisons are shown in Figure 1. 
 
The range of average PM2.5 concentrations in the OSA’s varied greatly from a minimum 
of 6 μg/m3 to a maximum of 430 μg/m3.  In general the peak 30-second PM2.5 
concentrations far exceeded the average recorded levels.  The average peak concentration 
was 268 μg/m3 and the maximum peak exposure was 1,318 μg/m3. 
 
The wide range in average PM2.5 levels was primarily explained by the average number 
of burning cigarettes.  The overall average number of burning cigarettes in this study was 
3.2. The average PM2.5 level was significantly correlated with the average number of 
burning cigarettes (Spearman’s rho=0.68, p=0.001) but was not significantly correlated 
with amount of roof area, amount of closed wall area, average cigarette proximity, or size 
of the OSA.  
 
Fifteen of the 20 OSA’s (75%) had a roof covering 100% of the area.  Eleven OSA’s 
(55%) had an estimated 90% or more of the surrounded wall areas covered by walls, tarps 
or other similar barriers. 
 
Outdoor, background PM2.5 levels were very low (6 μg/m3), and an estimated 94% of 
particle exposure in the outdoor smoking areas was attributable to tobacco smoke.  Figure 
2 shows the average PM2.5 concentration measured at each of the 20 OSA’s and shows 
how much of the PM2.5 concentration was attributable to tobacco smoke and to outdoor 
background levels. 
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Figure 2.  Level of Air Pollution in Capital Region Outdoor Smoking Areas
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The real-time plots showing the level of air pollution in each venue sampled are 
presented in the Appendix in Figures 3 through 8.  Note that the scale on the y-axis varies 
according to the data in each figure.  The real-time PM2.5 plots throughout the duration of 
sampling reveal the following results: 1) low background levels are observed outdoors, 
away from the OSA’s; 2) much higher levels of air pollution are generally observed in 
the outdoor smoking areas; and 3) peak exposure levels in the outdoor smoking areas can 
reach levels far in excess of the average recorded level. 
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Discussion 
 
The United States Environmental Protection Agency (EPA) cited over 80 epidemiologic 
studies in creating a particulate air pollution standard in 1997.[15]  The EPA has recently 
updated this standard and, in order to protect the public health, the EPA has set limits of 
15 μg/m3 as the average annual level of PM2.5 exposure and 35 μg/m3 for 24-hour 
exposure.[15, 16]  The EPA has also developed the Air Quality Index (AQI) which 
reports daily air quality based on 5 of the 6 “criteria air pollutants”, which include PM2.5.  
The AQI is a uniform color-coded index that forecasts air quality and provides 
information to the public about air quality and associated health effects.  Air quality 
health advisories and warnings are issued based on the current AQI and forecasted AQI 
and are intended to warn the public about health effects that may be experienced a few 
hours or days after breathing polluted air.  The AQI in the appendix shows the PM2.5 
concentrations corresponding to the various health warnings.  While the AQI is based on 
24-hour particle exposures and this study only measured 30 minute average exposures, 
the EPA standards still provide a useful comparison to put the fine particle pollution 
levels seen in this study into context. 
 
The air quality was “good” according to the AQI in only 20% of the OSA’s.  Fifty 
percent of the OSA’s had air quality that was “unhealthy for sensitive groups” or worse.  
In fact 3 OSA’s (15%) had air quality in the “hazardous” range, the worst category of 
outdoor air pollution.  Based on the latest scientific evidence, the EPA staff currently 
proposes even lower PM2.5 standards to adequately protect the public health,[17] making 
the high PM2.5 exposures of people in smoking environments even more alarming. 
 
This study demonstrates that fine particle air pollution in outdoor smoking areas occurs at 
harmful levels similar to what is seen in indoor smoking environments.  There is 
significant exposure to tobacco smoke pollution in these OSA’s even though smoking 
rates during sampling were relatively low, with an average number of burning cigarettes 
of only 3.2. 
 
There are no known published studies on the levels of tobacco smoke pollution exposure 
in these outdoor smoking areas but these results can be compared to similar studies of 
indoor air quality in relation to the presence of smoking.   Ott et al. did a study of a single 
tavern in California and showed an 82% average decrease in RSP levels after smoking 
was prohibited by a city ordinance.[18]  Repace studied 8 hospitality venues, including 
one casino, in Delaware before and after a statewide prohibition of smoking in these 
types of venues and found that about 90% of the fine particle pollution could be 
attributed to tobacco smoke.[9]  Similarly, in a study of 22 hospitality venues in Western 
New York, Travers et al. found a 90% reduction in RSP levels in bars and restaurants, an 
84% reduction in large recreation venues such as bingo halls and bowling alleys, and a 
58% reduction even in locations where only SHS from an adjacent room was observed at 
baseline.[11]  A cross-sectional study of 53 hospitality venues in 7 major cities across the 
U.S. showed 82% less indoor air pollution in the locations subject to smokefree air laws, 
even though compliance with the laws was less than 100%.[19]  These studies 
documented average indoor tobacco smoke particle levels ranging from 55 μg/m3 to 293 
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μg/m3.  Similarly, this study showed an average PM2.5 concentration in OSA’s of 96 
μg/m3. 
 
Other studies have directly assessed the effects SHS exposure has on human health.  One 
study found that respiratory health improved rapidly in a sample of bartenders after a 
state smokefree workplace law was implemented in California[20], and another study 
reported a 40% reduction in acute myocardial infarctions in patients admitted to a 
regional hospital during the 6 months that a local smokefree ordinance was in effect.[21]  
Smokefree legislation in Scotland was associated with significant early improvements in 
symptoms, lung function, and systemic inflammation of all bar workers, while asthmatic 
bar workers also showed reduced airway inflammation and improved quality of life.[22] 
Farrelly et al. also showed a significant decrease in both salivary cotinine concentrations 
and sensory symptoms in hospitality workers after New York State’s smokefree law 
prohibited smoking in their worksites.[23] 
 
The effects of passive smoking on the cardiovascular system in terms of increased 
platelet aggregability, endothelial dysfunction, increased arterial stiffness, increased 
atherosclerosis, increased oxidative stress and decreased antioxidant defense, 
inflammation, decreased energy production in the heart muscle, and a decrease in the 
parasympathetic output to the heart, are often nearly as large (averaging 80% to 90%) as 
chronic active smoking.  Even brief exposures to SHS, of minutes to hours, are associated 
with many of these cardiovascular effects.  The effects of secondhand smoke are 
substantial and rapid, explaining the relatively large health risks associated with 
secondhand smoke exposure that have been reported in epidemiological studies.[24]   
 
The hazardous health effects of exposure to second-hand smoke are now well-
documented and established in various independent research studies and numerous 
international reports. The body of scientific evidence is overwhelming: there is no doubt 
within the international scientific community that second-hand smoke causes heart 
disease, lung cancer, nasal sinus cancer, sudden infant death syndrome (SIDS), asthma 
and middle ear infections in children and various other respiratory illnesses. There is also 
evidence suggesting second-hand smoke exposure is also causally associated with stroke, 
low birthweight, spontaneous abortion, negative effects on the development of cognition 
and behavior, exacerbation of cystic fibrosis, cervical cancer and breast cancer.  The 
health effects of secondhand smoke exposure are detailed in recent reports by the 
California Environmental Protection Agency[25] and the U.S. Surgeon General[26]. 
 
Conclusions 
 
Outdoor smoking areas of CRD bars and restaurants are significantly more polluted than 
outdoor smokefree air.  Fine particle air pollution levels in these outdoor smoking areas 
are similar to indoor smoking environments and on average exceed US EPA health 
standards for fine particle pollution exposure.  These outdoor smoking areas pose a health 
hazard for exposed nonsmoking employees and patrons. These data should be taken into 
account when formulating public policy to eliminate nonsmoker exposure to hazardous 
tobacco smoke pollution. 
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Figure 3. Capital Region Air Monitoring Study – November 23, 2006
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Figure 4. Capital Region Air Monitoring Study – November 24, 2006
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Figure 5. Capital Region Air Monitoring Study – December 2, 2006
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Figure 6. Capital Region Air Monitoring Study – December 21, 2006
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Figure 7. Capital Region Air Monitoring Study – December 22, 2006
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Figure 7. Capital Region Air Monitoring Study – December 22, 2006
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Figure 8. Capital Region Air Monitoring Study – December 28, 2006
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Secondhand smoke exposure (PM2.5) in outdoor
dining areas and its correlates

