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Abstract

Assessing the Exposure and Health Risks of Secondhand Smoke
in Restaurants and Bars by Workers and Patrons & Evaluating the Efficacy
of Different Smoking Policies in Beijing Restaurants and Bars

By
Ruiling Liu
Doctor of Philosophy in Environmental Health Sciences
Professor S. Katharine Hammond, Chair

Exposure to secondhand smoke (SHS) is harmful and hazardous to the health of the general
public. A large body of research has been conducted in this topic, and great efforts have been
made to prevent people from being exposed to SHS. Legislation on restricting smoking in
workplaces and many public places has also been increasing. However, tobacco industries have
been fighting against smoking bans in restaurants and bars with multiple strategies, which has
led to the current situation that smoking bans in restaurants and bars usually lag behind other
environments in many countries. As of January 2012, a total of 66 nations worldwide have
enacted a 100% smoke-free law in workplaces and hospitality venues, while only 46 of the 66
include both restaurants and bars, and more than 90% of the world population can’t enjoy
smoke-free restaurants and bars. In addition, tobacco industries have made continuing efforts to
remove existing smoking bans, and such efforts are sometimes successful. For example, as of
October 2011, 15 U.S. municipalities that had adopted effective smoke-free laws subsequently
repealed, weakened, or postponed them due to such efforts.

This dissertation aims to quantify SHS exposure and the attendant health risks, morbidity
and mortality, among restaurant and bar servers and patrons, to provide scientific evidence on
whether SHS exposure in restaurants and bars can be ignored and whether restaurants and bars
should be exempted from smoking bans. The dissertation consists of seven chapters. Chapter 1
presents the general background, Chapters 2 and 3 focus on quantifying SHS exposure in
restaurants and bars by workers and patrons; Chapter 4 evaluates the efficacy of different
smoking policies adopted to reduce SHS exposure in restaurants and bars in Beijing China; and
Chapters 5 and 6 assess the excess heath risks, morbidity and mortality, due to SHS exposure in
restaurants and bars, and the last chapter summarizes the findings and conclusions from the
previous five chapters.

The study in Chapter 2 applies multiple approaches to assess restaurant and bar servers’ and
patrons’ exposure to SHS two years after the implementation of the governmental smoking
restriction in Beijing, 2010. Of the 79 restaurants and bars monitored in the study, 37 (47%)
nominally prohibited smoking, and 14 (18%) restricted smoking to designated sections. A total
of 121 visits were made during peak-patronage times, and smoking was observed in 26 (51%) of
these nominal nonsmoking venues or sections. Patrons were exposed to a median (interquartile
range IQR) of 27 (4-93) pg/m? of fine particulates derived from SHS (SHS PM) and a median
(IQR) of 1.53 (0.69-3.10) g/m° of airborne nicotine during their visits. For servers, continuous
real-time sampling of SHS PM and sequential area sampling of airborne nicotine, for more than
24 hours in two restaurants, showed obvious spikes of SHS concentrations during peak-
patronage times, and SHS concentrations remained high during intervals between peak-
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patronage times or in evenings due to staff smoking. Servers were exposed to a median (IQR) of
2.62 (1.22-5.40) pg/m® of airborne nicotine during their day-time working hours by one-day
active personal sampling, and 1.83 (0.92-3.21) pg/m® of airborne nicotine during a whole week
by week-long passive sampling. Nonparametric Kruskal-Wallis rank tests of SHS concentrations
by different nominal smoking policies showed statistically significant difference of peak-
patronage-time SHS PM and airborne nicotine concentrations, while no statistically significant
differences of one-day average nicotine concentration by active area or personal sampling, or of
week-long average nicotine concentration by passive sampling. Comparison of results by
different sampling approaches showed that both measured SHS PM and airborne nicotine
concentrations were significantly related to observed active smoker activities. A slope of 17
g/m® of SHS PM per one pg/m® of nicotine was observed. Time-weighted nicotine
concentrations by one-hour peak-patronage time area sampling were higher than those by one-
day area sampling and by week-long area sampling; and results of peak-patronage-time sampling
could explain about half of the variance of the results by the latter two sampling approaches.
One-hour peak-patronage-time area nicotine sampling results were very close to one-day
personal nicotine sampling results. Thus, peak-time area sampling is a feasible and also a
reasonably accurate way to access patrons’ exposure to SHS during their short-term visits and
servers’ exposure during their full shifts.

Chapter 3 develops and evaluates a mass balance model to predict SHS concentrations in
restaurants and bars in China during peak-patronage times. The model is based on field data from
an intensive study, with field monitoring of SHS concentrations in a representative sample of
Minnesota restaurants and bars during representative peak-patronage times, and field data from
existing studies of Chinese restaurants and bars. The model could predict SHS PM
concentrations reasonably well, but not so well for airborne nicotine concentrations. Using the
model and Monte Carlo simulation, the mean (SD) of simulated SHS PM concentrations was
predicted to be 135 (182) pg/m®, 90 (129) pg/m°, and 49 (79) pg/m® in restaurants with smoking
allowed everywhere, designated smoking sections of restaurants, and designated nonsmoking
restaurants, respectively. Predicted SHS concentrations in bars were about two times as in
restaurants with the same smoking policy. These predicted concentrations were used to assess the
health risks for both servers and patrons in Chapter 6.

Chapter 4 uses field data collected in three previous studies from 2006 to 2008 and the study
conducted in 2010, which is presented in Chapter 2, to evaluate the efficacy of different smoking
policies adopted in Beijing restaurants and bars during this time period. There were significant
overlaps of sampling venues included in each year. In 2006, all voluntary smoking bans in
restaurants and bars were completely self-motivated by owners, and in 2007, they were
encouraged by the government. Less than 20% of restaurants and bars prohibited or restricted
smoking in 2006 or 2007. This indicates that both the self-motivated and governmental
encouraged voluntary smoking bans are rarely adopted; thus, voluntary smoking bans cannot
protect people from SHS exposure in restaurants and bars. When the Beijing government started
to require smoking restrictions in restaurants and bars in 2008, more than 80% of venues did so
as required; in these venues, the active smoking rate of patrons decreased, while no significant
changes were observed in venues without any policy changes. However, some venues stopped
prohibiting or restricting smoking two years later in 2010, resulting in less than 60% restaurants
and bars nominally prohibited or restricted smoking, showing non-continuous enforcement by
the government and decreasing compliance by venue owners. Though SHS PM concentrations in
Beijing restaurants and bars decreased after the governmental smoking restriction in both 2008
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and 2010, compared to those in 2006 and 2007, this happened in all the venues followed up with,
regardless of the policy changes. In 2010, two years after the smoking restrictions, both SHS PM
concentrations and active smoking rates in restaurants and bars were higher than in 2008,
regardless of the changes in smoking policy. The similarity of SHS levels experienced by servers
of restaurants and bars with different nominal smoking policies during their full shifts in 2010
also showed poor enforcement and compliance of the restrictions two years after the
implementation.

Chapters 5 and 6 estimate the health risks and excess morbidity and mortality caused by
SHS exposure in restaurants and bars in Minnesota, in the U.S., and in China. Intensive field
monitoring of SHS exposure in a representative sample of 65 Minnesota restaurants and bars, for
multiple times in each venue, showed that more than 80% of patrons were exposed to SHS
concentrations above the threshold of eye and nasal irritation during more than 80% of their
visits. Patrons’ and servers’ lifetime excess risk (LER) of lung cancer death (LCD) due to SHS
exposure in restaurants and bars in both Minnesota and in China was well above the acceptable
level of 1x10°°. And this was true even for patrons who visited designated nonsmoking sections
only for about 1.5 hours a week in their lifetime. The LER can be much higher for patrons who
visit restaurants and bars more often, or for patrons who also visit smoking sections or venues
allowing smoking everywhere. As for servers, their LER of LCD or asthma initiation (estimated
for Minnesota and U.S. restaurant and bar servers only) could be higher than the significant risk
of 1x10°®, considered an unsafe level by the U.S. Occupational Safety and Health Administration
(OSHA). In the population level, SHS exposure in restaurants and bars was estimated to cause
three LCDs and 32 ischaemic heart disease (IHD) deaths per year among the general
nonsmoking population, and 53 new asthma cases per year among nonsmoking servers in
Minnesota, 214 LCDs and 3001 IHD deaths per year among the general nonsmoking population,
and 1420 new asthma cases per year among nonsmoking servers in the U.S. This death toll was
predicted to be 1325 LCDs and 1525 IHD deaths a year in China.

In all, restaurants and bars are major employers, and they are also important public places
for the general population. This dissertation shows that both servers and patrons are exposed to
high concentrations of SHS in restaurants and bars, and the attendant health risks, morbidity, and
mortality are too significant to be ignored. Thus, to protect people from the health hazards of
SHS exposure, restaurants and bars should not be exempted from any smoking bans. The only
effective way is to create 100% smoke-free environments by comprehensive smoking bans, and
just passing a smoking ban is not enough, while full enforcement and compliance is extremely
important.
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Chapter 1 Introduction



1.1 Health Effects and Disease Burden from Exposure to Secondhand Smoke

Secondhand smoke (SHS) is comprised of a complex dynamic of over 4,000 chemicals.
There has been extensive research on the associations between exposure to SHS and adverse
health effects, which have been reviewed by several major reports, including those published by
the Surgeon General, the California Environmental Protection Agency (EPA), World Health
Organization (WHO), International Agency for Research on Cancer (IARC) (WHO 1999; WHO
IARC 2004; Cal/EPA 2005; USDHHS 2006) (Table 1.1).

Extensive epidemiological evidence shows that SHS exposure can cause respiratory and
non-respiratory disease and other adverse effects in children, including low birth weight, sudden
infant death syndrome (SIDS), lower respiratory illnesses, acute and recurrent otitis media,
wheeze, cough and asthma exacerbation (Table 1.1). It may also increase the risk of childhood
cancer, including childhood acute lymphoblastic leukemia (Liu, Zhang et al. 2011).

SHS contains numerous irritants, which can cause irritation of the eyes and upper and lower
airways. Early surveys of nonsmokers showed that 50% of respondents complained about SHS at
work, and a majority were disturbed by tobacco smoke in restaurants (USDHHS 1986). Junker et
al suggested that there might be increasing sensitivity to SHS as the general level of exposure
declines (Junker, Danuser et al. 2001). The odor and irritation associated with SHS merit special
consideration, because a high proportion of nonsmokers are annoyed by exposure to SHS, and
control of concentrations in indoor air poses difficult problems in the management of heating,
ventilating, and air-conditioning systems (IARC 2009). The 2006 Surgeon General’s report on
The Health Consequences of Involuntary Exposure to Tobacco Smoke concluded that the
evidence is suggestive but not sufficient to infer a causal relationship between SHS exposure and
adult asthma onset or exacerbation (USDHHS 2006). However, based on more recent evidence
published, California EPA found causal associations between SHS exposure and the two health
conditions (Cal/EPA 2005).

The association between SHS and coronary heart disease (CHD) was first reviewed in 1986.
Results of a number of meta-analyses of epidemiological studies since then have consistently
shown increases of 25-30% in the risk of CHD from various exposures. Though there is no direct
evidence that a relatively brief exposure (under one hour) to SHS can precipitate an acute
coronary event, it is biologically possible (Institute of Medicine 2009).

Different reviews by major agencies consistently show that SHS exposure is associated with
lung cancer among nonsmoking adults, regardless of exposure location. Pooled evidence shows
increases of 20 to 30% in the risk of lung cancer from SHS exposure associated with living with
a smoker (USDHHS 2006). However, studies on SHS exposure and breast cancer reached
inconsistent conclusions. None of the 2006 Surgeon General’s report, the 2004 WHO IARC
monograph and the 2009 WHO IARC report found a causal relationship based on their reviews
of this topic (IARC 2004; USDHHS 2006; IARC 2009), while the 2005 California EPA and the
Ontario Tobacco Research Unit reviewed studies with “exposure assessment of best quality” and
concluded that SHS is casually related to breast cancer in “younger, primarily pre-menopausal
women” (Cal/EPA 2005; Collishaw NE, Boyd NF et al. 2009).

SHS exposure was estimated to have caused about 600,000 premature deaths worldwide in
2004, 28% of which were among children and 47% among women (Oberg, Jaakkola et al. 2011).
Among adults, 87% of the estimated deaths were from ischemic heart disease, 8% from asthma
and the remaining 5% from lung cancer (Figure 1.1). The U.S. Centers for Disease Control and
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Prevention (CDC) estimated that SHS caused annual deaths of 49,000 between 2000 and 2004
(CDC 2008). In China, where there are more than 301 million current smokers (Li, Hsia et al.
2011) and 740 million nonsmoking adults potentially exposed to SHS (Chinese CDC 2011),
about 56,000 deaths among adults from lung cancer and ischemic heart disease in 2002 were
attributed to exposure to SHS (Gan, Smith et al. 2007).

Table 1.1 Health effects from exposure to secondhand smoke
SGR CalEPA WHOIARC WHO

2006 2005 2004 1999
Reproductive and Developmental Effects
Female Fertility * **
Male reproductive toxicity * *
Spontaneous abortion * **
Perinatal death * *
Infant deaths *
Sudden infant death syndrome faie fale *x
Preterm delivery *x faiahed
Low birth weight faleka falekal il
Congenital malformations * *
Cognitive development * **
Behavioral development * **
neuropsychological development *x *x
Height/Growth * *
Allergic sensitization *x
Respiratory Effects in Children
Lower respiratory illnesses faleie ikl falaied
Acute and recurrent otitis media faleie ikl falaied
Adenotonsillectomy *
Wheeze faleie faleie Fkk
Cough faleie kel falaied
Childhood asthma onset xx falake
Childhood asthma exacerbation faleie ikl falaied
Atopy (immunoglobulin e-mediated allergy) * **
Lung growth and pulmonary function falehed *x fale
Childhood Cancer ** ** *x
Respiratory Effects in Adults
Acute irritant symptoms and effects faie fale
Cough, wheeze, chest tightness and difficulty breathing *x
Chronic respiratory symptoms ** **
Decrement in pulmonary function ** **
Adult-onset of asthma ** ikl




SGR CalEPA WHOIARC WHO

2006 2005 2004 1999
Asthma exacerbation ** faiaa
Chronic obstructive pulmonary disease (COPD) ** *
Morbidity in persons with COPD *
Exacerbation of cystic fibrosis **
Cardiovascular Diseases in Adults
Coronary heart disease morbidity and mortality faleiel faleie
Stroke bl *%
Atherosclerosis **
Altered vascular properties falaial
Cancer in Adults
Lung cancer falaie falela ookl
Breast cancer *x falaie *
Nasal sinus cancer ** folell *
Nasopharyngeal carcinoma * ** *
Cervical cancer * ** *
Urinary tract/bladder cancer * *
Stomach cancer * *
Brain cancer * *
Leukaemia *
Lymphoma *

Note: SGR 2006: The Health Consequences of Smoking: A Report of the Surgeon General 2006; Cal EPA 2005:
Proposed Identification of Environmental Tobacco Smoke as a Toxic Air Contaminant by California Environmental
Protection, 2005; WHO IARC: Monographs on the Evaluation of Carcinogenic Risks to Humans by WHO IARC,
2004; WHO 1999: International Consultation on Environmental Tobacco Smoke (ETS) and Child Health by WHO,
1999; * the evidence is inadequate to infer a causal relationship; ** the evidence is suggestive of a causal
relationship; *** the evidence is sufficient to infer a causal relationship.
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Figure 1.1 Number of deaths from exposure to secondhand smoke in 2004 (Oberg, Jaakkola et al. 2011)

1.2 Prevalence of SHS Exposure

SHS exposure is widespread worldwide. About 40% of children under age 15 years and one
third of nonsmoking adults were estimated to be regularly exposed to SHS in 2004 (Oberg,
Jaakkola et al. 2011). The proportion of children and nonsmoking adults with regular SHS
exposure is lowest in the Africa (E) subregion, 12% for children and below 10% for nonsmoking
adults, and highest in the Europe (C), above 60% for both children and nonsmoking adults,
followed by the western Pacific region (B). See Figure 1.2 for details.

SHS exposure can occur in many microenvironments. The Global Youth Tobacco Surveys
(GYTS) conducted in 132 countries between 1999 and 2005 indicated that 44% of students aged
13 to 15 in every World Health Organization Region were exposed to SHS at home and 56% in
public places (The GTSS Collaborative Group 2006). A study including 32 countries, conducted
from 2005 to 2007, found that smoking was observed in 79% of bars, 68% of restaurants, 55% of
transportations and 53% of other indoor public places (Hyland, Travers et al. 2008). In China,
the prevalence of SHS exposure among nonsmoking adults was 54% in 1996 (Yang, Fan et al.
1999), 52% in 2002 and 74% in 2010 (Chinese CDC 2011). The prevalence increased
significantly in 2010, which may be due to a different definition of SHS exposure and increased
awareness of SHS exposure among respondents. In both of the 1996 and 2002 studies, SHS
exposure was defined as exposure for at least one day per week with at least 15 minutes’
exposure per day, while in the 2010 study, it was defined as any exposure for at least 15 minutes
in the last 30 days. The proportion of passive smokers who were exposed in homes, public places
and workplaces all increased from 1996 to 2002, with exposure at home dominating in both
years; in 2010, the proportions of exposure in the three environments were similar (Figure 1.3)
(Yang and Hu 2010).

The National Human Activity Pattern Survey (NHAPS), which collected 24-hour diary data
from 9,386 respondents between October 1992 and September 1994 in the United States, showed
that 58% of the respondents had exposure from residential indoor, with an average of 305
minutes of exposure during 24 hours, 33% had exposure from vehicle, and 23% from restaurants
and bars, with an average of 79 minutes and 143 minutes of exposure during 24 hours,



respectively. Of those respondents who were exposed to SHS for at least one minute on the diary
day, the location with the largest overall percentage of time spent being exposed was residential-
indoors (48%), followed by office/factory (9.7%), bar/restaurant (8.8%) and in vehicle (7%)
(Klepeis, Tsang et al. 1996). For restaurant servers and bar attendants, their time spent being
exposed to SHS in restaurants and bars can be much longer if they work full time in a venue
without smoking bans. As more public places other than restaurants and bars are covered by
smoke-free legislation, the public is expected to have an increased percentage of time being
exposed to SHS in restaurants and bars; for people living in nonsmoking homes, especially those
who work in smoke-free environments, restaurants and bars can be the main source of SHS
exposure.

Restaurants and bars are major employers. There were 11 million workers employed by this
industry in 2010 in the United States, more than 2.7 million of whom were servers and
bartenders (U.S. BLS 2011); About 11.4 million workers were employed by restaurants and bars
in 2004 (National Bureau of Statistics of China 2008) in China, with a 36% increase in 2008
(Oberg, Jaakkola et al. 2011). They are also important public places for the general population.
According to a telephone interview with a nationally representative sample of 2250 adults
conducted by the Pew Research Center, 66% of adults, including 75% of those aged 18 to 29 in
the United States eat out at least weekly and one third eat out twice a week or more (Pew
Research Cener 2006). The NHAPS showed that patrons spent an average of 86 minutes each
time in restaurants and bars (Tsang and Klepeis 1996). In China, 15 % of people aged 15 years
and older ate out every day in 2002 (Ma, Hu et al. 2005) (Figure 1.4); and each person spend an
average of 13 minutes each day in restaurants and/or bars (National Bureau of Statistics and
Ministry of Labour and Social Security of China 2005). Therefore, exempting restaurants and
bars from smoke-free bans can lead to a large population being exposed to SHS.

WHO subregion 0 20 40 60 80 %
Africa (D)
Africa (E) _
The Americas (A) = Children
The Americas (B) ® Men

The Americas (D)

Eastern Mediterranean region (B)
Eastern Mediterranean region (D)
Europe (A)

Europe (B)

Europe (C)

Southeast Asia region (B)
Southeast Asia region (D)
Western Pacific region (A)
Western Pacific region (B)
Worldwide

®'\Women

Figure 1.2 Proportion of children (younger than 15 years) and adult non-smokers exposed regularly to
second-hand smoke estimated for the year 2004 based on survey data and modeling by WHO subregion
Note: this figure was adopted from Oberg et al (Oberg, Jaakkola et al. 2011);

Children’s exposure is approximated based on having one or more parents who smoke.
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Figure 1.3 Proportions of SHS exposure happened in different places in China in 1996, 2002 and 2010
Note: In both of the 1996 and 2002 studies, SHS exposure was defined as with exposure for at least one
day per week with at least 15 minutes’ exposure per day, while in the 2010 study, it was defined as any
exposure for at least 15 minutes in the last 30 days. Reproduce from Table 7-3, Yang and Hu (2010)

How Often Do You Eat Out?
Percentage of those who reported eating a meal at a restaurant everyday

Total

Men
Women

Age group
15-17.9
18-44.9
45-59.9

>60

31%

4%

0% 5% 10% 15% 20% 25% 30% 35%

Figure 1.4 Percent of people who eat out at least every day, China, 2002
Note: this figure was adopted from Ma et al (Ma, Hu et al. 2005)



1.3 Measurement of Secondhand Smoke

The exposure-disease biological pathway is shown in Figure 1.5. People are exposed to SHS
in multiple microenvironments. The total human exposure to an atmospheric contaminant like
SHS represents the time-integrated sum of the exposures in multiple microenvironments where
time is spent. The concentration of SHS in a microenvironment depends on intensity of smoking
in that space, the volume of the space where SHS is dispersed, dilution by ventilation, and other
processes that remove smoke from the air. The consequent exposures lead ultimately to doses of
SHS components that may reach and harm target organs and manifest as adverse health effects.

Exposure to SHS can be directly or indirectly measured at one or more points on the
pathway. Cigarette smoke is a complex aerosol consisting of thousands of gases and volatile
chemicals in which particulate matter (PM) is suspended. The gas phase consists of air, carbon
dioxide, carbon monoxide and many other chemicals, including nicotine, carbonyls (such as
acetaldehyde, formaldehyde and acrolein), hydrocarbons (such as benzene, toluene, some
polycyclic aromatic hydrocarbons [PAHSs]), nitrogen oxides, pyridine, ammonia, nitrosamines
and hydrogen cyanide (Cal/EPA 2005). The particulate phase, “tar”, consists of thousands more
chemicals, including alkaloids, larger PAHSs, tobacco-specific nitrosamines, polonium-210,
nickel, cadmium, arsenic and lead; some compounds, such as cresols and PAHSs, are partitioned
between vapor and particulate phases (Cal/EPA 2005). Because of the many potentially toxic
agents in SHS, the measurement of all components in SHS is not practical or even desirable, due
to limitations in knowledge of the mixture of components related to the effects of interest, as
well as the feasibility and cost of sampling. Thus, using an indicator for SHS that will, when
measured, accurately represent the frequency, duration, and magnitude of the exposure is
necessary. These indicators can be questionnaires, chemicals measured in the air (airborne
tracers), biomarkers or models (U.S. EPA 1992). Advantages and disadvantages of these
indicators are listed in Table 1.2.

Questionnaire survey is the most commonly used indicator to assess SHS exposure in both
retrospective and prospective studies of acute and chronic effects. They can be used to provide a
simple categorization of SHS exposure, to determine time-activity patterns of individuals, and to
acquire information on the factors or properties of the environment affecting SHS
concentrations. The time-activity pattern information may be combined with measured or
estimated concentrations of SHS in each environment to provide an estimate of total exposure.
Information on the factors affecting SHS concentrations can be used to model or predict SHS
levels in those environments (Woodward and Al-Delaimy 1999).

When using airborne tracers as the indicator of SHS, the National Research Council (NRC
1986) recommended that the tracer should (1) be unique to the source, (2) be easily detected in
air at low concentrations, (3) be similar in emission rates for a variety of tobacco products, and
(4) occur in a consistent ratio in air to other SHS components in the complex mix. A number of
airborne tracers have been used to represent SHS concentrations in both field and chamber
studies. Nicotine, carbon monoxide, 3-ethenylpyridine (3-EP), pyridine, aldehydes, nitrous acid,
acrolein, benzene, toluene, myosmine, respirable suspended particulate matter (RSP), solanesol
and several other compounds have been used or suggested for use as tracers for SHS (U.S. EPA
1992; Jenkins, Maskarinec et al. 2001). Vapor phase nicotine and RSP are most commonly used
as tracers of the presence and concentration of SHS for a variety of reasons associated with their
ease of measurement, existing knowledge of their emission rates from tobacco combustion, and
their relationship to other SHS contaminants (U.S. EPA 1992). Some researchers have
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investigated the relationship of RSP and air nicotine in field studies with parallel measurements.
Regression models showed that for various environments like residential venues, offices or other
working places, the slopes of RSP measurements against parallel air nicotine measurements were
approximately 10 (Leaderer and Hammond 1991; Daisey 1999; USDHHS 2006), though the
intercepts (assumed to be background RSP levels) varied.

Both stationary area monitoring and mobile personal air monitoring can be used to measure
concentrations of airborne tracers of SHS. SHS concentrations measured by stationary
monitoring are combined with time-activity patterns (time budgets) to determine the average
exposure of an individual as the sum of the concentrations in each microenvironment weighted
by the time spent in that microenvironment. Personal air monitoring allows for a direct integrated
measure of an individual's exposure. It employs samplers (worn by individuals) that record the
integrated concentration of a contaminant to which individuals are exposed in the course of their
normal activity for some time periods. The monitors can be active (employing pumps to collect
and concentrate the air contaminant) or passive (working on the principle of diffusion). Because
it incorporates human activity patterns and collects samples from immediate and continually
changing environments to which subjects are exposed, personal sampling is usually preferred to
area sampling in measuring individual exposure to airborne constituents (White, Armstrong et al.
2008). However, personal sampling has been used less frequently than area sampling, because it
requires human participants to use sampling equipments.

Jenkins, et al (2000) reviewed four studies comparing results from area sampling with
results from personal sampling of nicotine, and they found that results on the quantitative
relationship were mixed: one study reported that nicotine levels were somewhat higher from area
sampling than from personal sampling in restaurants, one reported no statistical difference
between results of area sampling and personal sampling, another found large differences between
individual samples; and the last one reported good agreement between statistical groupings of
area-sampling and personal-sampling data for subjects employed in the hospitality industry and
that on an individual basis, area samples are useful for estimating individual exposures to SHS
within a factor of 5 to 10. A more recent paper found a significant linear relationship between
area sampling (x) and personal sampling (y) of nicotine in restaurants and bars (y=1.07x+1.59
R?=0.65) (Ellingsen, Fladseth et al. 2006) The relationship between results from area sampling
and personal air sampling in venues with designated smoking areas can be more complex
because the variation of exposure time in smoking areas and nonsmoking areas.

Based on different objectives of studies, area sampling durations of SHS range from one
hour to multiple days via measuring nicotine, and from less than 10 minutes to multiple days via
measuring RSP (Jenkins R.A., Guerin M.R. et al. 2000). To estimate the acute health risk like
respiratory irritation or vascular function changes (Cal/EPA 2005), short-term sampling during
peak patronage hours may be useful. And for risk assessment of long-term exposure to SHS,
estimating the average daily exposure levels is often necessary. However, in microenvironments
like restaurants and bars, SHS concentrations in the ambient air can be quite different during
patronage peak times and non-peak times and during day time and nights.

Biomarkers, within the context of assessing exposure to air contaminants, refer to cellular,
biochemical, or molecular measures obtained from biological media, such as human tissues,
cells, or fluids that are indicative of human exposure to air contaminants (U.S. EPA 1992).
Biomarkers of exposure are actually measures of dose or uptake and hence indicators that an
exposure has taken place. The National Research Council presented similar criteria of selecting a
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biomarker as of selecting an airborne tracer for SHS exposure assessment. The criteria include
the sensitivity of the assay for the biomarker, the specificity of the biomarker for SHS, the
relevance of the biomarker to the exposure and disease outcome of interest, the practicality of
biomarker collection and analysis and the pharmacokinetics of the biomarkers, especially in
terms of its half-life of the compound measured (NRC 2006). Nicotine in body fluids, hair or
nails, cotinine in body fluids and 4-(methynitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
metabolites have been used as biomarkers of SHS exposure (Institute of Medicine 2009).
Monitoring of biomarkers provides an integrated measure of exposure to air contaminants across
a number of environments where an individual spends time but does not provide direct
information on concentrations of the air contaminant of interest in individual environments or on
the level of exposure in each environment unless the exposure occurs in only one environment
(U.S. EPA 1992).

When resources are limited to collect representative field data, models become useful in
predicting SHS concentrations. Considerable progress has been made over decades in
developing, testing, and validating mathematical models to predict the pollutant concentrations
present in indoor settings due to smoking activity. Many of these models were summarized by
Repace in 1989 (Repace 1987) and by Ott in 1999 (Ott 1999), showing that all the models have a
similar mathematical structure, which all use the mass balance equation. Experimental results
show that these models can predict indoor pollutant concentrations from smoking activity in
indoor settings with high accuracy (Ott, Langan et al. 1992; Klepeis, Ott et al. 1996; Klepeis
1999).
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Figure 1.5 Influent factors, exposure-dose concept and exposure measurement concept in the SHS exposure-disease biological pathway
Adopted from White E, Armstrong B, Saracci R., 2008 (White, Armstrong et al. 2008), Jaakkola MS, Samet JM. , 1999 (Jaakkola and Samet 1999) and Jaakkola
MS, Jaakkola JJK, 1997 (Jaakkola and Jaakkola 1997).

Available dose: the amount of the exposure measured in the subject’s external environment;

Administered dose or intake: the actual amount of the agent coming into contact with the human body, which depends on the subject’s behavior in all the
microenvironments with available dose;

Absorbed dose or uptake: the dose actually enters various compartments of the body;

Active dose at target site: the biologically effective dose at the site(s) in the body which are the specific target of action of the agent on the disease of interest.
* NNAL: 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), a metabolite of the tobacco-specific carcinogen
4-methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)



Table 1.2 Advantages and disadvantages of using different indicators to measure SHS exposure

advantages

disadvantages

Questionnaires

Airborne tracers

nicotine

particulate
matter

Biomarkers

Models

Can collect information on past exposure,
time-activities, possible confounders, etc.;
relatively inexpensive; most commonly used
in large studies and retrospective studies

Can measure and compare exposures from
different microenvironments (sources); are
basis of developing environmental standards
and evaluating their implementation

Specific and sensitive to tobacco smoke; Of
intrinsic health interest (known
cardiovascular agent)

Sensitive to SHS; Can be measured in real
time and get information directly without
laboratory analysis

Can assess the exposure dose; integrate
exposure from all microenvironments

Cost-effective; can be used to evaluate effect
of various mitigation strategies prior to
implementation

Exposure information collected is
subjective; more likely to suffer to
misclassification error; lack of
standardized questionnaires to assess
SHS exposure

require measurement of all
microenvironments to determine
total exposure; do not reflect
individual respiratory rates

Different decay rate than other SHS
constituents, so complicates
estimation of exposure to those other
constituents; Requires laboratory
analysis

Not specific to tobacco smoke
therefore not distinguishable from
other sources of PM at lower SHS
concentrations; Initial investment in
equipment expensive, but little
operating cost

Cannot distinguish exposure
locations; Cannot account for
individual biological variances in
metabolizing chemicals; Require bio-
samples and laboratory analysis

Difficult to explain modeling results
to general audience
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1.4 SHS Concentrations in Restaurants and Bars

Smoking restrictions in workplaces and public places are increasing but restaurants and bars
are often exempt from these restrictions. As of January 2012, a total of 66 nations worldwide
have enacted 100% smoke-free law, while only 46 of the 66 include both restaurants and bars
(ANRF 2012). Table Al in the Appendix lists the 100% smoke-free laws in workplaces and
hospitality venues around the world. In the United States, legislations on restricting smoking in
restaurants have lagged behind legislations in public places and other workplaces (USDHHS
2006) (Figure 1.6). Restaurant and bar workers are far less likely than other workers to be
protected by smoke-free workplace policies, more likely than other workers to have these
policies violated where they do exist, and more likely to be exposed to high levels of SHS on the
job (USDHHS 2006).

SHS concentrations in restaurants and bars are often higher than in other public places.
Hyland et al measured SHS derived fine particles (SHS PM) for at least 30 minutes in indoor
public places in 32 countries from 2003 to 2007, and they found that the geometric mean (GM)
of SHS PM during peak patronage time was 303 pg/m?® in smoking bars and 157 pg/m® in
smoking restaurants, comparing to 127 pg/m® in transportation and 119 pg/m?® in other public
places (Hyland, Travers et al. 2008). Navas-Acien et al. reported time weighted average (TWA)
airborne nicotine concentrations over 7 or 14 days in public places in 7 Latin America countries
from 2002 to 2003, with the median concentration of 1.24 ug/m® in restaurant and 3.65 pg/m® in
bars, which were relatively higher than in other public places (Navas-Acien, Peruga et al. 2004).
Nebot et al. also measured airborne nicotine concentration in different public places in seven
European cities and found that, bars and discos were the places with the highest nicotine
concentration, with median ranged from 19 to 122 pg/m°, followed by restaurants; nicotine
concentrations in airports and in train stations were much lower and schools had the lowest
concentrations (Nebot, Lopez et al. 2005).

Many studies have reported ambient SHS concentration measured in restaurants and/or bars.
Table A2-A3 and Figure 1.7- 1.8 list those reported SHS concentrations indicated by ambient
RSP and nicotine in different countries worldwide. The majority of studies applied real-time
monitoring of RSP during peak patronage time, while sampling time of airborne nicotine varies,
ranging from 2 hours by active sampling to a week by passive sampling. The median (range) of
aggregated RSP concentration reported in studies conducted in different regions worldwide is
highest in restaurants with smoking permitted everywhere (187 [68-663] pg/m®), followed by
designated smoking sections (79 [50-310] pg/m®) and designated nonsmoking sections (64 [14-
89] ng/m°); it was lowest in restaurants that ban smoking everywhere, 23 (12-92) ug/m®. For bars
not restricting smoking, the median (range) of aggregated RSP concentration reported in
different countries is 192 (36-465) ug/m°, and for bars that ban smoking, 16 (13-20) pg/m®
(Figure 1.6). Ghana and Pakistan were reported to have the highest aggregated RSP levels in
restaurants, while Israel was reported to have the highest aggregated RSP in bars.

The median (range) of aggregated airborne nicotine concentration over a week reported in
studies is 7.10 (0.01-60) pg/m° in restaurants with smoking permitted everywhere, 16.80 (0.60-
60) pg/m® in designated smoking sections, 1.90 (0.10-30.0) pug/m® in designated nonsmoking
sections and below 0.05 pg/m® in nonsmoking restaurants (Figure 1.7). In bars with smoking
allowed everywhere, the median (range) of air nicotine concentration is 8.5 (1.60-31.43) pg/m®
and below 1.0 in nonsmoking bars (Figure 1.7). Due to the fact that nicotine is more specific to
tobacco smoke than RSP, the reduction of airborne nicotine concentrations in venues/sections
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without smoking restrictions and in venues with smoking banned everywhere is larger than the
reduction of RSP.
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Figure 1.6 Number of state laws and amendments enacted for clean indoor air, 1963-2005 (USDHHS
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Figure 1.8 SHS concentrations indicated by airborne nicotine restaurants and bars reported in literature



1.5 Strategies to Reduce SHS Exposure

Both technological approaches and policy approaches can be used to control SHS exposure
by reducing/eliminating sources and increasing SHS removal rate. Technological strategies
include creating designated nonsmoking and smoking areas, using controlled ventilation and
improved filtration of returned air and applying devices to remove particles and vapor phase
organic compounds based on principles of electrostatic precipitation, solid media filtration, gas-
phase filtration, ozone generation, catalytic oxidation or bipolar air ionization (USDHHS 2006).
Policies strategies include voluntary smoking restrictions and mandatory legislative smoking
restrictions, both of which include complete smoking bans (not allowing smoking anywhere in a
venue) and partial bans (permitting smoking in designated sections or separated rooms).
Voluntary restrictions are ineffective because there is no force of law, and ultimately the industry
fails to comply with its own voluntary regulations (WHO 2009). The American Society of
Heating, Refrigerating and Air-Conditioning Engineers (ASHRE) stated in its document on
environmental tobacco smoke (ETS, another term for SHS) in 2008 that (ASHRAE 2008):

+ At present, the only means of effectively eliminating health risk associated with indoor
exposure is to ban smoking activity.

* Although complete separation and isolation of smoking rooms can control ETS exposure
in non-smoking spaces in the same building, adverse health effects for the occupants of the
smoking room cannot be controlled by ventilation.

* No other engineering approaches, including current and advanced dilution ventilation or air
cleaning technologies, have been demonstrated or should be relied upon to control health
risks from ETS exposure in spaces where smoking occurs. Some engineering measures may
reduce that exposure and the corresponding risk to some degree while also addressing to
some extent the comfort issues of odor and some forms of irritation.

There is no safe level of SHS exposure, and the only effective way to protect people from
adverse health effects of SHS is to create 100% smoke-free environments (WHO 2009). Studies
show that complete smoking bans significantly improve air quality and reduce SHS exposure,
with a greater reduction for hospitality workers compared to the general population (Callinan,
Clarke et al. 2010). Polanska et al reviewed 12 papers published after 2000 on smoking bans and
hospitality workers’ exposure to SHS (Polanska, Hanke et al. 2011). They found that the
legislation to ban smoking in hospitality venues protects workers from SHS exposure when the
venues are 100% tobacco smoke free, with 57-89% reduction in cotinine levels in biological
samples and about 90% of reduction in airborne nicotine and PM levels after the implementation
of smoke free law. The Cochrane Collaboration reviewed 31 studies of legislative bans in
workplaces and/or hospitality venues and found 71%-100% reduction of SHS exposure duration
and 22%-85% reduction of SHS exposure prevalence (Callinan, Clarke et al. 2010). As a result
of reduction of SHS exposure, legislative smoking bans can improve the public’s health.
Consistent evidence showed that legislative smoking bans can reduce respiratory symptoms and
sensory symptoms among hospitality workers (USDHHS 2006; Callinan, Clarke et al. 2010).
The smoking ban in public places in Scotland reduced respiratory symptoms not only among
both smoking and nonsmoking workers in bars after its one-year implementation (Ayres, Semple
et al. 2009), but also among general populations in subsequent years. Hospital admissions of
preschool and school-age children for asthma decreased 18% per year comparing to the rate
before implementation of the ban (Mackay, Haw et al. 2010). Three independent reviews of the
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effect of smoking bans in public places on acute myocardial infarction (AMI) consistently show
that smoking bans reduce individual risk and hospitalization for AMI (Institute of Medicine
2009; Lightwood and Glantz 2009; Meyers, Neuberger et al. 2009).

Additional benefits of legislative smoking bans include reductions in daily consumption of
cigarettes, increases in attempts to stop smoking and increases in smoking cessation rate
(USDHHS 2006). Smoke-free policies also challenge the perception of smoking as a normal
adult behavior and thus change the attitudes and behaviors of adolescents, resulting in a
reduction in tobacco use initiation (Task Force on Community Preventive Services 2005).

1.6  Outline of This Dissertation

This dissertation focuses on exposure and risk assessment related to SHS in a specific type
of microenvironment, that is, restaurants and bars. There are six more chapters in this
dissertation. Chapter 2 assesses SHS exposure in restaurants and bars using different ambient air
sampling approaches and examines the quantitative relationships between these different
approaches to explore appropriate sampling approaches for the purpose of risk assessment;
Chapter 3 presents the assessment of SHS exposure in Chinese restaurants and bars based on
mass balance modeling and Monte Carlo simulations; Chapter 4 presents the evaluation of the
efficacy of different smoking policies designed to reduce SHS exposure in Beijing restaurants
and bars during the period of 2006 to 2010; Chapter 5 assesses the health risks and deaths of
asthma induction, ischemic heart diseases and lung cancers among restaurant and bar servers and
patrons due to their exposure to SHS in restaurants and bars in Minnesota and in the United
States; Chapter 6 used similar approaches as in Chapter 5 to assess the health risks and deaths
attributed to SHS exposure in Chinese restaurants and bars for patrons and servers, based on SHS
exposure estimated from modeling in Chapter 3; and the last chapter, Chapter 7, summarizes the
findings from all previous chapters and also suggests topics for future studies in this area.
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Chapter 2 Assessing Exposure to Secondhand Smoke in
Restaurants and Bars in Beijing, China, by Field Monitoring
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2.1 Background

Although a large number of studies on the effects of secondhand smoke (SHS) exposure
have been conducted in the U.S. and some European countries, SHS exposure has only recently
attracted public attention in China. Only a few studies have monitored SHS exposure in different
types of environments in this country. Hammond et al. measured airborne nicotine in some
Chinese homes in 1998 (Hammond, Tian et al. 1999). Stillman et al. measured airborne nicotine
concentrations in public places in four cities and three rural towns in 2005 (Stillman, Navas-
Acien et al. 2007) and Gan et al. monitored airborne nicotine levels in 14 Chinese office
buildings in 10 provinces from 2005 to 2006 (Gan, Hammond et al. 2008); all these studies used
7-day passive area nicotine sampling method. Another three studies measured SHS for half an
hour during peak patronage times via the tracer of PM; s (the fine particulate matter which has a
50% collection efficiency cutpoint at 2.5 pm aerodynamic diameter, ) in Chinese restaurants and
bars in 2006 and 2007 (Kang, Jiang et al. 2007; Lee, Lim et al. 2010; Liu, Yang et al. 2010).

Monitoring SHS exposure is important in the estimation of the disease burden attributable to
SHS, and therefore providing guidance for public health policy (Woodward and Al-Delaimy
1999). Monitoring SHS exposure levels is also essential to evaluate the efficacy of a smoking
policy before and after its adoption. In 2008, the Beijing government implemented a smoking
restriction requiring public places, including large restaurants and bars, to restrict smoking. In
2007, as part of the study on SHS exposure in five Chinese cities, a convenience sample of 85
restaurants and bars were selected from two districts in Beijing (Liu, Yang et al. 2010). In each
venue, SHS levels via PM, s were monitored with SidePak 510 for about 30 minutes during peak
patronage times; number of patrons and lit cigarettes were counted for every 15 minutes during
monitoring, and the venue size was also measured or estimated.

This chapter reports a follow-up study of the 2007 study to assess SHS exposure in
restaurants and bars two years after the implementation of the Beijing governmental smoking
restriction. The study was designed to examine profiles of SHS exposure by servers and patrons
of restaurants and bars, that is, to measure SHS concentrations in restaurants and bars during
typical peak patronage times, during servers’ full working shifts, during a typical 24-hour period,
and in one typical week. Another purpose was to use different approaches towards ambient air
sampling of airborne nicotine and PM, s and to examine the quantitative relationships between
these different sampling approaches in order to explore relatively simple but appropriate
sampling methods of SHS exposure for the purpose of risk assessment. The monitor protocol
was approved by the Committee for Protection of Human Subjects at University of California,
Berkeley.

2.2 Methods
2.2.1 Overview of Sampling Approaches Used in This Study

2.2.1.1 Week-long passive area nicotine sampling

A passive monitor developed by Hammond and Leaderer (1987) was used to sample vapor
phase airborne nicotine. A filter (EMFAB, Pall part #7217) treated with sodium bisulfate is held
in a 4 cm diameter polystyrene cassette, a membrane filter serves as a windscreen, and nicotine
passively diffuses to the treated filter, where it is trapped. The effective sampling rate is 24
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mL/min. A passive monitor was affixed to items on walls or ceilings where the monitor could
rest undisturbed and sample nicotine for one or two continuous weeks. The concentration of
nicotine calculated for each monitor reflected the average area level during those sampling
periods.

2.2.1.2 One-day active area nicotine sampling

The active nicotine monitor used was quite similar to the passive monitor described above,
except that a top polystyrene cassette replaced the windscreen, and a pump was used to draw air
through the cassettes so that air nicotine reached the filter and was trapped. The effective
sampling rate was set as 150 mL/min. Each active monitor sampled nicotine for a whole working
day, starting around the time when the venue was opened to the public and ending around the
time when it was closed to the public. The flow rate was checked both before and after the
sampling, and the average rate was used for the concentration calculation. To prevent the
possible loss of the sampling pumps and to keep them charged during sampling, active monitors
was placed on cashier bars or near outlets where they could stay undisturbed during the time
when the venue was open. The concentration of nicotine estimated by this sampling approach
reflected the time-weighted average area concentration in a workday.

2.2.1.3 One-day active personal nicotine sampling

In this approach, an active nicotine monitor with a battery-charged mini pump was worn by
a voluntary nonsmoking server who worked for a full daytime shift. The flow rate of the mini
pump was set at about 150 mL/min. The cassette was clipped to clothes around a server’s waist
and the mini pump was placed in his/her pocket or was clipped to his/her waist belt. Investigators
helped the server wear a personal monitor, turned on the pump around the time when the venue
was open to the public and collected the monitor at the end of the working shift or around the
time when the venue was about to close to the public. Some venues were closed for a break
between lunch and dinner, and servers were instructed to place the monitor on the cashier bar
without turning off the pump during the break to avoid SHS exposure in other places. The flow
rate was checked both before and after each sampling, and the average rate was used for the
concentration calculation. The concentration of nicotine estimated by this sampling approach
reflected the time-weighted average personal exposure level in a working shift.

2.2.1.4 One-hour peak-patronage-time monitoring and observations

Peak patronage time was defined as lunch (11:30 AM to 2:00 PM) or dinner time (5:00 PM
to 8:30 PM) for restaurants, and evening time (8:00 PM to 2:00 AM) for bars; for cafés, peak
time was more flexible, usually in the afternoon. Investigators visited each venue during peak
patronage time as patrons, carrying out monitoring and making discreet observations in order not
to disturb the occupants’ normal behavior.

An investigator wore an active nicotine monitor with the cassette outside of a bag and the
pump inside the bag. Two investigators visited a venue during peak patronage time as patrons,
seated themselves at a table as close to the central dining area as possible, put the bag with the
monitor on a chair, and conducted the monitoring for about one hour. The flow rate of the pump
was set at around 2 L/min. This sampling approach was used to assess airborne nicotine
concentrations during peak patronage times.

Area PM; s was measured using a TSI SidePak AM510 Aerosol Monitor (TSI, Inc., St. Paul,
MN, USA). The method of using the SidePak to measure SHS exposure via PM,s levels has
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been described in detail by Hyland et al. (Hyland, Travers et al. 2008). Briefly, the SidePak,
which is a portable light-scattering aerosol monitor, was fitted with a 2.5 um impactor. The
equipment was set to a one-minute log interval which averages the previous 60 one-second
measurements, and was zero-calibrated prior to each use by attaching a high-efficiency
particulate air (HEPA) filter according to the manufacturer’s specifications.

The SidePak was placed in the same bag as the nicotine monitor, with the outlet of the
sampling tube placed side by side with the nicotine cassette outside the bag. Outdoor PM, s levels
were monitored for at least 10 minutes before or after entering the venue and indoor PM, s levels
were monitored for about one hour. For each venue, the first and last minutes of logged data
were omitted because they could represent a mixture of outdoors and entryway air. The
remaining data points were averaged to provide average PM; s concentrations within and outside
the venue during peak patronage time. SHS-derived PM,s concentrations (SHS PM) were
calculated as the difference between the average indoor and outdoor PM;s concentrations
multiplied with a calibration factor of 0.32, suitable for SHS. This calibration factor was
determined in an experiment with the SidePak collocated with another light-scattering instrument
that had been previously calibrated against standard pump-and-filter gravimetric methods and
used in SHS exposure studies; this calibration factor was also confirmed by comparison of
SidePak measurements of SHS to gravimetric measurements using a Personal Environmental
Monitor (PEM for PM,5, MSP Corporation, Shoreview, Minnesota, USA) (Hyland, Travers et
al. 2008).

During each peak-time sampling, investigators counted the number of patrons, the number
of employees, and the number of lit cigarettes right after entering each venue, before leaving the
venue and every 15 minutes during the interval. They also made observations on whether any
non-smoking signs were obvious to be observed by patrons, availability of ashtrays and
compliance to smoking restrictions. This approach was used to estimate the average number of
lit cigarettes exposed by servers and patrons during peak patronage time.

To characterize the physical features of each venue, the venue dimensions were measured
via Straint-line® Sonic laser tape (Huntersville, NC, USA) or by estimates when the sampling
space was irregular. Also, a TSI 8854 Q-Trak Plus IAQ Monitor Model (TSI Inc., St. Paul, MN,
USA), a Fluke 975 AirMeterTM Test Tool (Fluke Co., Everett, WA, USA) or a Hobo
U12/Telaire7001 was used to monitor CO,, temperature and relative humidity (RH) for at least
10 minutes outdoor and for about one hour indoor. These sampling was conducted
simultaneously with airborne nicotine and PM, s sampling.

2.2.1.5 Continuous monitoring

Continuous monitoring of real-time PM,s and CO, was conducted in one venue allowing
smoking and in one venue restricting smoking to a designated section for at least 24 hours.
Sequential area nicotine sampling was also conducted, with new nicotine samplers replaced
every one to two hours, except during evenings and intervals between peak patronage times.

2.2.2 Venue Selection

All the 85 venues in Beijing monitored in the 2007 study were physically re-visited to check
their current smoking policies by inquiring of their workers or by observing nonsmoking signs in
venues. A total of 66 venues were re-identified. According to the inquiries, 43 venues allowed
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smoking (no restriction at all) or restricted smoking to designated sections. Owners or managers
of the 43 venues were contacted by phone or in person for permission for one-week passive area
nicotine sampling, one-day active area nicotine sampling and one-day active personal air
nicotine sampling. Permission for at least one sampling approach was obtained from 27 of the 43
venues. To increase the sample size for comparisons between different sampling approaches,
permission was sought from another 14 venues allowing or restricting smoking located in the
same two districts as the 27 return venues. With the 38 restaurants and bars which prohibited
smoking (smoking not allowed at all) according to inquiries or where sampling permissions were
not obtained, a total of 79 venues were included in the 2010 study. In all these 79 venues, one-
hour sampling of PM, s and air nicotine and observations on patrons’ smoking behavior were
conducted discreetly during peak patronage time (Figure 2.1). One venue allowing smoking and
one venue restricting smoking from the 41 venues where sampling permission was obtained were
selected to conduct continuous sampling of PM, s, air nicotine, CO,, temperature and relative
humidity.

85 venues included in

the 2007 study

Excluded:
4 under remolding;
15 not found or <+
changed business

A 4 v v

23 16 27

smoking not smoking permitted; smoking permitted,;
permitted permission not obtained permission obtained
14
P newly recruited
one not ) in 2010
accessible [
v
41
passive area nicotine sampling;
38 one-day active area nicotine sampling;
.| concealed 4 one-day active personal nicotine sampling;
peak-time concealed peak-time monitoring, lunch and
monitoring dinner

Figure 2.1Venue selection procedure and sampling approaches applied for the follow-up study on
assessing secondhand smoke exposure in restaurants and bars, Beijing, 2010
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2.2.3 Sampling Design

2.2.3.1 General sampling in all selected venues

Whenever possible, in each of the 41 venues where sampling permission was obtained, two
week-long passive area nicotine monitors were placed at different locations in the main dining
area to sample air nicotine for one or two weeks. On one day of this time period, one active area
nicotine monitor was placed on the cashier bar or near an electricity outlet in the main dining
area where the monitor could be charged and stay undisturbed for a whole working day. On the
same day, one to three nonsmoking volunteering servers were recruited to wear an active
personal sampling monitor for a whole working shift. Also, one-hour peak-patronage-time
monitoring and observation were made during both lunch and dinner time for restaurants and
once for cafés and bars on the same day. In venues with well defined smoking and nonsmoking
sections (according to locations of nonsmoking signs), all the sampling approaches were
conducted in both sections whenever possible. For the other 38 venues which prohibited smoking
according to inquiries, or where sampling permissions were not obtained, only one peak-time
monitoring and observation was made. For venues which were included in the 2007 study, the
sampling day (Monday to Thursday, Friday, or the weekend) and time periods (lunch, dinner or
evening) was scheduled to be identical to the sampling day or time periods in the 2007 study for
that venue, whenever it was possible. For the 14 venues newly included in the study, the
sampling day and time periods were decided arbitrarily. For all the nicotine samplings, one blank
sampler was carried around by each team on each day of sampling.

