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the objectives of this study were to determine indoor levels of environmental tobacco smoke (Ets) and assess the implementation rate of a smoking ban in hospitality venues surrounding a university campus by measuring particulate matter smaller than 2.5 μm (pm ) as an indicator of Ets. We identified the 2.5

smoking state in business establishments and measured the indoor pm concentrations at 20 internet 2.5 

cafes, 38 pubs and 20 billiard halls using a sidepak am510 direct-reading portable real-time monitor from october 2014 to december 2015. smoking was observed in 65% of the internet cafes and 85% of the billiard halls in 2015. the rate in pubs, which were subject to a legal smoking ban, was reduced to 10% in 2015 from 33.3% in 2014. the average pm concentrations in 2015 were 98.6 μg/m3, 29.6 μg/m3 

2.5 

and 135.4 μg/m3 in internet cafes, pubs and billiard halls, respectively. pm concentrations in internet 2.5 

cafes and billiard halls were 2 to 2.7 times higher than the 24-h exposure standard (50 μg/m3) for outdoor pm  set by the korean ministry of Environment. although a smoking ban had been imposed on 2.5

internet cafes and pubs, smoking was still taking place in those locations. more stringent enforcement is required for the success of legal measures to protect patrons’ and workers’ health from second-hand smoke exposure. a ban on smoking in billiard halls should be introduced as soon as is feasible. 

 Keywords: ETS (Environmental Tobacco Smoke), internet café, billiard hall, PM . 

 2.5

1 introduction

Environmental tobacco smoke (Ets) is produced by the smoking of cigarettes, pipe tobacco, cigars, etc., and results in second-hand smoke exposure. it is composed of mainstream smoke (ms) exhaled by the smoker and sidestream smoke (ss) generated at the end of a burning tobacco product. passive smoking has been scientifically confirmed to lead to a variety of human diseases, disorders and deaths [1,2]. 

Ets is important because it is one of the major pollutants that determine indoor air quality and because it contains approximately 60 kinds of substances confirmed or suspected to be human carcinogens, including nitrosamines, benzopyrenes, beta naphthylamine and polonium 210. it is estimated that 30% of all cancer deaths are caused by smoking, and second-hand smoke has been reported to contribute to a range of health effects such as lung cancer, cardiovascular disease and asthma [3]. based on this, the us Environmental protection agency (Epa) classifies Ets as a group a (known) carcinogen [4]. the us national institute of occupational safety and health has also designated Ets as a carcinogenic substance of the same grade as asbestos or benzene. in addition, tobacco smoke can easily dif-fuse and is difficult to remove, so a wide range of people become exposed to it irrespective of the intention of the smoker. on the basis of these risks, the us centers for disease control and prevention (cdc) is pursuing universal bans on smoking in public spaces such as work-places, restaurants and pubs [5]. a large number of studies have been performed on indicator materials [6] to measure and evaluate airborne concentrations of Ets, which includes approximately 6,000 chemicals [7]. it is difficult to identify an indicator material with perfect 
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conditions changing physically and chemically according to Ets generation time. the indicators with the greatest specificity for Ets exposure are 3-ethynyl pyridine and nicotine. 

however, because of the time and expense otherwise required for sample collection and analysis, pm  (particulate matter with an aerodynamic diameter of less than 2.5 μm) is proposed 2.5

as an indicator material by the World health organization (Who) for its convenience [8]. 

a practical legislative effort is required to reduce the use of tobacco among young people with relatively high smoking rates under the auspices of the framework convention on tobacco control (fctc) sponsored by Who. as a result, the national health promotion act in korea prohibits smoking in a variety of public indoor environmental spaces such as in schools, internet cafes and restaurants. a smoking ban in hospitality facilities, including billiard halls as a small-scale sports facility, is gradually being expanded. 

according to the national health and nutrition Examination survey (2015), 39.3% of male adults (aged 19 and over) in korea smoke, although it is reported that this rate is gradually declining. in addition, this survey reported a smoking prevalence rate of 42.3% for men and 5.6% for women in the 10–19 age group, the third highest overall (korea center for disease control and prevention) [9]. young adults, i.e. those 19 to 24 years old, were 2.45 

(95% ci: 1.60, 3.73) times more likely to smoke compared to people aged 65 and above 