Melissa Cameron,1 Emily Brennan,1 Sarah Durkin,1 Ron Borland,1 Mark J Travers,2

Andrew Hyland,2 Matthew J Spittal,1 Melanie A Wakefield1

ABSTRACT
Background This study assessed the magnitude of
secondhand smoke (SHS) exposure when people smoke
in outdoor dining areas and explored conditions
influencing exposure levels.
Methods Data were gathered from 69 outdoor dining
areas in Melbourne, Australia, during April/May 2007.
Sitting at tables within 1 metre of an active smoker,
the authors measured the concentration of particulate
pollution (PM2.5) using TSI SidePak Personal Aerosol
Monitors. PM2.5 data were recorded by the monitor at
30-second intervals, and data were collected over an
average of 25.8 minutes per venue. Information was
collected about the presence of overhead coverings and
the number of patrons and lit cigarettes.
Results The average background level of PM2.5 was
8.4 mg/m3 (geometric mean (GM)¼6.1 mg/m3),
increasing to an average of 17.6 mg/m3 (GM¼12.7 mg/m3)
over the observational period and 27.3 mg/m3

(GM¼17.6 mg/m3) during the time that cigarettes were
actively smoked near the monitor. There was substantial
variation in exposure levels, with a maximum peak
concentration of 483.9 mg/m3 when there were lit
cigarettes close to the monitor. Average exposure levels
increased by around 30% for every additional active
smoker within 1 metre of the monitor. Being situated
under an overhead cover increased average exposure by
around 50%.
Conclusions When individuals sit in outdoor dining
venues where smokers are present it is possible that
they will be exposed to substantial SHS levels.
Significant increases in exposure were observed when
monitors were located under overhead covers, and as
the number of nearby smokers increased. The role of
outdoor smoking restrictions in minimising exposure to
SHS must be considered.

INTRODUCTION
The link between exposure to secondhand smoke
(SHS) and increased risk of acute symptoms and
chronic diseases is well established,1e4 and in 2006
the US Surgeon General concluded that “the scien-
tific evidence indicates that there is no risk-free level
of exposure to secondhand smoke”.4 As such, the
World Health Organization, the US Environmental
Protection Agency and the Australian National
Environment Protection Council have all set stan-
dards for ambient exposure to particulate matter
that is smaller than 2.5 mm in diameter.5e7 Particu-
late matter of this size (PM2.5) is released in
substantial amounts from burning cigarettes, such
that the concentration of PM2.5 is a useful indicator
of the concentration of SHS.

SHS exposure is of particular concern for people
working in the hospitality industry, as they expe-
rience some of the highest levels of occupational
SHS exposure.8 9 These high exposures have been
linked to respiratory symptoms and poor lung
function among hospitality workers.10e12 As such,
over the last decade an increasing number of
nations have implemented comprehensive smoke-
free legislation in indoor public places with the aim
of improving air quality and protecting the health of
workers and patrons.13 In Victoria, Australia, indoor
dining areas and restaurants have been smoke-free
since July 2001,14 15 and indoor areas of bars and
pubs became smoke-free in July 2007.16 However,
outdoor dining and drinking areas of bars, pubs and
restaurants are not required to be smoke-free, unless
the outdoor area has a roof in place and the total
area of the wall surface exceeds 75% of the total
notional wall area.16 Under these requirements,
outdoor dining areas where smoking is permitted
can have varying degrees of enclosure.
SHS exposure in outdoor environments has only

recently begun to be empirically investigated, with
early findings indicating that outdoor SHS levels can
be comparable to, or even higher than, indoor levels
under specific conditions.17 18 However, outdoor
SHS concentrations are more variable than indoor
concentrations, because SHS does not readily accu-
mulate in outdoor environments and is sensitive to
wind conditions.18 19 Restrictions on smoking in
outdoor dining areas have recently been introduced in
the Australian states ofQueensland and Tasmania.20 21

There are several arguments both for and against
such restrictions,22e26 with the main concern being
insufficient evidence of a health impact to warrant
regulation. On the other hand, recent findings
indicate significant SHS exposure levels in outdoor
areas,17 18 and there is increasing public support for
restrictions.27 Thus, further investigation of expo-
sure to SHS in outdoor public places is warranted.
The aim of our study was to assess the potential

magnitude of SHS exposure when people smoke in
outdoor dining areas, and to explore the conditions
influencing these exposure levels. We were partic-
ularly interested in the impact on exposure levels of
sitting underneath an overhead cover or roof.

METHODS
Data collection procedure
Data collection occurred over 13 weekdays in April/
May 2007 by trained research assistants. Eligible
outdoor dining areas of restaurants and cafés were
a defined area on the footpath where drinks and/or
meals were served to patrons. All of these venues
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primarily served adults. Research assistants visited these areas
during busy times (late morning, lunch and dinner periods), and
spent approximately 30 minutes at each venue.

We selected a convenience sample of five shopping or retail
areas within a 6-km radius of Melbourne city centre. Upon
arriving at the shopping area, researchers looked for a patron
sitting in an outdoor dining area who was either currently
smoking a cigarette or had a packet of cigarettes in full view on
the table, and who had an available dining table within 1 metre
of where they were sitting. The researcher sat at the available
table, and data collection began immediately if the person was
already smoking, or when they lit their first cigarette (a ‘target
cigarette’). If no target cigarette was smoked within 30 minutes
of arriving, the researcher left the venue. Researchers continued
collecting data at the venue for 10 minutes after the target
cigarette was extinguished. However, if a second and/or third
target cigarette was lit within 10 minutes of the previous one
being extinguished, then the researcher remained at the venue
and continued collecting data until 10 minutes after the second/
third target cigarette was extinguished, at which time the
researcher left the venue. Researchers visited three or four venues
per data collection session. To measure air quality in outdoor
dining areas under natural conditions, several measures were
taken to ensure that data collection was undetected by owners
and patrons.28 Researchers purchased either one non-alcoholic
drink or a light meal at each venue, observational data were
collected using a discrete notebook and the air quality monitor
was concealed in a carry bag (see details below).

At the beginning of each data collection session, a 5-minute
sample of baseline air quality data was collected from an area on
the footpath away from crowds and smokers. This 5-minute
sample of data served as the baseline level of exposure for all
venues visited during that session.

Air quality data
The concentration in the air of particulate matter smaller than
2.5 mm in diameter (PM2.5), served as the indicator of air quality.
Air quality data at each venue were collected using a TSI SidePak
AM510 Personal Aerosol Monitor. Before each data collection
session the SidePak was charged, cleaned and zero-calibrated
using the Hepa filter and standard calibration procedure.29 30 The
SidePak was fitted with a 2.5 mm impactor to measure the
concentration of particulate matter less than or equal to 2.5 mm
in diameter. A standard calibration factor of 0.32 was applied to
the raw data to correct for the properties of SHS.17 29 31 32

Although only one monitor collected data at each venue, two
separate SidePaks were used in this study to allow concurrent
data collection sessions. As such, an additional adjustment factor
was applied to the raw data from each monitor to account for the
mean differences between the two monitors, as calculated by
a series of side-by-side experiments comparing the monitors in
various environments (across measurements, the difference
between monitors was less than 10%). Data were recorded by the
SidePaks at 30-second intervals, with each 30-second data point
being an average of the previous 30 one-second measurements.

To facilitate unobtrusive data collection, a length of Tygon
tubing was attached to the inlet of the SidePak, and the SidePak
was placed in a camera-like carry bag with the tubing protruded
from the bag by only 1 inch. The bag containing the SidePak was
situated on top of the table for the entire data collection period.

Observational data
Observational data collected at 5-minute intervals included the
number of other lit cigarettes at the venue (ie, apart from the

target cigarettes, but including other cigarettes smoked at tables
in close proximity to the researcher), and whether or not the
SidePak was located underneath an overhead cover. Overhead
covers included umbrellas, shade cloth, building awnings and
roofing. Trees were not included. Further observational data
collected only once per venue included the presence and height
of side walls; measures of the number of patrons in the area;
whether or not meals were being served or eaten in the outdoor
area; and a sketch of the layout of the venue, noting the location
of the monitor and the location of any major barriers to air flow.
Researchers also noted the exact time at which each target
cigarette was lit and extinguished.

Statistical analysis
Two outcome measures were derived from the air quality data
collected at each venue: (1) total time exposure, referring to
average PM2.5 exposure levels detected over the entire time spent
at the venue; and (2) cigarette time exposure, referring to average
PM2.5 exposure levels detected during the time that target ciga-
rettes were being smoked at the venue. In addition, a measure of
baseline PM2.5 exposure was obtained for each venue. Because
this air quality data are positively skewed, all statistical analyses
were performed using log-transformed dependent variables, and
geometric means (GM) are reported in addition to arithmetic
means (mean) to ensure comparability of our results with
previous research in this field.
Observational data about the overhead cover andwall coverings

at each venue were combined to establish various categorical
variables describing the degree of enclosure at venues. However,
preliminary analyses indicated that a distinction between venues
at which the monitor was and was not located underneath an
overhead cover (regardless of wall height) provided the most
robust findings, and only these results are presented here.
Multivariate linear regression analyses were conducted to

examine the relation between the two outcome measures (total
time and cigarette time exposure) and the predictor variables
expected to influence exposure levels (number of target ciga-
rettes; number of other lit cigarettes; overhead cover). Baseline
PM2.5 exposure was entered as a covariate in all analyses.