2.2.3.2 Continuous Monitoring of SHS

The restaurant allowing smoking everywhere (Restaurant 1) had two floors, and sampling
was conducted on the first floor, frequented most by patrons. The floor plan of the first floor is
shown in figure 2.2. The floor plan of the restaurant with designated smoking and nonsmoking
areas (Restaurant 2) is shown in figure 2.3; there was no physical separation between the two
areas. Sampling was conducted at locations with easy access to an electricity outlet and between
doors, except that one set of sampling was conducted on the cashier bar of Restaurant 1.
Sampling locations were labeled by numbers in Figure 2.2 and Figure 2.3. Real-time sampling of
PM,5s and CO,, sequential sampling of nicotine and one-day continuous active area nicotine
sampling was conducted at each location at the same time whenever possible (Table 2.1). In
addition, one passive area nicotine sampling was conducted in Restaurant 1 and in each area of
Restaurant 2; three volunteering servers were recruited for active personal nicotine sampling in
Restaurant 1.

All passive area nicotine sampling was conducted for two weeks: from around 16:00,
7/28/10 to around 17:00, 8/11/10 in the two restaurants. Other sampling was conducted during
the time periods shown in Table 2.1. Pump flow rates were all set around 2 L/min for sequential
active area nicotine sampling, and separate new nicotine samplers were replaced every one to 1.5
hours for each pump, except during intervals between lunch and dinner time and during the
night, when only one sampler was used for each pump. Outdoor PM,sand CO, was monitored
for at least 10 minutes right before or after a new sequential nicotine sampler was replaced. For
active area nicotine sampling, the pump flow rate was set as 150mL/min and a single nicotine
sampler was used for the whole day during open hours. Observations on the number of occupants
and lit cigarettes were also made during peak patronage time in both restaurants. In addition,
three non-smoking servers (according to self report) were recruited in restaurant 1 to each wear
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an active personal air nicotine monitor during their working hours on the same day as other
active sampling, with the pump flow rates set as 150mL/min. The monitors were placed on the
cashier bar during their break hours between lunch and dinner time. The manager in restaurant 2
did not allow volunteer recruitment for personal sampling.

3) x cashier bar stairs to kitchen

\ and 2nd floor

AC

Figure 2.2 Floor plan of Restaurant 1 with smoking allowed everywhere
Notes: AC: cabinet air conditioner, about 1.4 meters in height; TV: television, hung on wall, about 2
meters in height; Dimension of the sampling area: 10m x<6m >3.5m; Total number of seats: 56

N P
bar table
‘ S

(]

Designated smokingarea Designated nonsmoking area

Figure 2.3 Floor plan of Restaurant 2 with designated smoking area and nonsmoking area

Notes: AC: cabinet air conditioner, about 1.4 meters in height; Door 1 and door 2 were open to patrons
and door 3 was open to the kitchen and stairs to 2™ floor; all doors had curtains from the top all the way
to the floor; Dimension of the designated smoking area: 14m ><7m % 2.6m, with total seats of 88;
Dimension of the designated nonsmoking area: 18m x<7m x2.6m, with total seats of 108.
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Table 2.1 Sampling conducted at each location of the two restaurants, Beijing, 2010

location

nicotine active,
area sequential
(n of samplers)

nicotine active,
area, one-day
(n of samplers)

PM, s, active,
area, continuous
(n of devices)

nicotine active,
personal, one-day
(n of samplers)

Restaurant 1

1)

2)

3)
Restaurant 2

1)

2)

3)

4)

Failed

8/9/10 10:15 -
8/10/10 9:30
(©)
8/9/10 10:15 -
8/10/10 9:30

(9)

8/8/10 21:30 -
8/10/10 10:00
(10)
8/8/10 21:30-
8/9/10 22:00
(©)
8/8/10 21:30 -
8/10/10 10:00
(10)
8/8/10 21:30 -
8/10/10 10:00
(10)

8/9/10 11:00 -
8/9/10 21:30

1)

8/9/10 11:00 -
8/9/10 21:30
1)
8/9/10 11:00 -
8/9/10 21:30
1)
8/9/10 11:00 -
8/9/10 21:30
(1)
8/9/10 11:00 -
8/9/10 21:30

1)

8/9/10 22:00 -
8/10/10 9:30
(failed in other
times)
8/9/10 10:15 -
8/9/10 12:30
(1)
8/9/10 10:15 -
8/10/10 9:30

)

8/9/10 11:00 -
8/9/10 22:00

M)

8/9/10 12:00 -
8/10/10 10:00
)
8/9/10 11:00 -
8/10/10 10:00

)

8/9/10 10:47-8/9/10
20:15

8/9/10 10:50-8/9/10
21:40

8/9/10 10:53-8/9/10
20:10

3)

Permission was not
obtained to recruit
volunteering
servers
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2.2.3.3 Pump Calibration

Sampling pumps were calibrated every day before sampling started at the Chinese Center for
Diease Control and Prevention (CDC). A rotameter with a scale of 1000 mL/min was used for
the calibration of pumps for one-day active area nicotine sampling and of pumps for one-day
active personal nicotine sampling; another rotameter with a scale of 5 L/min was used for the
calibration of pumps for one-hour peak-patronage-time nicotine sampling. Both of these two
rotameters were calibrated using Sensidyne’s GILIBRATOR-2® System at University of
California, Berkeley before their use for pump calibration. Air flow rates were checked before
and after sampling each day and the average sampling rate was used for concentration
calculation.

2.2.4 Consistency of Sampling Devices

Five TSI SidePaks were used to monitor PM;s levels in this study, and two TSI 8854 Qtraks,
two Hobo/Telaires and one Fluke 975 AirMeters were used to monitor CO,. Two side-by-side
tests with some or all of the devices were conducted to examine the consistency between
different devices. One test was conducted in a hotel room with relatively low levels of PMs.
The average of measurements by the five SidePaks was 24 pg/m® (SD=1), with differences
between the measurements by each device and the average of measurements by the five SidePaks
within #10% of the average. The other test was conducted in a restaurant with relatively higher
levels of PM,s, and the average of the measurements by the four SidePaks was 196 pg/m?
(SD=16), with differences also falling into #10% of the average (Figure 2.4). For the CO,
monitors, the average of the measurements by four of the monitors in the hotel room was 944
ppm (SD=133), with differences between the average and the measurement by each device
falling into 220% of the average, and the average of the five monitors in the restaurant was 530
ppm (SD=55), with differences falling into #16% of the average (Figure 2.4). For measurements
of temperature and relative humidity, differences between the average and the measurement by
each monitor were within 35% of the average.
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2.2.5 Laboratory Analysis

Nicotine sampling filters were placed in centrifuge tubes with 2 mL 5% ethanol solution (5
mL ethanol diluted into 100 mL mixture with deionized water) and were vortexed for one
minute. Then 2 mL of 20N sodium hydroxide and 250 | of ammoniated heptanes (gaseous
ammonia bubbled through heptanes for 2 minutes) was added to the centrifuge tubes, and again
vortexed for 2 minutes. The sodium hydroxide was used to form the free base of nicotine and
ammoniated heptanes were used to concentrate nicotine. An aliquot of the heptane layer was
removed immediately for analysis.

Samples were analyzed on a GC 7890A gas chromatograph system equipped with a
nitrogen-phosphorus selective detector. An auto-sampler 7630 injector injected 3 | of solution
for each analysis. A 30-meter long, 320 pm diameter and 0.25 pm film thickness capillary
column of J&W DB-5 with cross linked 5% ME Siloxane was used to separate constituents of
cigarette smoke and was operated isothermally at 320<€. The laboratory limit of detection (LOD)
was 0.001 pg per filter, the coefficient of variability for replicate analysis was less than 5% and
the efficiency of extracting nicotine from filters were more than 90%. In this study, all 39 field
blank samples and three laboratory field blanks were below the LOD, and all the other samples
were above LOD.

The nicotine concentration was calculated by dividing the mass of nicotine (ug) collected by
a filter by the volume of air estimated to diffuse or be drawn through the filter. The volume was
determined by sampling duration multiplied by the effective sampling rate of the monitor, 24
mL/min for passive monitors (Hammond and Leaderer 1987), and the average of the flow rate
before and after each sampling for active monitors. The LOD for airborne nicotine was below
0.008 pg/m® for one-hour peak-patronage time sampling or for sequential nicotine sampling,
below 0.014 pg/m?® for active area and personal sampling and below 0.004 pg/m? for week-long
passive sampling.

2.2.6 Data Analysis

Descriptive analyses were conducted for both observed patrons’ smoking behaviors and
SHS concentrations by different sampling approaches. Patrons’ smoking behavior was indicated
by active smoker density (ASD, average number of active smokers observed per 100m®) and
active smoking rate (ASR, percentage of counted adult patrons that were observed smoking
during sampling time). SHS were indicated by SHS PM or airborne nicotine. Results were
contrasted among different nominal smoking policies adopted by restaurants and bars. The
nominal smoking policy in a venue was defined according to investigators’ observations during
peak-patronage-time sampling. If only nonsmoking signs were observed and smoking areas were
not observed, it was categorized as prohibiting smoking and the venue was referred as a
nonsmoking venue; if both smoking and nonsmoking signs were observed or a designated
nonsmoking section was observed, it was categorized as restricting smoking and the venue was
referred as a venue with designated and nonsmoking section; and if nonsmoking signs were not
observed anywhere, it was categorized as allowing smoking and the venue was referred as a
smoking venue. If a venue or section was sampled during both lunch and dinner peak patronage
times, the average concentration of these two periods were used to represent SHS concentration
in the venue or section.
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The quantitative relationships between SHS PM, airborne nicotine concentrations and
observed ASD during peak-patronage time were examined using simple linear regression
analysis and scatter plots. The quantitative relationships between any two nicotine sampling
results conducted in the same venues or sections were examined using both paired t-tests and
nonparametric Wilcoxon signed rank tests. Simple linear regression analysis, scatter plots and
quantile-quantile plots were also used. When compared to results of personal airborne nicotine
sampling, results of parallel area nicotine sampling in venues with smoking and nonsmoking
sections were weighted by the number of seats in each section to represent the concentration in
the whole venue. Stata IC11 (College Station, Texas) was used for all the data analysis.

2.3 Results

The sampling field work was conducted from late July to the end of August, 2010. For
sampling visits during patronage peak times, the medians of outdoor and indoor temperatures
were 29€ and 27<€, respectively, and the medians of the outdoor and indoor relative humidity
were 56% and 53%, respectively. The median of the outdoor PM, s level (when calibration factor
= 1) was 95pg/m?® (range 9-581pg/m®).

2.3.1 General Characteristics of Venues Included and Number of Samplers Collected in
the Study

Forty six Chinese dining restaurants, eight Chinese fast food, three Western dining, five
Western fast food restaurants, 11 bars and six cafés were included in the study (Table 2.2). The
median (range) of the venue areas was 102 m? (16-600 m?), of venue volume 317 m® (48-2100
m?®), of total seats 72 (10-266) and of occupancy rate (number of patrons/total number of seats)
of the sampling sections, 31% (5%-74%). Thirty seven venues nominally prohibited smoking,
with a median (range) area of 110 m? (25-600 m?); 14 restricted smoking, with a median area
(range) of 212 m? (88-525 m?), and 28 allowed smoking, with a median (range) area of 57 m?
(16-250 m?). Bars, cafes and venues with smaller dining areas or less seats were more likely to
allow smoking, while fast food restaurants were more likely to prohibit smoking. Eight of 40
venues with dining area larger than 106 m?allowed smoking everywhere (Table 2.2). Of the 14
venues restricting smoking, five restricted smoking to separate rooms or different floors, three
had half walls between smoking and nonsmoking sections and the rest, six venues had no walls
to separate smoking and nonsmoking sections. For venues restricting smoking, the median
(range) of the percentage of total areas designated to be nonsmoking sections was 40% (9-90%)
and the median (range) of the percentage of total seats located in designated nonsmoking
sections was 48% (11-84%).

There were 27 venues with all of the first four sampling approaches described in section
2.2.1 applied. Two of the 27 venues had continuous sampling for at least 24 hours. One-hour
peak-patronage-time sampling and observation was conducted during 121 visits to all the 79
venues, with 25 venues visited during both lunch and dinner time. Eleven of the 14 venues
nominally restricting smoking were visited simultaneously in both smoking sections and
nonsmoking sections. Two passive area nicotine samplers were placed at different locations of
the dining area in 37 venues. A total of four passive samplers were lost. See Table 2.3 and Figure
2.5 for the final sampling approaches applied and number of samplers collected.
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Table 2.2 Type of venues and smoking policies of venues included in the study, Beijing, 2010

Nominal smoking policy

prohibit (%) restrict (%) allow (%) Total (%)
venue types
Chinese dining 24 (52%) 8 (17%) 14 (30%) 46 (100%)
Chinese fast food 6 (75%) 0 (0%) 2 (25%) 8 (100%)
Western dining 1 (33%) 2 (67%) 0 (0%) 3 (100%)
Western Fast food 4 (80%) 1 (20%) 0 (0%) 5 (100%)
Bar 1 (9%) 1 (9%) 9 (82%) 11 (100%)
Café 1 (17%) 2 (33%) 3 (50%) 6 (100%)
venue area (m?)
16-58 5 (26%) 0 (0%) 14 (74%) 19 (100%)
59-105 12 (60%) 2 (10%) 6 (30%) 20 (100%)
106-169 13 (62%) 3 (14%) 5 (24%) 21 (100%)
170-600 7 (37%) 9 (47%) 3 (16%) 19 (100%)
number of seats
10-48 8 (38%) 0 (0%) 13 (62%) 21 (100%)
49-72 12 (63%) 2 (11%) 5 (26%) 19 (100%)
73-106 10 (50%) 4 (20%) 6 (30%) 20 (100%)
107-266 7 (37%) 8 (42%) 4 (21%) 19 (100%)
Total 37 (47%) 14 (18%) 28 (35%) 79 (100%)

Table 2.3 Description of sampling approaches finally applied in selected venues, Beijing, 2010

n of venues with

: sampling n of : total n of

sampling approach duration venues san;g!iisolr?sgoth samplers notes

passive area 7 or 14 days 39 6 91 Four samplers from two venues

nicotine sampling were lost; 37 venues or 42
sections each had two samples

active area one day 33 5 38 All the 33 venues had passive

nicotine sampling  (open hours) sampling conducted

active personal one day 30 NA 43 12 venues each had two

nicotine sampling  (open hours) personal samples, one had three
personal samples and the other
17 each one sample

peak time active one hour 79 10 121 25 venues or 30 sections each

nicotine sampling had sampling during both lunch
and dinner

peak time active one hour 77 9 114 22 venues or 26 sections each

PM, s sampling had sampling during both lunch
and dinner

peak time CO,, one hour 61 6 83 12 venues each had sampling

RH and Temp during both lunch and dinner;

monitoring Data from 38 visits to 18

venues were not available
because of the data logging or
downloading problem of two
monitors.

*designated smoking section and nonsmoking section
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I-hour peak-patronage-time PM, ; monitoring (114 measurements in 77 venues)
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1-hour peak-patronage time air nicotine sampling (121 samplers in 79 venues)
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1-day active personal sampling (43 samplers in 30 venues)

<

1-day active area sampling (38 samplers in 33 venues)

<€ >
7-day passive area nicotine sampling (91 samplers in 39 venues)
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L | | | | 5
open 11AM 3PM 7PM  close

open hours

Figure 2.5 SHS sampling approaches applied in restaurants and bars, Beijing, 2010

2.3.2 Observations and Sampling during Peak Patronage Time

2.3.2.1 Observations

Ashtrays were observed on tables in three venues of the 37 venues nominally prohibiting
smoking; although ashtrays were not available on dining tables, they would be provided if
requested by patrons in another 20 of the 37 nominal nonsmoking venues and in two designated
nonsmoking sections of the 14 venues nominally restricting smoking.

Smoking was observed in 77 of the 121 visits, including 30 visits to 22 of the 37 (59%)
nominal nonsmoking venues and six visits to four of the 14 (29%) nominal nonsmoking sections.
The median of active smoking rates among patrons (defined as number of patrons observed
smoking divided by the total number of patrons) was 4.4% (interquartile range [IQR] 1.5-11.3%)
in smoking sections and 4.3% (IQR 2.7-8.1%) in smoking venues; it was higher in nominal
nonsmoking venues (0.8%, IQR 0-4.3%) than in nonsmoking sections (0, IQR 0-0.7%) (Table
2.4). Intervention to stop violations of smoking prohibitions was observed during one of the 121
visits (0.8%) only.

Similarly, observed number of active smokers per 100 m? (active smoker density, ASD100
thereafter) during peak patronage times was lowest in nominal nonsmoking sections (median O,
IQR 0-0.03), followed by nonsmoking venues (median 0.08, IQR 0-0.28). It was higher in
smoking sections and smoking venues, both with a median above 0.25. The highest ASD100 was
observed in a smoking bar, with 2.5 active smokers per 100m®. Non-parametric Kruskal-Wallis
rank tests showed significant differences of ASD100 among venues or sections with different
nominal smoking policies (3* = 29.5, df = 3, p = 0.0001) while non-significant differences
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among visits during different day of a week (x*= 3.67, df = 5, p = 0.57). In addition, Wilcoxon
rank-sum tests showed non-significant differences between ASD100 in restaurants and bars (p =
0.37) and during lunch and dinner (p = 0.99). See Table 2.5 and Figure 2.6 for details.

2.3.2.2 SHS PM sampling during peak patronage time

The median (IQR) of SHS PM concentrations was about 43 (7-198) pg/m® in smoking
sections, similar to that in smoking venues (40 [8-152] pg/m®); SHS PM levels were lower in
nonsmoking sections (15 [1-36] pg/m®) than in nonsmoking venues (27 [0-72] pg/m®). It was 60
(4-127) pg/m® in bars and 27 (4-80) pg/m?® in restaurants. The highest SHS PM concentration
(985 pg/m®) was observed in a nonsmoking restaurant where no smoking or other obvious indoor
sources of PM;s were observed during the sampling period. Kruskal-Wallis rank test showed
significant differences of peak-time SHS PM levels among venues or sections with different
smoking policies (y* = 7.91, df = 3, p = 0.048) and Wilcoxon rank-sum test showed that peak-
time SHS PM levels were significantly higher during visits with smoking observed than during
visits without smoking observed (p < 0.0001). Non-significant differences of SHS PM levels
were found in bars and restaurants, during visits on different days of a week or in lunch or dinner
time periods. See Table 2.5 and Figure 2.6 for details.

2.3.2.3 Nicotine sampling during peak patronage time

The median (IQR) of airborne nicotine levels during peak patronage time was 1.40 (0.69-
2.26) g/m® in nonsmoking venues, 0.63 (0.29-1.44) Lg/m® in nonsmoking sections, 1.67 (1.16-
6.11) pg/m® in smoking sections and 2.68 (1.32-4.68) pg/m® in smoking venues. It was 2.25
(1.34-4.56) pg/m? during visits with smoking observed and 0.67 (0.19-1.23) pg/m?® during visits
when smoking was not observed. The highest nicotine level (19.42 pg/m®) was observed in the
smoking section of a bar. Non-parametric Kruskal-Wallis rank tests showed significant
differences of peak-time nicotine levels among venues or sections with different smoking
policies (3° = 14.4, df = 3, p = 0.002) while non-significant differences among visits during
different day of a week (3°= 9.1, df = 5, p = 0.1). Wilcoxon rank-sum tests showed that peak-
time nicotine levels were significantly higher during visits with smoking observed than during
visits without smoking observed (p < 0.0001), and they were significantly higher in bars than in
restaurants (p = 0.02). There were non-significant differences during lunch and dinner (p = 0.78).
See Table 2.5 and Figure 2.6 for details.

2.3.2.4 Simultaneous sampling in designated smoking sections and nonsmoking sections
during peak patronage time

Simultaneous observation and airborne nicotine sampling were conducted in designated
smoking sections and nonsmoking sections during 15 peak-patronage times in 11 venues
nominally restricting smoking. PM, s was only monitored simultaneously in two sections during
13 of the 15 peak-patronage times because of the availability of instruments. Active smoker
density (ACD100) in smoking sections (median [IQR]: 0.27 [0.04-0.79]) was significantly higher
than in nonsmoking sections (median [IQR]: 0 [0-0.03]); the median (IQR) of SHS
concentrations in nonsmoking sections was 15 (1-36) pg/m?, indicated by SHS PM, and 0.63
(0.29-1.44) pg/m?, indicated by airborne nicotine, much lower than that of smoking sections (43
[7-198] pg/m® by SHS PM and 1.67 [1.16-6.11] pg/m® by nicotine) (Table 2.6). The median
(IQR) of ratios of nonsmoking section SHS concentrations to smoking-section concentrations
was 0.31 (0.11-1.36) by nicotine and 0.69 (0.11-0.83) by SHS PM; the ratios of both SHS PM
and nicotine were lowest in venues with separate rooms or floors for smoking, followed by
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venues with half walls between the two sections, and were highest in venues with no walls
between the two sections (Table 2.6). Wilcoxon matched-pairs signed-rank test showed p < 0.01
for comparison of ACD100, SHS PM and airborne nicotine between smoking and nonsmoking
sections.

In addition, nicotine concentrations in designated nonsmoking sections were linearly related
with nicotine concentrations in designated smoking sections (Bo = 0.24, B = 0.27, R = 0.77)
(Figure 2.8); while the relationship of SHS PM concentrations in the two sections formed two
clusters, one including data points for eight visits, and the other, for five visits. Of the eight
visits, six were in venues with no walls between smoking and nonsmoking sections and of the
five visits, four were in a venue with separate room or different floor for smoking (Figure 2.7).

2.3.2.5 Sampling during lunch and dinner in the same venues

There were 31 venues or sections with observation and sampling during both lunch and
dinner time. Paired t-tests showed no significant difference of active smoker density, airborne
nicotine levels or SHS PM levels during dinner peak patronage time and during lunch peak
patronage time (Table 2.5).
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Table 2.4 Observed smoking behaviors among patrons in restaurants and bars, Beijing, 2010

active smoking

rate

active smoking density °

N mean SD° median IQR® mean SD° median  IQR®
Nominal smoking policy
nonsmoking venues 51 2.9% 4.4% 0.8% 0-4.3% 0.22 0.37 0.08 0-0.28
nonsmoking sections 21 05% 0.9% 0.0% 0-0.7% 0.01 0.02 0.00 0-0.03
smoking section 16 6.2% 5.1% 4.4% 1.5-11.3% 0.57 0.64 0.27 0.04-0.79
smoking venue 33 58% 58% 43%  2.7-8.1% 049 0.55 0.34 0.11-0.68
Type of establishment
restaurants 101 31% 4.0% 1.8% 0-4.5% 0.28 043 0.08 0-0.31
bars/caf& 20 6.6% 7.7% 4.2% 0-10.1% 0.43 0.65 0.14 0-0.56
Total 121 3.7% 5.0% 2.3% 0-5.2% 0.30 0.47 0.10 0-0.38
& active smoking rate: number of patrons observed smoking divided by the total number of patrons;
® active smoking density: number of active smokers observed per 100m>;
¢ SD standard deviation;
¢ IQR interquartile range.
Table 2.5 SHS PM and airborne nicotine levels during peak-patronage time in restaurants and bars,
Beijing, 2010
SHS PM airborne nicotine
N mean SD* median IQR" N mean SD° median IQR®
Nominal smoking policy
nonsmoking venues 48 79 171 27 0-72 51 193 194 1.40 0.69-2.26
nonsmoking sections 20 22 24 15 1-36 21 125 144 0.63 0.29-1.44
smoking sections 15 90 90 43  7-198 16 424 521 167 1.16-6.11
smoking venues 31 78 76 40  8-152 33 345 280 2.68 1.32-4.68
Smoking observed or not
No 43 47 155 4 0-28 44 108 146 0.67 0.19-1.23
Yes 71 84 99 44 22-134 77 3.36 3.20 2.25 1.34-4.56
Type of establishment
restaurants 94 65 122 27 4-80 45 223 234 1.73 0.65-2.68
bars/café& 20 97 132 60  4-127 76 271 3.20 149 1.24-5.52
Peak time period
lunch 43 57 86 26 4-70 45 223 234 1.73 0.70-2.68
dinner 71 78 142 31 2-101 76 271 3.20 149 0.69-3.38
Sampling day
Monday 9 49 65 26 4-43 11 165 2.63 0.45 0.06-1.90
Tuesday 18 36 51 27 0-40 19 184 223 1.32 0.89-1.87
Wednesday 29 90 193 27 9-81 30 238 201 2.00 1.04-3.04
Thursday 19 43 60 22 8-39 21 211 276 1.30 0.51-2.35
Friday 14 97 97 67 11-200 14 315 296 2.60 0.63-4.95
Sat/Sun 25 86 121 40 0-134 26 359 4.09 1.98 1.05-5.45
Total 114 70 124 27 4-93 121 253 2091 153 0.69-3.10

2 SD standard deviation; ° IQR interquartile range.
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Figure 2.6 Cumulative distributions and box plots of active smoker density per 100m* (upper panel), SHS
PM concentration (middle panel) and airborne nicotine concentration (lower panel) by nominal smoking

policies Beijing, 2010

Note: A box plot depicts the median of a dataset (indicated by the line in the box, the first and third
quartiles (the upper edge and lower edge of the box, respectively) and the extreme values (within 1.5
times the inter-quartile range [IQR] from the first or third quartile, indicated by the ends of the whisker
lines extending from the IQR). Points at a greater distance from the median than 1.5 times the IQR are
plotted individually beyond the whisker lines and they represent potential outliers)
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Table 2.6 Active smoker density (ACD100), SHS PM and airborne nicotine concentrations and ratios in
restaurant or bar designated smoking and nonsmoking sections by simultaneous sampling, Beijing, 2010

ACD100 SHS PM airborne nicotine
non- non-
non- smoking  smoking smoking smoking
smoking smoking section section ratio section section ratio
section section @) (b) (b/a) (c) (d) (d/c)

separate room or different floor

N 7 8 6 7 5 7 8 7

mean 0.95 0.01 148 16 0.27 4.89 0.83 0.15

SD 0.75 0.02 86 16 0.41 3.78 1.07 0.10

median 0.60 0.00 188 11 0.11 4.04 0.27 0.11

IQR 0.28-1.73 0-0.02 81-206 2-36  0.05-0.19 1.54-6.70 0.17-1.37 0.06-0.24
half wall

N 3 3 3 3 2 3 3 2

mean 0.42 0.00 111 48 0.54 9.57 3.34 0.39

SD 0.46 0.00 113 44 0.40 8.99 2.82 0.10

median 0.27 0.00 104 59 0.54 7.47 3.45 0.39

IQR 0.06-0.93 0-0.00 1-227 0-86 0.26-0.83 1.81-19.42 0.46-6.09 0.31-2.59
no wall

N 6 10 6 10 6 6 10 6

mean 0.19 0.02 22 18 4.84 0.83 0.95 2.61

SD 0.25 0.02 17 19 10.37 0.56 0.52 3.23

median 0.10 0.00 22 15 0.76 1.07 0.88 1.52

IQR 0.02-0.26 0-0.04 7-38 0-32 0.69-0.84 0.20-1.28 0.54-1.37 0.84-2.59
Total

N 16 21 15 20 13 16 21 15

mean 0.57 0.01 90 22 2.42 4.24 1.25 1.16

SD 0.64 0.02 90 24 7.09 5.21 1.44 2.29

median 0.27 0.00 43 15 0.69 1.67 0.63 0.31

IQR 0.04-0.79 0-0.03 7-198 1-36  0.11-0.83 1.16-6.11 0.29-1.44 0.11-1.36
Notes: SD: standard deviation; IQR: interquartile range
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Figure 2.7 Relationship between simultaneous measurements of nicotine levels (upper panel) and SHS
PM levels (lower panel) during peak patronage times in smoking sections and nonsmoking sections,
Beijing, 2010

Note: marks are labeled with venue identification numbers; different colors indicate different separation
between smoking and nonsmoking sections
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2.3.3 One-day active area nicotine sampling

A total of 38 samples were conducted in 33 venues, with simultaneous sampling in both
smoking and nonsmoking sections of five venues restricting smoking. The median duration of
one-day active sampling time was 11 hours (range 8-16 hours), thus these one-day active area
sampling results reflected the time-weighted average area concentrations during open hours.

The median (IQR) of airborne nicotine concentrations was 1.37 (0.55-4.80) pg/m® in
smoking venues and 0.96 (0.30-4.02) pg/m? in smoking sections; it was higher in nonsmoking
venues (median 0.85, IQR 0.11-2.98) pg/m® than in nonsmoking sections (median 0.47, IQR
0.02-2.65] pg/m®) (Table 2.7). Nonparametric rank test showed no significant differences of
nicotine levels in venues or sections with different nominal smoking policy or in restaurants or
bars (Table 2.7). For the five venues restricting smoking with simultaneous measurements, the
median of airborne nicotine was 1.67 pg/m?® in smoking sections and 0.47 pg/m® in nonsmoking
sections; No significant difference was showed according to paired t-test (p = 0.67) or Wilcoxon
matched pairs signed rank test (p = 0.68).

2.3.4 One-day active personal nicotine sampling.

One-day active personal sampling was conducted concurrently with one-day active area
nicotine sampling. A total of 43 volunteers from 30 venues were recruited for personal sampling.
Two samples were suspect and excluded from subsequent analyses: airborne nicotine
concentration calculated from one personal sampler from a nominal nonsmoking restaurant was
60.4 ug/m®, while it was 1.2 ug/m?® from the other personal sampler in the same venue, 0.06 from
the one-day active area sampler, and 1.9 ug/m® and 1.6 pug/m® from the lunch-time and dinner-
time sampling, respectively. Airborne nicotine concentration based on another personal sampler
from a restaurant nominally restricting smoking was 284 ug/m?®, while it was 6.8 ug/m?® based on
the other personal sampler in the same venue, 4.7 pg/m® and 0.02 ug/m® from one day active
area sampling in the designated smoking section and nonsmoking section, respectively, 12.2
ng/m® and 6.7 pg/m® from one hour sampling during lunch and dinner time, respectively, in the
designated smoking section, and 2.9 ug/m® and 2.1 pug/m?® from one hour sampling during lunch
and dinner time, respectively, in the designated nonsmoking section. Furthermore, airborne
nicotine concentrations from the rest 28 venues (39 samplers) were all less than 10 pg/m°.
Therefore, the two personal samplers, which had nicotine concentration of 60.4 pg/m* and 284
ug/m®, respectively, were suspected to be contaminated by other sources of tobacco smoke rather
than SHS in the sampling venues, so they were excluded for this data analysis.

Two volunteering servers were recruited for personal sampling in each of 12 venues; after
excluding the two samples above, 10 venues had two personal samples and the rest two had one.
The difference of nicotine levels between each paired samples (higher level — lower level) ranged
from 0.28 to 7.96 pg/m®, with an average of 2.00 pg/m® (SD 2.43 pg/m®) and a median of 1.08
g/m?. The ratios (higher level/ lower level) ranged from 1.1 to 9.0, with an average of 2.6 (SD
2.4) and a median of 1.6. Three volunteer servers were recruited for personal sampling in one
venue, which showed almost the same air nicotine levels: 1.4, 1.5 and 1.6 pg/m°. For each of
these 11 venues with two or three personal samplers, the average of the different samplers (if
there were any) was used to represent the personal nicotine exposure level in the venue.

The median of airborne nicotine levels by personal sampling in venues with different
nominal smoking policies was quite similar, which ranged from 2.44 to 2.92pg/m®. Kruskal-
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Wallis test showed no difference between the airborne nicotine exposure of volunteers working
in venues with different nominal smoking policies or in restaurants or bars (Table 2.7).

2.3.5 Week-long passive area sampling.

Four of the 91 week-long passive area samplers were lost; of the rest 87 samplers from 39
venues, 30 sampled seven days, 47 sampled 14 days, 6 sampled 12 days and 4 sampled 13 days.
Two passive samplers were placed at different locations of each of the 42 sections or venues, and
the difference of nicotine levels between each pair of samplers (higher level — lower level)
ranged from 0.00 to 2.18 pg/m?®, with an average of 0.52 pg/m?(SD 0.59 pg/m®) and a median of
0.27 pg/m®. The ratios for nicotine concentrations by different samplers in the same venues
(higher level /lower level) ranged from 1.0 to 2.6, with an average of 1.3 (SD 0.4) and a median
of 1.2 (0.5). The average of different samplers (if there were any) was used to represent the time
weighted nicotine level by passive area sampling in the venue or section.

The median (IQR) of time weighted nicotine levels by passive area sampling was 2.12
(1.38-3.45) pg/m® in smoking venues, quite similar to that in smoking sections (median 2.32,
IQR 0.83-3.03 pg/m®) and non-significantly higher than that in nonsmoking sections (median
1.53, IQR 0.64-2.69 pg/m®) or nonsmoking venues (median 1.38, IQR 0.85-2.18 pg/m°) (Table
2.7).

For the six venues restricting smoking with simultaneous measurements, the median
airborne nicotine was 2.27 pg/m?® in designated smoking sections and 1.53 pg/m?® in nonsmoking
sections; No significant difference was showed according to paired t test (p = 0.09).
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Table 2.7 Nicotine levels (Lg/m®) in restaurants and bars by different sampling approaches, Beijing, 2010

N mean SD median IOR GM GSD min max stat test

peak-time sampling
nominal smoking policy
smoking venue 28 322 250 252 133459 222 275 0.13 9.93 y’=14.4
smoking section 11 460 5.75 181 1.15-747 228 3.77 0.20 19.42 df=3
nonsmoking section 14 135 1.65 0.77 046-1.22 077 297 0.14 6.09 p=0.002
nonsmoking venue 37 179 190 137 0.65-2.26 0.87 461 0.02 7.49
type of establishments

restaurants 62 2.08 212 1.38 0.75-2.62 111 3.95 0.02 9.93 p=0.02
bars/cafes 17 372 3.30 278 1.34-495 241 293 0.25 12.76
Total 79 243 249 161 0.87-3.31 131 384 0.02 12.76

one-day active area sampling
nominal smoking policy
smoking venue 8 258 272 137 055-480 106 6.66 0.02 7.22 ¥*=0.94
smoking section 9 196 202 0.96 0.30-4.02 0.63 11.59 0.00 4,92 df=3
nonsmoking section 7 147 207 047 0.02-265 037 935 0.02 5.66 p=0.82
nonsmoking venue 14 162 1091 0.85 0.11-298 061 5389 0.02 6.49
type of establishments

restaurants 25 183 1.99 1.08 0.38-298 0.69 7.04 0.00 7.22 p=0.99
bars/cafes 8 191 240 087 0.35-316 0.72 6.20 0.02 6.49
Total 33 185 206 1.08 0.38-298 070 6.64 0.00 7.22

one-day active personal sampling
nominal smoking policy

allow 6 346 216 292 1.79-6.04 287 201 1.04 6.09 %°=0.12
prohibit 14 342 263 262 1.18-527 250 238 055 9.56 df=2
restrict 10 335 283 244 122-6.63 225 273 041 8.10 p=0.94
type of establishments
restaurants 22 3.09 240 247 122-498 227 234 041 9.56 p=0.18
bars/cafes 8 427 284 476 114642 320 245 0.85 8.10
Total 30 341 253 262 122-540 248 236 041 9.56

week-long passive sampling
nominal smoking policy
smoking venue 12 268 174 212 138-345 221 194 071 6.56 ’=3.6
smoking section 10 239 1.60 232 0.83-3.03 184 229 052 5.13 df=3
nonsmoking section 6 160 1.12 153 0.64-269 119 252 0.29 2.92 p=0.30
nonsmoking venue 17 171 122 138 0.85-218 129 238 0.13 4.14
type of establishments

restaurants 28 184 1.18 162 0.84-268 143 221 0.13 4,14 p=0.23
bars/cafes 11 279 1381 246 1.31-3.81 227 200 0.71 6.56
Total 39 211 143 183 0.92-321 163 220 0.13 6.56

Note: N indicates number of venues; because some venues have both nonsmoking sections and smoking sections,
the sum of n under “Nominal smoking policy” may not equal the number “Total”; Kruskal-Wallis rank tests were
used to compare the distribution of nicotine concentrations among different groups defined by nominal smoking
policy and two-sample Kolmogorov-Smirnov tests were used for comparison between restaurants and bars.
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2.3.6 Comparison of Different Sampling Approaches to Estimate SHS Exposure

Both SHS PM and airborne nicotine levels measured during peak patronage times were
significantly related to observed active smoker density (active smokers per 100 m*, ASD100)
(Table 2.8 and Figure 2.8). ASD100 could explain 29% of the variance of SHS PM
concentrations and 40% of the variance of airborne nicotine levels. An increase of every one
active smoker in a space of 100 m® could increase the SHS PM concentration by 100 pg/m? and
airborne nicotine by 3.30 pg/m®. An increase of 1 pg/m?® of airborne nicotine level corresponded
with an increase of 17 pg/m® of SHS PM according to 111 parallel measurements during peak
time (two influential data points, one with SHS PM level >900 pg/m® and the other with nicotine
level >18 pg/m® were excluded from the regression analysis) (Table 2.8 and Figure 2.8).

There were 27 venues with four different nicotine sampling approaches used. The median
(range) airborne nicotine concentration by one-day active area sampling in these 27 venues was
1.08 pg/m® (0-7.22 pg/m®), lower than the median concentration by peak-patronage-time
sampling (median 1.78 pg/m®, range 0.02-12.76 pg/m®) and by week-long passive sampling
(median 2.28 pg/m?, range 0.56-4.95 Lg/m°). One-day personal air sampling showed the highest
concentration, with a median of 2.54 pg/m?®, and a range of 0.41-8.10 pg/m?® (Figure 2.9).

Paired t-tests and ratios of airborne nicotine levels measured in the same venues/sections by
different area sampling approaches showed that, as expected, peak-time active sampling results
tended to over-estimate the one-day active sampling results by a median of two times (mean
[SD] of difference: 1.62 [3.45] pg/m®) and week-long passive sampling results by a median of
1.6 times (mean [SD] of difference: 1.39 [2.97] g/m); contrary to expectation, one-day active
sampling results tended to underestimate week-long passive sampling results by a median of
60%, though paired t tests showed no significant absolute difference (mean [SD] of difference: -
0.24[1.93] pg/m®) (Table 2.9). Simple regression analysis showed that airborne nicotine levels
by peak-time area, one-day active area and week-long passive area sampling were significantly
related to each other (Table 2.10 and Figure 2.10).

To compare results by area sampling methods to results by personal air nicotine sampling
method, results of parallel area sampling in venues with smoking and nonsmoking sections were
weighted by the number of seats in each section to represent the concentration in the whole
venue. Paired t-tests and ratios of area nicotine sampling results to personal nicotine sampling
results showed that peak-time area sampling results were closer estimates of one-day personal
airborne nicotine sampling results than one-day active area and week-long passive area sampling
results in terms of both absolute difference or ratio (mean [SD] of difference: -0.45 [2.64] pg/m®,
median of ratio: 0.8). Simple regression analysis showed that both peak-time area sampling and
one-day active area sampling results were significantly related to personal nicotine sampling
results, but not week-long passive area sampling results (Table 2.11 and Figure 2.11). An
increase of 1 pg/m® of SHS PM or airborne nicotine during peak time corresponded to an
increase of 0.03 pg/m® or 0.47 pg/m® of airborne nicotine, respectively, exposed by servers
during the work day when the sampling took place; and an increase of 1 pg/m® of airborne
nicotine by one-day active area sampling corresponded to an increase of 0.75 pg/m® of servers’
exposure. The intercepts for all the three area sampling results were about 2 pg/m?®. Peak-time
area SHS PM concentrations and airborne nicotine concentration explained 25% and 29%,
respectively, of the variance of servers’ work-day SHS exposure and one-day active area
sampling explained 46% of the variance.

42



127

Table 2.8 Simple linear regression analyses on active smoker density, nicotine levels and SHS PM levels during peak time, Beijing, 2010

Independent Peak-time SHS PM levels Peak-time nicotine levels

variable n Slope(95%Cl)  Constant(95%CIl)  Pvalue R? n Slope(95%CI) Constant(95%Cl) P value R?
ASD 113 100 (44, 156) 33 (18-48) 0.0006 0.29 120 3.30 (2.03, 4.57) 1.38(0.99,1.76) <0.0001 0.40
nicotine levels 111 17 (14, 20) 12 (0,23) <0.0001 0.54

Note: ASD: active smoking density; SHS PM level was defined as the difference between indoor and outdoor PM, s levels multiplied by an adjustment factor of
0.32 (suitable for SHS); if the indoor level was lower than the outdoor level, SHS PM was assumed to be 0.

Table 2.9 Paired t tests and nonparametric Wilcoxon signed rank tests of nicotine levels in the same venues/sections by different sampling
approaches, Beijing, 2010

N of visits, mean(SD) of differences (row-column) and paired t test, median(IQR) of ratios (row/column)
sampling one-day active area week-long passive area one-day personal ? One-day week-long one-day
approach n mean(SD) p n mean(SD) p n mean(SD) p active area passive area personal
peak timearea 37 1.62(3.45) 0.007 43 1.39(2.97) 0.0037 30 -0.45(2.64) 0.36 2.0 (1.1-9.5) 1.6(1.0-2.1)  0.8(0.5-1.5)
one day active area 35 -0.24 (1.93) 047 28 -1.42(1.73) 0.0002 1.0 0.6(0.1-1.6)  0.5(0.2-0.7)
passive area 28 -1.39(2.49)  0.006 1.5(0.6-9.3) 1.0 0.6(0.4-1.2)

# When compared to results of personal airborne nicotine sampling, results of each stationary area sampling were weighted by the number of seats in smoking
and nonsmoking section to represent the concentration in the whole venue

Table 2.10 Simple linear regression analysis on area nicotine samplings, Beijing, 2010

Independent one-day active area nicotine sampling One or two-week passive area nicotine sampling

variable n  Slope (95%CI) Constant (95%CI) Pvalue R? n  Slope (95%Cl) Constant (95%CI) Pvalue R?
peak-time area 36 0.61 (0.43,0.79) 0.07 (-0.48, 0.62) <0.0001 0.51 42 0.42(0.25,0.60)  0.78 (0.26, 1.29) <0.0001 0.46
one-day active area 35  0.30(0.11, 0.50) 1.61 (1.03, 2.20) 0.0038 0.23

Table 2.11 Simple linear regression analysis on personal nicotine sampling and area samplings, Beijing, 2010
One-day personal nicotine sampling

Independent variable

n Slope (95%Cl) Constant (95%Cl) P value of slope R?
one-hour peak-time area SHS PM 26  0.03(0.007, 0.05) 2.15(0.80, 3.50) 0.009 0.25
one-hour peak-time area nicotine 30 0.47 (0.18, 0.75) 2.03 (0.86, 3.19) 0.002 0.29
one-day active area nicotine 28 0.75(0.43, 1.08) 1.83 (0.98, 2.68) 0.0001 0.46
week-long passive area nicotine 28 0.59 (-0.14, 1.31) 2.20 (0.444, 2.60) 0.108 0.096

Note: For one-day personal nicotine sampling in each venue, the average was used if there were multiple samplers; for all the area sampling, results were
weighted by the number of seats in smoking and nonsmoking section to represent the concentration in the whole venue
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Figure 2.9 Nicotine levels by different sampling approaches in the 27 venues where all four approaches

were used

Note: peak-time sampling was conducted for about one hour during peak patronage time, active area
sampling and personal air sampling was conducted for a full working day; all these three sampling was
conducted on the same day. Passive area sampling was conducted for one or two weeks, which containing
the day when other sampling was performed.

45



Quantile-Quantile Plot

E® E
= Sw |
2 . 2
g g
a L] =
£
g o
= . . LA
> @
= 2
o =
© < L] L 1]
> . =
) g
3 b . b
s . 264
= o
S e 5
L [ ] (]
e | *%, .
S e, * . . £
'Qo B : - ¥ 8 (=1 |
= T T T T — Z T T T T
0 5 10 15 20 0 5 . 10 s 15
Nicotine level by peak-time sampling, pg/m* Nicotine level by peak-time sampling, pg/m
e 1 Quantile-Quantile Plot
w 4
E 3
Ed . E
= =]
g E
k= £
g =
b . . . g 9_ 4
g 4]
‘@D [
&1 * . 3
o e @ . o
) *s « ° &
§ . . a
2 *% o . ity
2% o * 2
= s o
g o =
= . . <]
'. x * . %
1 T T T T T © 1 r T T -
0 5 10 15 20 0 5 10 15
[¥icofins]ieveliby|peakstme samplinaiuaim Nicotine level bv peak-time samplina. ua/m*
@ Quantile-Quantile Plot
e )
E @
) £
= 2
go =
£ b
£ . =
g | . g
2 . H
@ o =
§ﬂ’ L] S -
. . L] =
- N e o ES
T e =
2 o~ LI L] . . z
g H : Sl
g | . £
ER . . 3
[ ] N ] =
J e 4
e T T T T T ° T T T T T
0 2 4 6 8 0 o2 4 N 8
Nicotine level by one-day active area sampling, pg/m? Nicotine level by one-day active area sampling, pg/m?

Figure 2.10 Scatter plots (left panel) and quantile-quantile plots (right panel) of different area nicotine
samplings, Beijing, 2010

46



4 6 8 10
| L L |
.
.
.

nicotine levels by one-day personal sampling, pg/m?
2
.
.

0

T T T T T

2 4 6 8 10
L 1 1 I |
.

.

.

Nicotine levels by one-day personal sampling, pg/m?*
.

0
L

T T T T

5 10
Nicotine levels by peak-time sampling, pg/m?*

10
L

8
.

e

Nicotine levels by one-day personal sampling, pg/m?*
2 4 6
L ]
L]

0
L

2 6
Nicotine levels by one-day active sampling, pg/m?

4 6 8 10
.
-
.

2

Nicoline levels by one-day personal sampling, pg/m*
.
.

0

T T

2 4 6
Nicotine levels by one or two-week passive sampling, pg/m?

Figure 2.11 Scatter plots of different area samplings with personal airborne nicotine sampling, Beijing,
2010

47



2.3.7 Continuous monitoring

2.3.7.1 Restaurant 1

The temperature in restaurant 1 ranged from 26<to 30°C, with an average of 28° C during
the sampling time from 08/09/10 10:30 to 08/10/10; the relative humidity (RH) ranged from 41%
to 71%, with an average of 59%. Sampling at location 1 of the restaurant failed and sampling at
location 2 and location 3 was shown in Figure 2.12. The restaurant was open at 10:00 and closed
at 22:00 or when the last customer left, whenever was later. The peak patronage time began
around 11:30 and ended around 14:30 at lunch and began around 18:00 and ended about 21:00 at
dinner. The average patronage was 15.2 during the lunch peak time and 14.6 during the dinner
peak time, with average of observed smokers of 0.8 and 0.6, respectively (Figure 2.13). During
dinner time, many patrons were observed eating right outside of the restaurants.

Nicotine concentration by sequential sampling was 1.2 and 0.8 pg/m? at location 2 and
location 3, respectively, in the hour before the lunch peak time; it rose to about 3 to 12 times
higher during the lunch peak time, then decreased to about 1.5 pg/m® at both locations and
increased up to five times at location 2 and more than three times at location 3 during the dinner
peak time, after which it decreased to less than 1.0 g/m® overnight at both locations (Table 2.12
and Figure 2.14). The time weighted average (TWA) nicotine concentrations during lunch and
dinner peak time (5.7 pg/m?at location2 and 5.5 pg/m*at location3) were three to four times that
of TWA concentrations during other day times (1.7 pg/m? at location 2 and 1.2 pg/m® at location
3) at both locations and the concentrations during operating hours (from 10:15 to 22:00) were
about four to five times of those overnight (from 22:00 to 9:30) at both locations. TWA nicotine
levels by eight sequential area samplers from 10:15 to 22:00 were more than 1.5 times of TWA
nicotine level by work-day area nicotine sampling (with one sampler) from 11:00 to 21:30 at
location 3. Personal airborne nicotine sampling from 10:50 to 21:40 showed very similar
exposure of the three volunteer servers, which ranged from 1.4 to 1.8pg/m® Probably because
servers needed to serve outdoor patrons during dinner time, nicotine levels by personal airborne
sampling were slightly lower than that by work-day active area nicotine sampling, which was
conducted indoor for almost the same period of time, and they were about half of the
concentration by sequential sampling of the same time period. Two-week TWA nicotine
concentration by passive sampling (1.0 pg/m®) was about half of the 23-hour (8/9/10 10:15 -
8/10/10 9:30) TWA concentration. Although there might be up to three times’ difference in
nicotine concentrations by any two parallel sequential sampling at the two locations, the TWA
concentrations over longer time, such as over peak times and during the day time, were quite
similar at the two locations.

PM,s measurements during the whole day were available at location 3 only, and its change
pattern was quite similar to the changes of nicotine concentration at location 3, except that it
remained about half of the dinner time concentration (about 400 pg/m®) overnight (215 pg/m?®)
(Table 2.12 and Figure 2.14). CO, concentration was about 500 ppm in the morning, went up to
1100 ppm during lunch peak time, then decreased to 500 ppm. It then increased up to 1800 ppm
during the dinner peak time and remained around 500 ppm overnight (Figure 2.15).
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Table 2.12 Results of nicotine and SHS PM sampling in Restaurant 1, Beijing, 2010

Start Time End Time _ _Iocation 2 _ _Iocation 3
nicotine SHS PM nicotine SHS PM
sequential/real time sampling
8/9/10 10:15 8/9/10 11:25 1.2 0 0.8 0
8/9/10 11:25 8/9/10 12:30 7.2 198 2.7 199
8/9/10 12:30 8/9/10 13:30 4.9 - 7.4 419
8/9/10 13:30 8/9/10 14:30 7.7 - 10.8 713
8/9/10 14:30 8/9/10 18:00 1.6 - 1.5 119
8/9/10 18:00 8/9/10 19:50 2.8 - 4.1 449
8/9/10 19:50 8/9/10 21:00 8.4 - 3.6 418
8/9/10 21:00 8/9/10 22:00 2.6 -- 0.7 249
8/9/10 22:00 8/10/10 9:30 0.9 - 0.7 215
Peak-time TWA 5.8 55 439
Other day-time TWA 1.7 1.2 119
Day-time TWA
8/9/10 10:15 -22:00 3.8 - 3.4 284
24-hr TWA
8/9 9:30 -8/10/10 9:30 ¢ 2.4 - 2.0 242
one-day area nicotine sampling
8/9/10 11:00 8/9/10 21:30 - - 2.0 284
one-day personal nicotine sampling
8/9/10 10:50  8/10/10 20:10 1.6
8/9/10 10:50  8/10/10 20:10 1.8
8/9/10 10:50  8/10/10 21:40 1.4
two-week passive nicotine sampling
7/28/10 16:00  7/28/10 17:00 1.0

Note: TWA: time weighted average

% the average concentrations of both nicotine and PM, s from 8/9 9:30-10:15 were assumed the same as
those from 8/9 10:15-11:25;

light shade indicates sampling during lunch and dinner peak time;

dark shade indicates sampling during night.
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Figure 2.14 PM, s (unadjusted) and sequential nicotine sampling results in Restaurant 1, Beijing, China,
2010
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Figure 2.15 CO, (unadjusted) results at location 3 in restaurant 1, Beijing, China, 2010
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2.3.7.2 Restaurant 2

The temperature in restaurant 2 ranged from 26 to 30°C, with an average of 28°C during the
sampling time from 08/08/10 22:00 to 08/10/11 10:00; the relative humidity ranged from 40% to
69%, with an average of 57%. All the sampling conducted was shown in Figure 2.16. The
restaurant was open at 11:00 and closed at 22:00 or when the last customer left, whenever was
later. Two staff were observed smoking after the restaurant was closed to the public around
22:00 in the designated nonsmoking section when the overnight sampling was set up at the first
night, and staff smoking was also observed the following morning around 10:30 when the staff
were having their breakfast in the venue. However, it was unknown how many cigarettes had
been smoked by then. In the designated nonsmoking section, the average patronage was 42
during the lunch peak patronage times from 12:00 to 14:00 and 35 during dinner peak time from
18:00 to 21:00, with average observed smokers of 0 and 0.5, respectively; while in the
designated smoking section, the average patronage was 15 during lunch peak time and 22 during
dinner peak time, with average observed smokers of 0.9 and 2.7, respectively (Figure 2.17).

