
Outdoor second-hand cigarette smoke
significantly affects air quality

To the Editor:

Second-hand smoke (SHS) may be significantly elevated outdoors and when adjacent to smoking areas [1, 2].
This is of concern as SHS exposure is linked to adverse health outcomes, including respiratory disorders,
cardiovascular diseases, and lung cancer [3–5]. Exposure to cancer-causing chemicals in outdoor areas is
likely to occur in the presence of cigarette smoke [6], and worryingly, short periods of exposure to SHS are
related to detectable levels of carcinogenic tobacco-specific nitrosamines in nonsmoking subjects [7].

A growing number of American cities have adopted policies that restrict tobacco smoking in outdoor
locations such as parks. However, more lenient restrictions apply in Japan, where designated smoking
areas have been created in streets where smoking is banned [6].

The contribution of SHS to environmental pollution in comparison with vehicular traffic has not yet been
investigated. Pedestrian only streets, which are often narrow and lined by high buildings, particularly in
European historic towns, are visited by large numbers of smokers. This architectural feature creates so-called
“street canyons”, characterised by limited natural air exchange where the presence of smokers may
potentially generate large quantities of SHS.

In this study, to investigate the contribution of SHS to outdoor air quality, we compared the environmental
pollution of a high-traffic area to that of a “street canyon” by measuring particulate matter (particles with a 50%
cut-off aerodynamic diameter of 1 μm (PM1), 2.5 μm (PM2.5) and 10 μm (PM10)) and vapour nicotine levels.

We hypothesised that the presence of smokers in restricted pedestrian areas may potentially generate large
quantities of SHS, resulting in a deterioration of the outdoor air quality. A pedestrian-only area (Via
Fiorichiari) in the city of Milan, Italy, with a high number of outdoor restaurants and bars, and the parallel
high-traffic area of similar architectural design (Via Pontaccio) were set as location of the experiment. The two
streets are about 60 m apart and connected at either end by two 7.5 m large streets. Both present a “street
canyon” configuration as described earlier.

A gravimetrically pre-calibrated, laser-operated real-time portable aerosol analyser (Aerocet 531, MetOne
Instruments, Grants Pass, OR, USA) was used to measure PM1, PM2.5 and PM10 levels. One instrument
was installed 1.5 m from the ground on a balcony in the pedestrian area, while the other one was stationed
in the adjacent high traffic street, with a vehicular traffic of 700–1000 vehicles per hour (counted directly).

Although no air pollution monitoring stations were available at a suitable distance, our PM analysers were
gravimetrically calibrated to improve accuracy using the Beta Attenuation Monitor model BAM-102 of
MetOne Instruments as a reference, with US Environmental Protection Agency (EPA) equivalence
certificate number EQPM-0798-122 and TÜV-Report 936/21205333/A for PM10. Meorological conditions
were very stable (absence of rain) with the temperature ranging from 22°C to 31°C. Relative humidity
ranged from 18% to 83% and wind speed from 0 to 7 km·h−1.

Outdoor nicotine vapour phase was measured by using passive samplers (Millipore Corp., Bedford, MA,
USA), following the validated method of HAMMOND [8] with a detection limit of <0.02 µg·m−3, the filters
were then analysed using a gas chromatography method.

Cigarette consumption was estimated by assuming that each pedestrian walking into the area with a lit
cigarette over a time span of an hour between 11.00 h and midnight represented one cigarette smoked. At
the same time, the frequency of smokers seated at patios was evaluated using the mean of six consecutive
counts performed every 10 min.

Data were analysed using Graph Pad Prism 5.03 (GraphPad Software Inc., La Jolla, CA, USA). All results
were expressed as mean±SEM. Comparisons between groups were made using two-way ANOVA. The
cumulative effect of traffic and smoking on PM was expressed as the area under the curve (AUC). A
p-value <0.05 was considered significant. Linear regression analysis was used to evaluate the relationships
between the number of smokers and the environmental PM.

Even though PM1 concentration levels were similar in the two streets during the morning hours (figure 1a),
in the evening between 18:00 h and midnight, PM1 was significantly elevated in the pedestrian area
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compared with the high traffic street (2.1±0.03 versus 1.00±0.03 µg·m−3; p<0.01) (figure 1a and d). These
findings were confirmed by a larger AUC for PM1 in the pedestrian area (AUC of 7.34 arbitrary units
(AU)) compared with the high traffic street (1.07 AU) (figure 1d).

PM2.5 (figure 1b and e) and PM10 (figure 1c and f) were also more elevated in the evening in the
pedestrian area compared with the high traffic street (15.2±1.1 versus 67.2±8.9 µg·m−3 and 13.00±1.1
versus 59.70±5.5 µg·m−3, respectively; both p<0.05). The AUC confirmed the presence of higher levels of
pollution in the pedestrian area both for PM2.5 (AUC of 69.33 AU and 64.45 AU for the pedestrian and
traffic areas, respectively) (figure 1e) and PM10 (AUC of 291.8 AU and 271.1 AU, respectively) (figure 1f).
Interestingly, after midnight, as the restaurants and bars closed, PM2.5 and PM10 were significantly
elevated in the high traffic street compared with the pedestrian area (figure 1b and c).

In summary, our data show that during evening hours air quality was worse in the pedestrian area
compared with a high-traffic zone, and correlated with the number of cigarette smoked outdoors. Higher
particulate matter levels in a pedestrian area were unexpected and are of concern.

An increment of 15 µg·m−3 or more for PM2.5 levels, as measured in the pedestrian area in this study, is
sufficient to generate a downgrade of one step in the air quality index, from “good” to “moderate” or from
“moderate” to “unhealthy for sensitive groups”, according to the US EPA standards [9]. Therefore, the
magnitude of differences we observed is of medical interest.

The “street canyon” architecture of the streets we studied, which favours particulate matter stagnation due
to reduced ventilation is likely to have contributed to our experimental findings; our results may not apply
to streets with a different layout.

Because particulate matter levels were different in the two areas only during the evening hours, when a
large number of smokers crowded into the pedestrian area, we assumed that cigarette smoke contributed
to this finding; this hypothesis was reinforced by the strong correlation of particulate matter with the
number of cigarettes smoked by the pedestrians (r=0.76, p<0.05 and r=0.8, p<0.03 for PM1 and PM2.5,
respectively), and by the presence of vapour nicotine in the pedestrian (0.07 µg·m−3) but not in the
vehicular area. Furthermore, a causative negative effect of SHS on air quality is confirmed by the reversal
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FIGURE 1 Comparison of particulate matter concentrations at different times of the day for particles with a 50% cut-off aerodynamic diameter of
a) 1 μm (PM1), b) 2.5 μm (PM2.5) and c) 10 μm (PM10) and their corresponding time courses with the number of cigarettes smoked (d–f ) in a
pedestrian only area compared with a high vehicular traffic area.
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to poorer air quality in the high traffic road after midnight, when the restaurants and bars closed and
there were no smokers the street.

In particular weather conditions outdoor SHS may rival indoor concentrations [10], creating an
environment for the exposure to so-called smoking microplumes [11]. A 3 h exposure to outdoor SHS is
sufficient to allow the uptake of some tobacco derived carcinogens like nitrosamines [7]; this may well
occur in a pedestrian area.

The World Health Organization recommends a no smoking policy in outdoor settings wherever a SHS
hazard is possible [12] and the scientific debate over a complete outdoor smoking ban is ongoing [13, 14].
In view of the public health implications of our results, implementing a smoking ban that includes
outdoor SHS may be required to protect citizens from the dangers of SHS.
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