RESULTS
Sample characteristics
Data were collected over 69 visits to 54 unique outdoor dining
areas (one venue was visited on five separate occasions; one
venue was visited four times; eight venues were visited twice).
An intra-class correlation analysis indicated that there were no
substantial effects of venue clustering on GM total time
exposure (coefficient ¼ 0.14; 95% CI 0.00 to 0.63; F (2, 22)¼ 2.11,
p ¼ 0.15), or on GM cigarette time exposure (coefficient ¼ 0.06;
95% CI 0.00 to 0.44; F (2, 22) ¼ 1.38, p ¼ 0.27). Therefore, the 69
venue visits were treated as separate venues in the analyses.
Overall, data were collected for a mean of 25.8 minutes across

venues (range 13.0e57.0 minutes). The mean time for which
individual target cigarettes were lit was 6.3 minutes. Owing to
multiple (two and/or three) target cigarettes at some venues, the
cumulative average of target cigarette exposure was 9.9 minutes.
Meals were being served or eaten during the data collection
session at 90% (n¼62) of venues, and the mean number of
patrons at outdoor venues was 11.0 (range 2e33).

PM2.5 exposure levels
The overall (n¼69 venues) mean baseline PM2.5 exposure was
8.4 mg/m3 (95%CI 6.6 to 10.2; GM¼6.1 mg/m3, 95%CI 5.0 to 7.3).
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The mean total time exposure was 17.6 mg/m3 (95% CI 14.0 to
21.2; GM¼12.7 mg/m3, 95% CI 10.4 to 15.4), ranging from
2.7 mg/m3 to 78.0 mg/m3. In comparison, the mean cigarette time
exposure was 27.3 mg/m3 (95% CI 21.2 to 33.4; GM¼17.6 mg/m3,
95% CI 13.9 to 22.2), ranging from 2.6 mg/m3 to 112.7 mg/m3.

Peaks in PM2.5 exposure at the 30-second level were generally
much higher than mean exposure levels. During the times that
target cigarettes were lit (cigarette time), the mean 30-second
peak concentration across venues was 115.2 mg/m3, while the
maximum 30-second peak concentration was 483.9 mg/m3. In
contrast, during the times in which there were no lit target
cigarettes at venues, the mean 30-second peak concentration
across venues was 48.7 mg/m3 and the maximum 30-second peak
concentration was 297.7 mg/m3.

Factors influencing PM2.5 exposure levels
Number of close proximity (‘target’) cigarettes
More than half (58%) of venues had one target cigarette; 28%
had two; and 14% had three target cigarettes. The number of
target cigarettes significantly predicted exposure levels at the
multivariate level, with every one unit increase in the number of
target cigarettes increasing total time exposure by 34% (95% CI
10% to 63%; p¼0.004), and cigarette time exposure by 34% (95%
CI 2% to 75%; p¼0.037). The wide confidence intervals for these
significant effects illustrate the considerable variability in PM2.5

exposure at these venues.

Number of other cigarettes (non-target cigarettes)
The average number of other lit cigarettes at venues ranged from
0 to 2.8, with an overall mean of 0.7. The number of other lit
cigarettes did not significantly predict total time exposure at the
multivariate level (p¼0.261). During the time that target ciga-
rettes were lit, the average number of other lit cigarettes at
venues ranged from 0 to 4, with an overall mean of 0.9. Cigarette
time exposure was significantly predicted by the number of other
lit cigarettes, with every one unit increase in the number of other
lit cigarettes at the venue increasing cigarette time exposure by
25% (95% CI 0.8% to 55%; p¼0.042).

Overhead cover
Of the 69 venues visited, 71% had some overhead cover, while
29% either did not have an overhead cover or the monitor was
not located under cover. The multivariate linear regressions
indicated that being situated underneath an overhead cover
increased total time exposure by 51% (95% CI 9% to 109%;
p¼0.014), and cigarette time exposure by 71% (95% CI 9% to
167%; p¼0.020). Again, the wide confidence intervals for these

significant effects illustrate the extent of variability in PM2.5

exposure.

Variation in exposure levels at venues with low exposure and
high exposure conditions
To further examine variations in the level of SHS exposure at
outdoor dining areas, we selected one venue at which the
conditions were favourable to low SHS exposure (one target
cigarette; monitor not under cover), and one venue at which the
conditions contributed to high exposure levels (three target
cigarettes; monitor under cover). As illustrated in figure 1,
exposure levels at the venue with low exposure conditions had
a maximum peak of 17.7 mg/m3 during the time that a target
cigarette was lit, and a maximum peak of 7.8 mg/m3 during the
time that there were not any target cigarettes lit. In contrast,
exposure levels at the venue with high exposure conditions
spiked several times at around 400 mg/m3, with a maximum peak
of 483.9 mg/m3 during the time that target cigarettes were lit, and
a maximum peak of 191.4 mg/m3 during the time that that there
were not any target cigarettes lit (figure 1). While the difference
in exposure levels at these two venues is partially explained by
their different baseline levels (3.1 mg/m3 mean baseline PM2.5 at
the low exposure venue, compared with 22.5 mg/m3 mean base-
line PM2.5 at the venue with high exposure conditions) this does
not fully account for the substantially greater exposure peaks
observed at the high exposure venue. The data from these two
venues further illustrate the effect of being situated underneath
an overhead cover and being exposed to multiple close proximity
cigarettes on exposure to SHS at outdoor dining areas, as well as
illustrating the potential for high peaks in exposure.

DISCUSSION
Compared with the mean baseline exposure level of 8.4 mg/m3

(GM¼6.1 mg/m3), themean total exposure at outdoor dining areas
where smokers were present was 17.6 mg/m3 (GM¼12.7 mg/m3),
and the mean exposure during those times that a target cigarette
was lit was 27.3 mg/m3 (GM¼17.6 mg/m3). There was substantial
variation in exposure levels, with the potential for 30-second
concentrations to reach almost 500 mg/m3 at some venues.
Similar to the findings of Klepeis and colleagues,18 the findings

from this observational study suggest that outdoor concentra-
tions of SHS can be comparable to those detected indoors,
although lower overall outdoor concentrations are often observed
because outdoor concentrations are more susceptible to the
proximity of the cigarettes and to rapid dissipation. Nonetheless,
when an individual sits in an outdoor dining area where smokers
are present, it is possible that they will be exposed to substantial

Figure 1 Levels of secondhand smoke
(SHS) exposure at venues with low
exposure and high exposure conditions.
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levels of SHS, and this is more likely when they are seated under
an overhead cover. These results suggest that exposure to SHS
among patrons and staff could be reduced if overhead covers at
outdoor dining areas were removed. However, overhead covering
provides protection from harmful ultraviolet rays, and removal
to increase ventilation would incur a consequent risk of sunburn.
This is of particular concern in Australia, where levels of ultra-
violet radiation and sun exposure are typically higher than those
observed in North America and Europe.33 At least two in three
Australians are diagnosed with skin cancer before 70 years of
age,34 and melanoma is the most common cancer in those aged
12e24 years.35 Therefore, the need to protect patrons and
hospitality workers from unnecessary sun exposure is an
imperative public health concern, and it is neither practical nor
responsible to promote removal of overhead covers at outdoor
dining venues. Alternative approaches to reduce SHS exposure in
these venues must be considered.

Results from two small previous studies of SHS exposure in
outdoor dining venues (six venues in New Zealand36 and 20
venues in Canada17) show different results from those presented
here, but it is evident that differences in the degree of venue
enclosure may account for these findings. For example, in the
Canadian study, average and maximum SHS levels were higher
than those found in our study, but most of the Canadian venues
had overhead cover and around half of the venues had at least
90%wall covering because of the colder climate.17 In comparison,
71% of venues in our sample had an overhead cover, and only half
of these also had substantial wall cover. Our study adds to the
growing evidence about the conditions leading to significant
exposure to SHS in outdoor dining areas, and we encourage
further research to quantify the average and range of exposure
experienced by patrons dining in venues with various levels of
enclosure.

A potential limitation of our study is that we used a conve-
nience sample, and therefore the recorded levels may not be
representative of those present in outdoor dining venues across
the state. However, our sampling was purposive in order to
include venues with varying structural layouts. Second, we
recognise that SHS is not the only source of PM2.5 particles, with
additional contributions coming from diesel cars and trucks, and
cooking sources. However, we collected and controlled for base-
line measurements of PM2.5 in all analyses, thereby minimising
the influence of ambient PM2.5 sources on our results. Third,
given that previous studies of outdoor SHS concentrations have
demonstrated that exposure levels are particularly sensitive to
wind speed and direction,18 19 it is a limitation of this study that
we did not obtain an adequate measure of wind conditions at
each venue and were therefore not able to account for, or examine
the effects of wind conditions on SHS exposure levels. Fourth,
the limited duration of data collection (26 minutes on average)
means that although the data may reflect typical exposure for
patrons, we did not capture the exposure levels that would be
experienced during the average shift of a hospitality employee.
Another aspect of the present study worth noting is that venues
were visited in late autumn, and it is possible that higher or
lower average exposure levels would be observed at other times
of the year.