Generally speaking, nicotine concentrations as measured by sequential sampling and SHS
PM concentrations were higher during dinner peak time than during lunch peak time and higher
during the two peak times than in other times at all four locations, except that the concentrations
as measured in the first overnight sampling (8/8 21:30 — 8/9/10 11:00) were higher than or very
close (SHS PM at location 1) to the concentrations during the lunch peak time and that SHS PM
and airborne nicotine remained high after the diner peak time and in the second night in the
designated smoking section. Similar to the sampling results in Restaurant 1, although SHS
concentrations can differ up to 13 times between any set of parallel sequential nicotine sampling
or SHS PM sampling, the TWA concentrations over longer time, such as over peak time, other
day time, the whole working day or during 24 hours, were quite close to each other at all the four
locations, though they were slightly higher at the two locations of the designated smoking
section (Table 2.13 and Figure 2.18-19).

TWA nicotine concentrations by sequential area sampling during peak time were about two
to four times of those during other day times, about 1.5 times of those during the whole working
day from 11:00 to 22:00, and similar to those during 24 hour periods, including the 1% sampling
night, but were 1.5-2.5 times of those during 24 hours including the 2™ sampling night. Work-
day TWA concentrations by eight sequential area nicotine samplers at each location were two to
three times as of concentrations found in the one-day active area sampling (one sampler at each
section from 11:00 to 21:30) (Table 2.12). The two-week TWA concentrations by passive area
nicotine sampling were similar to the day time concentration by work-day active area sampling
while lower than the 24-hour TWA concentrations by sequential area sampling (Table 2.13).
CO,, concentrations at the four different locations showed quite similar results (Figure 2.20).
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Figure 2.16 SHS sampling in Restaurant 2, Beijing, China, 2010
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Figure 2.17 Observed number of patrons and lit cigarettes during peak patronage time in Restaurant 2,
Beijing, China, 2010
Note: SMK: nominal smoking section; NSMK: nominal nonsmoking section
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Table 2.13 Results of nicotine and SHS PM sampling in Restaurant 2, Beijing, 2010

Designated nonsmoking section

Designated smoking section

Start Time End Time location 1 location 2 location 3 location 4
SHS SHS SHS SHS
nicotine PM nicotine PM nicotine PM nicotine PM
sequential/real time sampling
8/8/10 22:00 8/9/10 11:00 2.8 26 3.0 - 3.7 -- 21 -
8/9/10 11:00 8/9/10 12:00 0.2 10 0.4 - 0.6 - 2.6
8/9/10 12:00 8/9/10 13:10 1.9 26 11 - 2.6 0 11
8/9/10 13:10 8/9/10 14:10 1.0 27 0.6 - 3.0 11 2.0
8/9/10 14:10 8/9/10 18:00 0.7 24 0.5 - 11 0 0.6
8/9/10 18:00 8/9/10 19:10 0.5 35 1.8 - 1.6 53 0.1 43
8/9/10 19:10 8/9/10 20:10 35 130 5.8 - 2.2 150 6.1 160
8/9/10 20:10 8/9/10 21:10 5.4 116 3.0 - 3.9 176 7.9 183
8/9/10 21:10 8/9/10 22:00 0.8 140 4.0 - 2.9 182 4.2 186
8/9/10 22:00  8/10/10 10:00 0.7 - - - 1.41 68 1.57 72
Peak-time TWA 24 66 2.4 2.6 76 3.3 76
Other day-time TWA 0.6 35 0.9 1.3 - 1.4 28
Day-time TWA
8/9/10 11:00 -8/9/10 22:00 15 49 1.6 - 1.9 - 2.3 51
24-hr TWA
8/8 22:00 -8/09/10 22:00 2.2 36 2.3 - 2.9 - 2.2 -
8/9 10:00 -8/10/10 10:00 * 1.0 - - - 1.6 56 2.0 60
one-day area sampling
8/9/10 11:00 8/9/10 21:30 0.5 49 0.6 - - - 1.0 51
two-week passive nicotine sampling
7/28/10 16:00 7/28/10 17:00 0.5 0.9

Note: TWA: time weighted average

% the average nicotine concentration from 8/9/10 10:00-11:00 was assumed to be the same as the average
concentration from 8/9/10 11:00-12:00; the average PM 5 concentration at both location 3 and 4 from
8/9/10 10:00-12:00 was assumed to be 0;

light shade indicates sampling during lunch and dinner peak time;

dark shade indicates sampling during night.
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Figure 2.18 Sequential Nicotine sampling results at four locations of Restaurant 2, Beijing, China
Note: SMK: nominal smoking section; NSMK: nominal nonsmoking section
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Figure 2.19 Real time sampling of PM, s (unadjusted of outdoor levels) at three locations of Restaurant 2,
Beijing, China, 2010
Note: SMK: nominal smoking section; NSMK: nominal nonsmoking section
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Figure 2.20 Real time sampling of CO, at four locations of Restaurant 2, Beijing, China
Note: SMK: nominal smoking section; NSMK: nominal nonsmoking section
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2.4  Discussion

2.4.1 Implementation of the 2008 Beijing Governmental Smoking Restriction in 2010

The 2008 Beijing governmental smoking restriction requires large restaurants to designate
no less than 50% of their dining area as nonsmoking. However, it does not define “large” and
does not include bars. For the 79 venues included in this study, larger venues were more likely to
nominally prohibit or restrict smoking; however, about 10% (eight of 79) venues with dining
areas larger than 100m? were observed to allow smoking. In addition, there are no specifications
on how the designated smoking sections and nonsmoking sections should be separated: about
70% (nine of 14) the venues restricting smoking in this study did not have full walls between the
two sections. These two aspects only indicate that the 2008 Beijing governmental smoking
restriction is not enforceable. Furthermore, it does not provide universal protection to servers and
patrons because of the exemption of small venues or bars.

The implementation of the governmental restriction was poor. Thirty seven of the 79 venues
nominally prohibited smoking according to investigators’ observation, while only 23 venues
were reported to be smoke-free by staff, indicating that staff of around one third of the venues
nominally prohibiting smoking didn’t know about or intentionally ignored the smoking policy.
The median percentage of designated nonsmoking sections of the total dining areas of venues
restricting smoking was lower than the 50% required by the restriction. Though 56% of the 62
restaurants visited in this study nominally prohibited smoking and 18% nominally restricted
smoking to designated smoking sections, smoking was commonly observed during field visits
while interventions to stop smoking was observed during only one of the 101 restaurant visits.
Furthermore, ashtrays were either observed or were provided per request in many of these
nominal nonsmoking venues/sections. Larger percentages of patrons were observed smoking in
nominal nonsmoking venues than in nonsmoking sections. The possible reason may be that
smokers were more likely to select the designated smoking section when they visited a venue
with both sections, while they tended to ignore the nonsmoking signs in nonsmoking venues
when they were not offered a designated smoking section. This may also explain why higher
SHS PM and airborne nicotine concentrations were measured in nonsmoking venues than in
nonsmoking sections. A complete evaluation of the Beijing smoking policy is presented in
Chapter 4.

2.4.2 SHS Exposure in Restaurants and Bars in Beijing Compared to Other
Countries/Regions

Consistent with other studies, SHS exposure levels in venues with smoking observed were
significantly higher than in venues without smoking observed (Hyland, Travers et al. 2008;
Agbenyikey, Wellington et al. 2011). The median of peak-patronage-time SHS PM
concentrations reported in this study was lower than concentrations reported in most other
studies worldwide for both restaurants and bars by different smoking policies, except that it was
comparable to those reported for nonsmoking restaurants and higher for nonsmoking bars.
(Figure 2.21). Similarly for airborne nicotine, the median of week-long time-weighted-average
levels was lower in smoking venues than those reported in most other countries (Jane, Nebot et
al. 2002; Navas-Acien, Peruga et al. 2004; Mulcahy, Evans et al. 2005; Gorini, Moshammer et al.
2008; Lopez, Nebot et al. 2008; Nebot, Lopez et al. 2009; Barnoya, Arvizu et al. 2011; Ochir,
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Shahrir et al. 2011; Jones, Wipfli et al. 2012) but they were higher in both nonsmoking
restaurants and bars than those reported in other countries (Gorini, Moshammer et al. 2008;
Lopez, Nebot et al. 2008; Nebot, Lopez et al. 2009; Barnoya, Arvizu et al. 2011; Lopez, Burhoo
et al. 2011; Jones, Wipfli et al. 2012) (Figure 2.22). This is not a surprise given that the Beijing
governmental smoking restriction was poorly enforced.

2.4.3 Simultaneous Monitoring of SHS Exposure in Designated Smoking Sections and
Nonsmoking Sections

The median of ratios of nonsmoking-section SHS concentration to smoking-section SHS
concentration by simultaneous sampling was 0.69 for SHS PM and 0.31 for airborne nicotine.
This result was comparable to those previously reported in the literature. Six studies which also
conducted simultaneous measurements of SHS PM in designated smoking and nonsmoking
sections in restaurants or clubs showed that SHS PM levels in designated nonsmoking sections
were 28% to 78% of the levels in designated smoking sections (Lambert, Samet et al. 1993;
Akbar-Khanzadeh 2003; Bohanan, Piade et al. 2003; Carrington, Watson et al. 2003; Cains,
Cannata et al. 2004; Huss, Kooijman et al. 2010) and another ten studies showed that this ratio
ranges from 3% to 109% for airborne nicotine (Lambert, Samet et al. 1993; Jane, Nebot et al.
2002; Akbar-Khanzadeh 2003; Bohanan, Piade et al. 2003; Carrington, Watson et al. 2003;
Cains, Cannata et al. 2004; Moshammer, Neuberger et al. 2004; Navas-Acien, Peruga et al. 2004;
Kuusimaki, Peltonen et al. 2007; Schneider, Seibold et al. 2008). The difference between the
ratios for airborne nicotine and for SHS PM may be attributed to other sources of indoor PM.

The ratios also differed by extents of separation between smoking and nonsmoking
sections, with the ratios highest in venues with no separation between the two sections and
lowest in venues with separate rooms or floors as smoking sections. However, nonsmoking-
section SHS levels were still 11% of smoking-section levels in venues with complete separation
between the two sections. Intensive continuous monitoring in Restaurant 2, which did not
separate its two sections without any walls, showed that both airborne nicotine and SHS PM
concentrations in the nonsmoking section were almost the same as in the smoking section. For
airborne nicotine concentration based on longer time sampling, e.g. one-day area sampling and
week-long passive area sampling, non-significant differences existed between designated
smoking sections and nonsmoking sections, which may be due to the diffusion of SHS from
designated smoking sections to nonsmoking sections over the sampling time.

According to WHO and the Surgeon General Report in 2006, there is no safe level of SHS
exposure, and the most effective way to protect people from SHS exposure is 100%
comprehensive smoking bans (USDHHS 2006; WHO 2009). Obviously, results from this study
strongly support the point made by WHO FCTC that the use of designated smoking areas
(whether with separate ventilation systems or not) is ineffective in eliminating SHS exposure
(WHO 2007).
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Figure 2.21 Comparison of median SHS PM concentrations reported in this study and median of
aggregated concentrations reported in other countries by smoking policies (upper panel: original scale;

lower panel: log scale)

Note:1) error bars indicate the maximal and minimal aggregated concentrations, respectively, reported by studies reviewed; Only
two bars/cafes of the 17 bars included in this study banned smoking, thus the concentration of 280 Lg/m® was the median of
measurements in those two bars/cafes only.

2) Data were reported by 11 studies for smoking restaurants (Alfaro 1997; Brauer and Mannetje 1998; Branis, Rezacova et al.
2002; Carrington, Watson et al. 2003; Travers 2008; Proescholdbell, Steiner et al. 2009; Huss, Kooijman et al. 2010;
Agbenyikey, Wellington et al. 2011; Gleich, Mons et al. 2011; Lai, Hedley et al. 2011; Zaidi, Moin et al. 2011), by six studies for
restaurant designated smoking sections (Lambert, Samet et al. 1993; Akbar-Khanzadeh 2003; Carrington, Watson et al. 2003;
Vardavas, Kondilis et al. 2007; Proescholdbell, Steiner et al. 2009; Huss, Kooijman et al. 2010), by five studies for restaurant
designated nonsmoking sections(Lambert, Samet et al. 1993; Brauer and Mannetje 1998; Akbar-Khanzadeh 2003; Carrington,
Watson et al. 2003; Huss, Kooijman et al. 2010) and by 10 studies for nonsmoking restaurants (Alfaro 1997; Brauer and
Mannetje 1998; Wilson, Edwards et al. 2007; Travers 2008; Proescholdbell, Steiner et al. 2009; Huss, Kooijman et al. 2010;
Agbenyikey, Wellington et al. 2011; Lai, Hedley et al. 2011; Lopez, Burhoo et al. 2011; Zaidi, Moin et al. 2011); data for
smoking bars were reported by 19 studies (Siegel 1993; Maskarinec, Jenkins et al. 2000; Gee, Watson et al. 2005; Ellingsen,
Fladseth et al. 2006; Repace, Hughes et al. 2006; Goodman, Agnew et al. 2007; Valente, Forastiere et al. 2007; Vardavas,
Kondilis et al. 2007; Waring and Siegel 2007; Bolte, Heitmann et al. 2008; Lee, Hahn et al. 2008; Schneider, Seibold et al. 2008;
Travers 2008; Brennan, Cameron et al. 2010; Daly, Schmid et al. 2010; Lee, Lim et al. 2010; Semple, van Tongeren et al. 2010;
Gleich, Mons et al. 2011; Rosen, Zucker et al. 2011) and for nonsmoking bars by three studies (Wilson, Edwards et al. 2007;
Travers 2008; Lopez, Burhoo et al. 2011).

59



(Apmis siyy) euyd ‘Builieg

2.32

(zoog ‘auer) ureds

(800¢ ‘zadoT) eamsny

|

(6002 '1008N) ureds

5.70

smoking restaurants

(800z ‘zado) 893819

3.99

(800¢ ‘zadoT) ureds

3.62

(8002 ‘1uL09) euISNY

2.57

(8002 '1ui09) Ajey|

2.03

(800¢ ‘zadoT) Ajey

1.75

ISii

(TT0Z ‘eAouieg) BlRWaIRND

0

©
£ ‘Buil
- ] (Apms siyy) ey ‘Builieg m
% B (8002 'zed0) puzgall 3
8
= | (800z ‘1un09) Ajey| o
o £
4
& | (6002 105N ureds m
c
M (tT0Z ‘"eA0UIRG) RlRWSlRND 2
o
3 | (1107 ‘zedo) snuunep
o
Q Q o o o o Q
[{e] n < ™ N — (@]
cw/Brl ‘uoneaiuaduod sunodlu sulogaie Buoj-yeam

)
«Q
—

(Apms siy1) euryd ‘Builisg

2

3

(5002 'AyeaIn|n) pueal

(800z ‘tunio9) eusny

(800z '1uo9) ey

hll

(TT0Z “14y20) eljobuo

14
5+
e}
B l (z10Z ‘sauor) adoing uielseg =
*© S
3 l (TT0Z "eAouieg) BlRWAlENS &
<
9 (vooz
P ‘UBIOY/-SBABN) BILIBWY UljeT]
S l (2107 ‘souoy) eisy
S l (2102 'seuor) seolawy
[s0]
3 B (2102 ‘seuop) eouyy
—
Apnis siyy) e ‘Bulia
N j (Apms s1y1) euryd ‘Buifisg
= I
2 L (z10Z ‘ssuor) eisy o
@ , S
& | (1702 ‘eAouieg) glewalens =)
- 3
& | (800z ‘1un09) Aeny =
o o
o
& | (z10z ‘'seuor) seousuy =
o
2 | (z102 ‘sauor) adoing wiaises
o
S | (z10z ‘seuor) eaLyy
o
S 99099999 9oQ
0 O < N O 0 © I N O
L B I B B |
cw/Brl ‘uonealusduod sunodIU duL0gIe BUO|-aaMm

Figure 2.22 Comparison of week-long airborne nicotine levels by passive area sampling in restaurants and

bars in Beijing to those reported in the literature
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Note: two bars/cafes of the 17 bars included in this study banned smoking, and passive area nicotine
sampling was conducted in one of the two bar/cafes only, thus the concentration of 3.41 pg/m® was

measured in one bar only.



2.4.4 Profiles of SHS Exposure by Restaurant and Bar Servers and Patrons

Because there are peak patronage times in restaurants and bars, in venues not restricting
smoking, SHS concentrations are higher during these peak times due to higher smoking activity.
Continuous monitoring in two restaurants in this study showed obvious spikes of number of
patrons, number of lit cigarettes and concentrations of indoor PM, s and airborne nicotine during
lunch and dinner time periods. Though the time-weighted average concentration of airborne
nicotine during dinner peak time was lower than during lunch peak time in Restaurant 1 and
higher in Restaurant 2, monitoring during both lunch and dinner peak times in the same 31
venues or sections showed no significant differences for active smoker density (ASD), airborne
nicotine or PM_ s concentration during these two peak patronage times. SHS concentrations were
usually lower during intervals between patronage peak times and overnight. However, in
Restaurant 2 SHS concentrations during the two nights of monitoring were comparable to those
during peak patronage times, which was probably due to smoking by staff in the evenings after
the restaurant was closed to the public or in the early mornings before it was open to the public,
as observed by field investigators. The study was conducted in a summer from late July to
August; thus, the seasonal changes of SHS concentrations in restaurants and bars are unknown.

Continuous monitoring of SHS exposure for more than 20 hours in two restaurants showed
that, although nicotine concentrations at different locations may be quite different in a short time
period, for example, one hour, TWA concentrations over longer times, such as over the whole
peak time and the whole working day time, are quite similar. Passive area nicotine sampling at
two different locations of each of the 42 venues/sections sampled also showed that the absolute
differences of higher concentrations to low concentrations was close to 0 pg/m® and the ratios of
higher to lower concentrations were close to 1.0. These results indicate that it is reasonable to
assume a well mixed space for relatively longer time.

In aspects of a patron’s exposure during his/her visit to a restaurant or bar, his/her exposure
could be either under estimated or overestimated by a short time sampling result, depending on
when the sampling starts and how long it lasts, thus a single snapshot of SHS exposure during
peak time may not be good enough to capture a patron’s exposure during a visit. However, for
the patron population, aggregated results of short-time sampling starting at different time during
peak patronage times may be good enough to capture the general exposure by this population.

2.4.5 Comparison of Different Sampling Approaches

2.4.5.1 Relationships between active smoking density, airborne nicotine and PM; 5

Indoor SHS concentration depends on the volume of the space and the rate of generation and
removal. Observed active smoker density (number of active smokers per 100m°, ASD) gives
information on both the space volume and SHS generation rate. Regression analysis showed that
both measured SHS PM and airborne nicotine concentrations were significantly related to ASD;
ASD could explain 29% of the variance of the difference of indoor and outdoor PM;s
concentrations and 40% of the variance of airborne nicotine concentrations, indicating that both
PM, and airborne nicotine are sensitive to SHS while airborne nicotine is more specific than
PM,s. The remaining variance may be attributed to the variance of removal rates and/or other
sources, such as cooking for PM, s and surface adsorption for airborne nicotine.
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The U.S. Surgeon General Report in 2006 on involuntary smoking reviewed four studies
published before 1999 and found that the slopes for the increase of respirable particulate matter
(RPM) concentration with nicotine concentration ranged from 8.6 to 10.9 Lg/m® of RPM per one
pg/m® of nicotine (Leaderer and Hammond 1991; USDHHS 2006), based on parallel area
sampling of RPM and airborne nicotine in homes, office and other workplaces, and on parallel
mobile personal sampling. A more recent study reported a slope of 7.1 pg/m® of total dust per
one pg/m® of nicotine (Ellingsen, Fladseth et al. 2006). This study found a slope of 17 pg/m® of
PM_ 5 per one pg/m?® of nicotine, higher than slopes reported in literature. It is probably due to
different emission rates of nicotine and PM;s from cigarettes in China compared to those in
other countries.

2.4.5.2 Relationships among different area nicotine sampling approaches

Though the sampling time periods were quite different for the three area nicotine sampling
approaches, their results were significantly related to each other. One-hour peak-time area
nicotine sampling results could explain about half of the variance of the results by one-day active
area sampling or by week-long passive area sampling, and one-day active area nicotine sampling
could explain 23% of variance of week-long passive area nicotine sampling results. As expected,
one-hour peak-time nicotine sampling results tended to over-estimate one-day area sampling
results (by two times) and week-long passive area nicotine sampling results (by 1.6 times), while
contrary to what is expected, one-day active nicotine sampling results were lower than week-
long nicotine sampling results (the median [IQR] of ratios: 0.6 [0.1-1.6]), though the absolute
differences (mean [SD]: -0.24 [1.93]) was not significant. One possible reason might be that
nicotine was adsorbed from surfaces during nights. However, it is unlikely that the resulting air
nicotine concentration due to adsorption can exceed the day-time nicotine concentrations, which
are resulted directly from cigarette smoking, which can be supported by the overnight nicotine
sampling results in Restaurant 1 and by the second overnight nicotine sampling in Restaurant 2.
Another reason might be due to staff smoking beyond venue operating hours, as shown by the
first overnight observation and nicotine sampling results in Restaurant 2. The big difference of
sampling time (operation hours on one working day versus one or two weeks) might also be a
reason causing the discrepancy of the relationship with what is expected.

2.4.5.3 Area sampling and personal sampling

Airborne nicotine concentrations estimated by one-day personal air nicotine sampling and
one-day area active sampling, conducted almost simultaneously, were significantly related,
consistent with findings from other studies (Jenkins and Counts 1999; Ellingsen, Fladseth et al.
2006); as expected, area sampling results tended to underestimate personal sampling results
because servers needed to move around and might have frequent near-field exposure when
serving tables with active smokers.

One-day personal air nicotine sampling results were also significantly related to one-hour
peak-time area sampling results of either SHS PM or airborne nicotine, this was also not
surprising because servers’ exposure to SHS at work mostly happened during peak patronage
time. The high intercepts (about 2 pg/m®) of regression analyses of each area sampling and
personal sampling could be attributed to servers’ frequent near-field exposure to SHS when they
served tables with active smoking patrons.
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As for week-long passive sampling and one-day personal sampling, because of the
difference in both the sampling time and sampling approach (area and personal) and great
variances of SHS concentrations on different days, it is not surprising that their results were not
significantly related to each other. Week-long personal sampling conducted exclusively during
working hours is needed to examine whether week-long passive sampling, including overnight
sampling, can be used to estimate servers’ week-long SHS exposure at work. However, this may
be much more challenging to conduct than one-day personal sampling.

Peak-time area nicotine sampling results could also be used to estimate patrons’ exposure
because the sampling was conducted in dining areas where investigators seated themselves and
patrons usually do not move so much in dining restaurants and no-dancing bars/cafés. However,
patrons who sit with smokers on the same tables (near field to sources) or who move a lot might
have higher exposure than that estimated by peak-time area sampling because sampling was
always conducted in nonsmoking tables (far field to sources). In recent years short-time sampling
(about 30 minutes) of PM,s during peak patronage time has been frequently conducted to
estimate SHS exposure in restaurants and bars due to the availability of sampling devices and
technical supports (Hyland, Travers et al. 2008; Travers 2008). Since peak-time area SHS PM
sampling results were significantly related to peak-time area nicotine sampling results and to
one-day personal nicotine sampling results, peak-time sampling of indoor and outdoor (as
background) PM;s can be used to proximate both patrons’ and servers’ exposure to SHS,
especially when nicotine sampling and/or laboratory analyses are not available due to cost or
technical issues.

Considering the accuracy, simplicity (sampling permission, requirement of sampling devices
involvement of human subjects and attendance of investigators) and cost of different sampling
approaches, both one-day active area and personal air nicotine sampling are least frequently used
because of their relatively higher requirements for sampling devices and/or involvement of
human subjects. Week-long passive area nicotine sampling using samplers developed by
Leaderer and Hammond (1991) has the least requirement for sampling devices and attendance
from investigators, though sampling permission and laboratory analysis are required; its
relationship with personal exposure by either servers or patrons are to be determined. Peak-time
area nicotine sampling may be the most feasible, while a reasonably accurate way to access
patrons’ SHS short time exposure during their visits and servers’ exposure during peak time and
relatively longer time (full shift ), and thus can be used for assessment of acute health risks or
chronic health risks; compared to peak-time area nicotine sampling, peak-time PM, s sampling is
less expensive while easier to operate, though PM;s is not specific to SHS, it is significantly
related to observed active smoking density and airborne nicotine in smoking venues, and thus, it
has been used for risk assessment purposes (Repace and Lowrey 1990; Repace, Jiang et al.
2011); and because of the health risks from PM, s itself (Pope, Burnett et al. 2009) and the real-
time feature of PM,s sampling, it has also been frequently used for public health education
program of promoting smoke-free environments (Avila-Tang, Travers et al. 2010).

2.4.6 Strengths and Limitations of the Study

This study was the first to combine personal sampling and different area sampling
approaches with different time periods to characterize SHS concentrations in restaurants and
bars, including one hour during peak patronage time, full shift during operation hours, more than

63



20 hour including nights and one or two weeks. It explored the relationships between these
different sampling approaches and examined their utility in risk assessment. The limitations of
this study included that: 1) the venues were not representative of restaurants and bars in Beijing,
thus the results might not be able to represent SHS concentrations or servers’ SHS exposure in
all restaurants and bars in Beijing; 2) the study was conducted in a summer only, and there might
be great seasonal variations due to different ventilation, door and/or window opening, etc. 3)
most of the area sampling during peak time, operating hours and one or two weeks were not
conducted at the same location; thus the differences among sampling results of different time
periods might not only contribute to the differences over time but also to the differences over
space; 4) the calibrating factor of 0.32 suitable for SHS was from other studies, and it was not
confirmed in this study; it is possible that this factor was different in Beijing restaurants and bars.
However, previous studies have reported factors of 0.295 to 0.328 (Jenkins, llgner et al. 2004;
Klepeis, Ott et al. 2007; Travers 2008; Bohac, Hewett et al. 2010), thus, it is not likely that the
calibrating factor for SHS in Beijing restaurants and bars (if measured) will be significantly
different from the one used in this study.

2.5 Conclusions

The 2008 Beijing governmental smoking restriction in restaurants and bars is not
enforceable because of its vague language; it cannot provide universal protection of servers and
patrons from SHS exposure because of the exemption of small restaurants and bars; and it has
been poorly implemented. SHS concentrations indicated either by airborne nicotine or PM;s
concentrations in nonsmoking restaurants and bars in Beijing are comparable to or higher than
those in other countries while they are lower in smoking restaurants and bars than in other
countries. Setting designated smoking and nonsmoking sections is ineffective in preventing
patrons and servers from SHS exposure.

There are obvious spikes of SHS concentrations during peak patronage times in restaurants
and bars. Servers’ exposure to SHS during operating hours can vary by nine times in the same
venue. Although SHS concentrations at different locations in a short time period can vary
widely, the space becomes reasonably well mixed in a relatively longer period of time.

Both airborne nicotine and PM, s are useful to trace SHS exposure, and nicotine is more
specific to SHS. Results by area nicotine sampling during different time periods, e.g. one hour
during peak patronage time, one day during operation hours and one or two weeks including
nights, are significantly related to each other, and peak-time sampling results overestimate one-
day and week-long area sampling results. One-day area nicotine sampling results underestimate
one-day personal nicotine sampling results, and both peak-time area sampling of nicotine and
PM, 5 can be used to estimate patrons’ and servers’ exposure to SHS. More studies are needed to
exam the relationship between week-long passive area sampling results and personal exposure by
either servers or patrons.
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Chapter 3 Assessing the Exposure to Secondhand Smoke in
Restaurants and Bars in China by Modeling
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3.1 Background

While measurements of the distribution of SHS concentrations are important for the purpose
of risk assessment and health policy, obtaining statistically valid random samples in field studies
to provide representative measurements is challenging. Because of the Chinese society’s lag of
awareness of health risks caused by SHS exposure and because of the limited resources
available, much less has been done to assess exposure to SHS in various environments in China
compared to Western countries. Stillman et al. measured airborne nicotine concentrations in
public places in some rural and urban areas in China and reported that the median of week-long
time-weighted average of airborne nicotine concentrations ranged from 0.10 to 0.68 pg/m? in
schools, hospitals, governmental buildings and transportations, 2.17 pg/m?® in restaurants, and
7.48 Lg/m?® in entertainment venues (Stillman, Navas-Acien et al. 2007). Gan et al. reported the
median of week-long nicotine concentrations as 1.15 pg/m® in 14 office buildings in China (Gan,
Hammond et al. 2008). Hammond found a median of week-long nicotine concentrations of 0.2
g/m? in Chinese homes (Hammond, Tian et al. 1999). Kang et al. reported an arithmetic mean
of indoor PM, s concentration of 253 pg/m® and outdoor concentrations of 125 pg/m® during
peak-patronage time visits to 92 restaurants and bars in Beijing, 2006; Liu et al. reported
geometric means of indoor PM,s concentrations ranging from 90 to 323 pg/m® and of outdoor
concentrations ranging from 32 to 190 pg/m® from peak-patronage time visits to 404 restaurants
and bars in five Chinese cities in 2007 (Liu, Yang et al. 2011). Lee et al. reported a geometric
mean of indoor PM, 5 concentrations of 58 pg/m® during peak-patronage time in 5 restaurants and
15 entertainment venues in Beijing, 2008 (Lee, Lim et al. 2010).

None of the studies above used a representative sample, and the results may not represent
SHS concentrations in similar environments in China. Models are useful in predicting SHS
concentrations when resources are limited to collect field data; they are also useful to generalize
environmental measurements when representative samples are not available. Furthermore,
models have great potential for assisting building designers and public health specialists in
achieving and maintaining adequate levels of indoor air quality in a scientifically valid manner
(Ott 1999).

Considerable progress has been made over decades in developing, testing, and validating
mathematical models to predict the pollutant concentrations present in indoor settings due to
smoking activity. Many of these models were summarized by Repace (Repace 1987) and Ott
(Ott 1999), who showed that all the models have a similar mathematical structure, and are all
based on the mass balance law, that is, mass can be neither created nor destroyed. Experimental
results show that these models can predict indoor pollutant concentrations from smoking activity
in indoor settings with high accuracy (Ott, Langan et al. 1992; Klepeis, Ott et al. 1996; Klepeis
1999).

No study in China has used the modeling approach to predict SHS levels in indoor
environments. The issue of SHS exposure has only recently gained the attention of the public and
researchers in China, and both environmental measurements of indoor SHS and experimental
chamber studies of SHS are still in their early stages. China has the largest population of smokers
worldwide and SHS exposure is very common in public places, including restaurants and bars.
However, China has lagged behind the rest of the world in banning smoking in public places,
especially in restaurants and bars. Predicting SHS concentrations in restaurants and bars by
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models can provide very important information for decision makers when field measurements
are limited due to a lack of resources or other reasons.

The purpose of this chapter is to develop and evaluate models based on the mass balance
law to predict SHS levels in hospitality venues and use these models to estimate SHS
concentrations in Chinese restaurants and bars.

3.2 Methods

3.2.1 Mass Balance Models to Predict SHS Concentrations

Exposure to SHS in indoor environments depends on smoking activities, the volume into
which SHS is emitted and dispersed, the dynamic processes like ventilation removal and some
physicochemical properties of SHS like deposition and re-emission, and sorption and desorption.
A venue allowing smoking everywhere can be considered as a single compartment, see Figure
3.1.
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Figure 3.1 Generation and removal of a SHS tracer in a smoking venue: single compartment model

For a specific SHS tracer in a smoking venue without a non-smoking area, the basic mass-
balance equation can be presented as following, with an assumption of a well mixed condition:

dac S(t So(t
% = PAair Coue (8) + 22+ 28 — gy + K)C(E) [3.1]

Where C(t) is the indoor concentration of a SHS tracer as a function of time, pg/m?
Cout(t) is the outdoor concentration of the SHS tracer as a function of time, pg/m®
S(t) is the source generation rate of the SHS tracer in the venue, pg/hr
So(t) is the generation rate of other indoor sources in the venue, pg/hr
Jair is the ventilatory air change rate, hr
k is the combined removal rate of mechanisms like deposition, absorption, etc, hr™
V is the volume of the microenvironment, m?
p is the penetration factor, dimensionless
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If a steady state is assumed, then equation 3.1 = 0, and

_ Dlair S So
CSS - Aair"'k Cout + V()Lair*'k) + V(Aair*'k) [32]

Since we are interested in predicting indoor concentration of SHS derived compounds for the
purpose of risk assessment of SHS exposure, we ignore the outdoor sources and other indoor
sources, and use equation 3.3 to predict the concentration of a SHS tracer specifically from SHS

S _ GSHS'(NOCC'(Psm'm)'r)

SHS_est (g/m?®) Vet V-(Aqir+k)

[3.3]

Where Ggys * (Nyee * (Pom - m) 1) = S in equation 3.2;
Ggys 1S the generation rate of SHS per cigarette, Lg/cig;
N, is the number of occupancy;
P, 1s the prevalence of current smoker of the general population;
m is the adjustment factor of current smoking prevalence among restaurant or bar patrons
so that (P, - m) is the current smoking prevalence of restaurant or bar patrons;
r is the active smoking rate of a smoker, cig/hr;
V is the volume, m?;
Aqir IS the air exchange rate, hr':
k is the combined removal rate of mechanisms like deposition, absorption, etc, hr™

Measuring ventilation rates separately for the smoking section and nonsmoking section in
venues with non-smoking areas is difficult, as is measuring the connectivity between the two
sections. For each section the inflow air rate is assumed to equal the outflow air rate, the air
exchange rate in hr is the same for the two sections, and the air flow rate from the smoking
section to the nonsmoking section equals the flow rate of air goes the other way around. SHS is
assumed to be generated in the smoking section only and to be in steady state in each section and
in equilibrium between the two sections during patronage peak time (See figure 3.2).
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Figure 3.2 Generation and removal of a SHS tracer in a smoking venue: two-compartment model

acs(t) S(t) | Sso(t) | QCns(t) Q-Cs()
—dzt) = PAairCout (t) + >t —5“’/5 + —;SS — Ay + k) - Cs(t) — TSS [3.4]
dCns(t) Snso(t) | Q-Cs(t) Q-Cns(t)

20 = pllaircout(t) + _VZS + _Vns - (Aair + k) - Cns (t) — T [3.5]

Where Cs(t) is the indoor concentration of a SHS tracer in the smoking section as a function of
time, pg/m?®
Cout(t) is the outdoor concentration of the SHS tracer as a function of time, pg/m®
Cns(t) is the indoor concentration of the SHS tracer in the nonsmoking section as a
function of time, pg/m?®
S(t) is source generation rate of the SHS tracer in the smoking section, pg/hr
Sso(t) is generation rate of other indoor sources in the smoking sections, pg/hr
Snso(t) is generation rate of other indoor sources in the nonsmoking sections, pg/hr
Jqir 1S ventilatory air change rate, hr ™
k is removal rate due to other mechanism, like deposition, adsorption, etc., hr ™
Qis air flow rate between the smoking and nonsmoking section, m*/hr
Vs is volume of the smoking section, m®
Vys is volume of the nonsmoking section, m®
p is penetration factor, dimensionless

Assuming a steady state and equilibrium state for both sections, and that C,J/Cs=f,
Vns/Vs=f,, solve equation 3.4 and 3.5, the steady state concentration in the smoking section, that
is, Cs_ss, Can be estimated by equation 3.6

Cs_ss = [plair(fz + 1)Cout + S/Vs + (SSO + SnsO)/‘é]/[()Lair + k)(l + fl fz)] [36]

Again, since we are interested in predicting indoor concentration of SHS derived compounds
for the purpose of risk assessment of SHS exposure, we ignore the outdoor sources and other

69



indoor sources, and use the following equation 3.7 to predict the tracer concentration from SHS
only

S — Gsus (Noce'(Psm'm)'T)
Vs'(/lair+k)(1+f1'f2) Vs'(/lair"'k)(l'*'fl'fz)

Cs_shis (l—g/ms) =

Crs_shs (Lg/m®) = f1 Cs s
Vs = f2Vs [3.7]

Where C snsis the steady state SHS concentration in the smoking section, pg/m?;
Chs_shs IS the steady state SHS concentration in the nonsmoking section, g/m?;
Gsys * (Nyee * (P, - m) - 1) = S in equation 3.6;
Ggys 1S the generation rate of SHS per cigarette, Lg/cig;
N, is the number of occupancy;
P,,, 1s the prevalence of current smoker of the general population;
m is the adjustment factor of current smoking prevalence among restaurant or bar patrons
so that (P,,, - m) is the current smoking prevalence of restaurant or bar patrons;
r is the active smoking rate of a smoker, cig/hr;
Vs is the volume of the smoking section, m®;
V,.s is the volume of the nonsmoking section, m*;
Agir is the air exchange rate, hr';
k is the combined removal rate of mechanisms like deposition, absorption, etc, hr™:;
fyis the ratio of SHS concentration in designated nonsmoking section to that in
designated smoking section; and
fois the ratio of the volume of the nonsmoking section to that of the smoking section.

When f, =0, that is, there is no designated nonsmoking section, equation 3.7 is equivalent to
equation 3.3.

3.2.2 Evaluating the Models Using Field Data from Restaurants and Bars in Minnesota,
United States and in Beijing, China

Before the implementation of a comprehensive smoking ban in October 2007 in Minnesota,
a statistically representative sample of 65 hospitality venues in the Minneapolis/St. Paul
metropolitan area was selected to assess patrons’ and servers’ SHS exposure in restaurants. From
February 23 through September 29, 2007, 2423 short-term visits (median: 12 minutes) were
made to conduct real-time area monitoring of fine particulate matter (PM; ) in both indoors and
outdoors and to observe the number of customers, workers and lit cigarettes at three different
times of day (lunch, dinner, and evening) on four different day types (Fridays, Saturdays,
Sundays, and other weekdays) in each venue. Another 210 two-hour visits were conducted at
dinner and in the evening to make the same observations, monitor PM, s, and sample multiple
gas phase SHS tracers including nicotine, 3-ethenylpyridine, 3,4-picoline, pyrrole, pyridine,
myosmine. etc. Carbon dioxide (CO,) measurements in both indoors and outdoors were also
performed. For each visit, SHS PM was estimated by subtracting the outdoor PM; 5 level to the
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indoor PM; 5 level and then multiplying a calibrating factor of 0.31, which was determined by
gravimetric sampling of SHS. Ventilation rate was estimated for those two-hour visits using CO,
measurements, counts of occupants and observation of activity intensity of occupants. Data
collected by this study and by the study conducted in Beijing hospitality venues in 2010
described in Chapter 2 provide important information to predict SHS concentration using
equation 3.3 or 3.7 in each visit, thus provide good opportunity to evaluate the mass balance
models described by 3.1-3.7 with field measurements.

3.2.2.1 Estimates of ventilation rate by CO, measurements

Field measurement of outdoor air ventilation rates in occupied buildings is difficult,
particularly when the measurements are conducted without the occupants’ knowledge. Thus
ventilation rates in both studies were determined using average CO, concentration measurements
and occupancy counts. CO, may be generated by several sources, including occupant respiration,
burning tobacco products and unvented cooking combustion products, outdoor sources, etc. In
both studies, occupant respiration is assumed to be the dominant source. Changes of indoor CO,
concentration can be estimated by the following mass balance equation:

dc S(8)
o AairCoue () + v AairC(t) [3.8]
Where C(t) is the indoor CO, concentration as a function of time, pg/m?

Cou(t) is the outdoor CO, concentration as a function of time, pg/m?®

S(t) is the source generation rate of CO, in the venue, pg/hr

Jair is the ventilatory air change rate, hr ™

V is the volume of the microenvironment, m®
Under the assumption of steady state,

S

C = Cout + Fair [39]
That is,
S
Aair = ¢ — [3.10]

According to Appendix C of ASHRAE 6.21 (ASHRAE 2007), the CO; generation rate for a
worker with typical activity or a patron with light activity is about 8.6x10™L/s and 5.16><10™L/s
for a seated patron. Thus, if the number of patrons and workers were counted and both the indoor
and outdoor CO, concentrations were measured, the ventilation rate could be estimated by
equation 3.10 for each visit.

3.2.2.2 Estimates of concentrations of SHS tracers based on counts of lit cigarettes
If an average of N patrons are smoking at any time, and the average time of smoking a
cigarette is 10 minutes, then
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Gsus * (Noce * (P M) * 1) = Gsys * Ngig/10min - 60min/hr [3.11]

Where Ggy 1S the generation rate of SHS per cigarette, |g/cig;
N, is the number of occupancy;
N4 is the average number of cigarettes smoked at any time;
P,,,, is the current smoking prevalence of the general population;
m is the adjustment factor of current smoking prevalence for restaurant or bar patrons;
r is the active smoking rate of a smoker, cig/smoker-hr.

That is, equation 3.7 can be re-written as below:

Gsus (Noce'(Psjmm) T) GSHS-NCig/lomin-60min/hr
Vsmk'(Aair+k)(1+f112) Vsmi'(Aair+k)(1+f1°12)

Cest_sms (Hg/m®) = [3.12]

Where Ces shs IS the estimated SHS concentration in steady state in smoking venues or
sections, pg/m?;
Ve is the volume of the smoking venue or section, m*;
Agir is the air exchange rate, hr'';
k is the combined removal rate of mechanisms of deposition, absorption, etc, hr™;
fyis the ratio of SHS concentration in designated nonsmoking section to that in
designated smoking section;
fois the ratio of the volume of the nonsmoking section to that of the smoking section.

Smoking may continually occur over extended time periods and at multi-points throughout a
venue like restaurant or bar, and obtaining detailed information on the time and spatial
coordinates of each cigarette smoked is difficult. Thus, those multiple and overlapping SHS
sources are treated as a single, continuous and constant source over the specific time period
represented by the sampling time period. The generation rate (Gsys) is 12500 g/cig for SHS PM,
based on the mean of emission factors (EFs) reported by six papers (Leaderer and Hammond
1991; Martin, Heavner et al. 1997; Nelson, Kelly et al. 1998; Daisey 1999; Bi, Sheng et al. 2005;
Charles, Batterman et al. 2007) and 1274 pg/cig for airborne nicotine based on the mean of EFs
reported by seven papers (Martin, Heavner et al. 1997; Nelson, Kelly et al. 1998; Daisey 1999;
Singer, Hodgson et al. 2002; Singer, Hodgson et al. 2003; Bi, Sheng et al. 2005; Charles,
Batterman et al. 2007).

The average number of cigarettes smoked at any time (N,;,4) and the volume of the smoking
venue or section (Vi) or the nonsmoking section (V,smi) Was counted or measured during
sampling. Simultaneous measurements of SHS in designated smoking sections and nonsmoking
sections in restaurants or clubs in six studies showed that the SHS PM level in designated
nonsmoking sections is 28% to 78% of the level in designated smoking sections, with a mean
(SD) of 54% (16%) (Lambert, Samet et al. 1993; Akbar-Khanzadeh 2003; Bohanan, Piade et al.
2003; Carrington, Watson et al. 2003; Cains, Cannata et al. 2004; Huss, Kooijman et al. 2010).
For nicotine, this ratio ranges from 3% to 109%, with a mean (SD) of 40% (31%), based on 10
studies (Lambert, Samet et al. 1993; Jane, Nebot et al. 2002; Akbar-Khanzadeh 2003; Bohanan,
Piade et al. 2003; Carrington, Watson et al. 2003; Cains, Cannata et al. 2004; Moshammer,
Neuberger et al. 2004; Navas-Acien, Peruga et al. 2004; Kuusimaki, Peltonen et al. 2007,
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Schneider, Seibold et al. 2008). For the purpose of modeling, SHS PM level in designated
nonsmoking section is assumed to be 60% of the level in designated smoking sections, and 40%
for nicotine.

Klepeis showed that the removal rate of RSP due to surface deposition in two smoking
lounges was about 19-21% of the ventilatory removal rate (one smoking lounge had an ACH of
10.7/hr and the other 13.0/hr) (Klepeis, Ott et al. 1996). Wallace found a deposition rate of 0.3-
0.5/hr for sulfate particles, based on a series of studies and an assumption of a surface to volume
ratio of 3m™, and an empirical deposition rate of 0.4/hr for PM,s based on the EPA Particle
Team (PTEAM) study (Wallace 1996). For airborne nicotine, the indoor concentrations depend
on cigarette emission, re-emission of absorbed vapors and removal mechanisms including
ventilation and sorption (Daisey 1999). During smoking periods (like peak patronage time in
restaurants and bars), the adsorption process dominates the desorption process, while in the
nonsmoking period (like break periods or evenings), the re-emission dominates the sorption,
which maintains airborne nicotine at a non-zero plateau (Van Loy, Nazaroff et al. 1998; Van Loy,
Riley et al. 2001). Van Loy, et al. reported a sorption coefficient of 5.3m/hr and a desorption
coefficient of 1.2x10™/hr for nicotine on carpets, and a sorption coefficient of 1.4m/hr and a
desorption coefficient of 1.2x10™/hr on painted wallboards in chamber studies (Van Loy, Riley
et al. 2001). Since the desorption process is relatively slow, it is ignored in modeling nicotine
concentration during peak patronage times. The sorption coefficient in m/hr is similar to a
deposition velocity, thus, if the room height is known, a first-order removal rate can be estimated,
which is analogous to the loss parameter for “stirred settling” as used for particle deposition. If a
surface-volume ratio of 3m?/m? is assumed, which is the inverse of the room height, the average
of the two sorption coefficient (3.3m/hr) corresponds to a first-order removal rate of 10/hr by
surface absorption.

With all the parameters determined either from literature or from filed observation or
measurements, equation 3.12 can be used to estimate the SHS concentration during each visit in
the two studies. Because equation 3.12 is based on the assumption that smoking happens only in
the smoking section (if there is any), while smoking was observed in designated nonsmoking
sections in Beijing restaurants and bars, field data from venues with designated smoking and
nonsmoking sections were not included in the evaluation. Simple linear regression analysis was
used to examine the quantitative relationship between the predicted concentrations and the
measured concentrations of SHS PM and airborne nicotine, respectively. Scatter plots and
quantile-quantile plots were also used to visualize their relationships.

3.2.3 Evaluating the Model by Monte Carlo Simulation

A Monte Carlo simulation using equation 3.7 was performed to simulate SHS concentrations
in Minnesota and U.S. restaurants and bars where smoking was permitted everywhere or in
designated smoking sections. Distribution of the simulated SHS PM concentrations in Minnesota
restaurants and bars was compared to the data collected from the 2633 visits to 65 statistically
representative Minnesota restaurants and bars in 2007 as previously described; and distribution
of simulated SHS PM levels in U.S. restaurants and bars was compared to field data reported in
literature.

The equation used for the simulation is:
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Gsus'(Nocc'(Psm'm)T)
Vs'(lair"'k)(l"'fl'fz)

Chs_stis (g/m?) = 1 Cs s
Vs = FoVs [3.7]

Cs shs (g/m°) =

For a venue permitting smoking everywhere, f, =0, and this equation is equivalent to
equation 3.3, which is used to estimate SHS concentrations in smoking venues.

Definition, unit, arithmetic mean (|9, range and assumed distribution for each parameter are
described below. When the standard deviation (o) of a parameter is not reported, the covariance
coefficient (CV, standard deviation/assumed mean) is assumed to be 20% to 80% depending on
the expected magnitude of variance. Distribution of the parameters is based on information from
literature; if no related information is available to assign a distribution to a parameter, a beta
distribution is assumed. For log-normal distribution, the geometric mean (GM) and geometric
standard deviation (GSD) are determined using the following equations when the arithmetic
mean (p) and the standard deviation (o) have been assumed:

‘le + 0-2
GSD =exp |In 2

[3.13]

For a beta distribution, the two shape parameters, a and f3, are determined using the
SOLVER analysis function of Excel and the following equations:

a(max — min)
a+p

U =min+

_ (max —min) af
- (a+p) Ja+p+1

[3.14]

3.2.3.1 Generation rate of secondhand smoke (Gsus)

The assumed mean of generation rate is 12500 pg/cigarette for SHS PM and 1274
g/cigarette for airborne nicotine based on literature reports. Because these two generation rates
are well studied, and all the CVs reported are smaller than 25%, the standard deviation (SD) is
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assumed to be 20% of the mean in the simulation. The minimum and maximum values reported
in literature were set as the lower and upper bounds, respectively, and a beta distribution is
assumed for this parameter.

3.2.3.2 Occupant density (Nocc/Vs)

Field observations from Minnesota restaurants and bars showed that the mean (SD) of
occupant densities was 0.06 (0.06) person/m® in restaurants and 0.05 (0.05) person/m? in bars.
Travers reported SHS monitoring and observations in a total of 609 hospitality venues from July
2003 to May 2006 in 16 states, District of Columbia and Puerto Rico (Travers 2008). The
average number of patrons in 67 restaurants where smoking was permitted was 30.9 and the
average volume of these venues was 661 m®, which resulted in an approximate average occupant
density of 0.05 person/m®. For the 138 bars where smoking was permitted, the average number
of patrons was 53.4 and the average volume of these venues was 900 m®, which resulted in an
approximate average occupant density of 0.06 person/m®.

According to ASHREA Standard 62.1-2007, Table 6-1, the default full occupancy density
should be 70 per 100 m® or 1000 ft? for restaurant dining rooms or 100 persons per 100 m? or
1000 ft? for bars. If a 10 feet or 3 meters height for a typical restaurant or a bar is assumed, the
default occupant density should be 0.25 persons/m? for restaurants and 0.35 persons/m?® for bars.
For the purpose of the modeling, the assumed mean of occupancy density during peak patronage
time was set as 1/5 of the ASHRE default value. Because substantial variability is expected for
this parameter, the SD was assumed to be 80% of the mean. The lower and upper bounds were
assumed to be 0 and three times of the default full occupancy density by the ASHREA Standard,
respectively. A truncated log-normal (TLN) was also assumed.

3.2.3.3 Current smoking prevalence (psm)

The current smoking prevalence of adults aged 18 years and over was 20% (SD 3.2%) in the
U.S., 2007 (CDC 2009), and 17% (1.4%) in Minnesota (Minnesota Department of Health 2008).
These means and SDs were used as the assumed mean and SD for the U.S. and Minnesota
population, respectively. The range was assumed to be 0-100%, and a normal distribution was
assumed for the simulation.

3.2.3.4 Smoking prevalence adjustment factor (m) and active smoking rate and (r)

Assume that the current smoking prevalence of restaurant or bar patrons is m times of the
current smoking prevalence of the general population P,,,, then (P, - m) of patrons are expected
to be current smokers. If r cigarettes are smoked per hour by an average active smoker, and there
are N patrons in total, then (N - [P, - m] - r) is the expected number of cigarettes smoked per
hour in the restaurant or bar. This is equivalent to the total number of cigarettes per hour smoked
by a population of N people with a smoking prevalence ofP,,,, and a smoking rate of (m-r)
cigarettes per hour. In places where smoking is commonly allowed in restaurants and bars, the
adjustment factor m probably equals 1, while in places like Minnesota, where smoking is
allowed in some restaurants and bars only, m is probably greater than 1 for patrons of those
smoking venues.

If a current smoker smokes each cigarette for 10 minutes, then a non-stopping smoker will
smoke 6 cigarettes per hour. If the observed smoking prevalence (percentage of patrons observed
smoking at anytime) is P,p,, then the total number of cigarettes smoked by all smoking patrons is
equivalent to that by (N - P,;,) non-stopping smokers, who smoke (N - P,, - 6) cigarettes per
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hour. Thus, the observed smoking prevalence of restaurant or bar patrons can be related to the
current smoking prevalence of the general population and active smoking rate of a smoker as
below:

N-P,,-m-r= N-P,,-6cig/hr
That is,
m-r = 6cig/hr - P,,/Pim [3.15]

Travers reported that the average of number of patrons in 67 restaurants with smoking
permitted was 30.9, with an average of 2.0 patrons observed smoking at any time; the average
number of patrons and of observed active smokers was 53.4 and 7.1 respectively in 138 bars with
smoking permitted (Travers 2008). These numbers correspond to an observed smoking
prevalence of 6% in smoking restaurants and 13% in smoking bars, which in turn correspond to
an equivalent active smoking rate (mr) of 2 cigarettes/hr by a smoking patron in a restaurant and
4 cigarettes/hr in a bar, assuming that the current smoking prevalence of patrons is the same as of
the general population. These equivalent active smoking rates were used as the assumed means
for simulation, the standard deviation was assumed to be 50% of the mean and the lower and
upper bounds were assumed to be 0 and 6 cigarettes/hr, respectively. A normal distribution was
also assumed.

3.2.3.5 Removing rate by ventilation (4,;,)

The major removal mechanism of SHS PM is ventilation, though deposition can also play an
important role. According to ASHREA Standard 62.1-2007, Table 6-1, the default combined
outdoor air rate should be 10 cfm/person or 5.1 L/s per person for restaurants, and 9 cfm/person
or 4.7 L/s per person for bars. If a typical restaurant or a bar is assumed to have a 10 feet or 3
meters height, the default outdoor ventilation rate for the default full occupancy should be 4.3/hr
or 17/hr per persons/m? for restaurants and 5.6/hr or 15/hr per persons/m® for bars. Though in the
real world, the occupant density is usually not as high as the default full occupancy
recommended by ASHRAE, and the ventilation rate may be different with the default values,
restaurant or bar workers are not likely to adjust the ventilation rate consistently with the changes
of the occupant density. Thus, the default values of ventilation rates recommended by ASHREA
were used as the assumed means of simulations. Because great variance of the ventilation rate is
expected, the SD was assumed to be 80% of the mean. The lower and upper bounds were
assumed to be 5% and 5 times of the mean, respectively and a log normal distribution was
assumed.

3.2.3.6  Removing rate by other mechanism (k)

The assumed mean of removing rate was assumed to be 0.4/hr for PM 5 by deposition, based
on the EPA Particle Team (PTEAM) study (Wallace 1996) and 10/hr for airborne nicotine by
surface absorption derived from a surface-volume ratio of 3m%m?® and a sorption coefficient of
3.3m/hr reported Van Loy, et al (Van Loy, Riley et al. 2001), as described in section 3.2.2.
Studies on removing rate by deposition of PM, 5 or absorption of airborne nicotine are limited, so
the SD was assumed to be 50% of the mean, and the lower and upper bounds were assumed to be
0 and 3 times of the mean, respectively. Beta distributions were assumed.
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3.2.3.7 Ratio of designated-nonsmoking-section SHS level to designated-smoking-section
SHS level (f)

Consistent with section 3.2.2, SHS PM concentration in designated nonsmoking section was
assumed to be 60% of the concentration in designated smoking sections, and this ratio was
assumed to be 40% for airborne nicotine. For both ratios, the CV was assumed to be 50% of the
means, and the lower and upper bounds were assumed to be 10% and 100%, respectively. Beta
distributions were assumed for this parameter.

3.2.3.8 Ratio of designated-nonsmoking-section volume to designated-smoking-section
volume (f7)

A wide range is expected for the ratio of designated-nonsmoking-section volume to
designated-smoking-section volume, and a mean of 1.0, a CV of 50%, a range of 0.1 to 10 and a
beta distribution were assumed for the simulation.

Assumptions on distribution of parameters used for the modeling and sources for these
assumptions are listed in table 3.1.
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Table 3.1 Definition, unit, range and distribution assumed for each parameter for the Monte Carlo simulation of SHS levels in Minnesota and in
U.S. restaurants and bars

Equation used for simulating:

Cs shs (pg/m?®) =

Gsus (Noce'(Psm'm)T)

Vs'(/lair+k)(1+f1'f2)

symbol  definitions and units ari tr?rss;triger?wean SD tl)%\lljvre]z(rj E(E)Er?(rj distribution references
Generation rate of SHS PM: 12500 2500 8100 17000 Beta: a=1.07, B=1.10  The assumed means and ranges are the means and
Gsys  SHS per cigarette, Airborne nicotine: Beta: 0=7.46, ranges of emission factors reported in literature; the CV
lo/cigarette 1274 255 400 3000 p=14.74 is assumed to be 20%
the assumed mean is assumed to be 1/5 of the ASHRAE
N/ oceupancy density, restaurants: 0.25/5 0.04 0 0.75 Double TLN default full occupancy density; the CV is assumed to be
oce persons/ m? 80%, and the lower and upper bound are assumed to be
bars: 0.35/5 0.056 0 1.05 Double TLN 0 and 3 times of the default value, respectively
P current smoking Minnesota: 0.17 0.014 0.017 1.0 Truncated normal (Minnesota Department of Health 2008), (CDC 2009);
sm prevalence U.S.: 0.20 0.032 0.02 1.0 distribution the bounds are assumed to be 0 and 100% , respectively
the product of Restaurants: 2 1 0 6 _
smoking prevalence Truncated normal The assumed means were based on observed smoking
m-r  adjustment factor distribution rate derived from Travers (2008) and Equation M12. SD
and active smoking Bar: 4 2 0 6 was assumed to be 50% of the mean.
rate of a smoker
A air exchange rate, restaurants: 4.3 35 0.2 21 Double TLN ASHRAE default value is used as the assumed mean;
CH hrt . the SD and bounds are assumed to be 80%, 5% and 5
bars: 5.6 4.5 0.3 28 Double TLN times of the mean, respectively
Beta: 0. =2.33 The assumed mean is based on report by Wallace (1996)
combined removal SHS PM: 0.4 0.2 0 12 B =4.67 ' for SHS PM and by Van Loy (2001) for nicotine, and
K rate other than . the SDs were assumed to be 50% of the mean, lower
ventilation, hr* Airborne 5 0 30 Beta: 0. =2.33, and upper bound is assumed to be 0 and 3 times of the
nicotine:10 B =4.67 mean, respectively
SHS PM: 0.6 0.3 0 1.0 Beta: o =1.00, The assumed mean is the mean of reported ratios of
¢ nsmk_SHS / B =0.67 nonsmoking-section SHS to smoking-section in
1 smk_SHS  Airborne nicotine: Beta: a =2.00, literature; the CVs were assumed to be 50% and the
0.4 Dl 0 Y B =3.00 range was assumed to be 10% t0100%,
Assuming the volume of the nonsmoking section is 10%
f nsmk_vol/smk_vol 1.0 0.5 0.1 10 Beta: 0=2.85, =28  to 10 times of the smoking section, with a mean ratio of

1.0 and SD of 50% of the mean

Notes: SD: standard deviation; Beta: beta distribution; o and £, shape parameters of beta distribution; double TLN: double truncated log-normal distribution;
CV, coefficient of variance, defined by the standard deviation divided by the arithmetic mean.



3.2.4 Simulating SHS Concentrations in Chinese Restaurants and Bars by Monte Carlo
Simulation

Equation 3.7 was used to simulate SHS PM and airborne nicotine concentrations in Chinese
restaurants and bars with smoking permitted everywhere or in designated sections.

Gsus (Nocc'(Psm'm)T)
Vs'(lair"'k)(l"'fl'fz)

Crs shs (g/m®) = f1 Cs spis
Vs = f2Vs [3.7]

Cs shs (g/m°) =

The same assumed mean and distribution as described in the last section were used for the
parameter of generation rate (Gsns), surface deposition rate (x), ratio of designated-nonsmoking-
section SHS level to designated-section SHS level (f;) and ratio of designated-nonsmoking-
section volume to designated-section volume (f,). Other parameters were determined as below.

3.2.4.1 Occupant density (Nocc/Vs) and removing rate by ventilation (4,4;;-)

Per the national Guideline JGJ 64-1989, which is the guideline for designing eating and
drinking places in China since 1989, the default full occupancy density should be 1.30 m? per
seat or per person (77 seats per 100 m?) for class 1 (luxury) restaurants and 1.10 m? per seat or
per person ( 91 seats per 100 m?) for class 2 (general) restaurants; the default fresh outdoor air
rate should be 25 m*/(hr person) or 20 m*/(hr person) for class 1 and class 2 restaurants,
respectively.

Assuming a restaurant with a dining area of 100 m? and height of 3 m, the default full
occupancy density is about 0.3 person/m® and the default air exchange rate should be 6.0 hr
(estimated with 90 persons/100m? and 20 m®/hr person because the number of class 1 restaurants
is expected to be much smaller than the class 2 restaurants). The Guideline recommends the
same full occupancy density for bars as for restaurants and it does not recommend ventilation
rate for bars, thus the default ventilation rate for bars is assumed to be the same as the default
value for restaurants. Due to great variance of ventilation rates, the CV was assumed to be 80%,
and the lower and upper bounds were assumed to be 5% and 5 times of the default value,
respectively. A beta distribution was also assumed for the simulation.

Observations on occupancy of 405 restaurants and bars in five Chinese cities in 2007
showed that the mean (SD) of actual occupancy density was 0.11 (0.11) person/m® and the
median (interquartile) was 0.08 (0.04-0.26) person/m?®. For the purpose of simulation, 1/3 of the
default full occupancy density by the Guideline JGJ 64-1989 was used as the assumed mean, and
the SD was assumed to be 80% of the mean. The lower and upper bounds were assumed to be 0
and three times of the default full occupancy density by the Guideline, respectively. A truncated
log normal (TLN) was assumed for this parameter.

3.2.4.2 Current smoking prevalence (psm)

The prevalence of adult current smokers in China was 31.4% in 2002 (Yang GH., Ma JM.
et al. 2005) and 28.1% in 2010 (Li, Hsia et al. 2011). The mean for the simulation is assumed to
be 30%, with a CV of 20%, a range of 0-100% and a normal distribution.
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3.2.4.3 Smoking prevalence adjustment factor (m) and active smoking rate and (r)

Observations of the number of active smokers and occupants from restaurants and bars in
five Chinese cities in 2007 when smoking was generally not regulated showed that the mean (SD)
of observed smoking prevalence was 7% (7%) in restaurants and 14% (11%) in bars. Based on
equation 3.13, these observed smoking prevalence (P,;,) corresponded to an equivalent active
smoking rate (mr) of about 1.5 cigarettes/hr by a smoking patron in a restaurant and about 3
cigarettes/hr in a bar, assuming that the current smoking prevalence of patrons was the same as
that of the general population, which was about 30%. These equivalent active smoking rates
were used as the assumed means for simulation and the SD was assumed to be 50% of the mean.
The lower and upper bounds were assumed to be 0 and 6 cigarettes/hr, respectively, and a normal
distribution was assumed for the equivalent active smoking rate (mr).

The definition and distribution of parameters used for simulating SHS PM in Chinese
restaurants and bars are listed in Table 3.2. Simulation is conducted separately for restaurants
and bars with different smoking policies (with smoking permitted everywhere or in designated
sections only).
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Table 3.2 Definition, unit, range and assumed distribution for each parameter for Monte Carlo simulation of SHS PM levels in Chinese restaurants

and bars

Equation used for simulating :

Cs shs (pg/m?®) =

Gsus (Noce'(Psm'm)T)

Vs'(/lair+k)(1+f1'f2)

symbol definitions and units ari thﬁi‘:{ﬁgean SD tl)%\lljvre]z(rj kt)jgﬁr?(; distribution references
Generation rate of SHS PM: 12500 2500 8100 17000 Beta: 0=1.07, p=1.10 The assumed means and ranges were the means and
Gsnys  SHS per cigarette, Airborne nicotine: Beta: o, =7.46, ranges of emission factors reported in literature; the CV
Lo/cigarette 1274 255 400 3000 p=14.74 is assumed to be 20%
the assumed mean was assumed to be 1/3 of the default
occupancy density, Restaurants and full occupancy density by the national Guideline JGJ
Noc/V 0.08 0 0.9 Double TLN
oce persons/ m* bars: 0.3/3 64-1989; the CV was assumed to be 80%; the range was
assumed to be 0 - 3 times of the default value
current smokin Truncated normal The assumed mean was the average of current smoking
P revalence 9 0.30 0.06 0 1.0 distribution prevalence in 2002 and 2010; the CV was assumed to be
P 20% and the range was assumed to be 0 - 100%
the product of Restaurants: 1.5 0.75 0 6 ,
smoking prevalence Truncated normal The assumed means were based on observed smoking
m-r  adjustment factor distribution rates in some Chinese restaurants and bars in 2007 and
and active smoking Bar: 3 15 0 6 Equation 3.12; The CV was assumed to be 50%.
rate of a smoker
aiir exchanae rate The default value by the Guideline JGJ 64-1989 was
ACH hrt g ! 6.0 4.8 0.3 30 Double TLN used as the assumed mean; the CV was assumed 80%,
and rang were assumed to be 5% - 5 times of the mean.
. L _ The assumed mean was based on report by Wallace
combined removal SHSPM:0.4 0.2 0 12 Beta: a.=2.33, p=4.67 (1996) for SHS PM and by Van Loy (2001) for airborne
K rate other than . L nicotine and the SDs were assumed to be 50% of the
Airborne nicotine
ventilation, hr? 10 5 0 30 Beta: 0 =2.33, p=4.67 mean, upper bound is assumed to be 0 and 3 times of
’ the mean, respectively
. L _ The assumed mean was the mean of reported ratios of
f nsmk_SHS/ SRk [Pk s O v 47 I @ SO, (=0T nonsmoking-section SHS to smoking-section SHS level
1 smk_SHS  Airborne nicotine: o _ in literature; the CVs were assumed to be 50% and the
0.4 e 0 Lo Beta: ¢ =2.00, p=3.00 range was assumed to be 10% t0100%,
The volume of the nonsmoking section was assumed
f, nsmk_vol/smk_vol 1.0 0.5 0.1 10 Beta: o =2.85, =28  10% to 10 times of the smoking section, with a mean

ratio of 1.0 and SD of 50% of the mean

Notes: SD: standard deviation; Beta: beta distribution; o and £, shape parameters of beta distribution; double TLN: double truncated log-normal distribution;
CV, coefficient of variance, defined by the standard deviation divided by the arithmetic mean.



3.2.5 Sensitivity Analysis

To examine the sensitivity of simulated results to the assumed distribution of each parameter,
one parameter was varied within its distribution each time and all others were set as their means
as assumed in Table 3.2. Then the simulated outcomes were plotted with the parameter with
variations, together with the Kernel density plot of the parameter in the same graph. These
graphs were used to examine how the changes of simulated outcomes were related to the
variations in each parameter.

3.3 Results

3.3.1 Evaluating the Models Using Field Data from Restaurants and Bars in Minnesota,
United States and in Beijing, China

Based on equation 3.12, field observations of patrons’ smoking activities and measurements
of space volume and CO, concentrations (to estimate ventilation rate), the means or medians of
the predicted SHS concentrations indicated by PM, s were 66% to 124% of those based on field
measurement. The means and medians of predicted airborne nicotine concentrations were 39% to
136% of those based on measurements (Table 3.3). Comparing the predicted to measured
concentrations, predicted values were statistically related to field measurements, but they were
not perfect predictors. The coefficient of determination (R?) of simple linear regression analysis
was more than 50% for SHS PM and only 35% for airborne nicotine (Table 3.4). However, for
both Minnesota and Beijing restaurants and bars, the marginal distribution of predicted SHS PM
concentrations were similar to the marginal distribution of field measurements; for airborne
nicotine, these predicted versus observed marginal distributions were not as similar, with field
measurements of airborne nicotine concentration more dispersed and higher than corresponding
predicted results (Figure 3.3-3.6).
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Table 3.3 Distribution of SHS PM and airborne nicotine concentrations in Minnesota and Beijing
restaurants and bars by measurements and by prediction

SHS PM airborne nicotine
stats measured predicted measured predicted
Minnesota

N 202 202 187 187
mean 110 127 3.34 3.30
SD 115 133 4.03 3.52
p5 3 0 0.15 0.21
p25 32 35 0.61 1.17
p50 72 89 1.75 2.38
p75 149 166 4.54 4.37
p95 358 382 12.21 8.91
Beijing
N 52 52 53 53
mean 95 63 2.83 1.84
SD 165 115 2.59 2.60
p5 0 0 0.10 0.00
p25 9 0 1.11 0.00
p50 33 23 1.98 0.77
p75 118 79 4.21 2.31
p95 434 206 7.96 8.52

Table 3.4 Simple regression analysis of measured SHS concentrations and predicted SHS concentrations
based on field observations in restaurants and bars in Minnesota and Beijing

Dependent Independent constant coefficient
variable variable n° (95%Cl) (95%Cl) Pvalue R?
Minnesota *
SHSPM  measurements  estimates 202 27 (13,42) 0.66 (0.58, 0.73) 0.000 0.58
nicotine measurements  estimates 187 1.97(1.23,2.72) 0.41(0.26.0.57) 0.000 0.13
Beijing
SHSPM  measurements  estimates 52 35(10,60) 0.66 (0.47, 0.85) 0.000 0.50

nicotine measurements  estimates 53 1.75(1.03,2.47) 0.58(0.36, 0.81) 0.000 0.34

# only including smoking venues (smoking permitted everywhere) and designated smoking sections;
®only including smoking venues (smoking permitted everywhere) and nonsmoking venues (smoking not
permitted anywhere nominally, but in many of these venues, smoking was observed); SHS concentration
in designated smoking sections were not modeled because the equation used for modeling (equation 3.12)
was based on the assumption that no smoking happened in the designated nonsmoking sections, which
was not the case in Beijing restaurants and bars.

© only those venues with estimated ventilation rate between 0 to 30 hr* based on CO, measurements were
included; Eight visits with ventilation rate >30 hr™* to Minnesota restaurants and bars and five visits with
ventilation rate >30 hr to Beijing restaurants and bars were not included in the modeling.
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Figure 3.3 Scatter plot (upper left panel), quantile-quantile plot (upper right panel), kernel density plot
(lower left panel) and cumulative probability plot (lower right panel) of field measurements and modeled
SHS PM concentrations in Minnesota restaurants and bars

Notes: the scatter plot showed that SHS PM concentrations estimated by modeling were linearly related to
the field measurements;

A quantile-quantile (g-g) plot compares two probability distributions by plotting their quantiles against
each other. This g-q plot showed that the marginal distribution of SHS PM concentrations estimated by
modeling was similar to that of the field measurements, but modeling results were more dispersed than
field measurements, and were higher than corresponding field measurements, especially for values higher
than 200 pg/m?;

A kernel density plot can be considered a refinement of a histogram or frequency plot with smoothness or
continuity by using a suitable kernel. This kernel plot showed that both the modeling results and field
measurements were right skewed and that more values by field measurements were lower than 200 pg/m®
while more values by modeling were higher than 700 pg/m?;

A cumulative probability plot shows the probability that a variable X with a given probability
distribution will be found at a value less than or equal to x. The cumulative plot here also showed similar
marginal distribution of modeling results versus field measurements.
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Figure 3.4 Scatter plot (upper left panel), quantile-quantile plot (upper right panel), kernel density plot
(lower left panel) and cumulative probability plot (lower right panel) of field measurements and modeled
airborne nicotine concentrations in Minnesota restaurants and bars

Notes: the scatter plot did not show an obvious linear relationship between airborne nicotine
concentrations predicted by modeling and by field measurements;

The g-q plot showed that the marginal distribution of airborne concentrations estimated by modeling was
different to that of the field measurements, with field measurements more dispersed than modeling results.
The predicted concentrations tended to be lower than corresponding field measurements for values from 5
to 20 pg/m?® and had a tail with higher value than measurement;

The kernel density plot showed that both the modeling results and field measurements were right skewed
and that the modeling results have a tail with higher values;

The cumulative probability plot showed that modeling results are higher than measurements below the 70%
percentile while lower above the 70%.
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Figure 3.5 Scatter plot (upper left panel), quantile-quantile plot (upper right panel), kernel density plot
(lower left panel) and cumulative probability plot (lower right panel) of field measurements and modeled
SHS PM concentrations in Beijing restaurants and bars

Notes: the scatter plot showed that SHS PM concentrations estimated by modeling were approximately
linearly related to the field measurements;

measurements modeling results ‘ I modeling results I

measurements

The g-q plot showed that the marginal distribution of SHS PM concentrations estimated by modeling was
similar to that of the field measurements, but field measurements were more dispersed than modeling
results when SHS PM concentrations were lower than 200 pg/m?®; the modeling results had a tail with
higher values;

The kernel density plot showed that both the modeling results and field measurements were right skewed
and that the marginal distribution of modeling results was similar to that of field measurements, especially
when SHS PM concentrations were lower than 200 pg/ms;;

The cumulative plot here also showed similar marginal distribution of modeling results and of field
measurements; it also showed that modeling results were slightly lower than field measurements between
the percentile of 2% and 95%.
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Figure 3.6 Scatter plot (upper left panel), quantile-quantile plot (upper right panel), kernel density plot
(lower left panel) and cumulative probability plot (lower right panel) of field measurements and modeled
airborne nicotine concentrations in Beijing restaurants and bars

Notes: the scatter plot did not show an approximately linear relationship between airborne nicotine
concentrations estimated by modeling and by field measurements;

measurements modeling results } | measurements modeling results |

The g-q plot showed that the marginal distribution of airborne concentrations estimated by modeling was
different to that of the field measurements to some extent, with field measurements more dispersed than
modeling results and higher than corresponding modeling results;

The kernel density plot showed that both the modeling results and field measurements were right skewed
and that more values by modeling were lower than 2g/m?;

The cumulative plot showed that the marginal distribution of modeling results was different with the
distribution of field measurements, and modeling results were lower than filed measurements at all
cumulative probability below 95 percentile.
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3.3.2 Evaluating the Models by Monte Carlo Simulation

Distribution of SHS PM concentrations measured during short time visits, 2-hour visits and
all the 2633 visits to the 65 representative Minnesota restaurants and bars before the
implementation of the smoking ban were shown separately in Table 3.5. Distribution of airborne
nicotine concentrations measured during two-hour visits was shown in Table 3.6. Simulated SHS
PM concentrations using equation 3.7 and assumptions listed in Table 3.1 were quite close to
field measurements during all the short time visits or 2633 visits in terms of mean, quartiles and
coefficient of variation (CV), but they tended to underestimate high observed values (Table 3.4),
which might be due to indoor PM sources other than SHS. However, simulated nicotine
concentrations underestimated the mean, median and high observed values, except the simulated
results for designated smoking-sections of bars. Both simulated SHS PM concentrations and
airborne nicotine concentrations were lower than measurements taken during the 210 two-hour
visits (Table 3.4, 3.5). This was not surprising because SHS levels at dinners and on Friday and
Saturday evenings were higher than the average SHS levels during peak-patronage times of other
days according to measurements in Minnesota restaurants and bars (data not shown).
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Table 3.5 Distribution of SHS PM concentrations in Minnesota restaurants and bars by measurements and

by Monte Carlo simulation

smoking-permitted venue

designated smoking-section

measured . measured .
- simulated - simulated
stats 12-min  2-hour all 12-min 2-hour  all
restaurants
N 465 37 502 10000 1239 114 1353 10000
mean 86 145 90 69 50 68 52 46
SD 104 145 108 90 69 69 70 64
Ccv 121% 100% 120% 131% 139% 101% 135% 138%
p5 0 4 0 5 0 2 0 3
p25 15 38 16 19 5 20 5 12
p50 49 125 51 40 26 49 28 26
p75 121 205 126 84 69 90 71 55
p95 298 452 306 229 184 214 188 154
bars
N 481 41 522 10000 238 18 256 10000
mean 112 180 117 130 78 128 82 87
SD 151 152 152 174 91 72 91 122
Ccv 136% 84% 130% 134% 116% 57% 111% 139%
p5 0 23 1 10 0 1 0 6
p25 24 59 26 35 13 78 15 22
p50 65 142 68 75 44 126 50 49
p75 136 255 144 157 111 167 119 103
p95 398 400 400 437 282 304 282 298

Notes: SHS PM concentrations were measured during 2633 visits, including 210 two-hour visits and 2423 12-
minute visits during three different times of day (lunch, dinner, and evening) on four different day types (Fridays,
Saturdays, Sundays, and other weekdays) in each venue; most of the 2-hour measurements (186 of 210) were
conducted on Fridays and Saturdays.
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Table 3.6 Distribution of airborne nicotine concentrations in Minnesota restaurants and bars by two-hour
measurements and by Monte Carlo simulation

smoking-permitted venue designated smoking-section
measured simulated measured simulated
restaurants
N 38 10000 18 10000
mean 4.01 1.94 2.74 1.43
SD 4.57 2.53 2.50 1.90
CVv 114% 131% 91% 133%
p5 0.15 0.19 0.01 0.13
p25 0.61 0.58 0.43 0.41
p50 2.59 1.18 2.26 0.86
p75 6.18 2.33 4.41 1.71
p95 18.09 6.10 8.58 4,57
bars

N 35 10000 106 10000
mean 5.15 4.20 2.43 3.11
SD 4.99 5.74 3.27 4.33
CVv 97% 137% 135% 139%
p5 0.19 0.43 0.15 0.30
p25 1.67 1.31 0.49 0.94
p50 3.59 2.57 1.03 1.86
p75 7.37 5.08 2.82 3.70
p95 15.00 13.07 10.29 9.70

Notes: measured airborne nicotine concentrations were during 210 two-hour visits at dinners and
in the evenings, most (n=186) of which were on Fridays and Saturday
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The mean (SD) of SHS PM concentrations predicted by 10000 Monte Carlo simulations
using equation 3.7 and assumptions listed in Table 3.2 was 81 (108) pg/m® for U.S. smoking
restaurants, 54 (76) pug/m® for U.S. designated smoking sections of restaurants, 153 (209) pg/m’
for U.S. smoking bars and 103 (146) pg/m® for U.S. designated smoking sections of bars (Table
3.6). The mean (SD) of airborne nicotine concentrations predicted in these types of venues is
2.31 (3.00) pg/m® 1.70 (2.28) pg/m®, 4.96 (6.45) pg/m* and 3.67 (5.04) pg/m>, respectively
(Table 3.6).

Siegel et al. reviewed studies published before 1993 and found that the weighted mean
particulate concentration (weights used were number of restaurants or bars sampled) of 211
restaurants samples from 12 studies was 117 pg/m® (range 27-690 pg/m®) and of 16 bar samples
from 10 studies 348 pg/m® (range 75-1320 pg/m°); for airborne nicotine, the weighted mean of
402 restaurants samples from 17 studies was 6.5 pg/m® (range 3.4-34 pg/m®), and of 25 bar
samples from 10 studies 19.7 pug/m® (range 7.4-65.5 pg/m®) (Siegel 1993). These aggregated
measurements were higher than simulated concentrations for U.S. restaurants and bars The
reasons might be that restaurants and bars included in studies reviewed by Siegel et al. were not
representative of U.S. restaurants and bars, and patrons’ smoking prevalence and smoking rate in
cigarettes/hour before 1993 were different from recent years’, which the models were based
upon.

Travers reported a mean (SD) of 97 (85) pg/m®and a median of 68 pg/m*® SHS PM in 67
smoking-permitted restaurants and a mean (SD) of 406 (382) pg/m®and a median of 320 pg/m®
SHS PM in 138 smoking-permitted bars in 16 states of the US in 2008 (Travers 2008). Waring
and Siegel reported a mean (SD) of 151 (67) pg/m® SHS PM in 16 bars before smoking was
banned in 2005 in Austin (Waring and Siegel 2007). Simulated SHS PM levels in US restaurants
were similar to those reported by Travers. As for simulated SHS PM in bars, they are much
lower than those measurements in bars reported by Travers, while similar to those reported
Waring and Siegel (Waring and Siegel 2007).
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Table 3.7 SHS PM concentrations in U.S. restaurants and bars by Monte Carlo simulation, pg/m®

smoking-permitted restaurants smoking-permitted bars
smoking designated smoking

stats venues sections venues designated sections

SHS PM
N 10000 10000 10000 10000
mean 81 54 153 103
SD 108 76 209 146
p5 6 4 12 7
p25 21 13 41 26
p50 47 30 88 57
p75 98 65 184 119
p95 268 184 510 353

airborne nicotine
N 10000 10000 10000 10000
mean 2.31 1.70 4.96 3.67
SD 3.00 2.28 6.45 5.04
p5 0.22 0.15 0.49 0.35
p25 0.67 0.49 1.51 1.08
p50 1.37 1.00 3.02 2.20
p75 2.83 2.08 6.09 441
p95 7.53 5.39 15.51 11.69

3.3.3 Simulating SHS Concentrations in Chinese Restaurants and Bars by Monte Carlo
Simulation

SHSP PM concentrations and airborne nicotine concentrations were simulated 10000 times
for Chinese restaurants and bars by Monte Carlo simulation. Results are shown in Table 3.8 and
Figure 3.7-3.8. Simulated SHS concentrations, indicated by either PM,s or airborne nicotine,
were log-normally distributed. Simulated SHS concentrations in smoking restaurants or bars
were higher than in designated smoking sections, which were in turn higher than in designated
nonsmoking sections.

The means (SD) of simulated SHS PM concentrations were 135 (182) pg/m®, 90(129)
ng/m®, 49(79) pg/m® in restaurants with smoking allowed everywhere, designated smoking
sections of restaurants and designated nonsmoking restaurants, respectively. The means (SD) of
predicted airborne nicotine concentrations in restaurants with different smoking policies were
4.58 (6.18) pg/m’, 3.38 (4.70) pg/m® and 1.27 (1.93) pg/m® respectively. Predicted SHS
concentrations indicated by either PM, s or airborne nicotine in bars were about two times of that
in restaurants with the same smoking policy, because patrons’ smoking rate in bars (3
cigarettes/hour per smoker) was assumed to be twice that in restaurants (1.5 cigarettes/hour per
smoker), while assumptions on other parameters were the same.
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Table 3.8 SHS concentrations in Chinese restaurants and bars by smoking policy by Monte Carlo
simulation, pg/m°

smoking-permitted restaurants

smoking-permitted bars

designated designated

smoking designated nonsmoking smoking designated nonsmoking

stats venues  sections sections venues  sections sections
SHS PM
N 10000 10000 10000 10000 10000 10000
mean 135 90 49 261 175 93
SD 182 129 79 365 254 148
CVv 135% 142% 161% 140% 145% 159%
p5 10 6 2 20 12 4
p25 35 22 10 67 42 19
p50 76 49 24 147 94 46
p75 162 108 57 309 201 107
p95 451 306 175 872 606 333
airborne nicotine

N 10000 10000 10000 10000 10000 10000
mean 4.58 3.38 1.27 8.59 6.34 2.38
SD 6.18 4.70 1.93 11.57 8.58 3.66
CVv 135% 139% 152% 135% 135% 154%
p5 0.43 0.30 0.08 0.82 0.59 0.15
p25 1.32 0.94 0.30 2.57 1.83 0.58
p50 2.75 2.00 0.68 5.21 3.79 1.31
p75 5.49 4.03 1.49 10.43 7.66 2.85
p95 14.54 10.85 4.29 27.44 20.48 7.88
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Figure 3.7 SHS PM concentrations by Monte Carlo simulation (n=10000) in Chinese restaurants (left
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3.3.4 Sensitivity Analysis

Both simulated SHS PM concentrations and airborne nicotine concentrations increase
linearly with the increase of values of parameters of generation rate, occupancy density, current
smoking prevalence and patrons’ active smoking rate; they were inversely proportional to values
of air exchange rate, other removal rate, ratio of nonsmoking-area concentrations to smoking-
area concentrations, and the ratio of nonsmoking-area volume to smoking-area volume.
Simulated SHS PM concentrations were very sensitive to occupancy density air exchange rate in
the range of 0-480 pg/m?®; they were mildly sensitive to the patrons’ active smoking rate in the
range of 0-180 pg/m?; and they were not so sensitive to variations of other parameters. Similarly,
simulated airborne nicotine concentrations were very sensitive to occupancy density in the range
of 0-22 pg/m?®; they were mildly sensitive to patrons’ active smoking rate and nicotine surface
absorption rate in the range of 0-8 pg/m®; and they were not so sensitive to changes of the rest
parameters. See figure 3.9 and 3.10 for details.
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3.4 Discussion

Predicted SHS concentrations using mass balance equation 3.12 and field observations in
Minnesota and Beijing restaurants and bars fitted reasonably well with field measurements,
especially for SHS PM. Both their means and medians were quite comparable, with predicted
SHS PM 66% to 124% of field measurements. Monte Carlo simulations of SHS PM
concentrations in Minnesota smoking venues and designated smoking sections of restaurants and
bars, respectively, also resulted in close estimate to field measurements conducted during
representative patronage peak times in 65 representative restaurants and bars in Minnesota.
Though simulated SHS concentrations based on information of U.S. restaurants and bars (and
thus were intended to be representative of SHS concentrations across these venues) were
comparable to field measurements reported in some studies while lower than field measurements
in some other studies, those studies were not intended to measure SHS concentration in a
representative sample of U.S. restaurants and bars. Any significant deviation of the actual
parameter in those venues monitored in published studies from the parameter assumptions made
for the simulation can result in significant differences. For example, the actual active smoking
rates might be higher than assumed, or the ventilation rates might be lower that assumed. In all, it
is reasonable to use the mass balance equations described in this chapter to estimate SHS PM
concentrations in the specific type of microenvironment of restaurants and bars.

However, for airborne nicotine, the predicted concentrations did not fit so well with field
measurements and their distributions were different from each other. This might be due to
inappropriate assumptions for the surface absorption coefficient, for which information is limited
in the literature; it might also be due to the complex physiochemical behavior of nicotine so that
the mass balance equations described in this chapter might not be good enough to represent its
emission and removal. There will be less confidence in the use of the mass balance equations to
estimate airborne nicotine concentrations in the specific microenvironments of restaurants and
bars.

Predicted SHS PM concentrations using mass balance equations and observed active
smoking rates and estimated ventilation rates fitted reasonably well with field measurements in
both Minnesota and Beijing restaurants and bars. Simulated SHS PM concentrations by Monte
Carlo simulation using assumptions listed in table 3.1 were also distributed similarly with field
measurements. These indicate that the models developed are valid in predicting SHS PM
concentrations. These models can be useful for estimating short-term concentrations in
restaurants and bars in regions or countries like China with limited field measurements, so as to
advance exposure assessment and risk assessment and to provide important information for
decision makers.

Field measurements of SHS PM in five Chinese cities in 2006 and 2007 (Table 3.9) showed
that the mean SHS PM concentrations ranged from 71 to 178 pug/m® in smoking restaurants,
comparable with simulated concentrations using equation 3.7 and assumptions listed in Table
3.2. The mean SHS PM was estimated to be 135 pg/m® for smoking restaurants. The mean
concentrations of measured SHS PM in Beijing smoking bars in 2006 and 2007 and in Guiyang
smoking bars in 2007 were also comparable with simulated concentrations, which mean was 261
png/m®, but concentrations measured in smoking bars in Wuhan, Xi’an and Kunming in 2007
were higher than predicted levels. Simulated results were higher than field measurements of SHS
concentration indicated either by PM,5 or by airborne nicotine in 2008 and/or 2010 in Beijing
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when a partial smoking ban was implemented, which might lead to changed smoking behaviors
among patrons.

Table 3.9 SHS PM and airborne nicotine concentrations in restaurants and bars with smoking permitted
everywhere in Chinese cities by field measurements , ug/m’

city year N mean SD median

SHS PM Restaurants Beijing 2006 65 144 175 68
2007 62 178 210 111

2008* 10 57 62 33

2010* 34 82 80 38

Wuhan 2007 59 136 166 74

Xi'an 2007 58 157 179 90

Guiyang 2007 63 102 126 72

Kunming 2007 61 71 104 45

China (by simulation) 10000 135 182 76

Bars Beijing 2006 10 223 252 109
2007 14 195 269 44

2008* 6 50 44 34

2010* 15 83 83 61

Wuhan 2007 14 664 469 777

Xi'an 2007 14 470 390 320

Guiyang 2007 14 181 172 140

Kunming 2007 13 348 288 377

China (by simulation) 10000 261 365 147

Nicotine Restaurants Beijing 2010* 34 348 318 2.25
China (by simulation) 10000 458 6.18 2.75

Bars Beijing 2010* 15 423 482 2.78
China (by simulation) 10000 859 11.57 5.21

* Since May 2008, the Beijing government implemented a smoking regulation requiring big restaurants
(size not specified) ban or restrict smoking. Results of Beijing in 2008 and 2010 shown in this table were
based on measurements in restaurants or bars without any nonsmoking sign observed.

The mass balance models described in this chapter can be used to estimate SHS
concentrations in restaurants and bars, which can be used to assess servers and patrons’ exposure
to SHS and related health risks due to their SHS exposure. Chapter 5 will present the work of
assessing servers’ and patrons’ health risks due to SHS exposure in Chinese restaurants and bars,
using SHS concentrations simulated in this chapter, together with related demographic and
epidemiological information.

The mass balance models can also be used to explore strategies to control SHS exposure in
restaurants and bars. There is no safe level of SHS exposure (USDHHS 2006; WHO 2009). The
tobacco industry has advocated for designated nonsmoking sections for a long time. However, if
the smoking sections and the nonsmoking sections are not completely separated (with some air
changes between the two sections), the median SHS PM concentrations during peak patronage
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time is 49 pg/m® in restaurant nonsmoking sections in China, almost two times of the limit of 24-
hour mean, 25 pg/m>, as recommended by WHO (WHO 2005), and the estimated SHS PM
concentrations are even higher in bar nonsmoking sections according to the Monte Carlo
simulation. According to the uncertainty analysis, the models are sensitive to occupants’ active
smoking rate and venue ventilation rates. Only when smoking was eliminated in a venue, that is
the active smoking rate becomes 0, can SHS exposure be completely eliminated. The American
Society of Heating, Refrigerating and Air Conditioning Engineers states that ventilation is
ineffective in protecting people from SHS exposure (ASHRAE 2008) and this can be easily
illustrated by applying the mass balance models. Assuming that all the parameters are the same
as the mean listed in Table 3.2, to control SHS PM level during peak patronage time in a
restaurant no more than the 24-hour limit of 25 pg/m® recommended by WHO, the air change
rate should be no less than 25/hr, more than 4 times of the default air change rate by the national
Guideline JGJ 64-1989. It will be extremely expensive and thus unrealistic for a restaurant to
maintain such a high air changing rate, while simply banning smoking is much more cost
effective.

They are some limitations when using the models. First, the models are based on well-
mixing and steady-state conditions, and an equilibrium between designated smoking section and
nonsmoking section, which conditions may be difficult to met. Continuous monitoring of SHS
concentrations for more than 20 hours in two Beijing restaurants (as described in Chapter 2)
showed that though a well mixing condition was rarely met during any short time period of
patronage peak times, it was almost met during relatively longer time periods, e.g., during a
whole patronage peak time. Ott et al. showed that when the sampling time is relatively large
compared to the pollutant detention time in a space, a trend correction can be neglected and a
steady state may be assumed (Ott, Switzer et al. 1996). The average ventilation rate was assumed
to be 4-6/hr*, which corresponded to a detention time of 10-15 minutes, is much smaller than a
peak patronage time period, which averages about 2 hours. Thus, it is reasonable to assume a
steady state if the models are used to estimate average exposure concentrations during a whole
peak patronage time. Second, input parameters, including the smoking prevalence of restaurant
or bar patrons and ventilation rate, were based on extrapolation from existing studies, rather than
direct observations or measurements from representative field studies. This may introduce large
uncertainties to the results. These input parameters are variables for which direct observation or
measurements should be made in future studies. Third, it is difficult to explain simulated results
by modeling to the general population, which may limit the use of simulated results for purpose
of public health education campaigns.

3.5 Conclusions

It is reasonable to use the mass balance models described in this chapter to predict SHS PM
concentrations in restaurants and bars; the models can be used in different regions or countries,
with adjustment of assumptions of parameters to be related to the specific regions or countries.
The models are also of potential use in the exploration of strategies on control SHS exposure in
restaurants and bars, and they support the hypothesis that banning smoking is the only cost
effective way to eliminate SHS exposure, while setting designated nonsmoking sections and
improving ventilation rate is not cost effective.
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Chapter 4 Evaluation of the Efficacy of Smoking Restrictions in
Restaurants and Bars
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4.1 Background

Smoking restrictions to prevent people from SHS exposure have evolved over time. In the
1960s, there was already strong evidence that smoking could cause lung cancer, which gave rise
to the suspicion that SHS exposure could cause similar dangers; in the late 1960s and 1970s,
Bulgaria, Singapore and Norway initiated restrictions on smoking in some public places; as
evidence of the health hazards of SHS exposure became stronger in the 1980s, more countries or
jurisdictions started to restrict smoking in workplaces and public places. New Zealand was the
first country to restrict smoking to designated areas in restaurants or other licensed venues
serving food in 1990. In 1998, California became the first jurisdiction in the world to implement
comprehensive smoking bans in all workplaces, including restaurants and bars (IARC 2009). In
2003, WHO adopted the Framework Convention of Tobacco Control (WHO FCTC); many
countries ratified the treaty, agreeing to reduce SHS exposure as recommended by Article 8 of
the treaty. Based on best practice worldwide in the implementation of smoke-free measures, the
Conference of the Parties to the WHO FCTC unanimously approved the guidelines of
implementing Article 8 in 2007. These guidelines identified seven principles of effective
legislation protecting people from SHS exposure:

Principle 1. Effective measures to provide protection from exposure to tobacco smoke, as
envisioned by Article 8 of the WHO Framework Convention, require the total elimination of
smoking and tobacco smoke in a particular space or environment in order to create a 100%
smoke free environment. There is no safe level of exposure to tobacco smoke, and notions such
as a threshold value for toxicity from second-hand smoke should be rejected, as they are
contradicted by scientific evidence. Approaches other than 100% smoke free environments,
including ventilation, air filtration and the use of designated smoking areas (whether with
separate ventilation systems or not), have repeatedly been shown to be ineffective and there is
conclusive evidence, scientific and otherwise, that engineering approaches do not protect against
exposure to tobacco smoke.

Principle 2. All people should be protected from exposure to tobacco smoke. All indoor
workplaces and indoor public places should be smoke free.

Principle 3. Legislation is necessary to protect people from exposure to tobacco smoke.
Voluntary smoke free policies have repeatedly been shown to be ineffective and do not provide
adequate protection. In order to be effective, legislation should be simple, clear and enforceable.

Principle 4. Good planning and adequate resources are essential for successful
implementation and enforcement of smoke free legislation.

Principle 5. Civil society has a central role in building support for and ensuring compliance
with smoke free measures, and should be included as an active partner in the process of
developing, implementing and enforcing legislation.

Principle 6. The implementation of smoke free legislation, its enforcement and its impact
should all be monitored and evaluated. This should include monitoring and responding to
tobacco industry activities that undermine the implementation and enforcement of the legislation.

Principle 7. The protection of people from exposure to tobacco smoke should be
strengthened and expanded, if necessary. Such action may include new or amended legislation,
improved enforcement and other measures to reflect new scientific evidence and case-study
experiences.
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The adoption of the WHO FCTC and the availability of technical support from WHO
resulted in the rapid diffusion of smoke-free legislation around the world (IARC 2009). As of
January 2012, a total of 66 nations worldwide have enacted 100% smoke-free law in workplaces
and hospitality venues, 46 of the 66 including both restaurants and bars (ANRF 2012). Though
restaurants and bars are important workplaces and public places, they are often exempted from
smoking bans. Table Al in Appendix lists the 100% smoking policies in restaurants and bars in
different countries. Smoke-free legislations in some countries or jurisdictions have been very
successful and completely adhere to the guidelines, such as those in California, Ireland, New
Zealand, Scotland, Uruguay, etc., while some others have implemented legislation with looser
standards, including Cuba, Denmark, Germany, and Switzerland, etc.

Eisner et al. published a paper on evaluating the effect of the California smoking ban in bars
and taverns on bartenders’ exposure to SHS and their symptoms of respiratory and sensory
irritation in 1998 (Eisner, Smith et al. 1998). Since then, with the increasing number of smoking
bans, the studies on evaluating the effect of smoking restrictions have been increasing. WHO
International Agency for Research on Cancer (IARC) reviewed 27 papers published from 1998
to 2007 on reductions in SHS exposure and effects on health due to smoking restrictions around
the world (IARC 2009). Polanska et al. reviewed 12 papers published from 2000 to 2009 on
hospitality workers” SHS exposure before and after implementation of smoking bans in public
places (Polanska, Hanke et al. 2011). At least 10 studies on this topic have been published since
2009.

In China, 63% of adult males were current smokers in 1996, 57% in 2002 and 54 % in 2010,
while current smoking rate of females were lower than 4%. The huge difference of current
smoking rate between genders indicates that SHS exposure is a serious issue for both females
and children. A total of 740 million nonsmokers were potentially exposed in 2010, including 182
million children exposed. Of those nonsmoking adults exposed to SHS, 72% were in public
places, compared to 67% at homes and 63% in work places in 2010 (Xiao, Yang et al. 2010).
SHS was estimated to cause 22,000 lung cancer deaths and 33 800 ischaemic heart disease
deaths in 2002, with women bearing 80% of the total burden (Gan, Smith et al. 2007). However,
smoke-free legislation in China is quite limited.

In 1979, the Chinese Ministry of Health and the ministries of Finance, Agriculture and Light
Industry issued a notice named Circular on the Publicity of the Harms of Smoking and Tobacco
Control (5%T W A4 55 55 42 1 WK I (/)3 %), the first official document on tobacco control in
China (Kinglun Ngok and Dian Li 2010). Since then the Central Patriotic Public Health
Campaign Committee, the Ministry of Railways and the Civil Aviation Administration of China
have also made their own separate announcements of prohibiting smoking in public
transportation and restricting smoking in public places. The first anti-tobacco legislation in
China, the People’s Republic of China Tobacco Monopoly Law (714 A B30 [ R 2 % 529%),
was passed in 1991 and took effect in 1992. As well as mandating scientific research and
technological development of tobacco monopoly commaodities to improve the quality of tobacco
products and reduce tar and other hazardous materials in these products, the law also prohibits or
restricts smoking on public transports and in public places and bans smoking by students. The
Law on the Protection of Minors (A s A f-$71%), also passed in 1991, prohibits smoking in
classrooms, dorms and activity halls of middle or elementary schools, kindergartens, daycare
centers and other social venues for minors.
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Since the 1980s, the government has issued regulations to restrict smoking in public places.
In 1987, the State Council promulgated the Health Regulations in Public Places (23t P4
EHLZ); in 1991, the Ministry of Health issued implementation details for these regulations,
which banned smoking in sports stadiums, libraries, museums, art galleries/museums, shopping
malls, book stores, waiting rooms of public transportation and trains, ferries and passenger
planes. In 1997, the Smoking Ban in Public Transports and Waiting Rooms (5% F-1E A 383 &
HL A = 2% YR ) 45 51) was passed, prohibiting or restricting smoking in airplanes, trains,
ships, buses, subways, etc. Some provinces and cities also passed their own regulations
restricting smoking in public places. By October 2006, about 46% of the cities in China had
some kind of smoking restrictions, mostly including hospitals, schools, post offices, financial
business halls and public places listed by the national regulations listed above. However,
smoking in hospitality venues is generally not regulated (Yang, Jiang et al. 2008).

In 2006, the WHO FCTC became effective in mainland China (WHO 2011). Since then,
smoking policies changed rapidly in public places, especially in restaurants. In January 2007, the
Beijing Health Bureau and the Chinese Center for Disease Control and Prevention (CDC) called
for voluntary smoking bans in restaurants in Beijing. On May 1st 2008, the Beijing government
passed a regulation requiring large restaurants (the dimensions were not specified) within the city
to prohibit or restrict smoking. Several other big cities, including Shanghai, Guangzhou,
Hangzhou, and Yinchuan, have followed Beijing in the regulation of smoking in public places.
Because the government is commited to the WHO FCTC, China must provide universal
protection against SHS exposure within five years of the treaty’s entry into force in China (WHO
2011). On May 1st 2011, the Chinese Ministry of Health implemented the revised
implementation guidelines of the Health Regulations in Public Places (/A 347 i B4 & 5 44 51))
issued in 1987 to tighten its rules ofrestricting smoking in all indoor public places including
restaurants and bars. See Figure 4.1 for the changes of smoking policies in Beijing from 2006 to
2011.

However, because the State Tobacco Monopoly Administration (STMA) plays an important
role in developing, passing and enacting tobacco control policies, and tax revenue is an important
part of local governmental revenues (Kinglun Ngok and Dian Li 2010), both national and local
smoke-free legislations do not meet the recommendations outlined by the guidelines of
implementing Article 8 of WHO FCTC.