We do not advise that the present results are used to advocate
outdoor smoking restrictions at the expense of other tobacco
control policies known to reduce smoking prevalence37 38 and
exposure to SHS.13 However, given both the evidence that there
is no risk-free level of SHS exposure4 and the demonstration in
this study that policies allowing smoking in semi-enclosed
venues have the potential to result in unacceptable levels of

exposure, such restrictions may clearly be of importance in those
countries where indoor smoke-free policies and other tobacco
control measures are already in place.
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Revising the Air Quality Index and Setting a Significant Harm Level for PM2.5 

February 12, 2007 

Introduction 

In October 2006, EPA revised the national ambient air quality standards for PM2.5 

by strengthening the 24-hour standard to protect public health against effects associated 

with short-term exposure to fine particles (PM2.5).  These effects include: premature death 

in people with heart and lung disease; non-fatal heart attacks; increased hospital 

admissions, emergency room visits and doctor’s visits for respiratory diseases; increased 

hospital admission and ER visits for cardiovascular diseases; increased respiratory 

symptoms such as coughing, wheezing and shortness of breath; lung function changes, 

especially in children and people with lung diseases such as asthma; changes in heart rate 

variability; and irregular heartbeat.  

The purpose of this issue paper is to provide our initial thoughts about possible 

revisions to the Air Quality Index (AQI) sub-index for PM2.5, reflecting this 

strengthening of the 24-hour standard.  We are also providing our initial thoughts about 

setting a Significant Harm Level (SHL) for PM2.5, which historically is set at the same 

level as an AQI value of 500. We intend to encourage discussion and comment about 

these changes among the many agencies and partners that use the AQI on a daily basis to 

communicate with the public about daily air quality and any associated health risks.  We 

expect these discussions to occur over the next few months, starting at the National Air 

Quality Conference in February, and to lead to the publication of a summer 2007 

proposed rule to revise the AQI and to set an SHL for PM2.5 with a final rule in the fall of 

2007. To facilitate these discussions we have identified a few key questions which can 

be found in this paper. The responses to these questions will provide information useful 

to the rulemaking.  At the end of this issue paper there is a list of key EPA contacts and 

links to supplemental information. 

Possible revisions to the AQI value of 100 and the lower end of the range 

In 1999, EPA adopted revisions to the uniform air quality index used by States for 

daily reporting to the general public in accordance with section 319 of the Clean Air Act.  
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The changes included, among others, the addition of a new sub-index for PM2.5. The new 

sub-index for PM2.5 was developed using an approach that was conceptually consistent 

with past practice for selecting the air quality concentrations associated with the AQI 

breakpoints. The Agency’s historical approach to selecting index breakpoints had been 

to simply set the AQI value of 100 at the level of the short-term standard for a pollutant 

and the AQI value of 50 at the level of the annual standard, if there is one, or at one-half 

the level of the short-term standard if there is not.  This method of structuring the index 

may be appropriate for a typical suite of air quality standards, which include a short-term 

standard designed to protect against the health effects associated with short-term 

exposures and an annual standard designed to protect against health effects associated 

with long-term exposures.  In such cases the short-term standard in effect defines a level 

of health protection provided against short-term risks and thus can be a useful benchmark 

against which to compare daily air quality concentrations. 

In the case of the 1997 PM2.5 standards, we took a different approach to protecting 

against the health risks associated with short-term exposures.  The intended level of 

protection against short-term risk was not defined by the 24-hour standard but by the 

combination of the 24-hour and the annual standards working in concert.  In fact, the 

annual standard was intended to serve as the principal vehicle for protecting against 

short-term PM2.5 exposures by lowering the entire day-by-day distribution of PM2.5 

concentrations in an area.  Because the 24-hour standard served to provide additional 

protection against very high short-term concentrations, localized “hotspots” or risks 

arising from seasonal emissions that would not be well-controlled by a national annual 

standard, we consequently concluded that it would be appropriate to caution members of 

sensitive groups exposed to concentrations below the level of the 24-hour standard.  We 

also concluded that it would be inappropriate to compare daily air quality concentrations 

directly with the level of the annual standard by setting an AQI value of 100 at that level.  

We wanted to set the AQI value of 100 to reflect the general level of health protection 

against short-term risks offered by the annual and 24-hour standards combined, consistent 

with the underlying logic of the historical approach.  We concluded that it was 

appropriate to set the AQI value of 100 at the midpoint of the range between the annual 

and the 24-hour PM2.5 standards (i.e., 40 µg/m3) to reflect the dual role of the 24-hour and 
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the annual PM2.5 standards in protecting against short-term risks.  Given that decision, we 

also concluded that it was appropriate to retain the approach of using the level of the 

annual standard for an AQI value of 50 and of setting the AQI value of 150 at the level of 

the 24-hour PM2.5 standard (see Table 1). 

In 2006, EPA revised its national ambient air quality standards for PM2.5 by 

strengthening the 24-hour standard to 35 µg/m3. We used a significantly expanded and 

stronger body of evidence from short-term exposure PM2.5 studies as the principal basis 

for selecting the level of this standard, which is aimed at protecting against health effects 

associated with short-term exposures to PM2.5. Numerous U.S. and Canadian studies 

were available that provided evidence of associations between short-term exposure to 

PM2.5 and serious health effects in areas with air quality at and above the level of the 

current annual PM2.5 standard (15 µg/m3). The standard level we established generally 

will require improvements in air quality in areas in which the distribution of daily short-

term exposure to PM2.5 can reasonably be expected to be associated with serious health 

effects. In setting the level of the 24-hour PM2.5 standard at 35 µg/m3, we noted that this 

standard would protect public health with an adequate margin of safety from serious 

health effects, including premature mortality and hospital admissions for 

cardiorespiratory causes that are associated with short-term exposure to PM2.5. 

With the promulgation of the 2006 24-hour PM2.5 standard, the short-term 

standard defines a level of health protection provided against short-term risks that again 

serves as an appropriate benchmark against which to compare daily air quality 

concentrations. As a result, it is appropriate to consider setting an AQI value of 100 

equal to the level of the 24-hour PM2.5 standard (35 µg/m3). We believe it is appropriate 

to consider reducing the AQI value of 150 (now 65 µg/m3) in proportion to the reduction 

in the AQI value of 100 (to 55 µg/m3 – rounded to the nearest 5 µg/m3). This conclusion 

is based on the more extensive and stronger body of evidence linking 24-hour PM2.5 

concentrations with serious morbidity and mortality effects, including:  premature death 

in people with heart and lung disease; non-fatal heart attacks; increased hospital 

admissions, emergency room visits and doctor’s visits for respiratory diseases; increased 

hospital admission and ER visits for cardiovascular diseases; increased respiratory 

symptoms such as coughing, wheezing and shortness of breath; lung function changes, 
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especially in children and people with lung diseases such as asthma; changes in heart rate 

variability; and irregular heartbeat.  We have also concluded that it is appropriate to 

retain the level of the annual standard for an AQI value of 50 (15 µg/m3). 

Possible revisions to the AQI value of 500 and the upper end of the range (including 

setting an SHL for PM2.5) 

Historically, the AQI value of 100 is set at the level of the short-term standard for 

a pollutant and the AQI value of 50 at the level of the annual standard, if there is one, or 

at one-half the level of the short-term standard if there is not.  The upper bound index 

value of 500 corresponds to the Significant Harm Level (SHL), established in section 

51.16 of the CFR under the Prevention of Air Pollution Emergency Episodes program.  

The SHL is set at a level that represents imminent and substantial endangerment to public 

health. We have not yet promulgated an SHL for PM2.5. In 1999, we set an index value 

of 500 equal to 500 µg/m3PM2.5, 24-hour average, and indicated that if we promulgated 

an SHL for PM2.5 and it was different, we would revise the PM2.5 sub-index accordingly 

(63 FR 67829). This level was established on the basis of increased mortality found 

during historical wintertime pollution episodes in London, where PM concentrations 

measured as British Smoke were in the 500 to 1000 µg/m3 range. British Smoke 

provided an approximate measurement of fine particles, since it is considered to measure 

PM with a cut-point of approximately 4.5 microns.  These measurements and health 

rationale are also the basis for the current SHL for PM10 (600 µg/m3). 