Since smoke-free policies in restaurants and bars have just recently come to the attention of
the Chinese population, there is little evidence on evaluating their efficacy. Given that China has
about one-third of the world’s total smokers (CDC 2010), it is important to add the evidence
from China to the existing pool of scientific literature on smoking policy evaluation. The rapid
changes of smoking policies in Beijing restaurants and bars provide a good opportunity to
evaluate the efficacy of different policies. Environmental SHS concentrations in restaurants and
bars have been monitored in the years 2006, 2007, 2008 and 2010 (Figure 4.2), with overlaps of
venues in each two years (Figure 4.3). This chapter will compare the smoking restrictions in
restaurants and bars to the guidelines of Article 8 of the WHO FCTC, and evaluate the efficacy
of different smoking policies adopted from 2006 to 2010 in Beijing restaurants and bars using
the data collected in those four years. To compare the evaluation results to other studies, a review
of the literature on evaluating smoking restrictions in restaurants and bars was also conducted.
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Figure 4.1 Tobacco control activities in restaurants and bars from 2006 to 2011
FCTC: Framework Convention of Tobacco Control

Feb-Aug, 2006 Oct-Dec, 2008
91 venues 94 venues
Jul-Aug, 2007 Aug, 2010
85 venues 79 venues

Figure 4.2 Timeline of SHS monitoring in restaurants and bars in Beijing from 2006 to 2010

2006, 07: n=23
2007, 08: n=52

2007, 2010: n=65

2008, 2010: n=44

2010: n=79
Figure 4.3 Sample size and sample overlaps of venues of the four studies from 2006 to 2010
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4.2 Methods

4.2.1 Comparing Smoking Restrictions in China to the Implementation of Guidelines of
the WHO FCTC Article 8

Regulations restricting smoking in China were compared with the key principles of effective
legislation protecting people from SHS exposure, as identified by the guidelines of implementing
Article 8 of the WHO FCTC.

4.2.2 Evaluating the Efficacy of Different Smoking Policies in Beijing Restaurants and
Bars

Data collected by four studies conducted from 2006 to 2010 were used to evaluate the
efficacy of different smoking policies in Beijing Restaurants and Bars: self-motivated voluntary
smoking bans by restaurant and bar owners, government-encouraged voluntary smoking bans,
and governmental regulatory smoking restrictions (Figure 4.1).

4.2.2.1 SHS monitoring from 2006 to 2008

According to the Standards of Industry Classification issued by the National Statistics
Agency of China, hospitality venues are classified into five categories: Chinese restaurants,
Chinese fast food restaurants, Western restaurants, Western fast food restaurants, and bars. In
2006, a convenience sample was selected from each of these categories in different districts of
Beijing, with consideration of venue size and average expenses per patron per visit; a total of 92
venues (82 restaurants and 10 bars) were selected. In 2007, a similar sampling approach was
used, except that venue selection was restricted to two of the eight districts due to logistical
issues. Venues were sampled from each of the five categories in the ratio of 10:1:1:1:3 according
to the number of restaurants and bars listed on website yellow page, Venues monitored in 2006
in these two districts were also included. Twenty one restaurants and two bars were followed
from 2006 to 2007, and another 50 restaurants and 12 bars located in the same two districts were
conveniently selected, resulting in 85 venues (71 restaurants and 14 bars) included in 2007. In
2008, the Chinese CDC released a list of the first 100 restaurants which prohibited or restricted
smoking as required by the 2008 smoking regulation. Forty four venues were conveniently
selected from that list and 52 from the list of venues monitored in 2007, with data from 94
venues (87 restaurants and seven bars) available for analysis.

The same standard protocol for data collection was used from 2006 to 2008. Trained staff
from the Chinese CDC visited each venue during peak patronage times as patrons, sat on a table
as close to the center of the dining area as possible, bought some food or drinks, placed a bag
with a real-time fine particulate matters (PM2s) monitor (TSI SidePak AM510 Aerosol Monitor,
TSI, St. Paul, Minnesota, USA) on the table or a chair, with the sampling inlet close to the
breathing zone, and monitored PM, s concentrations for at least 30 minutes. They asked servers
about the smoking policy in the venue, examined whether there were any nonsmoking signs, and
counted the number of total patrons and active smokers right after entering and before leaving
the dining area and every 15 minutes during their stay there. They also measured the dimensions
of the dining area with a sonic meter or estimated the dimensions when the area was irregular in
shape. Outdoor PM, s concentrations were also monitored for at least five minutes either right
before entering or after leaving each venue. For each visit, the difference between the average
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indoor and outdoor PM;s concentration was multiplied with an adjustment factor of 0.32,
suitable for SHS (Hyland, Travers et al. 2008), and was taken as SHS related PM, 5 (SHS PM).
For venues with designated smoking and nonsmoking sections, all the measurements and
observations were made in nonsmoking sections only. Field work was conducted from February
to August in 2006, July to August in 2007 and October to December in 2008.

4.2.2.2 SHS monitoring in 2010

Details of venue selection and SHS monitoring in 2010 were presented in Chapter 2. A total
of 79 venues were included in 2010, with 65 venues included in the 2007 study, 44 included in
the 2008 study, and 15 monitored in all the four years from 2006 to 2010. See Figure 2.1 in
Chapter 2 for details of venue selection. In all these venues, PM,s measurements and
observations during peak patronage times were conducted following the same protocol used from
2006-2008, except that they were made for one hour indoor, simultaneously in both designated
smoking and nonsmoking sections whenever possible, and during both lunch and dinner times in
some venues. Airborne nicotine was also sampled during peak patronage time, using filters
(EMFAB, Pall part #7217) treated with sodium bisulfate and pumps with flow rate set to 2
L/min. Each team of two investigators carried one field nicotine filter blank each day. In
addition, 43 volunteer nonsmoking servers who worked full daytime shifts were recruited to
conduct personal airborne nicotine sampling (Chapter 2). The monitor protocol was approved by
the Committee for Protection of Human Subjects at University of California, Berkeley.

4.2.2.3 Data analysis

Both cross-sectional and longitudinal comparisons of SHS concentrations and patrons’
smoking behaviors were conducted by different nominal smoking policies or changes of smoking
policies. SHS was indicated by SHS PM or air nicotine, and patrons’ smoking behavior was
indicated by active smoking rate (ASR, percentage of adult patrons that were observed smoking
anytime during sampling). The nominal smoking policy in a venue was defined according to
investigators’ observations during peak-patronage-time sampling. If only nonsmoking signs were
observed and no smoking sections were observed, it was categorized as prohibiting smoking and
the venue was referred to as a nonsmoking venue; if both smoking and nonsmoking signs were
observed, it was categorized as restricting smoking and the venue was referred as a venue
restricting smoking; and if nonsmoking signs were not observed anywhere or no non-smoking
section was observed, it was categorized as allowing smoking and the venue was referred to as a
venue allowing smoking. For venues with monitoring during both lunch and dinner times in
2010, the average of these two periods were used.

Data on both SHS concentrations and patrons’ smoking behaviors were skewed and
nonparametric analysis were used. StatalC11 (College Station, Texas) was used for all the data
analysis.

4.2.3 Literature Review of Studies on Evaluating the Efficacy of Smoking Restrictions in
Restaurants and Bars

Almost all published papers on this topic have been based on pre- and post- restriction
changes on one or multiple aspects of the following: self-reported SHS exposure, self-reported
SHS-related health symptoms like respiratory and sensory irritation symptoms, airborne
concentrations of SHS tracer(s), biomarker concentrations of SHS tracer(s), site inspection on
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patrons’ and/or servers’ smoking behavior in restaurants and bars, presence of nonsmoking signs
or ashtrays, etc. Because regulations are most often based on airborne concentrations of a
pollutant of interest in the environment and intended to reduce the concentration to a certain
level perceived to be safe, environmental measurements provide the most relevant evidence of
evaluating a regulation. Thus, the literature review in this chapter focused on changes of
environmental concentrations of SHS tracers in restaurants and bars after a smoking restriction.
In addition, the literature review focused on studies using the two most commonly used tracers,
airborne nicotine and PM (or respirable suspended particles [RSP] in some studies), though
some studies also measured other tracers, like carbon monoxide, 3-EP, PPAH, etc.

Literature search was conducted via the Web of Knowledge website using a combination of
any one of the three terms: “secondhand smoke”; “environmental tobacco smoke”; and “tobacco
smoke pollution” with (“and”) any one of the four terms “restaurant”, “bar”, “public places” or
“hospitality”. A total of 446 papers were identified after excluding duplicates and papers in
languages other than English. Abstracts of these 446 papers were screened to identify related
studies. Papers were excluded if they met any one of the following criteria: 1) did not evaluate
any smoking policy; 2) did not include any restaurants or bars; 3) were reviews; 4) did not
include any environmental measurements (either by area sampling or personal airborne SHS
sampling); or 5) did not report any statistic metrics of mean, median or geometric mean of
measurements or did not provide data to derive any of those statistic metrics. If two or more

studies used the same data, the most recently published one was included.

All identified studies were summarized; SHS concentrations indicated by airborne nicotine
and particulate matter before and after related smoking restrictions were contrasted by bar
graphs. When multiple statistical metrics were reported, a statistical metric was chosen based on
the following priority: median, geometric mean and arithmetic mean, to represent SHS
concentrations of interest. These metrics were used to calculate the percentage decrease of SHS
concentrations after a related smoking restriction compared to pre-ban levels (percentage change
= (1-postban level/preban level) =< 100%). Thus the percentage change reported in this chapter
might be different from the ones reported in the original papers due to the use of different
statistic metrics for the calculation.

4.3 Results

4.3.1 Comparing Smoking Restrictions in China to the Implementation Guidelines of the
WHO FCTC Article 8.

Compared with the guidelines of implementing Article 8 of the WHO FCTC, smoking
regulations in China, including the Beijing governmental regulation in 2008 and the tightened
smoking restrictions in all indoor places national wide in 2011, are much weaker in the following
aspects:

1) They do not clearly specify that 100% smoke free environments are required, and
designated smoking areas are allowed (except the tightened smoking restrictions in all indoor
places nationwide in 2011, which does require 100% smoke free environments).

2) In many regulations, only certain types of public places are included; restaurants and bars,
especially those with small areas, are often exempted; in the tightened smoking restrictions in all
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indoor places national wide in 2011, definition of public places where smoking should be banned
is not clear and is limited to 13 types of places like cinemas, shopping malls, public
transportations, etc.. They do not include all public places, and thus do not provide universal
protection of all people.

3) They do not specify authorities responsible for enforcement.
4) They do not clarify fines or other monetary penalties for violations.
Details of comparison are listed in Table 4.1.
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Table 4.1 Comparisons between local and the 2011 national smoking restriction in China and the

guidelines of FCTC Article 8

FCTC Article 8 guidelines (WHO 2007)

local and national smoke-free restrictions in
China(Yang and Hu 2010; Chinese CDC 2011)

create 100% smoke free environment

universal protection from SHS exposure in all
indoor workplaces and all indoor public places
legislation is necessary to protect people from
SHS exposure; voluntary smoke free policies do
not provide adequate protection; legislation
should be simple, clear and enforceable

good planning and adequate resources for

implementation and enforcement

o specify duty of compliance, including post
clear signs, remove any ashtrays, supervise the
observance of rules and talk reasonable
specified steps to discourage smoking

e specify fines or other monetary penalties for
violations

eidentify the authority or authorities
responsible for enforcement and include a
system both for monitoring compliance and
for persecuting violators

involve civil society in the process of developing,
implementing and enforcing legislation: raising
awareness among the public and opinion leaders
about the risks of SHS exposure, public education
campaigns to pass key message on SHS hazards,
effective measures to eliminate SHS and
economic impacts, broad consultation with
stakeholders to educate and mobilize the
community and to facilitate support for
legislation

monitor and evaluate the implementation and
enforcement of smoke free legislation

strengthen and expand the protection of people
from SHS exposure by including new or amended
legislation, and improving enforcement and other
measures

not 100% smoke free, designates smoking areas
allowed (except the 2011 smoking restriction)

poor definition of public places; not including all
indoor workplaces

No specific regulations to restrict smoking; all
smoking restrictions are just one small section of
regulations of much broader issue, such as public
health; the 2011 smoking restriction was just
mentioned in one article of the revised
implementation guidelines of Health Regulations in
Public Places; restrictions are vague and not
enforceable.

Limited planning and resources for implementation
and enforcement

eno specification on what reasonable steps
should be taken to discourage smoking

¢ no specification on penalties for violation

e no specification on the authority responsible for
enforcement

limited public education and campaigns; poor
public awareness of health hazards from SHS
exposure; poor public awareness of the smoking
restrictions; limited involvement of civil society in
the process of developing, implementing and
enforcing the smoking restrictions

limited sources and efforts on the monitoring and
evaluation

More and more public places are
however, enforcement remains poor

included,
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4.3.2 Evaluating the Efficacy of Different Smoking Policies in Beijing Restaurants and
Bars

4.3.2.1 Cross-sectional analysis of the four studies

Smoking was observed in two of the 16 nonsmoking venues/sections in 2006 and only in
venues allowing smoking in 2007, while in 2008 and 2010, smoking was observed in half of the
nominal nonsmoking venues or sections (Figure 4.4). The median (inter quantile range, IQR) of
SHS PM concentrations in restaurants and bars was 53 (6-173), 83 (19-197), 18 (1-46), and 27
(4-93) pg/m® in 2006, 2007, 2008, and 2010, respectively. For the first three years, observed
active smoking rate (ASR) was lowest in nonsmoking venues, followed by nonsmoking sections.
In 2010, it was higher in nonsmoking venues than in nonsmoking sections. Similar trends were
observed for SHS PM (Table 4.2). Kruskal-Wallis rank tests showed that in each year, both ASR
and SHS PM levels were significantly different among venues or sections with different nominal
policies. In all the four years, SHS PM levels were much higher in venues or sections where
smoking was observed than where smoking was not observed (Table 4.2). Two-sample
Kolmogorov-Smirnov tests showed no significant difference of ASR or SHS PM in restaurants
and in bars each year (data not presented).

4.3.2.2 Longitudinal changes of SHS concentrations and patrons’ smoking behavior

None of the 23 venues followed from 2006 to 2007 changed their smoking policies, and
both ASR and SHS PM increased non-significantly (p > 0.1) (Table 4.3). Compared to 2007, 31
venues adopted stricter smoking policies (which changed from allowing smoking to
restricting/prohibiting smoking or from restricting to prohibiting smoking) in 2008 and 33 in
2010, with the median SHS PM level decreased 79% (p = 0.0001) in 2008 and 72% in 2010 (p =
0.0025); in venues without any policy changes, SHS PM levels reduced 82% (p=0.0009) in 2008
and 47% in 2010 (p=0.034). That is, SHS PM concentrations in 2008 and 2010 all decreased
significantly, compared to 2007, regardless of smoking policy changes. ASR among patrons
decreased non-significantly in venues with stricter smoking policies in 2008 or 2010, but
increased non-significantly in those venues without policy changes. Five of the 44 venues
followed from 2008 to 2010 adopted stricter smoking policies while seven changed to less strict
ones. Neither SHS PM levels nor ASR changed significantly (all p > 0.2) in these 44 venues,
regardless of their policy changes (Table 4.3).

A total of 15 venues were followed in four years from 2006 up until 2010. Two venues
restricted smoking in 2006 and 2007. Six prohibited smoking and four restricted smoking in
2008, with four of these 10 venues with smoking observed during sampling. In 2010, one
restaurant changed its smoking policy from restricting to prohibiting smoking while four venues
changed to less strict smoking policies or allowing smoking again. Smoking was observed in
four of the seven nonsmoking venues or sections. SHS PM concentrations changed randomly
from 2006 to 2007, and decreased in most venues in 2008, except in one which newly prohibited
smoking in 2008 while 5% of the adult patrons were observed smoking. SHS PM concentrations
in 2010 all increased to some extent compared to 2008, except in five venues (Table 4.4 and
Figure 4.5). Non-parametric trend test showed no significant trend during the four years (p =
0.15).
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4.3.2.3 Simultaneous monitoring in designated smoking sections and nonsmoking sections
in 2010

Simultaneous observations and sampling were conducted in nominally designated smoking
and non-smoking sections of 15 venues restricting smoking in 2010. ASR in designated smoking
sections [mean (SD): 6.6% (5.5%); median (IQR): 4.7% (1.0%-12.4%)] was significantly higher
than that in designated nonsmoking sections [mean (SD): 0.5% (1.0%); median (IQR): 0 (O-
0.7%)]. The median airborne nicotine level in designated nonsmoking sections [mean(SD): 1.4
(1.7) pg/m®; median (IQR): 0.6 (0.3-2.1) g/m®] was about 40% of that in designated smoking
sections [mean(SD): 4.4 (5.4) pg/m®; median (IQR): 1.5 (1.1-6.7) jg/m?] and this was also true
for SHS PM levels [designated nonsmoking sections: mean(SD): 27 (24) pg/m®, median (IQR):
24 (11-39) pg/m*; smoking sections: mean(SD): 96 (90) pg/m®, median (IQR): 62 (16-198)
g/m3]. Wilcoxon matched-pairs signed-rank test showed p < 0.01 for comparison of each of
these indicators between designated smoking and nonsmoking sections.

4.3.2.4 Full-shift personal airborne nicotine sampling in 2010

For the eight volunteers working in venues allowing smoking, the mean (SD) of their time
weighted average nicotine levels during their working shifts was 3.6 (2.2) ug/m?®, and the median
(IQR) was 3.0 (1.7-5.9) pg/m?. For volunteers working in venues nominally prohibiting smoking
(19 subjects) or restricting smoking (13 subjects), their airborne nicotine levels were quite
similar, with a mean (SD) of 3.4 (2.8) pg/m® and 3.4 (2.6) ug/m®, respectively, and a median
(IQR) of 2.54 (1.1, 5.4) pg/m® and 2.5 (1. 2, 5.7) pg/m®, respectively. Kruskal-Wallis test
showed no difference of nicotine level exposure of volunteers working in venues with different
nominal smoking policies (Figure 4.6).
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Figure 4.4 Nominal smoking polices and percentage of nominally nonsmoking venues/sections with

smoking observed in each year

Notes: prohibit smoking: smoking was not allowed at all, with nonsmoking signs only in the venue; restrict
smoking: smoking was allowed in designated smoking sections, with both nonsmoking signs and smoking signs in
the venue; allow smoking: smoking was allowed everywhere in the venue, with no non-smoking signs at all.
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Table 4.2 SHS PM concentrations and active smoking rates (ASR) in venues by smoking policies,
Beijing, China, 2006-2010

of SHS PM (ug/m°) ASR (%)
visits mean (SD)  median (IQR) mean (SD) median (IQR)
2006
Nominal Policy p =0.0001 p =0.0001
nonsmoking venues 11 4(7) 0 (0-9) 0.00 (0.00) 0.00 (0.00-0.00)
nonsmoking sections 5 18 (17) 22 (0-34) 2.52 (5.26) 0.00 (0.00-0.71)
smoking venues 75 154 (187) 71 (23-220) 4.65 (4.02) 3.66 (1.85-6.64)
Smoking Observed or Not p <0.0001 p <0.0001
no 20 45 (120) 0 (0-20) 0.00 (0.00) 0.00 (0.00-0.00)
yes 71 152 (186) 71 (29-181) 5.09 (4.00) 3.85 (2.13-6.69)
Total 91 129 (179) 53 (6-173) 3.97 (4.11) 3.16 (0.71-6.10)
2007
Nominal Policy p = 0.0009 p = 0.0003
nonsmoking venues 7 10 (21) 0 (0-14) 0.00 (0.00) 0.00 (0.00-0.00)
nonsmoking sections 2 4 (5) 4 (1-8) 0.00 (0.00) 0.00 (0.00-0.00)
smoking venues 76 181 (221) 108 (31-234) 5.27 (5.65) 3.34 (1.45-7.65)
Smoking Observed or Not p <0.0001 p <0.0001
no 23 54 (100) 14 (0-59) 0.00 (0.00) 0.00 (0.00-0.00)
yes 62 204 (232) 119 (37-267) 6.45 (5.60) 5.48 (2.17-8.82)
Total 85 163 (215) 83 (19-197) 4.71 (5.58) 2.68 (0.00-6.98)
2008
Nominal Policy p =0.042 p =0.004
nonsmoking venues 65 36 (65) 8 (0-38) 1.59 (2.49) 0.00 (0.00-2.94)
nonsmoking sections 13 26 (28) 14 (5-29) 2.49 (2.81) 0.91 (0.38-5.00)
smoking venues 16 55 (54) 33 (16-77) 5.08 (5.09) 4.68 (0.00-6.83)
Smoking Observed or Not p <0.0001 p <0.0001
no 49 13 (22) 5 (0-19) 0.00 (0.00) 0.00 (0.00-0.00)
yes 45 64 (75) 36 (18-78) 4.82 (3.34) 4.74 (2.74-5.88)
Total 94 38 (60) 18 (1-46) 2.31(3.34) 0.00 (0.00-4.17)
2010
Nominal Policy p =0.046 p =0.0001
nonsmoking venues 51 79 (171) 27 (0-72) 3.01 (4.57) 0.85 (0.00-4.27)
nonsmoking sections 21 22 (24) 15 (1-36) 0.52 (0.93) 0.00 (0.00-0.68)
smoking sections 16 90 (90) 43 (7-198) 6.47 (5.33) 4.43 (1.63-12.22)
smoking venues 33 78 (76) 40 (8-152) 5.93 (5.85) 4.66 (2.82-8.10)
Smoking Observed or Not p <0.0001 p <0.0001
no 44 47 (155) 4 (0-28) 0.00 (0.00) 0.00 (0.00-0.00)
yes 77 84 (99) 44 (22-134) 5.81 (5.13) 4.17 (2.47-8.17)
Total 121 70 (124) 27 (4-93) 3.83 (5.09) 2.31 (0.00-5.56)

Notes: p values are based on Kruskal-Wallis rank tests for subgroups under “Nominal Policy” and two-sample
Kolmogoror-Smirnov tests for subgroups under “Smoking Observed or not”;
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Table 4.3 Longitudinal comparison of SHS PM concentrations and active smoking rates (ASR) in venues
followed in different years, Beijing, China, 2006-2010

changes of SHS PM concentrations ASR
sm(_)k_inga median (IQR), Lg/m® chan%e ¢ median (IQR) (%) chan%e ¢
policies _ (%) _ (%)
n baseline follow-up baseline follow-up
2007 vs. 2006
no changes 23 36 (10-89) 93(8-293)  +158 0.16 2.30(0.00-6.69) 2.68 (0.00-6.64) +17 0.71
2008 vs. 2007
stricter 31 105(29-197) 22 (8-46) -79 0.0001 2.97 (1.68-6.62) 2.17 (0.00-5.00) -27 0.07
nochanges 21 111 (14-267) 20 (5-66) -82 0.0009 1.71 (0.00-6.02) 1.82(0.00-5.88) +6 0.87
total 52 108 (20-234) 21 (7-50) -81 0.0001 2.45(1.27-6.44) 2.00 (0.00-5.22) -18 0.14
2010 vs .2007
stricter 33 88(29-134)  25(3-53) -72 0.0025 2.88 (1.52-6.25) 1.15(0.00-3.63) -60 0.06
no changes 32 53(3-184) 28 (0-101)  -47 0.034 1.76 (0.00-6.42) 2.92 (0.00-5.96) +66 0.95
total 65 70(14-151) 27 (1-80) -62 0.0003 2.17 (0.00-6.25) 1.67 (0.00-4.66) -23 0.23
2010 vs. 2008
stricter 5 24 (19-29) 32(20-70) +31 0.50 0.66 (0.00-5.00) 2.83(1.15-3.63) +327 0.89
no changes 32 20 (5-50) 27 (2-79) +38 0.34 1.36 (0.00-4.93) 1.43(0.00-3.75) + 5 0.72
less strict 7 25 (7-85) 35(12-101) +40 0.74 2.17 (0.00-7.41) 3.02 (0.00-5.66) +39 0.80
total 44 23 (7-54) 31 (8-79) +34 0.24 1.36 (0.00-5.00) 1.85(0.00-4.21) +35 0.88

Notes: ? stricter: smoking policy in the follow-up year changed from allowing smoking in the baseline year to
restricting or prohibiting smoking or from restricting smoking in the baseline year to prohibiting smoking; less strict:
with changes in the other way; ° percentage of change from baseline median level to follow-up median level, +
means it increased and — means it decreased; ¢ p values were based on Wilcoxon matched-pairs signed-rank tests.
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Table 4.4 Changes of nominal smoking policy, observed active smoking rate (ASR, %) and SHS PM (pg/m?) in 15 venues, Beijing, China, 2006-
2010

2006 2007 2008 2010
I A A
restaurant 1 allow 1.64 44 allow 7.19 126 prohibit 5.00 306 prohibit 1.56 101
restaurant 2 allow 6.69 306 allow 2.97 93 prohibit 4.74 38 prohibit 10.84 134
restaurant 3 allow 3.16 0 allow 6.25 50 prohibit 0.00 0 prohibit 0.00 0
restaurant 4 allow 2.89 23 allow 1.28 13 restrict 0.00 1 prohibit 9.60 70
restaurant 5 allow 6.80 136 allow 6.64 293 prohibit 0.00 25 restrict 0.00 31
restaurant 6 allow 0.00 406 allow 4.35 496 prohibit 9.09 85 allow 3.02 101
restaurant 7 allow 6.67 46 allow 1.82 184 prohibit 0.00 7 allow 5.65 70
restaurant 8 allow 9.88 539 allow 14.81 298 restrict 2.17 75 allow 7.80 161
restaurant 9 allow 3.23 89 allow 14.08 493 allow 3.95 36 allow 13.79 189
restaurant 10 allow 6.64 36 allow 7.46 135 allow 6.82 0 allow 2.78 25
restaurant 11 allow 2.30 26 allow 1.82 77 allow 0.00 20 allow 0.00 13
restaurant 12 restrict 0.71 34 restrict 0.00 8 restrict 0.91 0 restrict 0.00 81
restaurant 13 restrict 11.91 35 restrict 0.00 1 restrict 0.38 0 restrict 1.11 0
bar 1 allow 2.13 10 allow 4.17 267 allow 14.29 126 allow 3.09 3
bar 2 allow 8.14 482 allow 1.67 28 allow 0.00 12 allow 12.36 27
mean 4.62 124 5.20 181 3.38 51 4.23 70
median 3.20 40 426 131 154 23 2.90 70
IQR 2.17-6.69 28-124 1.82-7.05 57-287 0-4.94  0-66 0.28-7.26  16-101

IQR: Inter quantile range

Notes: prohibit smoking: smoking was not allowed at all, with nonsmoking signs only in the venue; restrict smoking: smoking was allowed in designated
smoking sections, with both nonsmoking signs and smoking signs in the venue; allow smoking: smoking was allowed everywhere in the venue, with no non-
smoking signs at all.
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Figure 4.5 Changes of smoking policies and SHS PM levels in each of the 15 venues followed up in all
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Figure 4.6 Personal airborne nicotine sampling for full shifts by different nominal smoking policies in
2010
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4.3.3 Literature Review of Studies Evaluating the Efficacy of Smoking Restrictions in
Restaurants and Bars

A total of 28 papers meeting all the criteria were identified. Results from one paper (Semple,
Creely et al. 2007) were included in a more recent paper (Semple, van Tongeren et al. 2010) and
results from two papers (Lee, Hahn et al. 2007; Lee, Hahn et al. 2008) were included in a later
paper (Lee, Hahn et al. 2009). These three papers were excluded, resulting in 25 papers for the
final review.

The 25 studies evaluated the efficacy of 28 national or local smoking legislations around the
world on reducing SHS concentrations in restaurants and bars, five of which were partial
smoking bans with some exemptions (Johnsson, Tuomi et al. 2006; Lee, Hahn et al. 2009; Nebot,
Lopez et al. 2009; Erazo, Iglesias et al. 2010; Gleich, Mons et al. 2011). All studies except one
(Barnoya, Arvizu et al. 2011) used repeated measurements for the evaluation. Eight studies used
airborne nicotine, 19 studies used particulate matters and one used both as indicators of SHS
(Ellingsen, Fladseth et al. 2006) in the environments. Seven of the nine studies including
measurements of airborne nicotine used area passive nicotine sampling developed by Hammond,
et al (Hammond and Leaderer 1987) and the other two used sorbent tubes. Ten of the 16 studies
including particulate matters measured PMjs using TSI SidePak AM510 (Minnesota, TSI
Incorporated), five used other real-time measurements and one used gravimetric sampling of
total dust. Table A4-A5 in the appendix summarized all the 25 studies.

For restaurants and bars which adopted complete smoking bans (prohibiting smoking
everywhere), airborne nicotine concentrations decreased 94% on average (SD 6%), with a
median of 96% and a range of 82% to almost 100%, compared to concentrations before the bans;
air concentrations of particulate matters decreased 78% on average (SD 22%), with a median of
88% and a range of 18% to 96%. However, partial smoking restrictions, which exempted some
restaurants and/or bars, did not reduce airborne nicotine concentrations significantly, with
percentage changes ranging from -57% to 13%. Particulate matters did not change significantly
in one study (Lee, Hahn et al. 2009) while decreased 87% in another study (Gleich, Mons et al.
2011) after partial smoking bans. See Figure 4.7 and 4.8 for details.
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Figure 4.7 Changes of airborne nicotine concentrations before and after smoking restrictions in
restaurants and bars

Notes: 1) % change=(1-post-banl/pre-ban)><100%;

2) n: number of venues included in both pre-ban and post-ban monitoring; n1: number of venues included
in the pre-ban monitoring; n2: number of venues included in the post-ban monitoring;

3) # Finland Tobacco Control Act was implemented in stages to restrict smoking in restaurants and bars:
since 2000 March, smoking area < 70 % for venues >100 m®; since 2001 July, smoking area should <
50% if a client area >50 m?% since 2003 July the restrictions were more intensive. The three post-ban
monitoring was conducted after each stage, respectively;

4) * the Spain smoking restriction was a partial smoking ban with some exemptions, only data for venues
completely prohibited smoking after the restriction were included in this graph

5) ** data were for partial smoking bans with some exemptions;

6) when multiple statistics are available, the statistic used in this graph was chosen in the following order:
median, geometric mean (GM), arithmetic mean.
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Figure 4.8 Changes of airborne concentrations of particulate matters before and after smoking restrictions
in restaurants and bars

Notes: 1) * data were for partial smoking bans with some exemptions, all others were for complete
smoking bans;

2) % change=(1-post-banl/pre-ban)>=<100%;

3) n: number of venues included in both pre-ban and post-ban monitoring; nl1: number of venues included
in the pre-ban monitoring; n2: number of venues included in the post-ban monitoring;

4) when multiple statistics are available, the statistic used in this graph was chosen in the following order:
median, geometric mean (GM), arithmetic mean.
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4.4 Discussion

4.4.1 The Guidelines for Effective Smoke-free Legislation

The guidelines for implementing Article 8 of the WHO FCTC are based on best practices
worldwide to protect people from SHS exposure. Though the implementation guidelines of the
1987 Health Regulations in Public Places (72 3tz Fr 124 % PE %% 5]) were revised and
implemented in 2011 to tighten rules to prohibit smoking in all indoor public places, including
restaurants, it is still far removed from the requirements of the treaty: it does not specify
penalties for violations; and, like most other local regulations, it does not ban smoking in all
indoor public places or workplaces. There are difficulties in violation reporting, law enforcement
and monitoring; no specific funding has been assigned for corresponding antismoking efforts,
etc. (Lv, Su et al. 2011). For these reasons, it can be expected that the enforcement of smoking
restrictions, including the 2008 Beijing governmental regulation, will be poor and the efficacy
limited. The evaluating study in this chapter strongly indicated that the guidelines of
implementing Article 8 of the WHO FCTC should be followed wherever possible for smoke-free
legislations to reach maximal effect.

4.4.2 The Efficacy of Comprehensive Smoking Bans in Restaurants and Bars Worldwide

According to the WHO guidelines for ambient air quality, the annual average PM;s
concentration should not exceed 10 pg/m® and the 24-hour average PM, s concentration should
not exceed 25 pg/m® (WHO 2005). Before the smoking ban, the average indoor PM,s
concentrations in restaurants and bars was sometimes more than 10 times higher than the WHO
24-hour average exposure limit, while after smoking was completely prohibited, a median 88%
decrease was observed, with most of the PM, s concentrations below the WHO 24-hour exposure
limit. Due to other sources of indoor particulate matters, this decrease seemed to underestimate
the efficacy of complete smoking bans. Studies using airborne nicotine, a specific SHS tracer,
showed a median of 96% reduction of SHS after the bans.

The Chinese government just started to include PM; s into the national air quality standards
to regulate outdoor PM, s pollutants in 2012 (Xinhua 2012). For restaurant and bar servers and
patrons in China, their exposure to indoor PM, 5 due to smoking is several times higher than the
WHO 24-hour PM, 5 exposure limit and can be more than ten times the annual exposure limits; it
is also much higher than outdoor PM;s levels in China, as indicated by the method that outdoor
PM, 5 levels were deducted from the indoor levels to derive the SHS PM levels, and the related
health risks are expected to be much higher than the risks due to exposure to outdoor PMys.
However, comprehensive smoking bans are much more cost-effective than strategies to control
outdoor PM3s levels.

4.4.3 The Efficacy of Voluntary Smoking Policy in Restaurants and Bars in Beijing

In 2006, all the voluntary smoking bans in restaurants and bars were completely self-
motivated by their owners, and in 2007, they were encouraged by the government. The
differences of SHS PM concentrations in venues with different smoking policies in 2006 and
2007 were much bigger than those in 2008 and 2010. This, in addition to patrons’ smoking
behavior observed, shows better public compliance to and enforcement of smoking regulations in
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2006 and 2007 than that in 2008 and 2010. A study showed that restaurant and bar owners who
knew more about SHS related health hazards were more willing to restrict or prohibit smoking in
their own venues (Liu, Hammond et al. 2011). In absence of governmental regulations, those
owners who voluntarily restrict or prohibit smoking in their own venues are more likely to fully
enforce the smoking policy imposed by themselves, and those patrons who prefer smoke-free
dining environments are more likely to comply with the smoking policy. However, only a few
voluntarily adopted smoking bans in 2006, and in venues followed from 2006 to 2007, none
changed their smoking policies in response to the governmental advisory on voluntary smoking
bans. In a society like China, where more than half of men smoke and where both hospitality
venue owners and patrons have limited knowledge on specific hazards related to SHS (Liu, Yang
et al. 2008; Liu, Hammond et al. 2011), it is extremely challenging to depend on voluntary
smoking bans to protect the public from SHS exposure in hospitality venues.

4.4.4 The Efficacy of the 2008 Smoking Regulation in Beijing

The 2008 smoking regulations required restaurants larger than a certain size to prohibit
smoking or at least restrict smoking to designated sections. However, no practical details on the
size or penalties for non-compliance were specified in its implementation guidelines, making the
regulation difficult to enforce.

In 2008 and 2010, many venues started to prohibit or restrict smoking in response to the
2008 smoking regulations. In these venues, the active smoking rate of patrons decreased, while
no significant changes were observed in venues without any policy changes. In all, SHS PM
decreased 78% in 2008 compared to 2007, which was close to the median decrease of 88% based
on the review of other studies worldwide. However, SHS PM concentrations in Beijing
restaurants and bars decreased in all the venues followed from 2007 to 2008 or 2010, regardless
of policy changes. The magnitude of decrease in venues with stricter policies was similar to
venues with less strict policies in 2008, while the former was larger in 2010. It indicates that the
2008 smoking regulation has positive impacts on restraining patrons’ active smoking to some
extent, and that in addition to the reduction of burning cigarettes density, other factors might
have also attributed to the reduction of indoor PM, 5, especially in 2008. The 2008 study was
conducted shortly after the Beijing 2008 Olympic Games, which might have led to more efforts
to improve both indoor and outdoor air quality in many public places, including hospitality
venues.

Smoking was observed in almost half the nominal non-smoking venues or sections in both
2008 and 2010, and different nominal smoking policies made no significant difference in the
airborne nicotine concentrations to which servers were exposed in full shifts. This indicates poor
public compliance and governmental enforcement up to two years after the ban. No significant
changes were observed on SHS concentrations or patrons’ smoking behavior from 2008 to 2010
and several venues even reverted to more lenient smoking policies. This indicates that after two
years’ implementation of the regulation, enforcement and compliance remain poor. Some venues
adopted stricter smoking policies in 2010 than in 2008, which might be a result of sporadic
governmental field supervision. Alternatively, it might be attributed to their owners’ increased
awareness of SHS hazards or the emerging trend of smoking free environments, thanks to the
implementation of smoking regulations or other tobacco control activities initiated in Beijing
during these two years, but if this is the case, the effects of these activities seemed very small.
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In venues included in the 2010 study, SHS PM concentrations or active smoking rates in
venues prohibiting smoking were higher than that in designated sections, probably because after
two years’ implementation of the regulation, some patrons and owners became used to the fact
that no material punishments would be imposed and thus became used to ignoring the
nonsmoking signs, especially when there was no contrast of smoking and nonsmoking signs;
some owners even removed the existing nonsmoking signs, switching back to more permissive
smoking policies. This is consistent with WHO’s finding that compliance to smoking restrictions
in hospitality venues are often poor and even apparently absent in many developing countries
(IARC 2009). This emphasizes WHO’s recommendation that: “Passing a policy is only one part
of the process of protecting a population from exposure to SHS; both public education and
enforcement efforts are necessary when the smoke-free policy is implemented” (WHO 2009).

4.45 The Efficacy of Restricting Smoking to Designated Sections

There is no known safe level of SHS exposure, and the most effective way to protect people
from SHS exposure is 100% comprehensive smoking bans (USDHHS 2006; WHO 2009). No
improvement in air quality was found after legislation in March 2000 that introduced
nonsmoking areas in some bars and restaurants in Finland (Johnsson, Tuomi et al. 2006). In this
study, according to simultaneous monitoring in both smoking and nonsmoking sections, the
median PMy5 or air nicotine concentration in nonsmoking sections was still 40% of that in
smoking sections. Thus restricting smoking can reduce but cannot eliminate patrons’ exposure to
SHS in restricts. For servers, personal sampling from nonsmoking volunteers working in venues
restricting smoking showed high levels of exposure to SHS. Obviously, restricting smoking
cannot protect servers from exposure to SHS, as they need to serve patrons in both smoking and
nonsmoking sections.

4.4.6 Strengths and Limitations of the Evaluating Study

The biggest strength of the evaluation study is that it is a follow-up study with four rounds
of monitoring in five years, when smoking policies in restaurants and bars changed rapidly. It
collected both cross-sectional and longitudinal data with similar protocols, offering good
opportunities to evaluate the efficacy of different smoking policies. Another strength is the
inclusion of personal sampling in the 2010 study, providing strong evidence of servers’ exposure
to SHS during their work.

There are some limitations of the study. First, longitudinal data were collected in Beijing
only, and no control cities were included in the study. This makes it difficult to attribute all the
changes in SHS concentrations and patrons’ smoking behaviors to smoking regulations only,
because other interventions like public education could also have their effects. Second,
convenience samples were used for logistical reasons, which may limit the generalization of
results from cross-sectional comparison in different years, but results from longitudinal
comparisons may be more convincing. Third, the study used PM,s as a SHS tracer for the
longitudinal analysis, which is sensitive to, but not specific to, SHS. However, the results of
PM, s sampling, observation and air nicotine sampling are consistent with each other. Lastly, the
study was conducted in different seasons of different years and not all the follow-up monitoring
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was scheduled for the same peak patronage times (e.g. lunch or dinner) or on the same day of a
week (e.g. weekdays or weekend), so the variations due to these factors cannot be estimated.

4.5 Conclusions

Although a voluntary smoking policy may be enforced better by owners and patrons may be
more compliant, adoption is rare, regardless whether it is self-motivated by owners or advised by
the government, and thus voluntary smoking bans cannot protect people universally from SHS
exposure in restaurants and bars. The 2008 smoking regulation in Beijing did restrain patrons’
smoking to some extent, but it failed to reduce significantly SHS exposures of nonsmoking
servers or patrons because of poor enforcement and compliance, unclear definition of the
smoking restriction and penalties. Restricting smoking to designated areas did not protect servers
from SHS exposure.

Smoke-free legislations in China still set standards below the requirements by the WHO
FCTC, which results in the fact that servers and patrons in restaurants and bars in Beijing are still
exposed to high levels of SHS, even after the implementation of the 2008 smoking regulation.
Because similar underlying limits of the Chinese government’s smoking ban in public places
including restaurants and bars in May 2011, similar results can be expected until the Chinese
government fully complies with the guidelines for implementation of WHO FCTC Article 8.
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Chapter 5 An Assessment of Health Risks and Mortality from
Exposure to Secondhand Smoke in Minnesota and United States
Restaurants and Bars
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5.1 Background

Secondhand smoke (SHS) has been identified as a toxic air contaminant by the California
Environmental Protection Agency (EPA) (Cal/EPA 2005) and many constituents of SHS have
been identified as hazard air pollutants (HAPs) by the U.S. EPA. Exposure to SHS has been
linked to an increased risk of many adverse health outcomes, including cancers, acute and/or
chronic respiratory illness, heart disease, etc. (USDHHS 2006). Worldwide, 40% of children and
one third of nonsmoking adults were exposed to SHS in 2004 and SHS exposure caused more
than 600,000 deaths in that year (Oberg, Jaakkola et al. 2011).

Studies show that smoking bans significantly reduce SHS exposure and improve public
health. The smoking ban in public places in Scotland reduced respiratory symptoms not only
among both smoking and nonsmoking workers in bars one year after its implementation (Ayres,
Semple et al. 2009), but also among the general population in subsequent years. Hospital
admissions of preschool and school-age children for asthma decreased 18% per year compared to
the rate before implementation of the ban (Mackay, Haw et al. 2010). Three independent reviews
on the effect of smoking bans in public places on acute myocardial infarction (AMI) consistently
show that they reduce individual risk and hospitalization for AMI (Institute of Medicine 2009;
Lightwood and Glantz 2009; Meyers, Neuberger et al. 2009).

Although efforts have been made in recent decades to protect people from SHS exposure in
public places, worldwide, only 9% of countries mandate smoke-free restaurants and bars,
covering 5% of the world population (WHO 2009). In the US, 25% of the population remains
unprotected by smoke-free regulations in restaurants and 35% in bars (ANRF 2012). Tobacco
companies have been fighting against smoking bans in restaurants and bars with a number of
excuses and strategies, and their continuing efforts to remove existing smoking bans are
sometimes successful. For example, as of October 2011, 15 U.S. municipalities that had adopted
effective smoke-free laws subsequently repealed, weakened, or postponed them due to such
efforts (ANRF 2012).

Minnesota became the first state to restrict smoking in indoor workplaces through the
Minnesota Clean Indoor Air Act in 1975. The Act primarily covered offices and retail stores. In
2003, factories and warehouses were added with provisions for smoking rooms. However, the
Act did not apply to bars and restaurants. Beginning in 2000, Minnesota cities and counties
began to pass community ordinances, some of which extended smoke-free policies to include
bars and restaurants. Up until June 2007, there were 15 Minnesota cities and counties that had
smoke-free ordinances for restaurants and bars covering 38.1+1.5% of Minnesotans (Minnesota
Department of Health 2008). In May 2007, the Minnesota Legislature passed the Freedom to
Breathe Act of 2007, a comprehensive smoke-free law covering indoor public places and
workplaces, including bars and restaurants. The law went into effect in October 2007. However,
a bill has been proposed to repeal the comprehensive smoking ban to allow smoking in
Minnesota bars in 2011 (Minneapolis St. Paul Business Journal 2011).

Steenland and Nurminen estimated the mortality from overall occupational exposure to SHS
in the U.S. (Steenland 1999) and in Finland (Nurminen and Jaakkola 2001), respectively, based
on attributable risk fraction approach using epidemiological and demographical data; Repace
estimated the lifetime risk of lung cancer deaths and ischemic heart disease death (IHD) from
SHS exposure by office workers (Repace, Jinot et al. 1998) and by casino workers (Repace
2009; Repace, Jiang et al. 2011), based on a dose-response relationship developed by Repace in
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1985 (Repace and Lowrey 1985). Though SHS concentrations are often higher in restaurants and
bars than in other indoor public places (Navas-Acien, Peruga et al. 2004; Nebot, Lopez et al.
2005; Hyland, Travers et al. 2008; Rosen, Zucker et al. 2011), limited studies have estimated the
health risk and mortality from SHS exposure for restaurant and bar servers and patrons. For
people living in smoke-free homes, working in or patronizing restaurants and bars may be their
predominant source of SHS exposure. Health effects caused to workers and patrons of these
venues by SHS exposure are listed in Table 5.1.

Jamrozik estimated that 54 deaths from lung cancer, IHD and stroke among hospitality
workers were attributed to their work-place SHS exposure based on epidemiological and
demographical data in the United Kingdom (Jamrozik 2005). Another four published papers
assessed health risks due to SHS exposure in restaurants and/or bars (EI-Hougeiri and El Fadel
2002; Siegel and Skeer 2003; Hedley, McGhee et al. 2006; Lopez, Nebot et al. 2006), which
were based on non-representative exposure data and examined the risks of only cancer and/or
heart disease to servers/workers only. To the best of our knowledge, no studies have estimated
health risks for restaurant and bar patrons, nor have any included health risks other than cancer
or IHD. A comprehensive risk assessment based on more appropriate and accurate exposure
assessment is imperative for policy makers in jurisdictions or countries with these venues exempt
from smoking bans.

The goal of this chapter is to use different approaches to estimate the health risk and the
attendant disease burden to servers and patrons in Minnesota before the implementation of its
comprehensive smoking ban and in the US due to exposure to SHS in restaurants and bars.
Although children who visit restaurants are at risk for numerous health effects from SHS
exposure there, including eye and nasal irritation, asthma induction or exacerbation, this chapter
focuses on the health risks of nonsmoking servers and adult patrons. The health outcomes
evaluated include eye and nasal irritation, cancer death, ischemic heart disease (IHD) death and
asthma induction.
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Table 5.1 Hazard health outcomes due to exposure to secondhand smoke

Hazard health effects with sufficient evidence reported Source

For workers

Eye and nasal irritation Cal EPA, 2005* SGR, 2006
Asthma induction Cal EPA, 2005* SGR, 2006
Asthma exacerbation Cal EPA, 2005* SGR, 2006
Acute coronary events IOM, 2009 ?

Coronary heart disease morbidity and mortality Cal EPA, 2005* SGR, 2006
Lung cancer Cal EPA, 2005* SGR, 2006
Nasal sinus cancer Cal EPA, 2005% SGR, 2006

Breast cancer, especially for younger, premenopausal women Cal EPA, 2005% SGR, 2006
For patrons

Eye and nasal irritation (for both adults and children) Cal EPA, 2005% SGR, 2006
Asthma induction (for both adults and children) Cal EPA, 2005% SGR, 2006
Asthma exacerbation (for both adults and children) Cal EPA, 2005% SGR, 2006
Acute coronary events IOM, 2009 ?

Coronary heart disease morbidity Cal EPA, 2005° SGR, 2006
Lung cancer Cal EPA, 2005° SGR, 2006

? sufficient”; ° suggestive™;

Cal EPA, 2005: Proposed Identification of Environmental Tobacco Smoke as a Toxic Air Contaminant by
California EPA (Cal/EPA 2005).

I0M,2009: Secondhand Smoke Exposure and Cardiovascular Effects: Making Sense of the Evidence by
Institute of Medicine (Institute of Medicine 2009);

SGR, 2006: The Health Consequences of Involuntary Exposure to Tobacco Smoke: A Report of the
Surgeon General (USDHHS 2006).

129



5.2 Methods

Before the implementation of the comprehensive smoking ban in October 2007 in
Minnesota, a study was conducted to collect detailed time-of-day and day-of-week SHS
exposure data from restaurants and bars in Minnesota. The study selected a statistically
representative sample of 65 venues that permitted smoking within a 20-mile radius of downtown
Minneapolis. Venues from a commercially available database were stratified by type (venues
with full service, venues with limited service and drinking places) based on codes of the North
American Industry Classification System and within type by size based on employee count.
Substrata were sampled in proportion to the number of employees working in smoking-permitted
venues and the expected standard deviation of the SHS concentrations (Hewett, Bohac et al.
2011). From February 23 through September 29, 2007, 2423 short-term visits (median: 12
minutes) were made to conduct real-time area monitoring of fine particulate matter (PM;5s) and
observe the number of customers, workers and lit cigarettes at three different times of day
(lunch, dinner, and evening) on four different day types (Fridays, Saturdays, Sundays, and other
weekdays) in each venue. These peak patronage time visits are used as the basis for estimating
exposures. Another 210 two-hour visits were conducted at dinner and in the evening to make the
same observations, monitor PM,s, and sample multiple gas phase SHS tracers including
nicotine, 3-ethenylpyridine, pyridine, pyrrole, picoline, quinoline and myosmine. Most (n=186)
of the two-hour visits were conducted on Fridays and Saturdays, with simultaneous
measurements of PM,sand gas phase SHS tracers. For venues restricting smoking to designated
smoking sections (n=40), most sampling was conducted in smoking sections, with observations
recorded from both sections. Simultaneous measurements were made in both sections during 16
visits. Details of the study have been reported elsewhere (Bohac, Hewett et al. 2010; Bohac,
Hewett et al. 2011; Hewett, Bohac et al. 2011).

Steenland described two general approaches to assess health risk due to SHS exposure
(Steenland 1999). One is a unit risk or continuous approach, the other is exposed/nonexposed or
a categorical approach. Both approaches are used in this paper. The intensive filed measurements
in Minnesota restaurants and bars described above were used to estimate the health risks of eye
and nasal irritation and the lifetime excess risk of cancer death (including deaths from lung
cancer and other cancers) and IHD death for servers and patrons in Minnesota; epidemiological
and demographic data were used to estimate the lifetime excess risk and excess burden of lung
cancer death and IHD for the general population in both Minnesota and the U.S. and the risk of
asthma initiation for servers in the U.S. due to exposure to SHS in restaurants and bars.

5.2.1 Estimate of Risk of Sensory Irritation Using a Categorical Approach Based on Field
Measurements

Junker et al. reported that the median threshold for sensory irritation (eye, nasal, and throat)
of respirable suspended particles from SHS (SHS PM) is 4.4 pg/m®, based on a controlled
chamber study (Junker, Danuser et al. 2001). Since almost all the SHS PM fall under PM; 5
(Cal/EPA 2005), SHS PM concentrations were estimated by multiplying the difference between
indoor and outdoor PM;s concentrations during each visit to the 65 representative venues with a
calibration factor of 0.31, which were determined by gravimetric measurements taken
simultaneously with the real-time measurements. SHS PM concentrations estimated for the 2633
visits to Minnesota restaurants and bars were divided into two groups with a cutoff point of 4.4
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pg/m®. The sample was analyzed as a two-stage stratified cluster sample with the first stage
consisting of the nine venue-type/size strata from which 65 clusters (venues) were drawn, and
the second stage consisting of the 12 day-time strata from which a sample of all possible visits in
a year was drawn by quasi-systematic sampling. The Complex Samples module of PASW 18.0.0
(SPSS, Inc. 2009) was used to compute the sampling weight for each visit, which was 1/(Venue
Selection Probability>=Visit Selection Probability) (weightl). Number of patrons counted during
each visit was weighted by the sampling weight (weightl) and the percentage of weighted
patrons during visits with SHS PM concentration higher than 4.4 pg/m?® of total weighted patrons
during all visits was taken as the percentage of patrons who were at risk of eye and nasal
irritation. Because the number of servers was expected to be proportional to the number of
patrons in general, this percentage was also taken as the percentage of servers who were at risk
of eye and nasal irritation.