At that time, we considered using the proportion of the PM10 SHL (600 µg/m3) 

that comprises PM2.5 to set the 500 level of the AQI, but we did not have enough PM2.5 

monitoring data to establish a ratio (PM2.5 to PM10) for that purpose.  Since then there has 

been a significant increase in PM2.5 monitoring, and we now have sufficient PM2.5 

monitoring data to be able to estimate that in the United States, on average, 60 percent of 

PM10 consists of PM2.5. This allows us to scale the SHL for PM2.5 to the SHL for PM10, 

rather than basing the PM2.5 SHL on measurements of British Smoke, and to maintain the 

health-based rationale that we used for setting the 500 level of the AQI and the PM10 

SHL. Using this approach results in a PM2.5 SHL of 350 µg/m3 (rounded to the nearest 

50 µg/m3). 
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For the intermediate breakpoints in the AQI between the values of 100 and 500, 

the PM2.5 concentrations under consideration generally reflect a linear relationship 

between increasing index values and increasing PM2.5 values (see Table 1).  The available 

scientific evidence of health effects related to population exposures to PM2.5 

concentrations between the level of the 24-hour standard and the level of the SHL under 

consideration suggest a continuum of effects in this range, with increasing PM2.5 

concentrations being associated with increasingly large numbers of people likely to 

experience such effects.  The generally linear relationship between AQI values and PM2.5 

concentrations in this range is consistent with the health evidence.  This also is consistent 

with our practice of setting breakpoints in symmetrical fashion where health effects 

information does not suggest particular levels. 

We have used the historical wintertime pollution episodes in London because 

there is little available information about similar, more recent, air pollution episodes and 

associated impacts on community health upon which to base a decision about an SHL for 

PM2.5. In light of this, we are encouraging state and local air agencies to send us 

information about air quality measurements and associated public health impacts, if 

available, related to episodes of high PM2.5 levels.  We have compared the level of the 

SHL for PM2.5 under consideration with air quality data (October 2003 to October 2006) 

in the AQS database. We looked at all appropriate data for this analysis.  AIRNow data 

collected using non-reference method technologies were used to fill in for missing FRM 

data as necessary. Individual site analysis required 75 percent data completeness resulting 

in 845 observations out of 1137 possible. During these three years, only one monitor 

exceeded the level of the PM2.5 SHL (350 µg/m3) now under consideration, and that 

episode was related to wildfires.   

As a related matter, we recognize that it would be quite useful to have a public 

advisory system based on a shorter averaging period (i.e., 1-hour PM2.5 levels) for use 

during PM2.5 episodes (such as wildfires), when there can be extremely high short-term 

peaks of PM2.5 that aren't well communicated by advisories based on 24-hour average 

PM2.5 concentrations. We intend to issue guidance that air agencies can use during PM2.5 

episodes. There is a growing body of studies that provide additional evidence of effects 

associated with exposure periods shorter than 24 hours (e.g., one to several hours) 
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(OAQPS PM Staff Paper, December 2005, section 3.5.5.1).  While the PM Staff Paper 

concluded that this information remains too limited to serve as a basis for establishing a 

shorter-than-24-hour PM2.5 primary standard, this information will be useful in helping 

develop guidance that can be used during PM2.5 episodes. Some agencies already issue 

advisories based on 1-hour PM2.5 levels.  We are requesting that agencies using such 

advisories send us information about the approach used and including associated 

strengths and weaknesses. 

Possible Implications for Air Quality Forecasting 

For many areas around the country, lowering the AQI thresholds will result in 
more days reaching an AQI equal to 100 which is considered Unhealthy for Sensitive 
Groups (USG). In addition, areas that currently do not reach USG levels may do so once 
the threshold is lowered.  Therefore, a lower threshold could impact existing forecasting 
programs and may necessitate that additional cities develop forecasting programs.  It is 
EPA’s goal to conduct analyses to quantify these impacts.  Most, if not all, of the 
following questions will be answered by EPA to serve as information for state and local 
forecast programs as well as a basis for discussion: 

$	 How will the frequency distribution of AQI levels change by season with the 
lowering of thresholds? 

$	 Which cities may want to consider implementing a forecasting program?  For 
existing forecast programs, will PM2.5 forecasts need to be extended into 
additional seasons and/or made at a greater frequency (e.g. daily versus weekly). 

$	 How much time will be required to forecast with additional action days and 
additional "close-call" days? 

A report will be available during the 2nd quarter of 2007 with answers to the 
above questions along with conclusions and recommendations. 
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Table 1. Current breakpoints and possible revisions to PM2.5 sub-index 

AQI Category Index Values 
PM2.5 24-hour (µg/m3) 

Current Under Consideration 

Good 0 - 50 0.0 - 15.4 0.0 - 15.4 

Moderate 51 - 100 15.5 - 40.4 15.5 - 35.4 

Unhealthy for 
Sensitive 
Groups 

101 - 150 40.5 - 65.4 35.5 - 55.4 

Unhealthy 151 - 200 65.5 - 150.4 55.5 - 140.4 

Very 

Unhealthy 

201 - 300 150.5 - 250.4 140.5 - 210.4 

Hazardous 301 - 400 250.5 - 350.4 210.5 - 280.4 

401 - 500 350.5 - 500 280.5 - 350.4 

Contacts
 

AIRNow: John White (white.johne@epa.gov) 


Air Quality: Mike Rizzo (rizzo.michael@epa.gov) 


Communications: Alison Davis (davis.alison@epa.gov) 


Forecasting: Scott Jackson (jackson.scott@epa.gov) 


Health: Susan Lyon Stone (stone.susan@epa.gov) 


Monitoring: Lewis Weinstock (weinstock.lewis@epa.gov) 


Supplemental Information
 

Air Quality Index Reporting Proposed Rule (December 9, 1998): 


http://epa.gov/airnow/health/aqi_proposal_1998.pdf 

Air Quality Index Reporting Final Rule (August 4, 1999): 

http://www.epa.gov/ttn/oarpg/t1/fr_notices/airqual.pdf 

National Ambient Air Quality Standards for Particulate Matter Proposed Rule (January 

17, 2006): 

7
 

http://www.epa.gov/airnow/health/aqi_proposal_1998.pdf
http://www.epa.gov/ttn/oarpg/t1/fr_notices/airqual.pdf


 

 

 

 

 

  

 

 

OAQPS Issue Paper for Discussion at National Air Quality Conference, February 2007 

http://a257.g.akamaitech.net/7/257/2422/01jan20061800/edocket.access.gpo.gov/2006/pd 

f/06-177.pdf 

National Ambient Air Quality Standards for Particulate Matter Final Rule (October 17, 

2006): 

http://a257.g.akamaitech.net/7/257/2422/01jan20061800/edocket.access.gpo.gov/2006/pd 

f/06-8477.pdf 

Review of the National Ambient Air Quality Standards for Particulate Matter: OAQPS 

Staff Paper (December 2005): 

http://www.epa.gov/ttn/naaqs/standards/pm/data/pmstaffpaper_20051221.pdf 

Particle Pollution and Your Health: http://www.epa.gov/airnow//particle/pm-color.pdf 
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Not just ‘a few wisps’: real-time measurement of
tobacco smoke at entrances to office buildings

Pamela Kaufman,1,2,3 Bo Zhang,1,2 Susan J Bondy,1,2 Neil Klepeis,4

Roberta Ferrence1,2,3

ABSTRACT
Introduction An unintended consequence of indoor
smoking restrictions is the relocation of smoking to
building entrances, where non-smokers may be exposed
to secondhand smoke, and smoke from outdoor areas
may drift through entrances, exposing people inside.
Tobacco smoke has been linked to numerous health
effects in non-smokers and there is no safe level of
secondhand smoke (SHS) exposure. This paper presents
data on levels of tobacco smoke inside and outside
entrances to office buildings.
Methods Real-time air quality monitors were used to
simultaneously measure respirable particulate matter
(PM2.5; air pollutant particles with a diameter of 2.5 mm
or less) as a marker for tobacco smoke, outside and
inside 28 entrances to office buildings in downtown
Toronto, Ontario, in May and June 2008. Measurements
were taken when smoking was and was not present
within 9 m of entrances. Background levels of PM2.5

were also measured for each session. A mixed model
analysis was used to estimate levels of PM2.5, taking into
account repeated measurement errors.
Results Peak levels (10 s averages) of PM2.5 were as
high as 496 mg/m3 when smoking was present. Mixed
model analysis shows that the average outdoor PM2.5

with smoking was significantly higher than the
background level (p<0.0001), and significantly and
positively associated with the number of lit cigarettes
(p<0.0001). The average level of PM2.5 with $5 lit
cigarettes was 2.5 times greater than the average
background level.
Conclusions These findings support smoke-free policies
at entrances to buildings to protect non-smokers from
exposure to tobacco smoke.