5.2.2 Estimate of Cancer Risk Using a Continuous Approach Based on Field
Measurements

Repace and Lowrey (1985) developed a model to predict the risk of lung cancer death
(LCD) due to exposure to SHS PM. The model was validated by predicting epidemiologically
derived observational data to within 5%, and has been widely used (Siegel and Skeer 2003;
Hedley, McGhee et al. 2006; Lopez, Nebot et al. 2006). The model estimated that, for the general
U.S. population, the risk of LCD is 5 =107 for exposure to 1 mg/day of SHS PM for one year
and the lifetime excess risk (LER) of LCD can be estimated by equation 5.1:

LER of LCD = 5 %10 (mg/day-year)™* xDaily dose (mg/day) x Years
Daily dose (mg/day) = Csps.pom (Mg/m?) <BR (m%hr) xTime (hr/day) xf [5.1]
Where

Daily dose is the exposure dose of SHS PM in mg/day for an individual,

Years is the number of years exposed to SHS;

Cshs-pu is the average concentration of SHS PM in mg/m® during the period of exposure
(here taken to be the peak patronage times);

BR is the breathing rate in m*hr;

Time is the average hours per day exposed to SHS;

f is the number of days exposed per week divided by 7 days.

SHS PM concentrations measured during visits to Minnesota restaurants and bars were
weighted by the sampling weight (weightl) to estimate the state-wide average concentrations in
the smoking sections of smoking-permitted venues before the ban went into effect. These
weighted concentrations were further weighted by the number of patrons in smoking
venues/sections to estimate the average concentration to which patrons were exposed in smoking
venues/sections (weight2). The average SHS PM level to which all patrons in designated
nonsmoking section were exposed was estimated by multiplying the SHS PM level in smoking
sections by 0.525 (the ratio of average SHS PM level in nonsmoking sections to the average level
in smoking sections from simultaneous side-by-side measurements during 16 visits), then
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weighted by weight 1 and the number of patrons in nonsmoking sections (weight 3). To estimate
the average SHS PM level to which all servers were exposed, the smoking and non-smoking
section concentrations were combined in proportion to the number of patrons in each section
(weight 4), assuming that the time spent by servers in each section was proportional to the
number of patrons. See Table 5.2 for these weighted concentrations.

To estimate the daily dose, breathing rates (BR in Eq. 5.1) recommended by U.S. EPA
(1997) were used: 1.6 m%hr for servers at a moderate activity level and 1.0 m*hr for patrons at a
light activity level. To avoid overestimating servers’ exposure during work, their exposure time
was assumed to be four hours a day during peak patronage times. A typical assumption of
working five days per week for a working life of 45 years was also applied when estimating
servers’ LER of LCD. For patrons, the LER of LCD was estimated based on the assumption that
they visit a restaurant or bar once every week, with an average time of 86 minutes or 1.4 hours
each week (Tsang and Klepeis 1996) for 60 years.

The overall cancer risk due to exposure to volatile organic compounds (VOCs) from SHS
regulated as HAPs by US EPA was quantified by using the cancer unit risk estimate (URE)
reported by US EPA (2011) or the equivalent cancer unit risk (UR) reported by California EPA
(Cal/EPA OEHHA 2009). Both URE and UR in (ug/m®™ describe the excess cancer risk
associated with a daily inhalation exposure to 1 pg/m® of a given chemical for a lifetime of 70
years, assuming 20 m*/day of inhalation. The LER of any kind of cancers due to the exposure
can be estimated by equation 5.2.

LER of cancers = Csps.voc (g /m®) < URE or UR (pg/m®)*
Cshs-voc (Ig/m%) = Csps. pm (O/M?) < (EFsps-voc/EFshs-pm) < F [Eq. 5.2]
Where

Cshs.voc is the daily average concentration of a SHS VOC in pg/m? during a lifetime of 70
years;

URE is the cancer unit risk estimate in (ug/m°)* reported by US EPA;

UR is the cancer unit risk in (ug/m®)™ reported by California EPA;

Years is the number of years exposed to SHS;

Cshs.pm iS the average concentration of SHS PM in pg/m?® during peak patronage time;
EFsns-voc and EFsps-pm, are the average emission factors of SHS VOC and SHS PM from the
literature, respectively, pg/cigarette;

F is (4hr/day = 1.6 m*/hr/(20m°®/day)>6day/7day>45years/70years) for servers and
(1.3hr/day>1.0m*/hr/(20m*/day)<Lday/7day >60years/70years) for patrons.

The overall cancer risk from exposure to SHS VOCs is estimated by summing the cancer
risk from exposure to individual SHS VOCs. The URE was used when it was available from the
US EPA website; otherwise, the UR reported by California EPA was used. Since SHS PM was
most intensively monitored, and the ratios of simultaneous measurements of SHS PM and SHS
VOC tracers were quite similar to the ratios of their emission factors (EF) reported in literature
(Leaderer and Hammond 1991; Hodgson, Daisey et al. 1996; Mahanama and Daisey 1996;
Martin, Heavner et al. 1997; Nelson, Kelly et al. 1998; Daisey 1999; Singer, Hodgson et al.
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2002; Singer, Hodgson et al. 2003; Bi, Sheng et al. 2005; Charles, Batterman et al. 2007),
exposure to SHS VOCs was estimated from the ratios of their EFs to SHS PM EF. There were
nine SHS VOCs with both URE/UR and EF available, thus the LER of cancer due to SHS VOCs
exposure was estimated as the sum of cancer risk from these nine SHS VOCs. See Table 5.3 for
measured SHS VOC tracers concentrations during 2-hour visits and Table 5.4 for the estimates
of the nine SHS VOCs used for the cancer risk assessment.
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Table 5.2 Average SHS PM concentrations by different venue types, time of day and day of week,
Minnesota, 2007

SHS PM concentration, mean (SE), pg/m®

n of

visit  Venueavg venueavg  patrons_smks  patrons_nsmks  workers
unweighted®  weighted1® weighted2® Weighted3® weighted4®
Venues  weekday Lunch 111 38 (6) 47 (16) 91 (43) 13 (3) 42 (18)
with full Dinner 121 58 (6) 58 (11) 90 (10) 25 (4) 54 (9)
Service Evening 123 55 (6) 53 (12) 90 (20) 25 (6) 50 (12)
Friday Lunch 110 28 (5) 35 (12) 81 (35) 14 (6) 35 (15)
Dinner 151 79 (6) 71 (12) 110 (19) 36 (5) 66 (10)
Evening 126 96 (9) 95 (16) 143 (13) 55 (15) 98 (11)
Saturday  Lunch 122 24 (4) 25 (7) 46 (11) 8(2) 27 (8)
Dinner 156 47 (4) 59 (11) 93 (20) 31 (8) 48 (8)
Evening 123 83 (10) 74 (16) 149 (51) 27 (5) 84 (25)
Sunday  Lunch 108 30 (4) 34 (6) 50 (9) 10 (4) 31 (6)
Dinner 126 48 (5) 39 (9) 63 (14) 23 (4) 38 (8)
Evening 114 55 (7) 57 (11) 94 (18) 17 (3) 51 (10)
Venues weekday Lunch 31 22 (5) 13 (4) 19 (8) 20 (3) 14 (6)
with Dinner 33 120 (20) 97 (45) 153 (36) 41 (3) 108 (35)
limited Evening 31 95 (17) 80 (24) 149 (31) 40 (4) 101 (25)
service Friday Lunch 24 33(9) 38 (16) 57 (20) 4 (1) 30 (14)
Dinner 36 143 (23) 148 (67) 233 (69) 64 (3) 169 (58)
Evening 34 151 (25) 108 (35) 202 (37) 49 (10) 149 (34)
Saturday  Lunch 28 49 (16) 45 (20) 124 (64) 14 (4) 52 (23)
Dinner 32 82 (13) 58 (14) 91 (6) 39 (10) 63 (10)
Evening 42 111 (20) 84 (19) 160 (21) 75 (6) 105 (14)
Sunday Lunch 19 33 (13) 33(14) 86 (34) 11 (1) 40 (19)
Dinner 28 113 (27) 94 (41) 172 (37) 39(19) 103 (40)
Evening 26 85 (17) 60 (22) 110 (30) 21(3) 75 (25)
Drinking weekday Lunch 62 31 (6) 38 (8) 43 (13) 9 (1) 28 (6)
places Dinner 65 136 (17) 158 (51) 197 (56) 54 (10) 140 (38)
Evening 61 155 (19) 159 (27) 181 (25) 62 (19) 156 (18)
Friday Lunch 63 27 (4) 29 (5) 29 (5) 24 (1) 22 (4)
Dinner 66 180 (24) 191 (42) 217 (63) 51 (5) 164 (36)
Evening 77 155 (19) 133 (18) 189 (32) 32 (4) 151 (21)
Saturday Lunch 61 45 (10) 51 (16) 88 (26) 26 (3) 38 (9)
Dinner 70 114 (11) 124 (25) 129 (24) 49 (4) 105 (17)
Evening 75 154 (22) 150 (27) 214 (36) 54 (3) 155 (26)
Sunday Lunch 56 41 (9) 56 (18) 78 (16) 4 (3) 48 (12)
Dinner 58 91 (14) 112 (24) 145 (29) 49 (4) 95 (15)
Evening 64 99 (11) 123 (28) 166 (47) 145 (9) 139 (33)
All weekday Lunch 204 34 (4) 40 (8) 63 (24) 14 (2) 33 (10)
Dinner 219 90 (7) 98 (20) 143 (26) 31 (4) 90 (13)
Evening 215 89 (8) 95 (12) 140 (15) 33(7) 90 (10)
Friday Lunch 197 29 (3) 33(7) 60 (21) 15 (4) 30(9)
Dinner 253 114 (8) 123 (18) 170 (29) 42 (4) 105 (13)
Evening 237 123 (9) 111 (11) 172 (16) 53 (12) 120 (9)
Saturday  Lunch 211 34 (4) 38 (7) 75 (16) 12 (3) 34 (6)
Dinner 258 69 (5) 82 (11) 107 (13) 34 (6) 66 (7)
Evening 240 110 (9) 103 (13) 178 (28) 35 (6) 109 (17)
Sunday Lunch 183 34 (4) 43 (8) 65 (9) 9(3) 36 (5)
Dinner 212 68 (6) 71 (11) 113 (16) 27 (5) 64 (8)
Evening 204 73 (6) 84 (13) 130 (25) 52 (26) 84 (15)
Total 2633 72 (6) 78 (9) 134 (12) 30 (4) 78 (7)

® average SHS PM level by venue types without any weighting; ° average SHS PM level weighted by the inverse of venue
selection probability and sampling time period probability (weight 1); ¢ average SHS PM level exposed by patrons visiting
sections or venues allowing smoking, weighted by weight 1 and number of customers in these section or venues (weight
2); “ average SHS PM level exposed by patrons visiting sections or venues prohibiting smoking, weighted by weight 1 and
number of customers in these section or venues (weight 3); ° average SHS PM level exposed by servers working in
restaurants and bars allowing or restricting smoking, weighted by weight 1 and the proportion of their time working in
smoking sections and nonsmoking sections(if there is any) (weight 4).
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Table 5.3 Average concentrations of SHS VOC tracers measured during 2-hour sampling, unweighted,

Lg/m®, Minnesota, 2007

No.of SHSPM, SHSPM,
Visits all® 2 hr° Nicotine 3-EP Pyridine Pyrrole Myosmine
Venues  Friday  Dinner 35 79 96 334 1.88 2.63 2.16 0.45
‘é‘é‘:\'}izg” Evening 21 96 129 453 231 384 252 0.50
Saturday Dinner 29 47 39 1.08 0.86 144 093 0.19
Evening 22 83 59 1.90 129 202 133 0.28
Venues  Friday  Dinner 4 143 247 713 424 6.66  4.16 0.91
\Ilivrlr:?te ; Evening 10 151 203 346 239 537 419 0.49
service  Saturday Dinner 7 82 108 323 1.99 3.17 2.50 0.41
Evening 7 111 111 312 1.99 323 201 0.38
Drinking  Friday  Dinner 9 180 194 342 18 2.37 1.95 0.42
Rlaces Evening 19 155 150 445 279 39 285 0.54
Saturday Dinner 8 114 134 3.27 236 332 283 0.51
Evening 15 154 182 534 3.5 656  3.61 0.78
All Friday  Dinner 48 115 127 3.67 2.06 292 229 0.48
Evening 50 123 152 429 251 417 2.98 0.52
Saturday Dinner 44 69 67 182 132 206 152 0.28
Evening 44 110 109 3.27  2.00 3.76 221 0.47

Notes: all the measurements of SHS VOC tracers were conducted during dinner or evening patronage times on
Fridays or Saturdays for about 2 hours.

8 SHS PM, all: includes all the short-time (10-15 minutes) measurements and 2 hour measurements in each

substratum;

® SHS PM, 2 hr: includes only the measurements of PM, 5 taken side by side with SHS gas phase tracers.
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Table 5.4 Emission factors (EFs) from the literature for SHS specific compounds and volatile organic
compounds and ratios of EFs and side-by-side field measurements to PM, s or 3-Ethenylpridine (3EP)

mean EF 2 range of EF ° ratio of ratio of ratio of ratio of
Lo/cig Lo/cig EFsm/EFvoc  Com/Cvoc®  EFvoc/EFsee  Cyoc/Caep®
Selected SHS tracers with field measurements

Pyridine 348 60-530 35.8 224 0.83 1.50
Pyrrole 373 230-460 334 35.3 0.88 0.97
3,4-Picoline 312 264-350 40.0 41.3 0.74 0.60
3-Ethenylpridine 422 84-660 29.5 36.3 1.00 1.00
Nicotine 1274 396-3070 9.8 14.4 3.02 1.80
Myosmine 122 83-160 102.6 169.3 0.29 0.20
PM, 5 12471 8100-17000 1.0 1.0 29.5 36.3
Volatile organic compounds
Acetaldehyde 2292 2042-2496 5.4 5.4
Acetonitrile 952 858-1069 13.1 2.3
Acrolein 363 284-404 344 0.9
Acrylonitrile 170 99-250 734 0.4
Benzene 431 263-590 28.9 1.0
1,3-Butadiene 279 157-400 44.6 0.7
2-Butanone 323 166-540 38.6 0.8
Cresol 109 62-148 114.1 0.3
Ethylbenzene 131 101-170 95.3 0.3
Formaldehyde 1101 243-1333 11.3 2.6
Isoprene 2400 1990-2810 5.2 5.7
Methylnaphthalene 51 41-61 244.5 0.1
Naphthalene 45 34-55 280.3 0.1
Phenol 157 26-360 79.3 0.4
Styrene 160 141-210 78.1 0.4
1,2,4-Trimethylbenzene 56 25-74 221.3 0.1
Toluene 777 364-1270 16.0 1.8
Xylene 400 135-571 31.2 0.9
N-Nitrosodimethylamine 0.57 0.34-0.79 22073 0.0013
N-Nitrosopyrrolidine 0.10 0.07-0.14 119918 0.00025

% average of emission factors (EFs) reported by (Leaderer and Hammond 1991; Hodgson, Daisey et al. 1996;
Mahanama and Daisey 1996; Martin, Heavner et al. 1997; Nelson, Kelly et al. 1998; Daisey 1999; Singer, Hodgson
et al. 2002; Singer, Hodgson et al. 2003; Bi, Sheng et al. 2005; Charles, Batterman et al. 2007); ° range of EFs
indicates the range of means of EFs reported by different studies, except N-Nitrosodimethylamine and N-
Nitrosopyrrolidine, for which ranges represent 95% confidence intervals reported in the single study by (Mahanama
and Daisey 1996); ° ratios of concentration of PM,5(Cpy) to concentration of volatile organic compound (Cyoc)
were derived from simple liner regression analysis of 186 side-by-side 2-hour measurements of PM, s and SHS
VOC tracers; ° ratios of concentration of volatile organic compound (Cyoc) and concentration of 3-Ethenylpridine
(3EP, Csep) were from simple linear regression analysis of 186 valid side-by-side 2-hour measurements of 3EP and
other SHS tracers listed on the table.

136



5.2.3 Estimate of Health Risk by Excess Risk Assessment Method (Exposed/Nonexposed)

This method has been used to assess disease burden due to SHS exposure worldwide
(Oberg, Jaakkola et al. 2011) and in the U.S. (CDC 2008). Briefly, the burden of a specific
disease due to SHS exposure was estimated from the population attributable fraction (PAF),
defined as the proportional reduction in disease that would occur if the exposure was reduced to
zero. The attributable burden (AB) of a disease due to SHS exposure can be estimated by
equations 5.3 (CDC 2008; Oberg, Jaakkola et al. 2011) and the attributable risk (AR) of
death/case can be estimated by equation 5.4 (Steenland 1999).

ABshs= Bns X PAFshs
an:(B—ABsm) - (B—ABsm) >Psm :(B—ABsm) ><(1—psm)
PAFsts= PpsHs (RRshs-1)/[PsHs (RRshs-1)+1] [5.3]

AERsHs= ABgns/Prisk
LERsHs= AERsHs < Years [54]

Where

B is the total burden of a disease in number of deaths/cases per year among the whole
population;

Bns is the burden of a disease in number of deaths/cases per year among nonsmokers;
ABqn is the attributable burden of a disease in number of deaths/cases per year among
smokers due to smoking;

ABsys is the attributable burden of a disease in number of deaths/cases per year among
nonsmokers due to SHS exposure;

PAFsys is the PAF of the disease burden due to SHS exposure among nonsmokers;
Psm 1S the prevalence of current smoking;

Psws IS the prevalence of SHS exposure;

RRsys is the relative risk of a disease due to SHS exposure among nonsmokers;
AERsys is the average annual excess risk of death/case due to SHS exposure among
nonsmokers;

Prisk IS the population at risk, that is, current nonsmokers aged 35 years or older;
LERsus is the life time excess risk of death/case due to SHS exposure among nonsmokers;
Years is the number of years of exposure during lifetime.

To estimate the excess number of LCD and IHD deaths due to SHS exposure among
nonsmoking adults in Minnesota and the U.S., the latest (year 2004) disease burden of these two
diseases among all adults aged 35 and older (B in Eg. 5.3) and that attributed to smoking (ABgn
in Eq.5.3) were obtained from the CDC Smoking-Attributable Mortality, Morbidity, and
Economic Costs (SAMMEC) website (CDC 2010a); the prevalence of current smoking (psm) for
the US and the Minnesota populations and the prevalence of SHS exposure (psns) for the US
population were obtained from CDC Morbidity and Mortality Weekly Report (MMWR) (CDC
2005a ; CDC 2005b ; CDC 2010b). The prevalence of SHS exposure (psus) for the Minnesota
population relative to the U.S. population was assumed to be proportional to the ratios of
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prevalence of current smoking among the Minnesota population and the US population. Relative
risk of LCD or IHD due to SHS exposure (RRsks) was acquired from the meta-analysis contained
in the 2006 report of The Health Consequences of Involuntary Exposure to Tobacco Smoke by
the Surgeon General (USDHHS 2006). Using these sources, the LERsus is the lifetime excess
risk due to SHS exposure in general from all sources among nonsmokers, not just from exposure
in restaurants and bars.

The 1992-1994 National Human Activity Pattern Survey (NHAPS) for the US determined
the percentage of total time exposed to SHS that occurred in different microenvironments and
showed that the percentage of total time exposed that occurred in restaurants and bars was 8.5%
for males and 9.1% for females (Klepeis, Tsang et al. 1996). It was not reported whether these
fractions were for restaurant and bar patrons only or for the general population including
restaurant and bar workers. In this study, the latter was assumed to be true. Though exposure
intensity varies to a great extent in different microenvironments, with SHS levels in bars and
restaurants often higher than other indoor places (Siegel 1993; Hyland, Travers et al. 2008),
these fractions were applied conservatively, without adjustment for relative exposure intensities,
to estimate the LCD and IHD deaths due to SHS exposure in restaurants and bars for the general
population (including servers and patrons).

Similar approaches were used to estimate the risk of asthma initiation due to SHS exposure
at work for never-smoking restaurant and bar servers in Minnesota as well as in the US.
According to the website of CDC’s Work-Related Lung Disease Surveillance System
(CDC/NIOSH 2008), the average prevalence of current asthma (with asthma attack in the past 12
months) among never-smoking employees aged 18 and over in eating and drinking places was
3.8% (95% CI: 3.0-4.6%) from 1997 to 2005. The asthma incidence rate was estimated to be
10% of the prevalence of current asthma (Rudd and Moorman 2007). Data on restaurant and bar
server (waiter/waitress and bartender) employment in 2004 was obtained from the U.S. Bureau
of Labor Statistics (2011) and the never-smoking rate for the server population was assumed to
be the same as the general population, which can be obtained from CDC MMWR website (CDC
2005a ; CDC 2005b ).

To estimate the population attributable fraction (PAFsys) of asthma initiation, the relative
risk was taken from a case control study in Finland (Jaakkola, Piipari et al. 2003) and the
prevalence of SHS exposure at work in restaurants and bars was estimated from the percentage
of the population not covered by smoking bans for restaurants and/or bars in May 2007 in
Minnesota and in January 2011 in the U.S. (Minnesota Department of Health 2008; ANRF
2012). No data were available on prevalence of exposure in 2004, and using 2007 or 2011 data
would probably underestimate the PAFsys since more employees were exposed to SHS at work
in 2004.

5.3 Results

5.3.1 Estimates of Health Risks Based on Field Measurements: Categorical or Continuous
Approach

The venue-weighted average of SHS PM levels during all the 2633 visits to Minnesota
restaurants and bars was 72 pg/m® (SE 6 pg/m®) and the average of nicotine levels during 201
two-hour visits was 3.17 pg/m® (SE 0.31 pg/m®). The patron-weighted average SHS PM
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concentration to which patrons were exposed during their visits to smoking venues/sections was
134 pg/m® (SE 12 pg/m?®), the corresponding average for patrons visiting non-smoking sections
was 30 pg/m? (SE 4 g/m®), and the weighted average for servers working in smoking-permitted
venues was 78 pg/m® (SE 7 pg/m®). 81.9% (2157) of the visits had SHS PM concentrations
above the threshold of eye and nasal irritation (4.4 pg/m®), which accounted for 89.9% of
weighted patrons.

Based on the risk model developed by Repace (1985), SHS exposure in restaurants and bars
before the implementation of the Minnesota comprehensive smoking ban could cause a LER of
LCD of 18x10° (95% CI 13-23x10) for patrons visiting designated nonsmoking sections only,
80>10° (95%CI 66-95x10°) for patrons visiting smoking venues/sections only and a LER of
802%10® (95%CI 658-936 =<10°°) for servers (Table 5.5). The LER of overall cancer death due to
exposure to nine SHS-VOCs is 48107 for servers, 4.8x10° for patrons visiting only smoking
venues/sections, 1.1x10° for patrons visiting only designated nonsmoking sections; most of
these cancer risks were non-lung cancer risks (Table 5.6).

5.3.2 Excess Risk Assessment Approach (Exposed/Nonexposed)

This approach estimated the LER to be 80010 (95%CI 430-1,180 x10®) for LCD and
7,670<10° (95% CI 4,830-10,510x<10°) for IHD death for the general nonsmoking population
(including both patrons and servers) due to the average SHS exposure from all sources in
Minnesota, and 890><10° (95% CI 480-1,290x<10°) for LCD and 12,530=10° (95% CI 8,430-
16,620%10°®) for IHD death in the U.S. (Table 3). The LER of asthma initiation is estimated to be
7.2% (95% CI 2.4-11.9%) for nonsmoking servers due to SHS exposure in restaurants and bars
in Minnesota and 4.1% (95% CI 0.7-7.5%) for nonsmoking servers in the US. These risks
correspond to three LCDs and 32 IHD deaths per year among the general nonsmoking
population, 53 new asthma cases per year among nonsmoking servers in Minnesota, 214 LCDs
and 3001 IHD deaths per year among the general nonsmoking population and 1420 new asthma
cases per year among nonsmoking servers in the US. (Table 5.7-5.8).

Table 5.5 Servers’ and patrons’ risk of lung cancer death due to exposure to secondhand smoke in
restaurants and bars in Minnesota, 2007

Patrons

Servers Smoking Nonsmoking
venues/section sections

Weighted SHS PM levels, mean (95%Cl),

Lg/m? 78 (64, 91) 134 (110, 158) 30 (22, 38)
Dose response according to Repace, et al 5x10™ per year for exposure to 1mg per day
Breathing rates, m/hr 1.6 1.0 1.0
Average hours per day exposed to SHS, hr/day 4 1.4 1.4
Days per week exposed to SHS, day/week 5 1 1
N_um_ber of years _exposed to SHS, years 45 60 60
Lifetime excess risk of lung cancer death 802 (658, 936) 80 (66,95) 18 (13, 23)

(95%CI). 10°®

Note: the 95% confidence intervals (Cls) presented here indicate only the variance of the weighted SHS
PM levels during peak patronage times; uncertainties from other sources are not integrated.
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Table 5.6 Servers’ and patrons’ cancer risk due to exposure to nine SHS VOCs in restaurants and bars in Minnesota, 2007

ovt

Patrons, smoking Patrons, nonsmoking
Servers venues/sections sections

URE/UR® EF®  level® LER® level©° LER® level © LER ¢

Carcinogenicity effect ~ (10°)  (wglcig) (mg/m®)  (10°) (Lg/m®) (10 (Lg/m®) (10
PM,5 12471 11.5 - 1.1 - 0.2 -
Acetaldehyde nasal cancer in rates 2.20 2292 211 4.6 0.20 0.5 0.04 0.1
Acrylonitrile lung cancer in human 68.0 170 0.16 10.6 0.01 11 0.00 0.2
Benzene leukemia in human 7.80 431 0.40 3.1 0.04 0.3 0.01 0.06
1,3-Butadiene lymphohematopoietic 30.0 279 0.26 7.7 0.02 0.78 0.01 0.2

cancer in human

Ethylbenzene kidney cancer in rats 2.50 131 0.12 0.3 0.01 0.03 0.00 0.01
Formaldehyde nasal cancer in human 13.0 1101 1.01 13.2 0.09 1.3 0.02 0.3
Naphthalene nasal cancer in rats 34.0 45 0.04 14 0.00 0.1 0.0009 0.03
N-Nitrosodimethylamine liver cancer in rats 14000 0.57 0.00052 7.3 0.00005 0.7 0.00001 0.2
N-Nitrosopyrrolidine liver cancer in rats 600 0.10 0.00010 0.06 0.00001  0.005 0.000002 0.001
Total risk of all cancers -- -- -- 48.3 -- 4.8 - 1.1
Total risk of non-lung cancers -- -- -- 37.7 -- 3.8 - 0.8

# URE/UR: unit risk estimate reported by U.S. EPA or unit risk reported by California EPA,

b EF: emission factor, average of EFs reported in the literature, see table 5.4;

¢ level: daily average exposure concentration during a lifetime of 70 years, adjusted by the factor in equation 5.2;

4 LER, lifetime excess risk of cancers;

Notes: only nine SHS-VOCs with both EF in pg/cigarette available from the literature and URE or UR available from U.S. EPA or California EPA
website are included in this table. Compounds for which either EF or URE/UR is unavailable are not included even though they are known
carcinogens.



Table 5.7 Attributed death and lifetime excess risk of LCD and IHD death due to SHS exposure in

Minnesota and U.S., 2004 ?

Minnesota " United States
Lung Ischemic heart Ischemic heart
. Lung cancer .

cancer disease disease
Total burden (B), 2004, deaths/year ° 2352 4861 157 908 450 043
Attributable burden due to smoking
(AB,.), 2004, deaths/year® 1838 776 125 542 72715
Population at risk, current male 1 026 443 male 57 058 144
nonsmokers aged 35+ (Pjis), 2004 ° female 1 140 400 female 65 584 599

Prevalence of current smoking (Psm).
2004, % ¢

Prevalence of SHS exposure (psns),
2003-2004, % °

male 22.0 (17.7, 26.3)
female 19.5 (15.8, 23.2)
male 48.8 (41.6, 55.9)
female 46.6 (38.8, 54.4)

male 23.4 (21.6, 25.2)
female 18.5 (17.1, 19.9)
male 51.9 (44.3, 59.5)
female 44.2 (36.8, 51.6)

L 1.22
E{F;I?atlv;zfrlsk due to SHS exposure (112, 127 122 197
S 1.32) (1.17, 1.37) (1.12, 1.32) (1.19, 1.36)
Disease burden among nonsmokers 410 3235 25794 298 365
(Brs), 2004, deaths/year (380,439) (3019, 3450) (24 031, 27 557) (278 356, 318 373)
Overall mortality rate among 1.9 14.9 2.1 24.3
nonsmokers aged 35+, per 10* (1.7,2.1) (13.5, 16.3) (1.9, 2.3) (22.0, 26.6)

PAF of disease burden among
nonsmokers due to SHS exposure 9.5 114 9.5 114

(PAFshs), % (5.4, 13.6) (7.3, 15.5) (5.4, 13.6) (7.9, 15.0)

Attributable burden among non-

smokers due to SHS exposure 39 369 2412 34 143

(ABsys), deaths/year (26, 52) (273, 466) (1 630, 3195) (26 281, 42 004)

Average annual excess risk due to 17.8 170.4 19.7 278.4

SHS exposure (AERgys), 10°° (9.5,26.1) (107.3,233.5) (10.8, 28.6) (187.4, 369.3)

A . 800

e S o G0 Tom
' 180) (4 830, 10 510) (480, 1 290) (8 430, 16 620)

Percentage of SHS exposure in male 8.5 male 8.5

restaurants and bars 01_‘ total Sé—|S female 9.1 female 9.1

exposure in terms of time, %

Mortality attributed to SHS exposure 3 32 214 3001

in restaurants and bars, deaths/year (2.6, 4.3) (26, 38) (164, 263) (2512, 3 490)

& Assessment of disease burden was conducted separately for male and female populations, but
aggregated data are presented in this table to save space; Overall mortality rate among nonsmokers aged
35+, PAFsys, AERsys and LERsys were weighted estimates by population at risk of males and females;

" Except ©9¢9 all the other numbers were estimated according to equation 5.3 or 5.4; the confidence
intervals were estimated by propagation of uncertainties of reported parameters;

¢ Data obtained from the CDC SAMMEC website (CDC 2010a);

¢ Data obtained from CDC Morbidity and Mortality Weekly Report (MMWR)(CDC 2005a );

¢ Data from CDC MMWR, which was defined as the percentage of nonsmoking population with serum
cotinine > 0.05 ng/ml (CDC 2010b);

" Relative risks due to SHS exposure from the meta-analysis in the Surgeon General’s Report (USDHHS
2006);

9 Data from the 1992 to 1994 National Human Activity Pattern Survey (NHAPS) for the United States
(Klepeis, Tsang et al. 1996).
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Table 5.8 Attributed cases and lifetime excess risk of asthma initiation among never smoking servers due
to SHS exposure at work in restaurants and bars in Minnesota and in U.S., 2004 *

Minnesota” United States °
Number of restaurant and bar servers
employed, 2004 ¢ 63 300 2 700 590
Never smoking rate, 2004, % ¢ 52.5 (49.2, 55.8) 57.6
Prevalence of current asthma among never
smoking restaurant and bar servers, % °© £ (@0 40 £ (@0 40
New asthma cases among never smoking 126 (104, 148) 5911 (4 861, 6 961)

restaurant and bar servers (Bys), cases/year |

Percentage of population covered by smoke- 38.1 (35.2, 41.0) restaurants: 74.5

free restaurants and/or bars (1-psps), % ¢ bars: 63.7
Relative risk of asEhma initiation due to SHS 2.16 (1.26, 3.72) 2.16 (1.26, 3.72)
exposure (RRsus)

Population at risk, never smoking restaurant 33233 1 555 540
and bar servers (Prisk) (31 558, 34 907)

PAF of new asthma cases among never

smoking restaurant and bar servers due to 41.8 (16.0, 67.6) 24.0 (4.7, 43.3)
SHS exposure (PAFsus), %

New asthma cases attributed to SHS 53 (25, 80) 1420 (449, 2 390)
exposure (ARsys), cases/year

Average annual excess risk of asthma

initgation due to SHS exposure (AERsps), 1588 (542, 2635) 913 (153, 1672)
10°

Lifetime excess risk of asthma initiation for

restaurant and bar servers due to SHS 7.2(2.4,11.9) 4.1(0.7,7.5)

exposure at work for 45 years (LERsys), %
® Assessment of disease burden was conducted separately for waiters/waitresses and bartenders, but
aggregated data were presented in this table to save space; PAFsys, AERsys and LERsys were weighted
estimates by population at risk;
b Except ©?¢"¢" all the other numbers were estimated according to equation 5.3 or 5.4; the confidence
intervals were estimated by propagation of uncertainties of reported parameters;
¢ Data from Occupational Employment Statistics, U.S. Bureau of Labor Statistics (2011);
¢ Data from CDC Morbidity and Mortality Weekly Report (MMWR) (CDC 2005a ; CDC 2005b ). The
variance for never smoking rate of the U.S. population was not reported;
¢ Current asthma was defined as having an asthma attack in past 12 months. Data are from CDC NIOSH
website of Work-Related Lung Disease (WoRLD) Surveillance System, table 9-20 (CDC/NIOSH 2008);
which presents the average prevalence of current asthma among never smoking employees aged 18 and
over in eating and drinking places from 1997 to 2005;
" Estimated from #°¢ and the assumption that the incidence rate of new asthma cases is 10% of prevalence
of current asthma according to Rudd and Moorman (2007);
9 Data from Minnesota Adult Tobacco Survey report for Minnesota (Minnesota Department of Health
2008) and from American Nonsmokers’ Rights Foundation websites for U.S. (2012) (no variance
reported). The coverage percentage was for May2007 for MN and for January 2011 for U.S.A.;
" Relative risk of asthma initiation related to workplace SHS exposure reported by Jaakkola et al (2003).
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5.4 Discussion

The US EPA requires that the annual average ambient PM;s concentration should not
exceed 15 pg/m® and the 24-hour average level should not exceed 35 pg/m® (U.S. EPA 2006);
the World Health Organization has even stricter guidelines for ambient air quality (WHO 2005),
with the annual mean not exceeding 10 pg/m® and 24h-hour mean not exceeding 25 pg/m®.
Consistent with other studies (Repace 2004; Hyland, Travers et al. 2008; Liu, Yang et al. 2010),
this study found that restaurant and bar servers working in smoking-permitted venues could be
exposed to SHS at work more than twice the ambient PM, s 24-hour average exposure limit and
more than four times the annual average exposure limits.

Though four papers (El-Hougeiri and El Fadel 2002; Siegel and Skeer 2003; Hedley,
McGhee et al. 2006; Lopez, Nebot et al. 2006) have been published on assessing health risks due
to SHS exposure in restaurants and/or bars, this study is the first quantitative risk assessment for
patrons of bars and restaurants and for asthma and cancer other than lung cancer (Table 5.9). The
quality of the underlying exposure data is vastly superior to that in any of the previous
secondhand smoke risk studies, which examined risks for servers or workers only and only for
cancer and heart disease. The paper by EI-Hougeiri and El Fadel estimated the number of hours
spent by chefs and waiters above irritant concentrations of carbon monoxide (CO) and total
suspended particles (TSP) and the risk of cancer based on 16 CO and 12 TSP measurements in
one restaurant and mathematical modeling (note that neither CO nor TSP are unique to SHS).
The paper by Hedley et al. was based on air nicotine concentrations back-calculated from urine
cotinine measurements from 184 volunteers, who were catering workers (detailed job titles not
specified) from restaurants and bars in Hong Kong and used questionnaires to identify exposure
sources; serious limitations in this approach include the metabolic variability in both the rate and
the percentage of air nicotine metabolized to cotinine; the fact that cotinine integrates exposures
from all venues, including homes and cars, the uncertainty regarding where each sample and
each exposure is on the cotinine decay curve, and the concern about the quality of information
from questionnaires used to identify sources. Siegel and Skeer used airborne nicotine
concentrations reported in 10 studies at 27 bars in the U.S., while Lopez et al. used airborne
nicotine measurements taken over one week in 26 restaurants and disco/pubs in Spain. Thus,
measurements from only one US restaurant were used in any of these SHS risk assessment
papers; for all of three other studies, all sample sites and subjects were of convenience, not
chosen scientifically. In contrast, the 65 Minnesota bars and restaurants in this study were chosen
systematically to represent venues permitting smoking, multiple SHS constituents were
measured (including nicotine) and over 2,000 measurements were made methodically at different
times of day and different days of the week to capture the variability in SHS concentrations.

In addition, three papers (Siegel and Skeer 2003; Hedley, McGhee et al. 2006; Lopez, Nebot
et al. 2006) used a single dose-response model, that published by Repace and Lowery in 1985
(Repace and Lowrey 1985) to estimate the excess lung cancer risk and/or heart disease risk for
workers; the paper by El-Hougeiri and El Fadel (2002) based its dose-response model on potency
factors for diesel exhaust released by California Air Resources Board and the Office of
Environmental Health Hazard Assessment in 1998. By contrast, this study used both the Repace
and Lowery model and others to estimate excess lung cancer risk and/or heart disease risk for
servers and patrons. See Table 9 for comparison of this study and the four studies described
above.
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Restaurants and bars are one of the leading employers (U.S. BLS 2011) and are important
public places for the general population. According to a telephone interview with a nationally
representative sample of 2250 adults, 66% of adults eat out at least weekly (Pew Research Cener
2006). However, about 30% of the U.S. population and 95% of the world population are still not
covered by smoking bans for restaurants and bars (WHO 2009; ANRF 2012).

A LER of 1 <10 has been considered as a de minimis risk, which is an acceptable level of
risk that is below regulatory concern, while a LER of 3x10™ has been considered as a de
manifestis risk, a risk of obvious or evident concern and one that public agencies will almost
always regulate to control or mitigate when recognized (Travis, Crouch et al. 1987). Among
workers, a LER of 1 <10 has been considered as a significant risk, an unsafe level often used
as a benchmark by the U.S. Occupational Safety and Health Administration (OSHA). The results
of this study indicate that SHS-induced LER of LCD for restaurant and bar servers is much
higher than the de manifestis risk level, regardless of which dose-response model is used for the
estimates. The LER of non-lung cancers due to exposure to SHS-VOCs regulated as HAPs by
U.S. EPA is in addition to the LER of LCD and is probably underestimated because we included
only the nine SHS-VOCs for which both emission factors and cancer unit risk estimates have
been reported; the impact of particle phase or other gas phase carcinogens was omitted. We
would expect that the LER of IHD death for restaurant and bar nonsmoking servers is much
higher than the significant risk used by OSHA. Regarding other health effects, about 90% of
patrons and servers visiting or working in restaurants or bars allowing smoking are at risk of eye
and nasal irritation, and the lifetime excess risk of asthma initiation could be higher than 10% for
nonsmoking servers.

A study in five cities in China reported that the geometric mean of indoor PM,5 levels in
restaurants and bars with smoking observed was 208 pg/m® (Liu, Yang et al. 2010). Another
study conducted in 10 cities of eight European countries reported that for restaurants and
cafeterias with smoking not banned, the median (inter-quartile ranges, IQRs) of seven-day
weighted average nicotine levels ranged from 1.18 (0.19-4.84) pg/m® in Paris, France, to 10.95
(6.22-17.67) pg/m* in Bratislava, Slovakia (Lopez, Nebot et al. 2008). These SHS levels were
similar to or higher than the peak-time two-hour averaged nicotine levels in the smoking sections
of restaurants and bars in this study (median 1.60 pg/m®, IQRs 0.5-4.2 pg/m?®, data not shown).
The health risks from SHS exposure in these cities/countries are expected to be similar to or
higher than the risks reported in the current study. These risks can impose a significant disease
burden on the population, strongly indicating that smoking in restaurants and bars should be a
priority of regulatory concern to municipal, state and national governments, and that they should
not be exempt from smoking bans.

To fight against comprehensive smoking bans in restaurants and bars, the tobacco industry
has advocated designated nonsmoking sections in restaurants and bars. Unfortunately, this
approach offers little or limited protection for nonsmokers, especially for nonsmoking servers,
who must serve customers in both sections. The results of our study showed that the LER of
LCD is more than ten times the de minimis risk even for patrons who visit only designated
nonsmoking sections once a week during their lifetime, and the LER of IHD death is
substantially higher than that of LCD. Thus, restricting smoking to designated areas is an
ineffective way to eliminate the health risk of SHS.

The attributable risk assessment method indicated that the LER of LCD due to SHS
exposure from all sources is similar for the Minnesota population and the US population, while
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the LER of IHD death is lower among the Minnesota population than among the U.S. population.
This is because the overall mortality rate of IHD is lower among nonsmokers aged 35 and over
in Minnesota. The LER of asthma initiation among nonsmoking restaurant and bar servers is
higher in Minnesota than in the U.S. as a whole, because a lower percentage of the Minnesota
population was covered by smoke-free restaurants and bars.

The LER of cancer due to exposure to SHS-VOCs regulated as HAPs by the US EPA is
lower than that for LCD estimated with other approaches, probably because we only included
nine SHS-VOCs which had both emission factors and cancer unit risk estimates available from
the literature, while excluding particle phase or other gas phase carcinogens. The estimated
overall IHD mortality rate among nonsmokers aged 35 and over in the U.S. in this study
(24.3<10 in table 3) is quite close to the IHD mortality rate among never-smokers reported in
four cohort studies (Steenland 1992) weighted by the age and gender specific nonsmoking
population of 35 and over in 2004, which is 212x10°. The consistency between these indicates
that the risk assessment and the underlying assumptions used in this study are reasonable and
reliable.

The confidence intervals reported in this study reflect only the variations of measured SHS
levels or the reported uncertainties of related parameters used in this study and do not encompass
all uncertainty of this risk assessment. We believe that the variance of servers’ and patrons’
exposure to SHS PM in restaurants and bars in Minnesota was relatively well characterized by
the selection and weighting of the venues and the inclusion of multiple measurements taken
during different times of a day and on different days of the week in each venue. Bar and
restaurant servers and patrons may be different from the overall general population in lifestyle,
and lifestyle factors such as drinking and unhealthy diet might be synergistic with SHS exposure.
It is more possible that we underestimated the health risks of SHS exposure in restaurants and
bars because it is less likely that servers and patrons have a healthier lifestyle than the general
population. In addition, as servers and patrons are transient populations with a high turnover, the
LER estimated in this study is likely to overestimate the risk for servers and patrons who are not
exposed as much as what are assumed in this study. However, regulations should protect those
who do make a career of restaurant or bar work, as well as those who visit regularly. A study
showed that, among those aged 17 years and over, the current cigarette smoking rate among
waiters and waitresses was 44.5% (95% CI 35.9-53.1%), comparing to the overall prevalence of
cigarette smoking of 28.3% (95% CI 26.9-29.8%) during the 1988-1994 period (Bang and Kim
2001). Thus by using the proportion of current nonsmokers of the general population, it may
overestimate the number of new asthma cases attributed to SHS exposure by nonsmoking
servers, however, the lifetime risk will be the same.

There are reasons to believe that these health risks are underestimated. In assuming that
restaurant and bar servers are exposed to SHS in the workplace for only 4 hours per day and that
patrons are exposed for only 86 minutes per week, the risks for servers who work full time in
these venues and for patrons who visit smoking restaurants and bars more frequently are likely to
be underestimated. When using the unit risk to estimate the cancer risk due to SHS exposure,
only nine SHS-VOCs were included while other carcinogens were ignored. When using the
attributable risk assessment approach, we assumed that SHS exposure levels in restaurants and
bars were similar to the average of general SHS exposure and we used a higher percentage of
population covered by smoke-free restaurants and bars than would have been the case in earlier
years. Furthermore, only three of the diseases caused by SHS exposure were included, while
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other health outcomes, e.g., breast cancer for young nonsmoking servers, acute heart disease
events, acute respiratory irritations for children, etc., were not included due to limited data to
quantify these risks.

5.5 Conclusions

The health risk for patrons visiting smoking restaurants and bars is well above the
acceptable level, and for servers it exceeds the “significant risk” level. Banning smoking in
restaurants and bars should be a high priority for governments in regions which have not done
so. This study provides strong evidence that smoking should be banned in hospitality venues to
protect the public’s health.
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Table 5.9 Comparison of this study and four published studies on assessing health risks due to SHS exposure in restaurants and bars

this study Lopez, et Hedley et al. 2006 Siegel M, Skeer M. 2003  El-Hougeiri and El
al. 2006 Fadel 2002
venue/subje 65 venues selected in a very systematic and random convenienc  volunteers from 27 bars from 10 studies  one restaurant in the
cts way to represent restaurants and bars permitting e sample catering places in from literature u.s.
selection smoking, with consideration of venue types and sizes Hongkong conducted in the U.S.
and expected standard deviatioin of SHS
concentrations
assessment  based on both filed measurements and published field Urine cotinine of literature review field measurements
method epidemiological data measureme  volunteers, exposure in one venue and
nts sources identified by mathematical
questionnaires modeling
Tracers Included PM2.5, airborne nicotine, , 3-ethenypridine, airborne CO to screen nicotine concentrations  carbon monoxide
monitored pyridine, pyrrole, myosmine, 3,4-picoline, etc. nicotine smokers/nonsmokers,  from literature, weighted (CO), total suspended
urine cotinine from by number of venues in  particles (TSP)
volunteers selected studies
sampling during different patronage peak time period (lunch, one week of  no limits on urine no limitations, any CO during peak
time period  dinner and evening) of different days of a week passive area  sampling time, could  nicotine measurements activity time, TSP
nicotine be during or after (no  with mean reported right after peak
sampling time limit) shifts activity time
n of Over 200 2-hour measurements and over 2400 10- 52 samples 151 of 184 volunteers 16 CO measurements
measureme  minutes measurements from 26 with complete and 12 TSP
nts/subjects venues information measurements
subject of servers, patrons hospitality ~ catering workers, bar workers servers, chefs
risk workers waiters and non-
assessment waiters
health eye and nasal irritation; lung cancer, non-lung cancer, lung cancer  lung cancer and heart  lung cancer death irritation effect,
outcomes ischemic heart disease, asthma initiation risk disease deaths cancer effect
dose- Repace model based on SHS PM exposure, VOC unit  Repace Repace model, Repace model based on ~ CA ARB/OEHHA
response risk model, and attributable risk assessment approach model adjusted to SHS PM exposure diesel exhaust dose-
model based on Hongkong's heart response model in
SHS PM disease mortality rate 1998

exposure




81

this study Lopez, et Hedley et al. 2006 Siegel M, Skeer M. 2003  El-Hougeiri and EI
al. 2006 Fadel 2002

estimated 90% of patrons visiting restaurants and bars allowing A LER of LER of lung cancer 4.1/1000 (range 0.1- 4.74/1000 for waiter

health risk ~ smoking are at risks of eye and nasal irritation; a LCD of death and heart 140/1000) with shift from 10
lifetime excess risk (LER) of 18x10°(95%Cl 13- 145010 disease death AM-6 PM, 3.58/1000
23x10®) of lung cancer death (LCD) for patrons for workers  combined of 3% for waiter with shift
visiting only designated nonsmoking sections, 80<10"  from all (median 1.7%, 10- from 6 PM-2 AM ,
6(95%CI 66-95x10°) for patrons visiting only places 90%: 1-6%) 2.29/1000 for chefs
smoking venues/sections and 802x10® (95%CI 658- studied, and with shift from 10
936x107) for servers in smoking-permitted venues. An 220 x10® AM- 6PM, and
attributable-risk approach estimated a similar LER of for workers 1.84/1000 for chefs
LCD and a LER of IHD death about 10 for the in from with shift from 6 PM-
general nonsmoking population with averaged SHS cafeterias in 2 AM
exposure from all sources and a LER of asthma hospitals
initiation about 5% for servers with SHS exposure at
work only.

# of cases 214 LCDs and 3001 IHD deaths among the general Not 150 deaths in the Not estimated Not estimated
nonsmoking population and 1420 new asthma cases estimated Hongkong catering

among nonsmoking servers in the U.S. each year
because of SHS exposure at work.

workforce of 200,000
(this risk applied to
smoking workers,
t00)




Chapter 6 An Assessment of Health Risks and Mortality from
Exposure to Secondhand Smoke in Chinese Restaurants and Bars
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6.1 Background

More than 600 000 deaths were estimated to be caused by secondhand smoke (SHS)
exposure in 2004, corresponding to 1.0% of all deaths worldwide in that year (Oberg, Jaakkola et
al. 2011). As described in previous chapters, China is the largest consumer of tobacco in the
world, with 301 million current smokers (including 53% of men and 2.4% of women) (Li, Hsia et
al. 2011) and 556 million adult passive smokers (72.4% of adult nonsmokers) in 2010 (Xiao,
Yang et al. 2010). Gan et al. estimated that 130 000 lung cancer deaths and 169 600 ischaemic
heart disease deaths were attributed to active smoking, and 22 200 lung cancer deaths and 33 800
ischaemeic heart disease deaths were attributed to SHS exposure among nonsmoking adults in
China in 2002 (Gan, Smith et al. 2007).

In China, where the tobacco industry is owned by the government (Chinese CDC 2011),
developing and implementing effective policies to reduce active and passive smoking is
particularly challenging. China ratified the World Health Organization’s Framework Convention
on Tobacco Control (WHO FCTC) in 2006. Health departments of the Chinese government and
many health organizations have been working hard to implement the Convention and have made
considerable progress. For example, more and more cities have started to revise their local
legislations to prohibit or restrict smoking in more public places; national legislations have been
updated to regulate cigarette packaging and labeling and to adjust the consumption tax of
tobacco products. However, most of these achievements are compromised results of favoring the
tobacco industry’s economic interests over the health of people, and there is still a huge gap
between China’s current state of affairs and the FCTC requirements (Yang and Hu 2010; Lv, Su
et al. 2011). As presented in Chapter 4, the Beijing Government’s smoking restrictions are
poorly implemented and are ineffective in protecting people from the adverse health effects of
SHS exposure.

Other factors challenging tobacco control efforts in China: the majority of men smoke;
smoking is acceptable to the general population; SHS exposure is prevalent; and the related
hazard health effects are not recognized by nearly 75% of the population (Chinese CDC 2011).
Thus, information about the magnitude of the health risks and disease burden due to SHS
exposure is particularly important for policy makers to plan preventive strategies and for the
general population to understand their right of enjoying smoke-free air.

There were about 11 million restaurant or bar employees in 2004 (National Bureau of
Statistics of China 2005), and 15% of people aged 15 years and older eat out at least every day
(Ma, Hu et al. 2005). However, smoking is generally not regulated in most restaurants and bars
or is not fully implemented if there are any restrictions, as shown in Chapter 4 and another
study('Yang, Jiang et al. 2008). To provide necessary evidence for advancing tobacco control in
this specific environment, that is, restaurants and bars, this chapter assesses the health risks and
deaths of lung cancer and ischaemic heart disease (IHD) attributed to SHS exposure in this type
of environments for workers and patrons, using similar approaches as Chapter 5.
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6.2 Methods

6.2.1 Estimate of Lung Cancer Risk Using a Continuous Approach Based on Modeled
SHS Exposure Levels

As in Chapter 5, the model developed by Repace and Lowrey (1985) was used to estimate
the lifetime excess risk (LER) of lung cancer death (LCD) due to SHS exposure, indicated by
SHS PM. The same equation was used, that is:

LER of LCD = 5% 10 (mg/day-year)™* xDaily dose (mg/day) x Years
Daily dose (mg/day) = Csps.pm (Mg/m®) <BR (m%hr) xTime (hr/day) xf
[5.1, Chapter 5]
Where
Daily dose is the exposure dose of SHS PM in mg/day for an individual;
Years is the number of years exposed to SHS;

Cshs pum is the average concentration of SHS PM in mg/m® during the period of exposure
(here taken to be the peak patronage times);

BR is the breathing rate in m*/hr;
Time is the average hours per day exposed to SHS;
f is the number of days per week exposed divided by 7 days.

Because only a limited number of studies measured SHS concentrations in non-
representative restaurants or bars in some cities in China (Kang J, Lin X et al. 2007; Liu, Yang et
al. 2011; Liu, Lu et al. 2012), modelled SHS PM concentrations, as presented in Chapter 3, were
used. Lifetime excess risks of LCD were estimated separately for servers and patrons by
different smoking policies and by restaurants and bars. For restaurants or bars restricting
smoking in designated smoking sections, the risks for patrons visiting designated smoking
sections only or visiting designated non-smoking sections only were estimated. For servers,
because they need to move between both sections to serve patrons, their time spent in each
section was assumed to be proportionate to the volume of each section, and the concentrations
exposed to servers were estimated by weighting the concentrations in each section as modelled in
Chapter 3 by the ratio of non-smoking-section volume to smoking-venue volume (f,). That is, the
weighted SHS concentrations exposed by servers working in restaurants or bars with designated
smoking sections were estimated by the following equation:

CSHS-PM: (Csmoking-section SHs-PMm T Cnonsmoking-section SHS-PM ><f2)/(l+f2) [61]

As assumed in Chapter 3, the ratio f, had a beta distribution, with the two shape parameters
0=2.85, =28, and with a mean of 1.0, a standard deviation of 0.5, and a range of 0.1 to 10.

For breathing rate (BR), the same assumption as in Chapter 5 was used. That is, 1.6 m*/hr for
servers at a moderate activity level and 1.0 m%hr for patrons at a light activity level, based on
recommendations by U.S. EPA (1997). Hospitality servers were reported to work for an average
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of 49.1 hours/week in 2004 (male 49.8 hours/week, female 48.6hours/week) (National Bureau of
Statistics and Ministry of Labour and Social Security of China 2005). Restaurant workers could
be exposed to SHS during working hours for an average of 24.2+18.6 hours per week (Zheng, Fu
et al. 2009). Because SHS PM concentrations were modeled for peak patronage times only, to
avoid overestimating restaurant and bar servers’ exposure during work, their exposure time was
assumed to be four hours a day during peak patronage time for five days a week, and a working
life of 45 years was also assumed, as in Chapter 5. For patrons, an average adult was reported to
spend 13 minutes per day (male 16 minutes, female 9 minutes) in restaurants and bars in 2008
(National Bureau of Statistics of China 2008). Based on the assumptions, f equals to 5days/7days
for servers and one for patrons.

The ratios of emission rate of PM;s to emission rates of volatile organic compounds for
Chinese cigarettes may be different than those for cigarettes of other countries, as shown by the
relationship of SHS PM and airborne nicotine concentrations in Beijing restaurants and bars in
Chapter 2. Therefore, the risks of other cancers than lung cancer risks due to exposure to VOCs
were not estimated in this Chapter. However, they may add significantly to lung cancer risk, as
reported in Chapter 5.

6.2.2 Estimate of Health Risk by Excess Risk Assessment Method (Exposed/Nonexposed)

As in Chapter 5, this method uses the population attributable fraction (PAF) to estimate the
attributable deaths of lung cancer and ischaemic heart disease due to SHS exposure in restaurants
and bars. Equations 3 and equations 4 from Chapter 5 were used in this Chapter.

ABsps= Bns X PAFsys
Bns=(B—ABsm) — (B—ABsm) *Psm =(B—ABsm) >(1-Psm)
ABsn=B><PAF
PAFsmc= Psmk (RRsmk-1)/[Psmk (RRsmk-1)+1]
PAFsus= Psis (RRshs-1)/[Psts (RRsws-1)+1]
[5.3, Chapter 5]
AERsHs= ABgns/Prisk
LERsHs= AERsys < Years
[5.4, Chapter 5]
Where

B is the total number of deaths of a disease per year among the whole population;

Bns is the number of deaths of a disease per year among nonsmokers;

ABgn, is the attributable number of deaths of a disease per year among smokers due to
smoking;

ABsys is the attributable number of deaths from a disease per year among nonsmokers due to
SHS exposure;

PAFq is the PAF of the total deaths of a disease among a population due to active
smoking;

PAFsys is the PAF of the deaths of a disease due to SHS exposure among nonsmokers;
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Psm 1S the prevalence of current smoking;

Psws IS the prevalence of SHS exposure;

RRsmk IS the relative risk of a disease due to active smoking;

RRsys is the relative risk of a disease due to SHS exposure among nonsmokers;

AERgys is the average annual excess risk of death due to SHS exposure among nonsmokers;
Prisk IS the population at risk, that is, current nonsmokers aged 35 years or older;

LERsus is the life time excess risk of death due to SHS exposure among nonsmokers;

Years is the number of years of exposure during lifetime.

To be consistent with the estimates of deaths of adult lung cancer and ischaemic heart
disease from SHS exposure for 2002 in China by Gan et al. (2007), the calculation in this chapter
also used data on population and disease rates from the database of the regional burden of
disease estimates for WPRO-B (Western Pacific Regional Office-countries with low child and
adult mortality rates) published by the World Health Organization (WHO). However, because
data on restaurant and bar employment were available for 2004 only, the estimates for 2004,
instead of 2002 as used by Gan et al. were used for the calculation in this chapter. China made up
of 82% of the population of WPRO-B region in 2004, thus this factor was applied to data from
that WHO subregion to estimate the age and gender specific population and mortality (B in the
equations above) of lung cancer and ischaemic heart disease (Table 6.1). Because of the latency
of developing lung cancer or ischaemic heart disease, the calculations were restricted to adults
aged above 30 years (the WHO dataset only has age groups of 30-44, thus the cutting point of 30
rather than 35, as in Chapter 5, was used in this Chapter) .

There were 11,285,000 people employed by restaurants and bars in 2004 (National Bureau
of Statistics of China 2009); and gender and age distributions of restaurant and bar employees in
urban areas (but not in rural areas) in 2004 could be obtained from the China Labour Statistical
Yearbook (National Bureau of Statistics and Ministry of Labour and Social Security of China
2005). For this analysis, the gender and age distributions of the total restaurant and bar
employees were assumed to be the same as of the urban employees. Because the mortality of
lung cancer and ischaemic heart disease for this specific population was not available, the
mortality rates of these two diseases among restaurant and bar workers were assumed the same
as among the general population.

Age and gender specific prevalence of current smoking and SHS exposure was obtained
from the 1984 and 1996 national surveys of Chinese adult smoking behaviors (Table 6.1).
Detailed information on SHS exposure was not available from the 1984 survey; since the current
smoking prevalence of Chinese male adults did not change so much from 1984 to 1996, SHS
exposure prevalence in 1984 was assumed similar to that in 1996. To count for the latency of
lung cancer and ischemic heart diseases, the 1984 current smoking prevalence and SHS exposure
prevalence (assumed to be similar with the 1996 SHS exposure prevalence) of the 2004
population were used to calculate the population attributable fractions (PAF). That is, to estimate
the deaths of the two diseases attributed to smoking or SHS exposure for the age group 30-44,
the current smoking prevalence of the age group 15-30 in 1984 and the SHS exposure prevalence
for this age group in 1996 was used. About 90% of people who went to restaurants and bars
reported that they were exposed to SHS in those places in 2010 (Xiao, Yang et al. 2010), and
SHS exposure in restaurants and bars in earlier times, e.g. before 1996, were expected to be
higher than 90%. Therefore, for this analysis, 95% of restaurant and bar workers and patrons
were assumed to be exposed to SHS.
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The relative risks (RRs) of lung cancer and ischaemic heart disease used to calculate the
PAF due to active smoking and SHS exposure were the same as used by Gan et al (Gan, Smith et
al. 2007), because they were specific to the Chinese population (Table 6.2). Because the relative
risks of these two diseases for different ages was unavailable, they were assumed the same across
all age groups.
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Table 6.1 Current smoking prevalence and SHS exposure prevalence by gender and age in 1984 and 1996
in China

current smoking SHS exposure
IHD  hospitality prevalence prevalence °®
Population ? LCD" death® employees 1984 1996 1996
total 1,299,880,000 348,469 731,647 11,283,747 34% 35% 54%
male 667,869,966 240,136 379,430 5,021,199 61% 63% 46%
15-30 328,001,739 659 4641 1,775,729 65% 65% 60%
30-44 169,321,861 10,760 14,100 2,237,217 74% 73% 45%
45-59 105,910,826 55,405 55,662 943,042 75% 73% 45%
60+ 64,635,539 173,971 309,668 65,210 65% 65% 35%
female 632,010,034 108,333 352,217 6,262,549 7% 4% 57%
15-30 300,237,820 331 1,653 2,225,430 5% 2% 65%
30-44 161,802,513 6,183 9,004 3,096,796 5% 2% 62%
45-59 101,349,079 23,360 27,456 915,247 16% 7% 56%
60+ 68,620,622 78,790 315,757 25,075 17% 12% 45%

Note: ? the Chinese population was 1,299,880,000, reported by the National Bureau of Statistics; the population by
gender and age groups were estimated from the WHO WPR-B dataset with a proportion of 82% (total Chinese
population/total WHO WPR-B population in 2004) because they were not available from the bureau’s datasets;

® LCD, lung cancer deaths, estimated from the WHO WPR-B dataset;

¢ IHD, ischaemic heart disease death, estimated from the WHO WPR-B dataset;

d¢ data from a national survey in 1984 (Weng, Hong et al. 1986) and in 1996 (Walker, Nelson et al. 1997);

The numbers in each of the first four columns may not add up to the corresponding subtotals or totals due to
rounding up during calculation.

Table 6.2 Summary of relative risks of active smoking and SHS exposure used for the analysis
Males (95% CI) Females (95% CI)

Active smoking
Lung cancer 2.72(2.62,2.82) 2.64(2.48,2.80)
Ischaemic heart disease 1.72 (1.61,1.83) 2.69 (1.82, 3.98)
SHS exposure
Lung cancer 1.63(1.12,2.37) 1.63(1.12,2.37)
Ischaemic heart disease 1.22 (1.10,1.35) 1.24(1.15, 1.34)
Note: this table was reproduced from Gan et al. (Gan, Smith et al. 2007)
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Homes, workplaces, and indoor public places, including restaurants and bars, were assumed
to be the major microenvironments where people were exposed to SHS. To estimate the deaths
of the two diseases due to SHS exposure in restaurants and bars, the number of total deaths
attributed to overall SHS exposure was multiplied by the percentage of SHS time in this type of
environment, which was estimated by weighing SHS exposure prevalence of the population of
interest in different microenvironments by the average time spent in each microenvironment.
Though exposure concentrations are quite different in different microenvironments, only limited
studies have measured SHS concentrations in homes, workplaces, or indoor public places. In
addition, representative measurements in each of the microenvironments are not available. Thus,
the exposure intensity was not weighted in this analysis.

A total of 46% of male and 57% of female adult nonsmokers were reported to be exposed to
SHS in 1996, and the proportion of passive smokers who reported SHS exposure in homes,
workplaces, and indoor public places was 43%, 45%, and 40%, respectively, for males, and 82%,
19%, and 28%, respectively, for females (Walker, Nelson et al. 1997). The population
prevalence of SHS exposure in a specific environment was estimated by multiplying the general
SHS exposure prevalence by the proportion of passive smokers who reported SHS exposure in
that specific environment. For example, the prevalence of male adult nonsmokers exposed to
SHS in homes was 20% (46%>43%). Based on time activity surveys conducted in 10 provinces
across China in 2008, each day an adult spent an average of 986 minutes (male 927, female
1042) in residences, 278 minutes (male 324, female 234) in work places, 20 minutes (male 17,
female 23) in indoor public places like malls, banks, and hotels (except restaurants and bars), and
13 minutes (male 16, female 9) in restaurants and bars; for the employed, their average time
spent in workplaces was 437 minutes (male 461, and female 409). In addition, people spent an
average of 542 minutes (male 540, female 544) sleeping (National Bureau of Statistics of China
2008). In this analysis, restaurant and bar workers were assumed to spend similar time in homes,
workplaces, and indoor public places as the general population, while their time spent in
restaurants and bars as patrons was omitted. People were assumed to be exposed to SHS in
residences only during waking hours. The percentage of SHS time for each type of environment
was calculated as

SHS exposure prevalence; X time;

%SHS_time ; = [6.2]

Y. SHS exposure prevalence; X time;

Where

I is the ith environment;

%SHS_time; is the percentage of time exposed to SHS in the ith environment of overall time
exposed to SHS in all environments by the population;

SHS exposure prevalence; is the proportion of the nonsmoking population exposed to SHS
in the ith environment;

Time; is the time spent in the ith environment.

Sensitivity analysis of percentage of SHS exposure time in restaurants and bars was
conducted by varying the smoking policy in different microenvironments. With this approach,
the significance of SHS exposure in restaurants and bars was examined, in terms of the
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percentage of overall SHS exposure time for the population of restaurant and bar servers and
patrons.

6.3 Results

6.3.1 Estimate of Lung Cancer Risk Using a Continuous Approach Based on Modeled
SHS Exposure Levels

Based on mass balance models and Monte Carlo simulation, the arithmetic mean (95%CI) of
peak-time SHS PM concentrations was 135 (10-451) pg/m® in restaurants allowing smoking
everywhere, 90 (6-306) pg/m® in designated smoking sections, and 49 (2-175) pg/m® in
designated nonsmoking sections; these concentrations corresponded to an estimated life time
excess lung cancer risk of 1 389 (103, 4 639)x10° for servers working five days a week for 45
years in restaurants allowing smoking and 741 (51, 2 499)x10° in restaurants restricting
smoking to designated sections; and for patrons they corresponded to an estimated lifetime lung
cancer risk of 88 (7, 293)x10° due to visiting restaurants allowing smoking everywhere for an
average of 13 minutes a day for 60 years, 59 (4, 199)<10° due to visiting designated smoking
sections only, and 32 (1, 114)><10° due to visiting designated nonsmoking sections only. Both
the mean concentration and estimated lifetime lung cancer risk for servers and patrons were
estimated to be about twice in bars as in restaurants with the same smoking policies (Table 6.3).
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Table 6.3 Estimates of lifetime attributable risk of lung cancer death due to SHS exposure in restaurant and bar for servers and patrons, using
continuous approach and modeled SHS PM concentrations in Chinese restaurants and bars

Servers patrons
designated designated
venues allow venues restrict allow smoking smoking nonsmoking
smoking smoking everywhere sections sections
Restaurants
concentration, mean (95%Cl), pg/m*? 135(10, 451) 72(5, 243) 135(10, 451) 90(6, 306) 49(2, 175)
breathing rate, m*hr 1.6 1.6 1.0 1.0 1.0
average time exposed to SHS, hr/day ° 4 4 0.22 0.22 0.22
number of days exposed to SHS, day/week ° 5 5 7 7 7
number of years exposed to SHS, years 45 45 60 60 60
lifetime excess risk of lung cancer death, 10 1389 741 88 59 32
(95% Cl1%) ° (103, 4 639) (51, 2499) (7, 293) (4,199) (1, 114)
Bars

concentration, mean (95%Cl), pg/m?? 261(20, 872) 137(10, 463) 261(20,872) 175(12, 606) 93(4, 333)
breathing rate, m*hr ° 1.6 1.6 1.0 1.0 1.0
average time exposed to SHS, hr/day ° 4 4 0.22 0.22 0.22
number of days exposed to SHS, day/week ° 5 5 7 7 7
number of years exposed to SHS, years 45 45 60 60 60
lifetime excess risk of lung cancer death, 10 2 685 1409 170 114 60
(95% CI1%) ° (206, 8 969) (103, 4 762) (13, 567) (8,394) (3, 216)

Note: * concentrations were estimated from modeling results presented in Chapter 3, servers’ exposure concentrations in venues restricting
smoking were estimated by weighting the concentrations in designated smoking sections and nonsmoking sections with the number seats in the
two sections, respectively;

® breathing rates of different levels of activities specific for Chinese populations were not available and they were assumed according to
recommendations by U.S. EPA (1997);

¢ servers’ exposure time was based on the report that restaurants and bar workers worked for an average of about 50 hours a week (National
Bureau of Statistics and Ministry of Labour and Social Security of China 2005), which corresponded to 7.2 hours a day; however, it was assumed
that servers’ exposure happened mostly in four hours during peak patronage time; patrons’ exposure time was based on the report that people
spend an average of 13 minutes (0.22 hours) a day in restaurants and bars every day (National Bureau of Statistics of China 2008);

% the lifetime attributable risk was calculated using the dose-response relationship estimated by Repace and Lowrey (1985) (Eq.1, Chapter 5)



6.3.3 Estimate of Health Risk by Excess Risk Assessment Method (Exposed/Nonexposed)

Servers’ exposure to SHS in their work places (restaurants and bars) was estimated to
account for 85% of their total SHS exposure for males and 61% for females, which corresponded
to 21 lung cancer deaths (LCDs) and 16 ischaemic heart disease (IHD) deaths for males and 56
LCDs and 37 IHD deaths for females (Table 6.4 and 6.5). Patrons’ exposure to SHS, due to
visiting restaurants and bars allowing or restricting smoking, accounted for 9.6% for males and
3.2% for females, corresponding to 580 LCDs and 550 IHD deaths among males and 725 LCDs
and 959 IHD deaths for females (Table 6.4 and 6.5). A total of 2 850 deaths from lung cancer
and IHD were attributed to SHS exposure in restaurants and bars for the total population (130
among workers and 2720 among patrons). The life time excess risk for nonsmokers were
estimated to be 900x<10°® for LCD and 470<10° for IHD deaths among servers who work in
restaurants and bars for 45 years and 150x10° for LCD and 18010 for IHD among patrons
who visit restaurants and bars for 60 years.

When 95% of restaurants and bars were assumed to allow or restrict smoking, for servers
who were not exposed to SHS at home, their exposure due to working in restaurants and bars
accounted for almost all of their exposure time; even if servers were exposed to SHS at home,
their exposure time in restaurants and bars still accounted for about half of all their exposure
time. For patrons who were exposed to SHS at home, their exposure time in restaurants and bars
accounted for less than 5% of their total exposure time, regardless of the smoking policy in their
workplaces. However, for patrons who did not have any SHS exposure at homes or workplaces,
while more than 80% of restaurants and bars allow smoking, their exposure time in restaurants
and bars dominated their total exposure (Table 6.6). If only half of the restaurants and bars
completely banned smoking, SHS exposure in restaurants and bars still accounts for more than
50% of the total exposure time for patrons who lived in smoke-free homes and had smoke-free
workplaces and for servers who live in smoke-free homes (Table 6.6).
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Table 6.4 Estimated percentage of total SHS exposure happening in different types of environments for
restaurant and bar servers and patrons by gender

Male Female
SHS time SHS time
exposure spent %SHS- exposure spent %SHS-
prevalence  (minutes) time prevalence  (minutes)  time
servers
home ? 19.6% 380 14.4% 46.7% 493 37.0%
work place ° 95.0% 461 85.0% 95.0% 409 62.4%
indoor public
places ° 18.2% 17 0.6% 16.0% 23 0.6%
patrons
home ® 19.6% 380 46.8% 46.7% 493 86.0%
work place 20.5% 324 41.7% 10.8% 234 9.5%
indoor public
places ° 18.2% 17 1.9% 16.0% 23 1.4%
restaurants
and bars 95.0% 16 9.6% 95.0% 9 3.2%

Note: SHS exposure prevalence is the proportion of nonsmokers exposed to SHS;

% people were assumed to be exposed to SHS in residences only during waking hours;

® for servers, the work place was restaurants and bars, and 95% of Chinese restaurants and bars
were assumed to allow smoking;

¢ indoor public places did not include restaurants and bars in this analysis.

Table 6.5 Estimated numbers of lung cancer death and ischaemic heart disease death due to SHS
exposure in restaurants and bars based on excess risk assessment methods

deaths deaths attributable to
total deaths deaths attributable SHS exposure in
among the deaths among to overall restaurants and bars
population attributable nonsmokers SHS
>30 to smoking  aged >30 exposure  workers patrons total
male
LCD 240 136 134 708 27 109 6 083 21 580 600
IHD 379 430 130 359 63 593 5 818 16 550 566
female
LCD 108 333 18 616 78 366 21 011 56 669 725
IHD 352 217 34 595 270 682 32 485 37 921 959
Total
1
LCD 348 469 153 324 105 475 27 094 77 1248 325
1
IHD 731 647 164 953 334 276 38 302 53 1 472 525

Note: LCD: lung cancer death; IHD: ischaemic heart disease
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Table 6.6 Sensitivity analysis of percentage of overall SHS time occurred in restaurants and bars for
workers and patrons

SHS exposure prevalence servers %SHS-time patrons %SHS-time
work places restaurants

home  (patrons) and bars male female male female
yes yes 95% 53% 44% 3.3% 1.6%
yes yes 80% 49% 40% 2.8% 1.4%
yes yes 50% 38% 29% 1.7% 0.9%
yes yes 20% 19% 14% 0.7% 0.3%
yes no 95% 53% 44% 3.8% 1.7%
yes no 80% 49% 40% 3.2% 1.4%
yes no 50% 38% 29% 2.0% 0.9%
yes no 20% 19% 14% 0.8% 0.4%
no yes 95% 99% 99% 18% 23%
no yes 80% 99% 99% 16% 20%
no yes 50% 99% 98% 10% 13%
no yes 20% 97% 96% 4.0% 6.0%
no no 95% 99% 99% 83% 70%
no no 80% 99% 99% 81% 66%
no no 50% 99% 98% 2% 55%
no no 20% 97% 96% 51% 33%

6.4 Discussion

Because limited information was available to assess the health risks of other diseases due to
SHS exposure in China, including acute respiratory and sensory irritation, adult asthma
initiation, breast cancer among young females, etc., only lung cancer deaths (LCDs) and
ischaemic heart disease (IHD) deaths were included in this analysis. Therefore, the total health
risks and mortality due to SHS exposure in Chinese restaurants and bars are expected to be
greater than the estimates in this chapter.

Several studies have used the dose-response relationship estimated by Repace and Lowrey
(1985) to estimate lifetime excess risk (LER) of LCD due to SHS exposure by hospitality
workers. Lopez et al. (2006) estimated a LAR of LCD of 1 450<10° for hospitality workers
working for 40 years; Hedley et al. (2006) estimated a LER of LCDs and heart disease death
combined of 30 000<10° for Hong Kong catering workers working for 40 years; Siegel and
Skeer (2003) estimated a LER of 4 100<10° for U.S. bar workers for a working life of 45 years ,
and Chapter 5 estimated a LER of 802x10° for Minnesota restaurant and bar workers. This
analysis estimated the LER of lung cancer for workers of Chinese restaurants and bars for the
first time. The estimates for restaurants workers (a LER of 1 389%10°® for servers working for 45
years in restaurants allowing smoking and 741x10° in restaurants restricting smoking) were
similar to the estimate by Lopez et al. (2006), and higher than that in Chapter 5 for Minnesota
restaurants and bars; the estimates for bars workers ( 2 685>10° and 1 409<10°® for servers of
bars allowing smoking and bars restricting smoking, respectively,) were lower than the estimate
by Siegel and Skeer (2003). All these estimated LCD risks for workers are much higher than the
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de manifestis risk of 3x10, a risk of obvious or evident concern, and one that public agencies
will almost always regulate to control, or mitigate when recognized (Travis, Crouch et al. 1987).
Most estimated LCD risks are also higher than the significant risk of 110 defined by the U.S.
Occupational Safety & Health Administration (OSHA).

No studies in literature have assessed health risks for patrons. Chapter 5 and this chapter are
the first to do so. Chapter 5 estimated a LER of 80x10® for Minnesota patrons visiting smoking
restaurants and bars or sections only, and 18x10® for those visiting designated nonsmoking
sections of restaurants and bars only for 1.4 hours/week for 60 years; this analysis estimated a
LER of 32 to 88x10° and 60 to170x<10°, respectively, for patrons visiting restaurants and bars
allowing or restricting smoking for 0.22hours/day for 60 years. Analyses of Chapter 5 were
based on measurements of SHS concentrations in a representative sample of restaurants and bars,
with restaurants and bars combined and exposure from smoking venues and designated smoking
sections combined, while analyses in this chapter were based on SHS exposure modeled
separately for restaurants and bars and for smoking venues and nonsmoking sections. Estimated
LER of lung cancer deaths of Chinese restaurant patrons were similar to Minnesota patrons of
restaurants and bars combined, while they were higher for Chinese bar patrons because of higher
exposure. These estimated risks are all much higher than the acceptable risk (de minimis risk)
1x10°® for large populations (Travis, Crouch et al. 1987).

Based on the attributable risk assessment method, about 27 000 LCDs and 38 000 IHD
deaths were attributable to SHS in 2004; about 20% and 10%, respectively, higher than estimates
by Gan et al. (Gan, Smith et al. 2007), which were 22 200 LCDs and 33 800 IHD deaths. The
reasons may be that the 2004 population of WHO WPRO-B was 1% higher than the 2002
population, and the total LCDs and IHD deaths in 2004 were 18% and 4%, respectively, higher
than in 2002; furthermore, the population was divided into more subgroups in the analysis by
Gan et al. than in this analysis, which may also lead to some discrepancy between the two
analyses.

Jamrozik (2005) estimated a total of 54 deaths of lung cancer, IHD and stroke among
restaurant and bar workers due to their work place SHS exposure in the United Kingdome;
Chapter 5 estimated a total of 3 200 deaths of lung cancer and ischaemic heart disease among
hospitality workers and patrons due to SHS exposure in restaurants and bars in the U.S., based
on the 1992-1994 U.S. National Human Activity Pattern Survey (NHAPS) (Klepeis, Tsang et al.
1996) that SHS exposure accounted about 9% of total SHS exposure in the U.S.; this analysis
estimated a total of 130 deaths of the two diseases among hospitality workers and a total of 2 720
deaths among patrons caused by SHS exposure in restaurants and bars, accounting for about 4%
of the total LCDs and IHD deaths attributed to SHS. The total number of excess deaths of LCD
and IHD caused by SHS exposure in restaurants and bars only in China (2850) is comparable to
the total deaths from all sex transmitted diseases, excluding HIV, among those aged >30 years,
or to the total deaths from skin diseases (3310 and 3586, respectively, in the whole WHO
WPRO-B region, with 82% estimated to be in China). While reducing the disease burden of the
later two types of diseases is very expensive and challenging, eliminating SHS exposure in
restaurants and bars, and thus preventing a similar number of deaths, is much more cost effective
and practical.

About 20% of nonsmoking males are exposed to SHS at home and 21% in workplaces;
about 47% of nonsmoking females are exposed to SHS at homes and 11% in workplaces. This
corresponds to 64% of nonsmoking males and 47% of nonsmoking females without SHS
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exposure in both homes and workplaces. For this population, their time exposed to SHS in
restaurants and bars accounts for more than 70% of their total exposure time, if 95% of the
restaurants and bars allow smoking, which is true in most Chinese cities before 2011. That is,
restaurants and bars are the most significant source of SHS exposure for more than half of the
nonsmoking adult population. If smoking regulations are not fully implemented, such as the
2008 Beijing governmental smoking restrictions (after which implementation, there was still
smoking observed at about 50% of nonsmoking venues or sections), the time spent exposed to
SHS in restaurants and bars still dominates the total exposure time for patrons who live in
smoke-free homes and work in smoke-free environments, and for nonsmoking servers who live
in smoke-free homes. Thus, only smoking bans completely prohibiting smoking in restaurants
and bars, plus effective implementation, can protect workers of these places from health risks
from SHS exposure.

The lifetime excess risks and the number of LCD and IHD deaths caused by SHS exposure
in restaurants and bars are probably underestimated. Zheng et al. (2009) reported that restaurant
workers in Shanghai, China were exposed to SHS during working hours for 24.2418.6 hours on
average per week, while 20 hour/week of SHS exposure for workers was assumed in this
analysis when using the continuous dose-response approach. When using the attributable risk
approach, exposure intensity (indicated by SHS concentrations) in different microenvironments
was not weighted, while SHS concentrations are usually higher in restaurants and bars than in
homes and most other work places: in the U.S. before 1999, mean airborne nicotine
concentrations ranged from 2 to 6 pg/m® in smoking offices, from 1 to 6 pg/m® in smoking
workplaces of blue-collar workers, from 1 to 3 pg/m® in homes of smokers, and from 3 to 8
pg/m? in restaurants (Hammond 1999). In public places in some rural and urban areas in China,
the medians of one-week time-weighted average concentrations were reported to range from 0.10
to 0.68 pg/m® in schools, hospitals, governmental buildings, and transportations, and was 2.2
g/m® in restaurants (Stillman, Navas-Acien et al. 2007); a median of week-long nicotine
concentrations of 1.2 pg/m? in 14 office buildings in China was also reported (Gan, Hammond et
al. 2008); the median of week-long nicotine concentrations in some Chinese homes was found to
be about 0.2 pg/m*® (Hammond, Tian et al. 1999). Chapter 2 found a median of week-long
average nicotine concentration of 2.1 pg/m? in restaurants and bars in Beijing, two years after the
governmental smoking restriction, similar to findings for restaurants by Stillman et al. If these
median nicotine concentrations in different environments in China reported in previous studies
were used to weight the exposure time, the number of LCD and IHD deaths caused by SHS
exposure in restaurants and bars would be 40% higher for servers and three times higher for
patrons.

6.5 Conclusions

SHS exposure only in restaurants and bars can impose high lifetime excess risks of lung
cancer death and ischaemic heart disease deaths to both servers and patrons, and it can cause a
significant number of deaths each year in China. These health risks and deaths can be fully
prevented by banning smoking in restaurants and bars and effectively implementing these
smoking bans.
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Chapter 7 Conclusions
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This dissertation focuses on quantifying SHS exposure in restaurants and bars among
workers and patrons, and the concurrent heath risks, morbidity, and mortality due their exposure.
It also includes an evaluation of the efficacy of different smoking policies adopted in Beijing
restaurants and bars.

7.1 Measurements of Secondhand Smoke Exposure in Restaurants and Bars

Multiple approaches were used to assess SHS exposure by restaurant and bar servers and
patrons in Beijing, which included one-hour peak-patronage-time field observation and
monitoring of fine particulate matter (PM_s) and airborne nicotine, one-day (venue open hours
only) active area and personal sampling of airborne nicotine, week-long passive area sampling of
nicotine, continuous sampling of PM,s, and sequential area sampling of airborne nicotine for
more than 24 hours. Modeling and Monte Carlo simulations were also performed to predict SHS
concentrations during peak-patronage times. These approaches are described in Chapter 2 and
Chapter 3. Among the objective measuring approaches, field observation is a relatively easier
way to quantify the intensity of SHS sources compared to other approaches, but it cannot
quantify the intensity of exposure due to the existence of many other varying factors, such as
ventilation rate and other removal rates. However, environmental measurements can integrate the
impact of these factors. With consideration of the cost of environmental sampling, particulate
matter (PM) has been used as a SHS tracer more frequently than airborne nicotine in developing
countries like China, due to its lower requirement of laboratory analysis, though airborne
nicotine is more specific to SHS. In terms of the accuracy, simplicity (sampling permission,
requirement of sampling devices, involvement of human subjects, and attendance of
investigators), and cost of these different sampling approaches, one-day active area and personal
sampling of airborne nicotine are least frequently applied, while peak-time active area nicotine
sampling and week-long passive area nicotine sampling are more feasible in field studies.
However, one-day personal airborne nicotine sampling is the most accurate way to assess
workers’ exposure, because of its integration of subjects’ time activities.

Consistent with studies in literature, Chapter 2 showed that both measured PM,s and
airborne nicotine concentrations were significantly related to observed active smoker activities.
Active smoker density (number of active smokers per 100 m®) could explain 29% of the variance
of differences between indoor and outdoor PM; s concentrations and 40% of the variance of
indoor nicotine concentrations. Simultaneous sampling of PM, s and airborne nicotine in Beijing
restaurants and bars showed a slope of 17 pg/m® of SHS PM per one pg/m?® of nicotine, with a
constant of 12 pg/mS, which is attributed to other indoor PM, 5 sources. Other studies have
reported a range to 7.1 -10.9 pg/m® of respirable particulate matter per one pg/m?® of airborne
nicotine (Leaderer and Hammond 1991; Ellingsen, Fladseth et al. 2006; USDHHS 2006),
indicating potential differences of emission rates of nicotine and respirable particulate matter
between Chinese cigarettes and U.S. cigarettes. Although PMsis not specific to SHS, peak-time
PM2s sampling is less expensive, while easier to operate, and thus it has been used for risk
assessment purpose in some previous studies (Repace and Lowrey 1990; Repace, Jiang et al.
2011). In addition, because of the health risks from PM, 5 itself (Pope, Burnett et al. 2009) and
the real-time feature of PM,s sampling, it has also been frequently used for public health
education program of promoting smoke-free environments (Avila-Tang, Travers et al. 2010).
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Appropriate sampling time is important to characterize people’s exposure to SHS. Short
time sampling, such as one hour during peak patronage times, can provide information on
patrons’ and servers’ far field exposure during these time periods; while one-day sampling and
week-long sampling is crucial to understand servers’ exposure in a relatively longer time period.
As expected, time weighted nicotine concentrations by one-hour peak-time area sampling in
Beijing restaurants and bars were higher than those by one-day area sampling and by week-long
area sampling; results of peak-time sampling can explain about half of the variance of the results
by the latter two sampling approaches. Though servers are exposed to lower SHS concentrations
during non-peak times, they are exposed to higher concentrations than that measured by one-
hour peak-time sampling, due to their frequent near field exposure when serving tables with
active smokers. This may explain why peak-time area nicotine sampling results are very close to
one-day personal nicotine sampling results. It indicates that peak-time area sampling is a feasible
and also a reasonably accurate way to access patrons’ short time exposure to SHS during their
visits, and servers’ exposure during their full shifts.

As for week-long passive area sampling and one-day personal sampling, because of the
difference in both the sampling time and sampling approach (area and personal), and potential
great variances of SHS concentrations on different days, it is not surprising that their results were
not significantly related to each other. Week-long personal sampling during working hours only
is needed to examine whether week-long passive sampling, including overnight sampling, can be
used to estimate servers’ week-long SHS exposure at work.

Continuous sampling of PM, s and sequential area sampling of airborne nicotine, for more
than 24 hours in multiple places in two restaurants, was used to examine servers’ exposure to
SHS over time during their working hours. The results showed obvious spikes of number of
patrons, number of lit cigarettes, and concentrations of indoor PM, s and airborne nicotine during
peak times. They also showed that, although SHS concentrations at different locations may be
quite different in a short time period like one hour, time weighted average concentrations over a
longer time, such as over the whole peak time or all working hours, are quite close to each other.
These results indicate that assuming a well mixed space for relatively longer time is reasonable.
This assumption was used to model SHS exposure during peak times in Chapter 3.

When resources are limited to conduct field sampling, modeling SHS concentrations in the
environments of interest is important to inform decision makers of the potential exposure, and
thus helps them to plan effective preventive strategies. The mass balance models developed in
Chapter 3 can predict PM,5 concentrations derived from SHS (SHS PM) reasonably well, but
not so well as to predict airborne nicotine concentrations. Since no studies have been conducted
to assess SHS exposure in a representative sample of restaurants and bars in China, these models
can be used to estimate peak-time SHS PM concentrations in these places.

7.2 Secondhand Smoke Exposure in Restaurants and Bars in China

While many countries, such as Ireland, England, Argentina, Norway, and New Zealand,
completely ban smoking in workplaces and public places, including restaurants and bars (ANRF
2012), SHS exposure in these places is still quite prevalent in China. Among all nonsmokers
aged 15 years and older, 72% were exposed to SHS in 2010, of which 67% were exposed in
homes, 63% in indoor workplaces, and 73% in public places (Xiao, Yang et al. 2010). About
89% of nonsmoking restaurant patrons were exposed to SHS, compared to 58% of nonsmoking
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visitors of government offices and 34% of nonsmokers who took public transportations (Xiao,
Yang et al. 2010). SHS exposure rate in restaurants and bars could be even higher before 2008,
when many Chinese cities like Beijing, Shanghai, Hangzhou, Guangzhou, and Yinchuan just
started banning smoking in public places, including restaurants and/or bars. If 95% of restaurant
and bar servers and patrons are assumed to have been exposed to SHS in 1996, more than 70%
of servers’ total SHS exposure and 5% of the general population’ total exposure occurred in
restaurants and bars, without accounting for the exposure intensity (SHS concentrations) in
different environments. For servers who do not live with smokers, or patrons who are not
exposed to SHS in their homes or workplaces, SHS in restaurants and bars is their major source
of exposure, and this population accounts for more than half of the total nonsmoking population
(Chapter 6). Even when smoking is restricted in restaurants and bars in some cities but the
restrictions are poorly implemented, such as in Beijing (as shown in Chapter 4), SHS exposure in
these places can still account for a significant part of people’s total exposure.

SHS exposure in restaurants and bars can account for more of the populations’ total
exposure, if SHS concentrations in different environments are considered. Similar to findings in
other countries, SHS concentrations in restaurants and bars are usually higher than in other
indoor places in China. Stillman et al. measured airborne nicotine concentrations in public places
in some rural and urban areas in China. They reported that the medians of one-week time-
weighted average concentrations ranged from 0.10 to 0.68 pg/m® in schools, hospitals,
governmental buildings and transportations, and it was 2.17 pg/m® in restaurants and 7.48 pg/m?®
in entertainment venues (Stillman, Navas-Acien et al. 2007); Gan et al (2008) reported a median
of week-long nicotine concentrations of 1.15 pg/m? in 14 office buildings in China; Hammond
(1999) found a median of week-long nicotine concentrations of 0.2 pg/m® in Chinese homes.
Chapter 2 found a median of week-long average nicotine concentration of 2.11 pg/m?® in
restaurants and bars in Beijing, two years after the governmental smoking restriction, similar to
findings by Stillman et al. for restaurants. If these median nicotine concentrations in different
environments in China, reported in previous studies, were used to weight the exposure time, the
number of LCD and IHD deaths caused by SHS exposure in restaurants and bars would be 40%
higher for servers and three times higher for patrons.

There is no safe level of SHS exposure (USDHHS 2006; WHO 2009). After two years of
implementation of Beijing governmental smoking restrictions in restaurants and bars, patrons are
still exposed to a median of 27 pg/m* SHS PM and a median of 1.53 pg/m? airborne nicotine
during their visits. For servers, continuous monitoring in two restaurants showed obvious spikes
of indoor PM;5 and airborne nicotine concentrations during lunch and dinner time periods, and
SHS concentrations remained high during peak time intervals or evenings due to staff smoking.
Servers are exposed to a median of 2.62 pg/m® of airborne nicotine during their day time
working hours by personal sampling and a median of 1.83 pg/m?® of airborne nicotine during a
whole week. Compared to findings in other countries, the median of week-long average nicotine
concentrations are lower in smoking restaurants and bars in Beijing (two years after the smoking
restriction) (Jane, Nebot et al. 2002; Navas-Acien, Peruga et al. 2004; Mulcahy, Evans et al.
2005; Gorini, Moshammer et al. 2008; Lopez, Nebot et al. 2008; Nebot, Lopez et al. 2009;
Barnoya, Arvizu et al. 2011; Ochir, Shahrir et al. 2011; Jones, Wipfli et al. 2012), but they are
higher in nonsmoking restaurants and bars (Gorini, Moshammer et al. 2008; Lopez, Nebot et al.
2008; Nebot, Lopez et al. 2009; Barnoya, Arvizu et al. 2011; Lopez, Burhoo et al. 2011; Jones,
Wipfli et al. 2012). An obvious reason for this is the common smoking activities in normally
nonsmoking restaurants and bars in Beijing.
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The World Health Organization (WHQO) recommends that the annual mean of PM;s in
ambient air should not exceed 10 pg/m® and the 24h-hour mean should not exceed 25 pg/m?®
(WHO 2005). Kang et al. (2007)reported an arithmetic mean of indoor PM; 5 concentrations of
253 pg/m®and of outdoor concentrations of 125 pg/m® from visits to 92 restaurants and bars in
Beijing in 2006; Liu et al. reported geometric means of indoor PM, 5 concentrations ranging
from 90 to 323 pg/m* and of outdoor concentrations ranging from 32 to 190 pg/m?® from visits to
404 restaurants and bars in five Chinese cities in 2007. Lee et al. (2010) reported a geometric
mean of indoor PM, s concentrations of 58 pg/m?in five restaurants and 15 entertainment venues
in Beijing, 2008. Chapter 2 found a median of 27 pg/m®SHS PM (adjusted for outdoor PMs) in
114 restaurants and bars in Beijing, 2010, two years after the governmental smoking restriction
in public places including restaurants and bars went into effect. Based on current smoking
prevalence, occupancy and ventilation requirements by the national guidelines, assumptions on
patrons’ smoking behavior, and venue designs, restaurants in China are estimated to have a
median (low-high quartile) SHS PM concentration of 76 (35-162) Lg/m® if smoking is allowed
everywhere, 49 (22-108) pg/m® in designated smoking sections, and 24 (10-57) pg/m?® in
designated nonsmoking sections if no one smokes in nonsmoking sections. Predicted SHS
concentrations in bars are about two times as in restaurants with similar smoking policies
(Chapter 3). Continuous monitoring of SHS PM found a 24-hour mean of SHS PM of 284 g/m?
in one smoking restaurant and of 60 in pg/m? in the designated smoking section of another
restaurant. All these PM concentrations are much higher than the WHO recommendations, and
they can impose great potential health risks to servers and patrons.

It should be noted that there are much fewer smoking patrons than nonsmoking patrons. The
active smoking rate (proportions of patrons observed smoking at any time) is less than 10%
during the majority of visits to restaurants and bars (Chapter 2). Even if all current smokers
smoke during their visits, there will be only about 30% of all patrons smoking, while the rest
70% are nonsmokers. Thus, the smoking behaviors of the minority have caused the majority to
be exposed to SHS. And these SHS concentrations, either indicated by airborne nicotine or by
PMs are all very high, and they can impose significant negative health effects in both short
terms and long terms for exposed populations, e.g. nonsmoking workers and patrons.

7.3 Health Risks and Excess Morbidity and Mortality due to Secondhand Smoke
Exposure in Restaurants and Bars

SHS exposure can cause acute health effects like eye and nasal irritation, asthma
exacerbation, and acute coronary events, and chronic health effects like asthma induction,
coronary heart disease morbidity and mortality, lung cancer, nasal sinus cancer, and breast
cancer among young premenopausal women (Cal/EPA 2005; USDHHS 2006; Institute of
Medicine 2009). Intensive field monitoring of SHS exposure in a representative sample of
Minnesota restaurants and bars, for multiple times in each venue, showed that more than 80% of
patrons were exposed to SHS concentrations above the threshold of eye and nasal irritation
during more than 80% of their visits. Risk assessment analysis showed that patrons’ and
workers’ lifetime excess risk (LER) of lung cancer death (LCDs) due to SHS exposure in
restaurants and bars in both Minnesota and in China is well above the acceptable level of 1<10°.
And this is true even for patrons who visit designated nonsmoking sections only for about 1.5
hours a week in their lifetime. The LER can be much higher for patrons who visit restaurants and
bars more often or for patrons who also visit smoking sections or venues allowing smoking
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everywhere. As for servers, their LER of LCD or asthma initiation (estimated for Minnesota and
U.S. restaurant and bar servers only) can be higher than the significant risk of 1 <10, an unsafe
level considered by the U.S. Occupational Safety and Health Administration (OSHA). Though
servers and patrons are transient populations with a high turnover, and the LER estimated in this
study may overestimate the risk for servers and patrons who are not exposed as much as the
assumption in this study, regulations should be made to protect those who do make a career of
restaurant or bar work, as well as those who do visit restaurants and bars regularly. Thus, SHS in
restaurants and bars should be considered an occupational hazard for workers of these places and
an environmental hazard for patrons.

In the population level, SHS exposure in restaurants and bars caused three LCDs and 32
ischaemic heart disease (IHD) deaths per year among the general nonsmoking population and 53
new asthma cases per year among nonsmoking servers in Minnesota, 214 LCDs and 3001 IHD
deaths per year among the general nonsmoking population and 1420 new asthma cases per year
among nonsmoking servers in the U.S. (Chapter 5). In China, this death toll is 1325 LCDs and
1525 IHD deaths a year (Chapter 6). Jamrozik (2005) estimated a total of 54 deaths of lung
cancer, IHD and stroke among restaurant and bar workers due to their work place SHS exposure
in the United Kingdome. These excess morbidity and mortality due to SHS exposure in
restaurants and bars were underestimated, because many other outcomes, including breast cancer
among young women, acute coronary events, etc, were not included due to limited information
available for analyses. Furthermore, SHS concentrations in restaurants and bars are often higher
than many other indoor environments, and none of the estimates above have taken into account
intensities of exposure in different environments, which could also lead to underestimates of the
morbidity and mortality.

In China, excess mortality caused only by SHS in restaurants and bars in 2004 (2850 deaths)
is comparable with the total deaths from all sex transmitted diseases, excluding HIV, among
those aged >30 years, or with the total deaths from skin diseases in the same year estimated from
the WHO 2004 database. The excess mortality is higher than the total mortality (2250 deaths)
caused by all natural disasters, including typhoons, floods, and droughts, in the same year in
China (The Central People's Government of the People's Republic of China 2007), and
comparable with the death toll (2698 deaths) caused by the 7.1-magnitude earthquake that
happened in Yushu of northwest China’s Qinghai Province on April 14, 2010 (People's Daily
Online 2010). Though these deaths tolls have gained much attention from the public and the
government, society is not well aware of the mortality and morbidity caused by SHS exposure.
Only 25% of the Chinese population aged 15 years and older knows that SHS exposure can
cause heart disease and lung cancer among nonsmoking adults and respiratory diseases among
children (Chinese CDC 2011). Though preventing deaths from natural disasters is very
challenging, preventing deaths from SHS exposure in restaurants and bars is easier and more cost
effective.

The Chinese government just started to include PM, s into the national air quality standards
to regulate outdoor PM, s pollutants in 2012 (Xinhua 2012). For restaurant and bar servers and
patrons in China, their exposure to indoor PM,s due to smoking is much higher than outdoor
PMgs levels in China, as all estimates of SHS PM levels are based on the differences of indoor
and outdoor PM, s concentrations, and the related health risks are expected to be much higher
than the risks due to exposure to outdoor PM, 5. Again, controlling outdoor PM, s concentrations
is very challenging and expensive, but comprehensive smoking bans are relatively easier as well
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much more cost-effective. Future efforts should be made to disseminate results of this study to
the general population as well as the decision makers in China, highlighting the point supported
by both international and China-specific evidence presented in this study that restaurants and
bars should not be exempted from smoking restrictions.

7.4  The Efficacy of Different Smoking Policies on Reducing Secondhand Smoke
Exposure in Restaurants and Bars

Different strategies have been used to prevent people from health hazards of SHS exposure.
The tobacco industry has promoted accommodation of smokers and nonsmokers with separate
seating (restricting smoking to designated sections), voluntary smoke free policies, and
ventilation and air filtration to reduce SHS exposure (Dearlove, Bialous et al. 2002; Leavell,
Muggli et al. 2006; Sebrie and Glantz 2007). However, research has repeatedly shown that these
strategies are ineffective to protect against SHS exposure (ASHRAE 2008). To provide effective
protection for the public from exposure to tobacco smoke, WHO states in Article 8 of the
Framework Convention of Tobacco Control (FCTC) that

“Each Party shall adopt and implement in areas of existing national jurisdiction as
determined by national law and actively promote at other jurisdictional levels the adoption
and implementation of effective legislative, executive, administrative and/or other
measures, providing for protection from exposure to tobacco smoke in indoor workplaces,
public transport, indoor public places and, as appropriate, other public places.”

Based on the best practice worldwide in preventing SHS exposure, the Conference of the
Parties to the WHO FCTC unanimously approved the guidelines of implementing Article 8 in
2007. The guidelines emphasis that there is no safe level of SHS exposure, and creating 100%
smoke free environments is the only effective way to eliminate SHS exposure. Literature reviews
on the effects of comprehensive smoking bans showed a median of 88% decrease of indoor
PM 5 concentrations and 96% reduction of airborne nicotine concentrations after smoking was
completely banned in restaurants and bars (Chapter 4).

Since WHO FCTC became effective in mainland China in 2006, smoking policies have been
evolving rapidly in public places, including restaurants and bars. Chapter 4 presented these
changes and the evaluation of different smoking policies in restaurants and bars in Beijing. In
2006, all voluntary smoking bans in restaurants and bars were completely self-motivated by
owners, and in 2007, they were encouraged by the government. More than half of men smoke in
China, and neither hospitality venue owners nor patrons have good knowledge on specific
hazards related to SHS (Liu, Yang et al. 2008; Liu, Hammond et al. 2011). Thus, it is not
surprising that only a few restaurant and bar owners were motivated to prohibit or restrict
smoking either by themselves or by the government. Experience from other countries has also
shown that voluntary smoke free policies do not work (Leavell, Muggli et al. 2006; ASHRAE
2008). Therefore, the guidelines of implementing WHO FCTC Article 8 explicitly point out that
“Legislation is necessary to protect people from exposure to tobacco smoke.”

When the Beijing government started to require smoking restrictions in restaurants and bars
by regulations in 2008, more than 80% venues did so as required; in these venues, the active
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smoking rate of patrons decreased, while no significant changes were observed in venues without
any policy changes. This indicates the immediate positive effects of governmental smoking
restrictions. However, some venues stopped prohibiting or restricting smoking two years later,
resulting in less than 60% restaurants and bars nominally prohibited or restricted smoking,
showing non-continuous implementation by the government and decreasing compliance by the
owners. In nominal nonsmoking venues or designated sections, after the governmental restriction
became effective about half had smoking observed, compared to much better compliance by
patrons before 2008. Some media reported that many restaurant and bar workers don’t know the
existence of the smoking restrictions, or intentionally neglected patrons who violated the
smoking restrictions, to avoid potential conflicts (Beijing Evening New 2009). As a result, SHS
concentrations in nonsmoking restaurants or sections are still very high even after smoking is
prohibited or restricted (Chapter 4). Though SHS PM concentrations in Beijing restaurants and
bars decreased after the governmental smoking restriction in both 2008 and 2010, compared to
those in 2006 and 2007, this happened in all the venues followed up, regardless of how the
policy changes. Two years after the smoking restrictions in 2010, both SHS PM concentrations
and active smoking rates in restaurants and bars were higher than in 2008, when the restriction
was first implemented, regardless of the changes in smoking policy. The similarity of SHS
concentrations exposed by servers of restaurants and bars with different nominal smoking
policies during their full shifts in 2010 also showed poor implementation and poor compliance of
the restriction.

The Beijing governmental smoking restrictions require large restaurants to set designated
nonsmoking areas at least 50% of their total dining areas. According to simultaneous monitoring
in both smoking and nonsmoking areas of venues restricting smoking, the median PM;s or air
nicotine concentration in nonsmoking sections was still 40% of that in smoking sections. During
16 visits to Minnesota restaurants and bars where smoking was restricted to designated areas and
no violation of the smoking restriction was observed, simultaneous side-by-side measurements in
both sections showed that the average SHS PM level in nonsmoking sections was 52% of the
average level in smoking sections. Thus, restricting smoking can reduce but cannot eliminate
patrons’ exposure to SHS (Chapter 4). For servers, personal sampling from nonsmoking servers
of venues restricting smoking showed high level of exposure to SHS. Obviously, restricting
smoking cannot protect servers from exposure to SHS at all, as they need to serve patrons in both
smoking and restricts (Chapter 2), consistent with experiences from other countries.