INTRODUCTION
An unintended consequence of indoor smoking
restrictions is the relocation of smoking to the
entrances of buildings. Smokers who congregate
outside buildings may expose non-smokers who are
standing nearby or entering and exiting a building
to tobacco smoke. According to the 2009 Canadian
Tobacco Use Monitoring Survey, over half (54%) of
Canadians reported being exposed to tobacco
smoke at an entrance to a building in the past
month.1 Smoke from outdoor areas may also drift
inside through doors, windows and air intakes,
exposing those in protected areas.2

Smoking around building entrances is a public
health concern because: (a) there is no safe level of
exposure to tobacco smoke3 and (b) there is
evidence that outdoor exposure can be substantial
and, in some cases, as high as indoors during active

smoking.2 4 5 In 2006, the California Air Resources
Board identified secondhand smoke (SHS) as
a ‘toxic air contaminant’ that may cause and/or
contribute to death or serious illness.4

There is a substantial body of evidence that
connects indoor exposure to tobacco smoke with
adverse health effects in non-smoking adults
including lung and nasal sinus cancer, heart
disease,6 breathing difficulty for people with
chronic respiratory diseases or asthma,3 7 breast
cancer in non-smoking premenopausal women,4 8

and adverse health effects specific to children and
infants.4 9 There is also evidence that brief exposure
to tobacco smoke may induce short-term general
respiratory irritation, eye irritation and asthma
symptoms,3 and has been found to cause imme-
diate harm to non-smokers, particularly those with
very sensitive cardiovascular systems.3 10e12 This is
supported by a recent review of existing biological
evidence regarding acute health effects of SHS
exposure, which concluded that even brief, acute,
transient exposures to SHS may cause significant
adverse effects on several systems in the human
body.13 Heiss et al demonstrated that 30 min of
exposure to real-world levels of tobacco smoke in
restaurants and bars leads to sustained vascular
injury among young adults who were lifelong non-
smokers.14 Pope et al also found that short-term
real-world exposure to tobacco smoke for 2 h
altered cardiac autonomic function, and concluded
that acute exposure may be part of the patho-
physiological mechanisms linking exposure to
increased risk of cardiovascular mortality.15 More
recently, Pope et al looked at relative risks of
mortality against estimated average daily exposure
to SHS and concluded that relatively low levels of
fine particulate exposure from either air pollution
or SHS are sufficient to induce adverse biological
responses increasing the risk of cardiovascular
disease mortality.16 Further, a recent study has
linked low level tobacco smoke exposure to lung
health risk as a result of biological changes in the
small airway epithelium.17

However, there are few data on actual levels of
tobacco smoke exposure in outdoor environments.
The first peer-reviewed publication of systematic
measurements of outdoor tobacco smoke concen-
trations in common outdoor settings (parks, side-
walk cafes, restaurant and pub patios) published by
Klepeis et al in 2007,5 concluded that outdoor
tobacco smoke levels can be substantial under
certain conditions, such as when downwind from
a smoker and within 1e2 m of a lit cigarette.
Several studies also suggest that smoking around

doorways creates problems of increased litter, fire
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risk, negative role modelling and concerns that it presents a poor
image to outsiders and visitors.18e20 Thus, establishing smoke-
free outdoor spaces will reduce the direct impact of tobacco
smoke exposure on health and may also reduce negative social
and environmental impacts associated with smoking.

As of January 2010, most Canadian provinces and territories
had legislation that included a smoke-free buffer zone ranging
from 2e10m around the entrances, operable windows and air
intakes of specific types of buildings (eg, public buildings,
healthcare facilities or enclosed work places), and about 55
municipalities had a bylaw that exceeded their provincial or
territorial legislation.21 In the US, about 900 municipalities
restrict smoking near entrances, windows and ventilation
systems of enclosed places.22 However, the vast majority of
these policies address public (ie, municipal or city) buildings and
not commercial office buildings or other types of work places. In
Ontario, Canada, the Smoke-free Ontario Act prohibits smoking
within 9 m (30 feet) of any entrance or exit of a public or private
hospital, psychiatric facility, nursing home, approved home or
charitable home for the aged, or independent health facility.

While interest in the impact of outdoor smoking has been
increasing, few studies have specifically measured levels of
tobacco smoke from multiple sources at entrances to public
buildings in a real-world setting. The primary objective of this
study was to determine the extent of SHS at entrances to
buildings by comparing real-time levels of tobacco smoke
outside and inside office building entrances during smoking and
non-smoking conditions.

METHODS
Real-time levels of particulate matter (PM2.5; air pollutant
particles with a diameter of 2.5 mm or less), employed as
a marker for SHS, were measured inside and outside 28
commercial and corporate office building entrances in the central
business district (CBD) of Toronto during May and June 2008.
With a population of over 2.5 million residents, the city of
Toronto is the largest urban centre in Canada and its CBD is
comparable to other large international cities.23 Office buildings
in downtown Toronto were inventoried and a short list was
identified that included the following criteria: at least five floors
to ensure that the entrances were well used, a similar distance
from the entrance to the street to ensure that exposure to
passing traffic was comparable among sites, and no direct access
to indoor food courts or other hot food preparation areas to
minimise contamination from cooking aerosols. None of the
buildings had automatic sliding doors that would be accidentally
triggered by the data collectors. Over half (57%) of the doors
consisted of a manual revolving door with hinged casement
doors on either side. The remaining 43% consisted of casement
doors only. A total of 39% of the entrances had an exterior and
interior door. While there are no legislated outdoor smoking
restrictions at entrances to office buildings in Toronto, 6 of the
28 entrances had posted voluntary signs asking people to refrain
from smoking at the doorway.

TSI SidePak AM510 Personal Aerosol Monitors24 were used to
sample and record the levels of PM2.5 in the air following the
indoor air monitoring protocol developed for the Global Air
Monitoring Study,25 which we modified for outdoor use. The
SidePak uses a built-in sampling pump to draw air through the
device where the particulate matter in the air scatters the light
from a laser. Based on the amount of light scattered, the device
displays the real-time concentration of particles in mg/m3. In data
analysis, this unit was converted to mg/m3 (ie, multiplied by
1000). The monitor was fitted with a 2.5 mm impactor and the

flow rate was set at 1.7 litres/min, to measure the concentration
of particulate matter less than 2.5 mm (PM2.5). These ‘fine parti-
cles’ are released in large quantities from burning cigarettes and are
an established indicator of tobacco smoke.5 26 27 The SidePak
measures particle concentrations once every second. We set the
equipment to a 10 s log interval, which averages the previous
10 1 s data points. A standard calibration adjustment factor of
0.32 was applied to the raw data to correct for the properties of
SHS. This factor has been established by various investigators
through collocation of SidePak monitors and gravimetric filter
samplers.5 28 Before each data collection session the SidePak was
charged, cleaned and zero-calibrated in accordance with the
manufacturer ’s specifications.
Unobtrusive air quality measurements at each of the 28

building entrances were taken in 30 min sessions to capture
different levels of smoking within 9 m of building entrances.
The approximate 9 m distance from the entrance was measured
during the previous site inventories and, through practice, the
data collectors were able to estimate distance within approxi-
mately 1 m. We conducted our measurements between 8:30 and
16:00, when the buildings were most likely to be accessed by the
public. Two trained data collectors each carried a monitor in
a backpack with the air intake tube positioned at shoulder
height (approximately 1.5 m above the ground). One data
collector stood inside the entrance within 2 m of the interior
doors and the other simultaneously stood outside the entrance
within 2 m of the exterior doors.
The following observational data were also recorded at 5 min

intervals throughout each measurement session in a time-log
synchronised with the monitors: number of lit cigarettes within
9 m of the entrance, distance from the nearest lit cigarette to the
outdoor monitor, number of door openings, and strength and
direction of wind. Assuming that it normally takes more than
5 min to smoke an average cigarette, a 5 min interval ensured
that we did not miss any lit cigarettes. The first count was taken
at the start of the 30 min session (0 min) then every 5 min,
resulting in at least seven counts per session. If a cigarette was lit
between intervals, this was noted in the log and included in the
count at the next 5 min interval. Wind direction and strength
were subjectively measured by observing the direction and
distance a tissue travelled when dropped. While not as accurate
as the use of an anemometer, this method was less conspicuous.
Passing trucks and buses or idling vehicles were also noted in the
log as they occurred. Where possible, the data collectors noted
any smoking that occurred beyond 9 m from the entrance in the
data log.
Background levels of PM2.5 were measured in nearby outdoor

spaces that matched street type and distance from traffic, and
where smoking was not present within 30 m, either immedi-
ately before or after each session. Our background levels were
comparable to ambient air quality levels for downtown Toronto
obtained from the Ontario Ministry of the Environment that
corresponded to our data collection period. Following each
session, the measurements were downloaded to a laptop
computer for data management and analysis using TrakPro Data
Analysis Software V.3.6.0 (TSI, St Pauls, Minnesota, USA).29