To provide more protection of the public from SHS exposure, as required by being a party of
WHO FCTC, in May 2011, the Chinese government implemented the revised implementation
guidelines of the 1987 Health Regulations in Public Places (2 3L37 it B4z B4 41). The
revised implementation guidelines tightened the rules to prohibit smoking in all indoor public
places, including restaurants and bars, nationwide. However, there are many problems with these
guidelines, which are presented in Chapter 4. The definition of public places is vague and does
not include all public places; there are no specifications on what reasonable steps should be taken
by the civil society to discourage smoking, and no specifications on penalties for violations or on
the authorities that will be responsible for enforcement. In addition, limited public education and
campaigns have been performed to raise public awareness of revised guidelines and the health
risks of SHS exposure. WHO states that: “Passing a policy is only one part of the process of
protecting a population from exposure to SHS; both public education and enforcement efforts
are necessary when the smoke-free policy is implemented” (WHO 2009). If the Chinese
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government does not learn from the failed experience of the Beijing governmental smoking
restrictions and does not follow the guidelines recommended by WHO, the efficacy of the
national smoking restrictions, as required by the revised guidelines, will remain limited.

7.5 Strengths and Limitations of This Study

Though studies on SHS exposure in restaurants and bars are rich in literature, very limited
studies are conducted in China, which is the largest tobacco consumer in the world, and has the
largest population exposed to SHS in restaurants and bars. Some studies measured indoor PM; 5
concentrations during peak-patronage times in restaurants and bars in some Chinese cities (Kang
J, Lin X et al. 2007; Lee, Lim et al. 2010; Liu, Yang et al. 2011); Stillman et al. (2007) collected
54 passive nicotine area samplers to measure week-long time weighted average airborne nicotine
concentrations in some Chinese restaurants. However, this study is the first one in China to
examine the profiles of both servers’ and patrons’ SHS exposure in restaurants and bars, using
both PM,s and airborne nicotine as tracers and using sampling for different time periods. This
study is also the first quantitative risk assessment to estimate patrons’ health risks and mortality
due to SHS exposure in restaurants and bars. Many previous risk assessment analyses estimated
lung cancer deaths and ischaemic heart disease deaths only for restaurant and bar workers based
on SHS PM measurements from non-representative samples (El-Hougeiri and El Fadel 2002;
Siegel and Skeer 2003; Hedley, McGhee et al. 2006; Lopez, Nebot et al. 2006). This study
assesses the risks of asthma and cancer, other than lung cancer, for Minnesota and U.S.
populations for the first time, and the quality of the underlying exposure data presented in
Chapter 4 is vastly superior to that in any of the previous secondhand smoke risk studies.

The field monitoring presented in Chapter 2 was not conducted in a representative sample,
and all field measurements were conducted in summer only. Thus, the results may not represent
SHS concentrations in all restaurants and bars in Beijing, after the governmental smoking
restriction, during different times of the year. No previous studies had used nicotine as a tracer to
assess SHS exposure during peak times in restaurants and bars in China, making the comparison
of results from this study and other studies in China not possible. However, one-week nicotine
sampling showed similar nicotine levels in restaurants in this study with the other study
(Stillman, Navas-Acien et al. 2007). This study monitored SHS concentration in restaurants and
bars in Beijing for four years from 2006 to 2010, with some venues followed up every year. This
provides a great opportunity to examine the changes of SHS exposure with the changes of
smoking policies in restaurants and bars in Beijing, and therefore provides China-specific
evidence on the efficacy of different smoking policies in protecting people from SHS exposure.
The results from this study also highlight the importance of fully enforcing smoking restrictions.
Future studies should be conducted to understand the reasons underlying patrons’ poor
compliance to the smoking restrictions so to provide experience to the implementation of the
2011 national smoking restrictions in all indoor public places. Exploring the Chinese tobacco
industry’s role in developing and enacting the smoking restrictions is also important to maximize
the tobacco control efforts of reducing SHS exposure in China.

The policy evaluation part of this study was based on longitudinal data collected in Beijing
only, while no studies were conducted in cities which did not have any legislation intervention
during a similar time period to control secular changes. This makes it difficult to attribute all the
changes in SHS concentrations and patrons’ smoking behaviors to changes of smoking policies
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only. Other interventions, like public education, could also have positive effects. In addition, the
evaluation used PM;s as a SHS tracer for the longitudinal analysis, which is sensitive but not
specific to SHS. However, the results of PM,s sampling, air nicotine sampling, and observed
patrons’ smoking behavior during peak-patronage times are consistent with each other,
indicating that using changes of PM, 5 concentrations for the evaluation is reliable. Lastly, the
study was conducted in different seasons of different years, and not all the follow-up monitoring
was scheduled to be during the same peak patronage times (e.g. lunch or dinner) or on the same
day of a week (e.g. weekdays or weekend), so variations due to these factors cannot be
estimated.

There are limited studies measuring SHS concentrations in restaurants and bars in other
cities, except some big cities like Beijing, Wuhan, Kunming, Guiyang and Xi’an. Thus, it is
impossible to assess the health risks due to SHS exposure in this microenvironment based on
direct field measurements, like in Minnesota restaurants and bars. As a result, modeled SHS
concentrations were used, which were based on a series of assumptions, adding great
uncertainties to the exposure assessment. In addition, the models are sensitive to patrons’
smoking behavior and venue ventilation designs, while these two factors can vary to a great
extent in different parts of China. If information on these two factors is available for different
parts of China, a better approach will be modeling SHS concentrations in restaurants and bars
separately for different parts of China and, correspondingly, assessing the health risks separately.
Another limitation for the modeling is that though the models work well in predicting SHS PM
concentrations in restaurants and bars, they are not very good at predicting nicotine
concentrations, due to the more complex dynamics of airborne nicotine generation and removal
in indoor environments.

In addition, there are limited studies monitoring SHS concentrations in other
microenvironments like homes, workplaces, and public places (excluding restaurants and bars) in
China. Analyses in Chapter 6 showed that when the exposure intensity (SHS concentrations) are
not considered, home and workplace are very important SHS exposure sources, particularly for
patrons, due to the amount of time spent in these two environments on average. China has started
to ban smoking in indoor workplaces after its ratification of the WHO Framework Convention of
Tobacco Control in 2005, while regulating smoking in homes is not feasible. Plus, women and
children are particularly susceptible to SHS exposure in homes. Thus, future studies on women
and children’s SHS exposure at home and attributed health risks, morbidity, and mortality will be
very important to contribute to reducing the disease burden from SHS exposure.

There is evidence showing that SHS exposure can cause breast cancer among younger
premenopausal women (Cal/EPA 2005; Johnson, Miller et al. 2011). An estimated summary risk
of 1.68 (95% CI 1.31 - 2.15) was reported (Cal/EPA 2005), though other reports concluded that
the relationship is not causative (USDHHS 2006; WHO 2009). Because breast cancer is a
common disease in western countries and SHS exposure is a widespread and frequent exposure,
a large number of women are expected to be impacted by SHS exposure. Women working in
restaurants and bars are particularly at risk because of their young ages. In China, though the
breast cancer mortality rate is lower than in western countries, the absolute morbidity number is
bigger, and SHS exposure among women is more common, thus the excess mortality of breast
cancer among young women due to SHS exposure also cannot be ignored. However, limited
information does not allow for the estimate of excess breast cancer morbidity in either U.S. or
China. Similarly, many other diseases, like acute respiratory and sensory irritation, and asthma
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initiation among adults, were not included in the analyses of SHS exposure in restaurants and
bars in China. Thus, the excess morbidity and mortality due to SHS exposure in restaurants and
bars are underestimated.

7.6 Challenges of Preventing People from Being Exposed to Secondhand Smoke in
China

In 2010, 28% of adults aged 15 years and older are current smokers in China, including 53%
of men and 2.4% of women. That is, there are 301 million current smokers in China, making this
country the largest consumer of tobacco in the world (Li, Hsia et al. 2011). Of all current
smokers, 85.6% smoked daily, with smokers consuming an average of 14 cigarettes per day;
about 113 million current smokers (37%) have attempted to quit but failed; among those who
have attempted to quit, more than 90% do not have access to any method to assist with smoking
cessation (Li, Hsia et al. 2011). High current smoking rates, inequality of smoking rates between
different genders, and lack of resources for assisting smoking cessation makes protecting
nonsmokers from SHS exposure in China extremely difficult.

Smoking serves an important social function and thus makes it a social norm in China. One
of the important values in Chinese culture is guanxi (connection). The tobacco industry,
including both domestic and international tobacco companies, has made use of this value. They
have intensively promoted cigarettes offering and gifting as a social currency to build new
guanxi, or to maintain and expand a person’s guanxi (Ding and Hovell 2012; Rich and Xiao
2012). Under the commercial manipulation of the tobacco industry, offering cigarettes to start a
conversation with either strangers or acquaintances is very popular among males, including
doctors, in China. A study among male health care professionals in China found that 57% of
doctors are offered cigarettes as a gift for their services; of these, 84% of smokers and 29% of
nonsmokers accept the offered cigarettes (Ceraso et al., 2009). As a doctor from a focus group
study said: “If you reject the offering of a cigarette, they will think you are impolite” (Ma,
Hoang et al. 2008). The cultivated cultural practices of cigarettes offering and gifting among
both smokers and nonsmokers promote the extensive use of tobacco, and thus diffuse SHS
exposure almost everywhere among the most majority of nonsmokers. As noticed by some
researchers, the culture value of guanxi can be used to reverse the social norm, and thus to favor
tobacco control in China (Ding and Hovell 2012). If people know well of the health
consequences to smokers themselves and to their nonsmoking friends and families, cigarette
offering and gifting may probably not able to serve the important social function described
above, while other alternative healthy behaviors can be reinforced to replace cigarette offering
and gifting.

Yet the health consequences of smoking are unknown to many Chinese people. Though 130
000 lung cancer deaths and 169 600 ischaemic heart disease deaths are attributed to smoking,
and 22 200 lung cancer deaths and 33 800 ischaemic heart disease deaths are attributed to SHS
exposure in China in 2002 (Gan, Smith et al. 2007), about 22% of the population don’t know that
smoking can cause lung cancer, and 61% don’t know that smoking can cause ischaemic heart
disease in 2010 (Yang and Hu 2010). Smoking is just one of the many risk factors for many
diseases, and usually there is a long latency for smoking to cause chronic diseases, thus, many
people don’t believe smoking as a causal factor of lung cancer and ischaemic heart disease. In a
focus group study, a smoker from the urban area of Sichuan said, ‘7 find that the majority of
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smokers are healthy. Individual’s health depends on his genes. Is there anyone that has died of
smoking directly? I know of nobody.’’ And a doctor from the urban area of Henan said, ‘‘They
say smoking can cause this disease and that disease. There is no evidence to prove it. The ex-
president Deng Xiaoping is one of the heaviest smokers; still he had more than 90 years of life’’
(Ma, Hoang et al. 2008). Due to lack of knowledge of smoking and health hazards, it is difficult
to expect many people to know the health hazards of SHS exposure. About 50% of the Chinese
population don’t know SHS exposure can cause respiratory diseases among children or lung
cancers, and about 72% don’t know SHS exposure can cause ischaemic heart diseases (Yang and
Hu 2010). A large body of studies has showed causal relationship between smoking or SHS
exposure and many diseases, while making scientific evidence understandable and acceptable to
the general public is challenging. It should be the government’s responsibility to allocate enough
resources for public health educations on tobacco use and health; and health professionals should
explore methods appropriate to the Chinese society to interpret scientific evidences and educate
the public.

Involving the civil society in creating a smoke free environment is extremely important;
however, it is tremendously challenging if smoking remains acceptable as a popular way of
socializing, and there is a lack of knowledge of the health consequences of SHS exposure.
Smoking is viewed as individual freedom among both smokers and nonsmokers (Ma, Hoang et
al. 2008). Thus, smokers do not hesitate to light their cigarettes when they want to smoke, while
nonsmokers are not used to claiming their right to enjoy smoke free environments. This has been
shown by the poor compliance to the smoking restrictions in restaurants and bars in Beijing and
the phenomenon that smoking was rarely stopped by nonsmoking patrons in nominal
nonsmoking venues or sections (Chapter 2 &4).

The biggest challenge of reducing tobacco consumption and eliminating SHS exposure is
from the Chinese tobacco industry, which is part of the Chinese government. China ratified the
WHO Framework Convention on Tobacco Control (WHO FCTC) in 2005, and it should make
every effort to control the most emerging tobacco epidemic as committed. In recent years, the
Chinese government, professionals from various circles, and civil society organizations have
made great efforts to implement the FCTC and have achieved considerable results. In terms of
preventing people from hazards of SHS exposure, some cities, including Beijing, Shanghai, and
Guangzhou, have passed their own governmental smoking restrictions in public places after
2008; the central government revised the implementation guidelines of the 1987 Health
Regulations in Public Places (3t Al T AE & # 25 491)) to tighten the rules to prohibit smoking
in all indoor public places in the country, including restaurants and bars; great efforts have been
made to create smoke free Olympics, World’s Expo in Shanghai, hospitals, schools,
communities, and so on. The government has also regulated the cigarette packaging and labeling
and raised taxes on tobacco products in 2009.

However, the Chinese tobacco industry and its related interest group have made all their
efforts to counter tobacco control activities. They published comprehensive strategies, the
Counterproposal and Countermeasure Scheme against FCTC, to interfere with and weaken the
full implementation of FCTC in China; they distort the translation of FCTC into Chinese,
making the articles weaker in Chinese than in English; they deny the scientific conclusions on
the health hazards of smoking and secondhand smoke, and claim smoking as a smoker’s right;
they use “low tar and low harm” marketing strategies to mislead the public; and so on. As a
result, though the FCTC has been in effect in China for five years, considerable gaps still exist
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between the existing status and the FCTC requirements. For example, no national level laws
have been passed to ban smoking in indoor public places and workplaces; the cigarette prices are
not increased as the new tobacco tax rises; and the cigarette packaging and labeling is almost
completely designed as proposed by the Counterproposal and Countermeasure Scheme against
FCTC instead of WHO FCTC, and is ineffective in warning smokers the health consequence
(Yang and Hu 2010). In 2010, a panel group with both Chinese and international experts
evaluated the tobacco control efforts in China using ten indicators covering five key policies
articulated by the FCTC: protecting people from the hazards of SHS, offering assistance to quit
smoking, warning about the harm of tobacco use, enforcing bans on tobacco advertisements,
promotion and sponsorship, and raising the tobacco tax and prices. The enforcement of smoking
restrictions in indoor workplaces is 36.7 of the 100 point scale, and the enforcement of smoking
restrictions in indoor public places is 27.3; China’s average enforcement score of the five
policies is 37.2 (Yang and Hu 2010).

The constitution in China explicitly states that the government should “protect people’s
heath”’; and the twelfth five-year plan of the Chinese government includes “comprehensively
enforce smoking bans in public places” as one of its goals during the five year period of 2011 to
2015. Yet, each year the death toll reaches almost 300 000 by smoking and 56 000 by SHS
exposure from lung cancer and ischaemic heart disease alone in China, without counting for
other diseases or the health toll among children. To achieve these goals, the government should
separate itself from the tobacco industry and continue working with professionals from various
circles and the civil society to fully implement the FCTC.
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Table A 1 100% smoke-free laws in workplaces and hospitality venues around the world, January, 2012

country non-hospitality  restaurants bars gambling notes
workplaces
North America
United States Yes in 29 of Yes in 33 states, yes,in290of Yesin 19
the 51 states, American the, Puerto states,
Puerto Rico, Samoa, Puerto Rico, U.S. American
U.S.Virgin Rico, u.s. Virgin  Virgin Samoa,
Islands and Island and Island and Puerto Rico
another 422 another 336 another 245 and the U.S.
cities and cities and cities or Virgin
counties counties counties Islands
Canada Yes inl2 of Yesin1l Yesin 11 Yesin 6
the 13 provinces provinces states
provinces
Latin America and Caribbean
Argentina No national Yes Yes No national
law; Yesin 7 law, in 5
of the 23 provinces
provinces
Barbados No Yes Yes
Bermuda Yes Yes Yes
Bolivia Yes No No No
Brazil No national No national law, No national Weak national law with exemptions
law, yes in 8 yes in 8 states law, yes in
of the 26 states and another 7 8 states and
and another 8  cities another 7
cities cities
Bolivia Yes No No No
British Virgin Yes Yes Yes
Islands
Cayman No Yes Yes
Islands
Chile* No No No No larger restaurants must provide
smoking sections, and smaller
restaurants must decide to permit
smoking throughout or not.
Columbia* No Yes Yes Yes
Cuba No No No Restaurants and cafeterias may have
designated smoking areas.
Ecuador* Yes Yes Yes No
El Salvador Yes No No No
Guatemala* Yes Yes Yes Yes
Honduras* Yes Yes Yes Yes
Mexico* No national No national law, No national No national
law, yes in yes in Mexico law, yes in law, yes in
Mexico City City Mexico City ~ Mexico City
Panama* Yes Yes Yes Yes
Paraguay™ Yes Yes Yes Yes
Peru* Yes Yes Yes Yes
Trinidad and No Yes Yes Yes
Tobago*
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country

non-hospitality
workplaces

restaurants

bars

gambling

notes

Uruguay*
Venezuela*

Austria®

Alderney

Bailiwick of
Jersey

Belgium*

Bulgaria*

Czech
Republic

Croatia*

Cyprus*

Denmark*

England
Finland*

France*

Germany*

Greece*

Yes
Yes

No

Yes
Yes

Yes
No

No

No

Yes

Yes

Yes
No

Yes
No

No

Yes
Yes

No

Yes
No

Yes
No

No

No

Yes

No

Yes
No

Yes
No

Yes

Yes

Yes
Europe

No

Yes
No

Yes
No

No

No

Yes

No

Yes
No

Yes
No

No

Yes
Yes

No

No
No

Yes
No

No

No

No

No

Yes
No

Yes
No

No

The owners of restaurants, clubs and
coffee shops with an area less than
50 square meters can decide if
smoking is allowed.

Restaurants, cafes, and bars are
100% smoke-free or have completely
enclosed smoking rooms. Smoking is
not permitted in restaurants during
meals. As of July 2010, Czech
restaurant owners must decide
whether they allow or ban smoking
in their facilities. They also can have
separate smoking and non-smoking
rooms that are not connected.
Restaurants and bars that are up to
50 square meters may allow smoking
if appropriate ventilation system is
provided. Larger establishments
must have designated and separately
ventilated smoking areas not
exceeding 20% of total area.
Smoking is also prohibited in
nightclubs.

Smoking is prohibited in restaurants
and bars larger than 100 square
meters, except in separate smoking
areas. Bars smaller than 40 square
meters which do not serve food are
exempt.

Smoking is restricted to separately
enclosed smoking rooms. No food or
beverage may be brought into these
areas. Large restaurants have until
June 2009 to construct separately
enclosed smoking rooms.

Restaurants, bars, and pubs have
smoking sections. Under German
High Court ruling in 2008, German
states must prohibit smoking in all
pubs or restaurants or offer
exceptions for single-room
establishments.

Nightclubs and casinos larger than
3230 square feet may purchase
license to allow smoking in half of
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workplaces
establishment.

Guernsey Yes Yes Yes Yes

Hungary* Yes Yes Yes No

Iceland* Yes Yes Yes

Italy* No No No No Restaurants and bars are smoke-free
or have separately ventilated
smoking rooms.

Ireland* Yes Yes Yes Yes

Lithuania* Yes Yes Yes No

Macedonia No Yes Yes No

Malta* No No No No

Netherlands* No No No No Smoking is prohibited in restaurants
and bars other than family-run bars
and cafes smaller than 70 m?, except
in closed designated smoking rooms
in which no service is provided

Northern Yes Yes Yes Yes Smokers may pay ??1 to access a

Ireland* designated smoking area at the
airport (coin-op opens doors).

Norway™* Yes Yes Yes Yes

Poland* No No No No Workplaces, restaurants, and bars
may have separately ventilated
smoking rooms.

Portugal* Yes No No No Restaurants, bars, and clubs smaller
than 100 m® may permit smoking,
provided that a ventilation system is
installed and signs are posted at the
entrance.

Romania* No No No No Smoking permitted in cafes, bars and
restaurants smaller than 100 m?

Russia* No Yes Yes No

Scotland* Yes Yes Yes Yes

Serbia* No No No No Restaurants and bars that are larger
than 80 square meters must have
nonsmoking area of more than half
of establishment size. Smaller places
must indicate if they allow smoking.

Spain* Yes Yes Yes No

Sweden* No No No No Restaurants, bars, and cafes are
100% smoke-free or have completely
enclosed smoking rooms. Food and
beverages may not be served in
smoking rooms.

Switzerland No No No No Smoking is prohibited in public
places, including restaurants and
bars, but individual cantons may
allow smoking in restaurants and
bars under specified circumstances.

Wales* Yes Yes Yes Yes
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workplaces
Africa

Algeria* No No No

Eritrea Yes No No Restaurants without liquor licenses
are smoke-free.

Gambia* Yes No No No

Kenya* Yes Yes No No Bars may have designated smoking
areas.

Liberia* Yes Yes Yes Yes

Mauritius* No Yes Yes

Niger* No Yes Yes

Nigeria* No Yes Yes Yes

South Africa*  No No No No Smoking is prohibited in all indoor
public places and workplaces, but
separately ventilated designated
smoking rooms are allowed,
provided they take up no more than
25% of floor area.

Uganda* Yes No No No Restaurants, bars, and discos are
allowed to have ventilation smoking
rooms or must be smoke-free.

Middle East

Bahrain No No No No Restaurants are required to create
separate smoking areas.

Egypt* Yes No No No

Iran* Yes Yes Any roofed area is 100% smoke-free

Israel* No No No No Smoking is permitted in areas of
restaurants (15 m? limit) and bars.

Jordan* No Yes No

Lebanon* Yes Yes Yes No

Libya* Yes No No

Qatar* No Yes No No Smoking is prohibited in restaurants,
public places and educational
institutions.

Syria* No Yes Yes Employees may not smoke during
meetings.

Turkey* Yes Yes Yes

Central Asia

Kazakhstan* No Yes Yes

Kyrgyzstan* No Yes Yes

Turkmenistan No Yes Yes

South Asia, East Asia & the Western Pacific

Bhutan* Yes Yes Yes

Brunei* No Yes Smoking is prohibited in certain
public places, including shopping
and eating areas, bus stops and
stations and government buildings.

China* # No yes yes No Smoking is prohibited in all indoor

public places since May, 2011
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workplaces

Fiji* No Yes No No Smoking is prohibited in some
public places such as restaurants,
theatres, hospitals, and public
transport.

Hong Kong Yes Yes Yes Yes

India* Yes No No No The law allows restaurants and bars
with 30 seats or more, to build
separate smoking rooms, with no
food or drink allowed to be served in
these rooms.

Laos* No Yes No

Macau Yes Yes Yes No Smoking is permitted on up to half
the floor area of casinos. Bars have
until 2014 to comply.

Malaysia* No No No No Smoking is prohibited in 21 areas,
including air-conditioned restaurants

Maldives* Yes Yes Yes

Nepal* Yes Yes Yes Yes

New Zealand*  Yes Yes Yes Yes Smoking also prohibited in prisons.

Pakistan* No Yes

Philippines* No No No No Smoking is prohibited in public
buildings and enclosed public places,
except in private places of work and
duly designated smoking areas.
Smoking is completely prohibited in
specified public places, such as
schools, health facilities, and public
transport.

Singapore* Yes Yes Yes Yes

South Korea No Yes Yes No Smoking is prohibited in public
places, both indoor and outdoor, as
of January 1, 2011.

Taiwan No No No All workplaces and indoor public
places with three or more employees
must be 100% smoke-free.

Thailand* No Yes Yes

Vietnam* Yes No No No Smoking is prohibited in offices and
factories and in some public places.
In other public places, including
restaurants and bars, designated
smoking areas are permitted.

Australia
Australia no national no national law,  no national no national
law, yes in 7 yes in 6 states law,yesin6 law, yesin 2
of the 8 states states

Data from American Nonsmokers’ Right Foundation website http://www.no-smoke.org/
* Countries that have ratified the World Health Organization Frame Work Convention on Tobacco Control
# different from the information listed on the American Nonsmokers’ Right Foundation website
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Table A 2 Secondhand smoke concentrations as indicated by particulate matters in restaurants and bars

Region/Countries References N mean SD GM median min  max 25% 75% notes
Restaurants: summary results reported in references

Asia: China Liu, 2011 404 176

Asia: Japan Bohanan, et al. 2003 16 242 175 172 194 0 611

Asia: Korea Bohanan, et al. 2003 50 109 30 105 107 54 172

Asia: Pakistan Zaidi, 2011 39 846 1109 374 342 38 4491 124 111 13 nonsmoking restaurants and cafes,

3 13 venues with cigarette smoking, 13

venues with Shisha smoking

Asian: 7 countries Lee, 2010 55 92 65 17 565

Asian: Lebanese Saade, 2010 25 315 192 245 304 39 723 181 477 14 venues mostly with water pipe
smoking

Australia Dingle, et al. 2002 4 36 28

Europe: Czech Branis, et al. 2002 2 186 169 203

Europe: France Bohanan, et al. 2003 15 188 76 170 194 56 312 restaurants allowing smoking or
restricting smoking; results from
smoking and nonsmoking sections
combined

Europe: Germany Schneider, 2008 38 223 185 173 22 831

Europe: Germany Bolte, 2008 11 206 172 178 69 437 including cafes; 3 venue had
nonsmoking sections; monitoring in
smoking sections;

Europe: Switzerland Bohanan, et al. 2003 31 92 68 68 75 0 277

Europe: Switzerland Daly 2010 dnk 61 63 38 04 364 24 79

Europe: UK Bohanan, et al. 2003 15 195 84 177 201 62 391

Europe: Italy Valente, 2007 12 111 30 78

Europe: Norway Ellingsen, 2006 14 115 52 218 14 samples from 3 restaurants

Centeral America Alfaro 1997 14 203 151 147 163 34 421 71 369 13 smoking venues, 1 nonsmoking
venue

Canada Brauer and Mannetje 20 79 77 7 253

1998

u.s Siegel 1993 211 117 27 690 summary of 211 venues from 12
studies

U.S. Maskarinec, Jenkins 32 73 67 66 0 233

et al. 2000
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Region/Countries References N mean SD GM median min  max 25% 75% notes

U.S. Lee 2009 62 161 seven communities, included the two
published by Lee in 2007 and in 2008

u.s. Lee 2009 10 304

Restaurants with smoking permitted everywhere (smoking restaurants)
Africa: Ghana Agbenyikey, 2010 75 553 3 2103 259 103 venues with smoking observed during
8 sampling

Asia: China Liu, 2011 372 187

Asia: HongKong Lai, 2011 36 212

Asia: Pakistan Zaidi, 2-11 26 1218 1199 763 663 153 4491 345 192 13 venues with cigarette smoking, 13

9 venues with Shisha smoking

Europe: Czech Branis, et al. 2002 2 186 169 203

Europe: Switzerland Huss 2010 45 185 26 110

Europe: UK Carrington, 2003 93 95 15 356 60 310 n=samplers

Europe: Germany Gleich, 2011 29 198 164 161 20 688 all allowed smoking

Centeral America Alfaro 1997 13 216 149 165 203 54 421 72 401

Canada Brauer and Mannetje 4 190 95 47 253

1998

u.s. Travers, 2008 67 97 85 63 68 1 400

U.S. Proescholdbell, 2009 40 253

32 countries Hyland, 2008 607 157 smoking observed during sampling

Designated smoking sections of restaurants

Europe: Greece Vardavas, 2007 12 298 142 259 310 64 541 175 412

Europe: Switzerland Huss 2010 25 151 25 110

Europe: UK Carrington, 2003 40 90 8 320 35 120 n=samplers

u.s Lambert, et al. 1993 7 53 22 131

U.S. Proescholdbell, 2009 67 67 PM concentration in the whole venue
with smoking and nonsmoking
sections

U.S. Akbar-Khanzadeh 8 58 56 50 4 226 FPM, RSP not reported

2003
Designated nonsmoking sections of restaurants
Asia: China Liu, 2011 9 89




[4s14

Region/Countries References N mean SD GM median min  max 25% 75% notes
Europe: Switzerland Huss 2010 18 96 18 72
Europe: UK Carrington, 2003 21 70 75 160 55 110 n=number of samples
Canada Brauer and Mannetje 11 57 45 11 163
1998
u.s Lambert, et al. 1993 7 28 21 69
u.s. Akbar-Khanzadeh 28 35 14 2 111 FPM, RSP not reported
2003
Restaurants with smoking banned everywhere
Africa: Ghana Agbenyikey, 2010 13 16 12 30 14 17 smoking not observed during
sampling
Africa; Mauritius Lopez, 2011 12 18 11 36
Asia: China Liu, 2011 23 85
Asia: HongKong Lai, 2011 63 60
Asia: Pakistan Zaidi, 2-11 13 103 57 90 92 38 217 57 123
Europe: Switzerland Huss 2010 19 25 4 20
New Zealand Wilson, 2007 14 7 12 13 5 26 11 18
Centeral America Alfaro 1997 34
Canada Brauer and Mannetje 38 21 7 65
1998
U.S. Travers, 2008 40 29 49 15 12 3 278 smoking not observed during
sampling
U.S. Proescholdbell, 2009 45 15
32 countries Hyland, 2008 290 26 smoking not observed during
sampling
Bars
Africa: Mauritius Lopez, 2011 12 16 7 26 nonsmoking bars
Asia: 7 countries Lee, 2010 34 169 106 4 881
Australia Brennan, 2010 19 103 99 61 6.4 338
Europe: England Gee, 2005 81 109 10 83
Europe: England Semple, 2010 24 184 16 872 78 327
Europe: German Schneider, 2008 11 539 510 378 144 2022
Europe: German Gleich, 2011 5 406 198 377 146 604 all allowed smoking
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Region/Countries References N mean SD GM median min  max 25% 75% notes

Europe: Germany Bolte, 2008 7 383 251 192 105 1380 including pubs; 2 venues with
designated smoking sections

Europe: Greece Vardavas, 2007 31 271 149 226 265 49 612 150 376 Designated smoking section of bars

Europe: Irish Goodman, 2007 42 355 18

Europe: Israel Rosen, 2011 15 436 267 465 66 862 Bars and pubs; used the same data
with Rosen 2008

Europe: Italy Valente, 2007 14 47 8 40

Europe: Norway Ellingsen, 2006 10 298 89 662 57 samples from 10 pubs, discos, bars

Europe: Stotland Semple, 2010 42 197 8 902 87 350

Europe: Switzerland Daly 2010 dnk 81 88 51 3 452 24 118

Europe: Wales Semple, 2010 52 92 5 1005 37 183

New Zealand Wilson, 2007 18 17 10 14 16 4 38 8 23 only nonsmoking venues

U.S. Siegel 1993 16 348 75 1320 summary of 16 venues from 10
studies

u.S. Maskarinec, Jenkins 53 135 146 82 0 768

et al. 2000

U.S. Waring, 2007 16 151 67 137 155 63 311 102 188

U.S. Repace, 2006 6 179 129

u.s. Lee, 2008 3 495 347 29 1110

u.s. Lee, 2008 3 293 313 144 422

u.s. Travers, 2008 33 29 45 15 13 1 240 smoking not observed

u.s. Travers, 2008 137 413 380 290 336 18 2335 smoking observed

32 countries Hyland, 2008 116 20 smoking not observed

32 countries Hyland, 2008 429 303 smoking observed
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Table A 3 Secondhand smoke concentrations indicated by airborne nicotine in restaurants and bars

region/country reference n mean SD GM  median min max 25% 75% notes
Restaurants: Summary results reported in references

Asia: China Stillman, 2007 54 2.17 1.02 4.63 n= number of samples

Asia: Japan Bohanan, 2003 16 5.40 340 1050 1110 340 2240 n= number of samples

Asia: Korea Bohanan, 2003 47 5.70 410 4.60 400 160 18.80 n= number of samples

Australia Dingle, 2002 4 1.90 2.80

Europe: eight cities  Lopez, 2008 82 209 049 6.73 248 samples

Europe: Finland Hyvarinen, 2000 3 7.00 2.30 28 samples from 3 venues

Europe: Finland Johnsson,2003 16 3.90 4.70 510 0.03 39.00 25 volunteers from 16 venues

Europe: Finland Johnsson, 2006 4 0.70 0.20 2.80 measurement in 1999

Europe: Finland Kuusimaki, 2007 23 16.00 11.00 0.11 81.00 including pubs, bars and

nightclubs

Europe: France Bohanan, 2003 15 3030 21.10 19.70 2410 0.00 7160 n= number of samples

Europe: Norway Ellingsen, 2006 14 7.70 14 samples from 3 restaurants

Europe: Spain Jane, 2002 2 1240

Europe: Spain Nebot, 2009 79 2.71 1.39 3.77

Europe: Switzerland  Bohanan, 2003 32 780 10.70 3.80 4,00 010 39.60 n= number of samples

Europe: UK Bohanan, 2003 20 9.78 692 690 1010 0.80 27.60 n= number of samples

Europe, Italy Gorini, 2008 10 2.03 0.93 4.17

Latin | America: Alfaro 1997 14 1.64 321 0.0 0.57 0.00 12.00 0.00 0.95

6 countries

Latin America: Navas-Acien, 2004 7 2.04 0.90 2.60

Argentina

Latin America: Navas-Acien, 2004 19 2.52 1.25 3.95

Brazil

Latin America: Navas-Acien, 2004 13 2.08 1.08 3.56

Chile

Latin America: Navas-Acien, 2004 15 0.73 0.46 1.80

Costa Rica

Latin America: Navas-Acien, 2004 14 0.24 0.06 0.36

Paraguay

Latin America: Peru  Navas-Acien, 2004 15 0.80 0.15 242

Latin America: Navas-Acien, 2004 14 1.41 0.41 2.48

Uruguay
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region/country reference n mean SD GM  median min max 25% 75% notes

u.s. Siegel 1993 402 6.50 3.40 34.00 Summary of 402 venues from 17
studies

u.s. Maskarinec, 2000 32 6.00 11.90 0.80 0.00 49.30

uU.s. Bohanan, 2003 18 3.00 340 1.30 150 0.04 9.40 n= number of samples

Restaurants with smoking permitted everywhere

Africa: Ghana Agbenyikey, 2010 8 183 0.33 6.01 091 4.25 smoking policy reported by
owners

Asia: Kyrgyzstan Vinnikov, 2010 10 7.11 6.82 034 2319 2.89 8.86 including 1 karaoke bar, 2 pizza
place, 2 clubs, 2 restaurants and
3 cafes

Europe: Austria Gorini, 2008 9 2.57 0.37 8.21

Europe: Austria Nebot, 2005 11 17.00 including both smoking venues
and smoking sections; n=n of
samples

Europe: Austria Moshammer, 2004  ?? 38.00 60.60

Europe: Finland Hyvarinen, 2000 7 2.30 28 samples from 3 venues

Europe: France Nebot, 2005 14 9.30 including both smoking venues
and smoking sections; n=n of
samples

Europe: Germany Bolte, 2008 11 21.30 9.10 1500 0.70 83.30 including cafes; 3 venue had
nonsmoking sections;
monitoring in smoking sections;

Europe: Greece Nebot, 2005 7 4.70 including both smoking venues
and smoking sections; n=n of
samples

Europe: Italy Nebot, 2005 17 1.60 including both smoking venues
and smoking sections; n=n of
samples, n of venues not
specified

Europe: Portugal Nebot, 2005 6 0.01 including both smoking venues
and smoking sections; n=n of
samples,

Europe: Spain Nebot, 2005 8 7.80 including both smoking venues
and smoking sections; n=n of
samples,

Europe: Spain Jane, 2002 1 10.60
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region/country reference n mean SD GM  median min max 25% 75% notes

Europe: Sweden Nebot, 2005 14 7.10 including both smoking venues
and smoking sections; n=n of
samples

Europe: UK Carrington, 2003 93 60.00 050 516.70 20.00 135.00 n=number of samplers

Latin America: Barnoya, 2011 5 0.56 0.58 0.44 0.71 Used the same data with

Guatemala Barnoya, 2007

Designated smoking sections of restaurants

Europe: Austria Moshammer, 2004  ?? 21.30 6.10

Europe: Finland Kuusimaki, 2007 15 20.00 16.00 0.19 81.00

Europe: German Schneider, 2008 10 38.30 34.00 1810 37.00 0.70 103.00 11.20 52.30

Europe: Spain Jane, 2002 1 15.00

Europe: UK Carrington, 2003 40 60.00 0.50 380.00 30.00 120.00 n=number of samplers

Latin America: Alfaro 1997 13 177 330 0.14 0.60 0.00 12,00 0.00 1.00 4 venues with nicotine below the

6 countries detection limit, they were
assumed to be 0.001 pg/m?

Latin America: Navas-Acien, 2004  dnk 1.24 0.34 2.45

7 countries

u.s. Lambert, 1993 7 320 150 3.80

U.S. Akbar-Khanzadeh 8 2490 31.90 16.80 0.50 121.70

2003
Designated nonsmoking sections of restaurants

Europe: Austria Moshammer, 2004  ?? 23.30 15.90

Europe: Austria Nebot, 2005 6 18.00 included nonsmoking venues
and sections; n=n of samples

Europe: Finland Kuusimaki, 2007 9 410 1.20 0.11  18.00

Europe: France Nebot, 2005 6 1.60 included nonsmoking venues
and sections; n of samples

Europe: German Schneider, 2008 10 540 6.60 1.60 112 012 1490 042 1050

Europe: Italy Nebot, 2005 3 2.20 included nonsmoking venues
and sections; n=n of samples

Europe: Spain Jane, 2002 1 11.50

Europe: Sweden Nebot, 2005 8 0.10 included nonsmoking venues
and sections; n=n of samples

Europe: UK Carrington, 2003 21 30.00 050 80.00 10.00 50.00 n=number ofsamplers
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region/country reference mean SD GM  median min max 25% 75% notes
Latin America Navas-Acien, 2004  dnk 0.60 0.11 0.95
u.s. Lambert, 1993 7 1.00 0.20 2.80
uU.s. Akbar-Khanzadeh 8 7.20 14.90 0.70 010 54.40
2003
Restaurants with smoking banned everywhere
Africa: Ghana Agbenyikey, 2010 2 0.03 0.03 0.02 0.04
Africa: Mauritius Lopez, 2011 6 0.03 <LD 0.05 LD: limit of detection
Latin | America Alfaro 1997 1 <LD LD=0.05 pg/m?
Latin America: Barnoya, 2011 11 0.03 0.04 0.01 0.11 Used the same data with
Guatemala Barnoya, 2007
Europe: Italy Gorini, 2008 15 0.01 0.01 0.14
Bars: summary results reported in references
Africa Jones, 2012 19 1.50 0.30 2.90
Americas Jones, 2012 88 1.50 0.30 3.90
Asia Jones, 2012 75 2.10 0.80 5.40
Asia: Mongolia Ochir, 2011 10 14.80
Eastern Europe Jones, 2012 56 7.10 290 1290
Europe: England Gee, 2005 81 62.00 8.67 62.00
Europe: Finland Johnsson, 2006 20 6.10 1.40 34.00 1999 results; included bar
counter only, not pubs or
nightclubs
Europe: Ireland Mulcahy, 2005 20 35.81 25.74 35.52
Europe: Italy Gorini, 2008 3 19.02 172  45.07
Latin America: Navas-Acien, 2004 12 3.65 3.58 3.65
Argentina
Latin America: Navas-Acien, 2004
Brazil
Latin America: Navas-Acien, 2004 6 3.33 2.06 4.82
Chile
Latin America: Navas-Acien, 2004 6 1.32 0.75 7.43
Costa Rica
Latin America: Navas-Acien, 2004 6 1.59 0.78 6.68
Paraguay
Latin America: Peru  Navas-Acien, 2004 8 6.21 4.00 9.12
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region/country reference mean SD GM  median min max 25% 75% notes

Latin America: Navas-Acien, 2004 6 3.14 0.77 4.82

Uruguay

Latin America: Barnoya, 2011 5 3.02 4.59 1.71 6.45 Used the same data with

Guatemala Bamoya, 2007

u.S. Siegel 1993 25 19.70 7.40 65.50 summary of 25 venues from 10
studies

u.s. Maskarinec, 2000 53 14.40 16.90 580 0.00 61.30

Bars with smoking permitted everywhere

Americas Jones, 2012 61 3.00 1.20 5.70

Asia: Kyrgyzstan Vinnikov, 2010 10 7.11 6.82 034 2319 2.89 8.86 including 1 karaoke bar, 2 pizza
place, 2 clubs, 2 restaurants and
3 cafes

Asia Jones, 2012 63 3.40 0.90 6.80

Africa Jones, 2012 17 1.60 1.00 2.90

Eastern Europe Jones, 2012 53 8.50 3.60 13.40

Europe: Germany Bolte, 2008 7 53.70 3350 31.00 9.10 180.00 including pubs; 2 venues had
smoking sections

Europe: Austria Gorini, 2008 4 31.43 1781 37.44

Bars with smoking banned everywhere

Americas Jones, 2012 27 0.20 0.10 0.40

Asia Jones, 2012 12 0.90 0.40 1.10

Africa Jones, 2012 2 0.03 0.03 0.04

Africa: Mauritius Lopez, 2011 5 0.16 0.06 0.27

Eastern Europe Jones, 2012 3 0.10 0.03 0.20
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Table A 4 Summary of nine studies using airborne nicotine concentration to evaluate the efficacy of smoking restrictions in restaurants and bars

Reference/ study time restriction on study sampling pre-ban SHS post-ban SHS levels comments
location smoking participant method levels
Mulcahy, 2005  2004.3, 2004 March 20 bars Area passive mean (sd): mean (sd):
Ireland 2004.5 Ireland nicotine sampling  5.81(25.74) 10.23(9.66)
comprehensive for 7-10 hours median: median
smoking ban 35.52 5.95
Johnsson, 2006  1999.9-1999.12, Finland Tobacco 20 venues with  Area active Restaurants Restaurants: none establishments
Finland 2000.10-2001.3,  Control Act: 2000 aservingarea  nicotine sampling  in 1999: 2000: GM (GSD) 1.1(10.5) completely banned
2001.10-2002.4, March, smoking >100m? from using Tenax tubes GM (GSD): IQR0.2-11.1 smoking after the
2003.10-2004.3 area <70 % for three Finnish for 4 hours during  0.7(7.7) 2002: GM (GSD) 0.7 (5.0) bans
venues >100 m®; cities, with 16 peak time; > 2 IQR: 0.2-2.8; IQR0.2-2.1
2001 July, the same measurements at  All types of 2004: GM (GSD) 0.6 (5.2)
smoking area through all 4 each venue and in  venues: in 1999: IQR 0.2-2.2;
should <50% ifa  rounds both smokingand GM (GSD): All types of venues:
client area >50 nonsmoking 7.1(7.9) 2000: GM (GSD) 6.2(5.8)
m?; 2003 July sections IQR: 2.1-31.0 IQR 2.8-21.6
more intensive 2002: GM (GSD) 7.1(7.9)
IQR: 2.1-31.0
2004: GM (GSD) 7.3(5.8)
IQR 2.6-26.1
Gorini, 2008 2002-2004, 2005 Italy 28 venues (10  Area passive median (IQR) median (IQR) compared to Austria
Florence and 2007 smoking ban: restaurants 3 nicotine sampling 10 restaurants: 10 restaurants: (no smoking ban);
Belluno, Italy; restaurants and bars and 15 for 7 days 2.03(0.93-4.17) 0.10 (0.01-0.18); no significant
Vienna, bars are smoke- pubs and 3 bars: 3 bars: changes of SHS in
Austria free or have discos ) in 19.02 (1.72-45.07) 0.25 (0.01-0.41); Austria
separately Italy and 19 in All 28 venues: all 28 venues:
ventilated Austria 8.86 (2.41-45.07) 0.01 (0.01-0.41)
smoking rooms
Larsson, 2008 2005. 4-5, June 1st, 2005, 54 bars and personal passive median 7.5 median 0.16 results from 37
Sweden 2006. 4-5 Sweden smoke- restaurant nicotine sampling volunteer gaming
free policy to employees for nonsmokers workers not
include bars and and area passive included
restaurants sampling for
smokers
Nebot, 2009 2005, 2006.1 Spain 79 restaurants ~ Area passive median (IQR) median (IQR) Results are for
Spain 2006 partial smoking and bars nicotine sampling  2.71 (1.39-3.77) 0.09 (0.01-0.26) venues completely
ban for 7 days banned smoking
after the ban
Blanco- 2002.11, 2007.7 2006 Uruguay 10 restaurants ~ Area passive GM 1.06 GM 0.32
Marquizo, 2010 comprehensive with 8 matched  nicotine sampling  median (IQR): median (IQR):
Uruguay smoking ban pre and post for 7 days 1.5 (0.54-2.71) 0.27 (0.19-0.67)

the ban




Barnoya, 2011 2006, 2009.8 2009 February 5 restaurants Area passive Restaurants: Restaurants:

Guatemala Guatemala and 5 bars pre  nicotine sampling  GM 0.56 GM 0.03
comprehensive ban and 10 for 7 days median (IQR) median (IQR)
smoking ban restaurants and 0.58 (0.44-0.71); 0.04 (0.01-0.11);

11 bars post Bars: Bars:
ban GM 3.02 GM 0.32
median (IQR): median (IQR)

459 (1.71-6.45)  0.28 (0.17-0.66)

Note: all studies used repeated measurements, except Barnoya, 2011, which used two cross-sectional monitoring. Ellingsen, 2006 used both airborne nicotine and
particulate matters for the evaluation;
IQR: inter-quartile range
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Table A 5 Summary of 16 studies using concentration of particulate matters to evaluate the efficacy of smoking restrictions in restaurants and bars

reference/ study time  restriction on study participant sampling method/  pre-ban SHS post-ban SHS comments
location smoking sampling time levels levels
Repace, 2004 2002, 2003 2002 Delaware 8 venues, including  MIE PDR; 6 hours  mean (sd) mean (sd) only results from 5
Delaware smoking ban 1 casino, 1 141 (113) 9.5 (8.5) bars included; results
including bars taproom, 1 pool hall median (IQR) median calculated from data
and 5 103 (44-337) (IQR) 7.4 (2.5-24) presented
bar/restaurants
Travers, 2004 2003. 7, 2003July 24 New seven bars, six PM,s, SidePak510  mean 324 mean 25
Western New  2003.9-11 York comprehensive bar/restaurants, five  22-140 minutes,
York state law: all indoor restaurants, two median 38 minutes
workplaces and public  bowling alleys, a
places to be smoke pool hall, and a
free bingo hall.
Repace, 2006  2003.4.17, 2003 May Boston the sample included  PMs3s, mean (sd) mean (sd) result from one pub
Boston, 2003.10.17  smoking ban 7 pubs with ThermoMIE; 179 (129) 7.7 (6.1) was excluded because
Massachusetts including restaurants restaurant and bar mean sampling the authors decided
and bars sections time: about 40 that there was other
minutes indoor sources of RSP
Ellingsen, 2004.5, 2004.7, total ban in 3restaurants and 10  total dust by mean (range) mean (range)
2006 2004.9- bars, night clubs and bars gravimetric total dust: total dust
Norway 2005.2 restaurants sampling 262 (52-662) 77 (nd-261)
Valente, 2007 2004.11, January 10th 2005 14 bars, six fast DustTrak; bars: 3 months post ban: ~ To increase the
Rome, Italy 2005.3, smoking ban in all food restaurants, >8 hours mean (95%Cl) bars: mean (95%Cl) statistical efficiency
2005.11 indoor public places eight restaurants 46.8 (30.2 - 63.5), 25.6 (21.7 - 29.5), and avoid a ‘‘learning

GM 39.6

fast food
restaurants: mean
(95%Cl)

29.8 (21.2-38.3)
GM 28.5
restaurants:

mean (95%Cl)
111.0 (52.4- 169.6),
GM 78.0

GM 24.7

fast food
restaurants: mean
(95%Cl)

31.7 (21.5-42.0)
GM 30.6
restaurants:

mean (95%Cl) 60.9
(8.8- 112.9),

GM 46.5

12 months post ban:
bars: mean (95%Cl)
33.7 (23.9 - 43.5),
GM 29.9

fast food
restaurants: mean
(95%Cl)

25.1 (9.8-40.4)

effect,”’ the number of
locations studied was
constant (40), but

50% of them were
rotated out of the
study for each
successive
measurement, and
replaced with other
establishments.
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reference/ study time  restriction on study participant sampling method/  pre-ban SHS post-ban SHS comments
location smokin sampling time levels levels

Alpert,2007 2004 2004 Massachusetts 10 free standing PM,s, SidePak510  mean 206
Massachusetts Smoke-Free bars and 17 35 minutes

Workplace Law restaurants with

including bars and bars

restaurants

Waring, 2007  2005.8, 2005.9 Austin DusTrak in 8 mean (sd) mean (sd) one bar not adopt
Austin, TX, 2005.9 comprehensive venues, 151 (67) 11 (13) smoking ban was
u.s. smoking ban SidePak510 inthe  median (IQR) median (IQR) excluded

rest venues; 30-90 155 (102-188) 8 (2-13)

minutes

Lee 2009 comprehensive 62 hospitality PM, s, SidePak510 mean 20

Kentucky smoking ban in seven  venues 40 minutes 161
communities

Bohac, 2010 2007.2-10, 2007.10 Minnesota 19 bars and 43 PM,s, SidePak510  mean 77 median 52 mean 3 median 2
Minnesota 2007 10 comprehensive restaurants 10 minutes, 8%
smoking ban with 2 hours
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reference/ study time
location

restriction on
smoking

study participant

sampling method/
sampling time

pre-ban SHS
levels

post-ban SHS
levels

comments

Schoj, 2010 2007-2009
3cities in
Argentina

Zhang, 2010 2006.5,
Ontario, 2006.7-8
Canada

local city smoking
bans including
hospitality venues

May 31 2006 smoke-
free Ontario Act,
comprehensive

hospitality venues,
including bars,
restaurants, discos
and gambling
establishments

15 coffee shops and
17 bars in Toronto;
10 coffee shops and
10 bars in Windsor

PM, s, SidePak510
>30 minutes

EcoChem DC
2000CE and PAS

2000CE;
>15 minutes

mean 76

mean (range)
492 (0-3140)

mean 7

mean (range)
72 (2-517)

results derived from
table 1; mean PM2.5
levels in each
community weighted
by number of samples
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reference/ study time  restriction on study participant sampling method/  pre-ban SHS post-ban SHS comments
location smoking sampling time levels levels

Rosen, 2011 2007.1-7, 2007.11 Israel 33 randomly PM, 5, SidePak510  mean (sd) mean (sd)

Jerusalemand  2008. 5-9 smoking ban, selected venues, 245 (266) 161 (210)

Tel Aviv including restaurants including bars, pubs median (range) median (range)

Israeli and pubs and cafes 85 (18-862) 70 (11-1052)

Note: all studies used repeated measurements.

IQR: inter-quartile range; RSP: respirable suspended particles