Time-weighted average and median PM2.5 levels were calcu-
lated for indoor and outdoor conditions by the number of lit
cigarettes. A mixed model analysis was also used to compare
levels of PM2.5 by the number of lit cigarettes, taking into
account the repeated measures design. Mixed model analyses of
outdoor levels were adjusted for wind direction (towards
entrance, across entrance and unpredictable; compared to no
wind) and strength (little, mild and strong; compared to no
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wind), and distance (in metres) from the nearest lit cigarette to
the monitor. Similarly, indoor levels were adjusted for outdoor
wind direction and strength, distance (in metres) from the
nearest lit cigarette to the entrance, distance (in metres) from
the indoor monitor to the entrance and number of door open-
ings. In the mixed model analysis, natural log-transformed data
were used to obtain Normal distributions. All analyses were
conducted using SAS V.9.1 (SAS, Cary, North Carolina, USA).30

RESULTS
Descriptive analyses
Table 1 shows average and median levels of PM2.5 for the back-
ground, outdoor and indoor conditions by the number of lit
cigarettes within 9 m of the entrance. Median levels of PM2.5 were
the same for background (8.0 mg/m3) and outdoor conditions
(8.0 mg/m3) when no lit cigarettes were present. However, the
median outdoor levels of PM2.5 increased with 1e4 (11.0 mg/m3)
and 5+ (16.0 mg/m3) lit cigarettes. Outdoor maximum levels were
as high as 496 mg/m3 (raw data, 10 s average) when smoking was
present. Median indoor levels of PM2.5 were lower than the
outdoor background level with minimal variation, regardless of
the number of lit cigarettes outside the entrance.

Table 2 shows statistics using outdoor 10 s average values of
PM2.5 (mg/m3) by level of lit cigarettes and location of the
monitor in relation to the nearest lit cigarette. The median
outdoor PM2.5 level increased with the level of lit cigarettes from
8.0 mg/m3 with no lit cigarettes to 19.5 mg/m3 with 5+ lit
cigarettes, but was not associated with the distance between the
monitor and the nearest lit cigarette within 9 m of entrances.
People passing by entrances could be exposed to a 2.5-fold higher
level of PM2.5 with $5 lit cigarettes than the background level,
even if the lit cigarette was 3 m away.

Figure 1 presents a single background and onsite measurement
session to demonstrate real-time plots of PM2.5 (30 s moving
average) outside and inside an office building. Outdoor back-
ground levels of PM2.5 ranged from 19 to 29 mg/m3 prior to
entering the site, then increased to 55 mg/m3 as the monitor was
transported into the 9 m area outside the entrance. Once the
monitor was positioned within 1e2 m outside the doors, the
levels of PM2.5 peaked with the presence of 1e8 lit cigarettes
within the 9 m area. The highest peak level was 102 mg/m3and
did not drop below background levels during the 30 min
measurement period. The peak levels continued as the machine
was removed from the site due to the presence of eight lit
cigarettes just outside the 9 m measurement area, then levelled
off close to the background level. Levels of PM2.5 for the

simultaneous indoor condition remained below the outdoor
background level throughout the measurement session.

Mixed model analyses
Table 3 shows mixed regression model analyses of log-trans-
formed PM2.5 (mg/m3). For outdoor measures, PM2.5 levels were
significantly higher compared to background levels (model 1).
Further, outdoor levels were significantly higher when there was
smoking compared to no smoking <9 m from the entrance
(model 2), and the PM2.5 levels increased with the level and
numbers of lit cigarettes (models 3 and 4). The adjusted analysis
confirmed these associations and found that the distance
between the nearest lit cigarette and outdoor monitor was
negatively associated with the outdoor PM2.5 levels. However,
this was not the case in the linear trend model, when each
number of lit cigarettes was entered into the model. Wind
direction and strength were not associated with outdoor PM2.5

levels. (Data on covariates are not shown).
For indoor measures, PM2.5 levels were lower than the outdoor

background level (model 1). In the adjusted mixed model anal-
ysis, indoor PM2.5 was not associated with outdoor smoking
(models 2e4). However, indoor PM2.5 was positively associated
with outdoor PM2.5 and negatively associated with the distance
between the indoor monitor and building entrance. Wind
direction and strength, and number of door openings were not
associated with indoor PM2.5. Median indoor levels of PM2.5

were slightly higher in buildings with an additional set of inte-
rior doors (6.0 mg/m3) than in buildings with exterior doors only
(5.0 mg/m3). However, in the adjusted analysis, there was no
significant difference in indoor PM2.5 between door types (data
not shown).

DISCUSSION
Outdoor levels of secondhand smoke
Our results demonstrate that levels of outdoor tobacco smoke
increased with the number of lit cigarettes within 9 m of
building entrances. Similarly, Klepeis et al suggests that the
distance at which outdoor tobacco smoke is detectable is likely
to increase as the number of active cigarettes increases.5 We did
not find a statistically significant association between PM2.5

levels and the distance between the nearest lit cigarette and the
monitor, when the number of lit cigarettes was included in the
linear trend model; however, we did find a significant negative
association when the level of lit cigarettes (0, 1e4, 5+) was
included in the models. This is also consistent with findings of
Klepeis et al, who observed a clear reduction in levels of outdoor

Table 1 Outdoor and indoor PM2.5 (mg/m
3) by level of lit cigarettes, raw data (10 s average), Toronto Doorway Study, May to June 2008

Measurement
time, min

Original scale Log-transformed data*

Mean
(SD) Median

Minimume
maximum

Mean
(SD)

Minimume
maximum

Background 913 9.3 (6.6) 8.0 0 to 148 1.9 (1.2) �4.6 to 5.0

Outdoor

0 cigarettes 1037 9.1 (6.9) 8.0 0 to 155 1.9 (0.9) �4.6 to 5.0

1e4 cigarettes 754 15.2 (17.2) 11.0 0 to 496 2.3 (1.1) �4.6 to 6.2

5+ cigarettes 112 22.8 (27.8) 16.0 3 to 434 2.8 (0.8) 1.1 to 6.1

Indoory
0 cigarettes 1037 6.5 (4.6) 5.0 0 to 59 1.7 (0.6) �4.6 to 4.1

1e4 cigarettes 754 6.3 (4.0) 6.0 0 to 35 1.7 (0.7) �4.6 to 3.6

5+ cigarettes 112 4.7 (3.0) 4.0 2 to 20 1.4 (0.5) 0.7 to 3.0

*A value of 0.01 was assigned for zero values of PM2.5.
yLit cigarettes meant smoking outside the entrance while measuring PM2.5 inside the entrance.
PM2.5, air pollutant particles with a diameter of 2.5 mm or less.
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tobacco smoke particle concentrations with increased distance
from a tobacco smoke source. The discrepancy in our two
models may be a result of wind inconsistency at the measure-
ment sites. Levels of outdoor tobacco smoke are highly depen-
dent on wind conditions, with upwind levels likely to be very
low and downwind levels likely to be high.5 While we adjusted
for wind strength and direction in the analyses, these measures
were subjective and not as reliable as instrumental measures.

Although we found a negative association between PM2.5

levels and the distance between the nearest lit cigarette and the
monitor in our mixed model analysis, based on the unadjusted
analysis (table 2), the average levels of exposure were compa-
rable whether the monitor was within 1.5 m or over 3 m away
from the nearest lit cigarette.

Indoor measures of secondhand smoke
There is evidence in the literature that outdoor tobacco smoke
can infiltrate indoor environments.31 32 Our average indoor levels
of PM2.5 were positively associated with outdoor PM2.5 levels,
suggesting that some tobacco smoke may have drifted inside the
entrance. However, average indoor levels of PM2.5 were lower
than the outdoor background levels and not associated with the
presence of lit cigarettes.

Although 40% of the sampled sites had an additional set of
interior doors, there was only a slight difference in average
indoor levels of PM2.5 compared to sites with exterior doors, and
no significant difference in the adjusted analysis. Thus, the
double interior door configuration did not appear to be a factor
in the migration of tobacco smoke. Further research is required

to better understand the movement of tobacco smoke between
outdoor and indoor environments, including the role of doorway
design, air vents, and differences between outside and inside air
pressure and temperature.

Implications for health
There is a growing body of evidence linking short-term exposure
to tobacco smoke with immediate health impacts on non-
smokers. The 2009 Institute of Medicine report on Secondhand
Smoke Exposure and Cardiovascular Effects concluded that even
brief exposure to SHS could trigger a heart attack.6 Exposure to
SHS for as little as 30 min has been found to lead to sustained
vascular injury among non-smokers,14 and 2 h of exposure
altered cardiac autonomic function.15 These studies used only
a single exposure in indoor environments, whereas people
entering and exiting buildings when smoking is present may be
exposed to high levels of tobacco smoke over weeks, months or
even years; although each time the exposure may be brief.
Evidence is unclear on the health effects of cumulative brief
exposure to PM2.5 over long periods of time compared to
lengthier one-time daily exposure to high levels of PM2.5.
Furthermore, since SHS contains many hazardous gas-phase
compounds in addition to fine particles, consideration of PM2.5

exposures by themselves may lead to an underestimate of health
impact.
In addition to the effects of short-term SHS exposure on the

circulatory system, there is evidence that brief exposure to
tobacco smoke can trigger an asthma attack in children.3

Research on the effects of tobacco smoke exposure on adult

Table 2 Outdoor PM2.5 (mg/m
3) by level of lit cigarettes and location of the monitor, raw data

(10 s average), Toronto Doorway Study, May to June 2008

Distance from monitor to
the nearest lit cigarette

Level of lit
cigarettes

Measurement
time, min Mean (SD) Median

Minimume
maximum

<1.5 m 0 242 8.8 (5.6) 8.0 0.0 to 63.0

1e4 42 14.5 (11.3) 12.0 1.0 to 77.0

5+ 5 22.5 (14.7) 17.0 11.0 to 79.0

1.5e3 m 0 795 9.1 (7.2) 8.0 0.0 to 155.0

1e4 626 15.5 (18.0) 11.0 0.0 to 496.0

5+ 100 23.1 (29.1) 16.0 3.0 to 434.0

>3 m 0 e e e

1e4 86 13.9 (12.7) 9.0 0.0 to 110.0

5+ 7 18.8 (9.5) 19.5 5.0 to 41.0

PM2.5, air pollutant particles with a diameter of 2.5 mm or less.

Figure 1 PM2.5 (mg/m
3) levels inside

and outside the entrance to a Toronto
office building (30 s moving average),
6 June 2008 (with minimum wind).
Background mean: PM2.5 23.4 mg/m

3;
outdoor (within 1e2 m of building
entrance) mean: PM2.5 38.9 mg/m

3;
indoor mean: PM2.5 4.7 mg/m

3. Metres
(eg, 2 m or 5 m) refers to the distance
between the nearest lit cigarette and
monitor. Trucks and/or buses were
passing by or idling constantly for
background and on-site measurements.
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asthma symptoms is lacking in comparison. However, adults
frequently report tobacco smoke as a trigger for asthma symp-
toms,33 34 and evidence suggests a causal relationship between
SHS exposure and exacerbation of asthma among adults.35 The
US Surgeon General recommends that individuals with predis-
posing asthma take special precautions to avoid exposure to
SHS, as they are at especially high risk for ill effects.3

Although the outdoor peak values of PM2.5 observed in the
current study were not averaged over 24 h, it is useful to place
our findings within the context of an established air quality
guideline. We found maximum 10 s outdoor levels of tobacco
smoke as high as 496 mg/m3 when smoking was present, falling
within the ‘hazardous’ range on the US Environmental Protec-
tion Agency (EPA) Air Quality Index (AQI).36

Seasonal variation
Weather influences smoking behaviour, with smokers typically
standing closer to building entrances in inclement weather (eg,
wind, rain, cold), and seeking more exposed spaces to smoke
when the weather is pleasant.37 Our measurements were taken
during milder months of the year (May and June), when
temperatures varied from 8.88C to 30.38C (47.88F to 86.58F), and
likely underestimate the numbers of smokers and levels of PM2.5

at these sites during colder months. This was tested by Thomas
et al who found that PM2.5 levels were higher, and more lit
cigarettes were observed closer to building entrances, when
temperatures ranged from e9.88C to 4.88C (14.48F to 40.68F).38

Implications for policy
In addition to protecting non-smokers from exposure to tobacco
smoke, there are other beneficial implications of smoke-free
policies. There is consensus in the literature that workplace
smoking policies lead to reduced cigarette consumption among
continuing smokers.39e41 Such policies are also associated with
higher rates of quit attempts and lower rates of relapse in
smokers who attempt to quit because of reduced cues for
smoking.40e42 While these studies are primarily based on indoor

smoking restrictions, outdoor restrictions at building entrances
may have similar benefits. If smoking is made inconvenient and
socially unacceptable in these locations, some smokers may cut
back or quit. Indeed, in recent years there has been a shift in
public support for smoking restrictions in different types of
outdoor locations, such as restaurant patios, entrances to
buildings and areas frequented by children.43

However, such restrictions may move smoking to other
outdoor locations, such as sidewalks, and continue to expose
passers by.37 Further research on the impact of outdoor smoking
restrictions on smoking behaviour would help to anticipate and
plan for unintended consequences.
Some office buildings in downtown Toronto have begun to

introduce voluntary (non-legislated) smoke-free policies at their
entrances. However, such restrictions are more difficult to
enforce, and their signage and rules (eg, required distances) are
often inconsistent. Legislating doorway restrictions would
provide consistency and easier enforcement, and convey
a message about the inappropriateness of smoking in places
where non-smokers are regularly exposed.
For places that have not yet adopted indoor smoking restric-

tions, outdoor spaces could be included as part of a comprehen-
sive smoke-free policy. The WHO’s Framework Convention on
Tobacco Control (FCTC) provides rationale for adopting outdoor
smoke-free policies. Section 24 and 27 of the Guidelines on
Article 8 refer to protection from exposure to tobacco smoke in
‘outdoor and quasi-outdoor ’ public places ‘where appropriate’.44

The guidelines go on to suggest that ‘Parties should consider the
evidence as to the possible health hazards in various settings and
should act to adopt the most effective protection against
exposure wherever the evidence shows that a hazard exists’.

Limitations
Some inconsistencies in the data may have resulted from the
unpredictable and variable nature of a naturalistic approach
compared to a controlled experimental approach. While the
monitor remained within 1e2 m of the doorway for each of the

Table 3 Mixed effects model analysis of PM2.5, using natural log-transformed data based on 10 s
average raw data, Toronto Doorway Study, May to June 2008

Adjusted analysis

Outdoory Indoor*z
Coefficient (95% CI) p Value Coefficient (95% CI) p Value

Model 1

Background { {
Outdoor or indoor { {

Model 2

0 lit cigarettes Reference Reference

1 or more lit cigarettes 0.54 (0.38 to 0.71) <0.0001 0.06 (�0.03 to 0.15) 0.2072

Model 3

0 lit cigarettes Reference Reference

1e4 lit cigarettes 0.49 (0.33 to 0.66) <0.0001 0.06 (�0.03 to 0.15) 0.2181

5 or more lit cigarettes 0.85 (0.61 to 1.10) <0.0001 0.07 (�0.07 to 0.22) 0.3287

Model 4

Linear trend of lit cigarettesx 0.10 (0.07 to 0.14) <0.0001 0.0002 (�0.02 to 0.02) 0.9853

Model 5

Indoor PM2.5 by outdoor PM2.5 0.04 (0.01 to 0.07) 0.0046

*Lit cigarettes for indoor measures meant smoking outside the entrance while measuring PM2.5 inside the entrance.
yOutdoor measures adjusted for: wind strength and direction, distance to nearest lit cigarette from the monitor.
zIndoor measures adjusted for: distance from nearest lit cigarette to entrance, distance from indoor monitor to entrance, number of
door openings, as well as outdoor wind direction and strength.
xActual number of lit cigarettes was entered into the mixed model so that the coefficient indicated the log PM2.5 level increased by
each 1 lit cigarette increase.
{No wind measures and distance to nearest lit cigarette from the monitor were taken for background measures.
PM2.5, air pollutant particles with a diameter of 2.5 mm or less.
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measurement sessions, there was some movement within this
range to avoid interfering with the behaviour of people using the
site. Also, smoking beyond the 9 m measurement area may have
impacted the levels of PM2.5, depending on wind direction.
While we attempted to use building entrances that were as
similar as possible (eg, distance from the street, traffic patterns,
doorway configuration) they were not identical and any differ-
ences may have contributed to variation in the data. Using
a naturalistic approach, however, allowed us to capture real-
world smoking behaviours and resulting levels of PM2.5, that
people would likely be exposed to when entering and exiting
buildings.

To ensure that the data collectors remained unobtrusive, we
used subjective measures for traffic and wind intensity that are
less accurate than objective measures. In our analysis, we
controlled for the potential effects of these factors. However,
future studies may consider using more objective measures.
Further, PM2.5 is not specific to tobacco smoke; dust and vehicle
fumes are also a source of fine particulate matter. We controlled
for this by measuring background PM2.5 and selecting sites that
had similar traffic flow patterns.

Conclusions
Restricting legislation to indoor public spaces is insufficient to
protect non-smokers from SHS. Our study demonstrates that
average levels of PM2.5 outside 28 entrances to buildings with
$1 lit cigarettes present was more than twice as high as average
levels of background air pollution. Further, 10 s peak levels of
PM2.5 were as high as 496 mg/m3 with lit cigarettes present.
Considering that there is no safe level of SHS, our findings
support the implementation of smoke-free policies at entrances
to buildings to protect people who are entering and exiting from
exposure to tobacco smoke. This will also contribute to
changing social norms about the acceptability of smoking.
Future research should investigate the health impact of cumu-
lative levels of tobacco smoke exposure experienced by those
who regularly use public buildings.
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