[10]. it is very important for good health habits to be developed among the young since these habits are maintained throughout the lifespan and can greatly affect individual health. also, the effectiveness of the progressive smoking ban policy at hospitality venues where it is being implemented must be ensured. 

in this study, we estimated the level of second-hand smoke exposure by measuring pm 2.5

as an indicator of Ets in internet cafes, pubs and billiard halls, all locations where young adults in their 20s spend a considerable amount of time, in the neighbourhood surrounding a university campus in changwon, south korea. We also evaluated the rate of implementation of smoking cessation at the internet cafes and pubs, which were designated as no-smoking areas by the national health promotion act and investigate the necessity of smoking cessation for billiard halls not yet stipulated as smoke-free facilities. 

2  study subjEcts and mEthods

2.1  study subjects

this study covered 78 indoor spaces, including 20 internet cafes, 38 pubs (18 before regulation and 20 after) and 20 billiard halls within 3 km of the university campus for 3 months (between october and december) in 2014 (before legislation, 18 pubs) and the same 3 months in 2015 (after legislation, n=60). in the case of the pub, the same venues were selected before and after legislation. 

2.2  study method

2.2.1  measurement of airborne pm2.5

Ets exposure characteristics were investigated by sampling pm , an indicator of airborne 2.5

Ets levels. the airborne pm concentrations in the indoor air were measured at a flow rate 2.5 

of 1.7 l/min using a sidepak real-time aerosol monitor (model am510, tsi inc., shoreview, mn 55126, usa), which is a light-scattering-type direct-reading device that determines mass concentration by scattering light with a wavelength of 670 nm. since the light-scattering 
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to the indicated values [11–13]. in order to focus on particulate matter with a diameter of 2.5 

μm or more, a pm impactor was attached to the sidepak and zero calibration was performed 2.5 

using a hEpa (high-efficiency particulate air) filter before sampling. the field researcher visited the hospitality venues between 7:00 pm and 11:00 pm on weekdays and measured the outdoor pm concentration for 5 min before and after the start of the indoor measurement at 2.5 

a representative point outside of the building. the indoor pm concentration was measured 2.5 

for 40 min by placing the sidepak on a table or chair that was not directly affected by pm 2.5

sources, such as doors, windows and air conditioning. samples were taken at 1-min intervals. 

the volume of the indoor space, the number of smokers and the ventilation conditions that could affect the concentration distribution during sampling were also recorded. 

2.2.2  measurement and calculation of smoking density (sd) the number of smoked cigarettes and the number of fans installed in the venue for general ventilation were counted during the sampling period. the volume of the indoor venue was measured using a dlr130 (robert bosch tool corp., mt. prospect, malaysia) [13]. the sd was calculated by the number of burning cigarettes per cubic meter of indoor volume, as shown in Equation (1). 

No. of burning cigarette (#bc)

  

Smoking Density (SD) =

Indoor vvolume, m3

  

(1)

2.2.3  statistics and analysis

pm concentrations were analysed using the trakpro™ (version 4.6.10, tsi, usa) pro-2.5 

gram. pm  concentration was expressed in units of μg/m3. the normality of pm  concen-2.5

2.5

trations distribution at indoor and outdoor air was tested by a shapiro–Wilk test (W-test). 

statistical analysis was performed using spss (ver. 23.0.0.0) and microsoft Excel 2013, and the significance level ( p-value) was 0.05. the cumulative probability plot distribution was obtained through sigmaplot (ver. 10.0 for Windows, systat software, inc., chicago, il, usa). 

3  rEsults and discussions 

3.1  smoking status and exposure levels of second-hand smoke as shown in table 1, the smoking prevalence rates in three types of hospitality venues around a campus were 65% in internet cafes, 15.8% in pubs and 85% in billiard halls. in the case of the pubs and the internet cafes, although there were designated smoke-free areas from january 1, 2015 by the national health promotion act, smoking was still taking place at the venues. 

the smoking prevalence rate at the pubs in changwon decreased from 33.3% (6/18) in 2014 to 10% (2/20) in 2015 with the introduction of the legislation. kim et al. [7] reported a smoking rate in pubs in changwon of 42% before the smoking ban legislation. however, billiard halls were not designated as smoking-free zones and showed the highest smoking rate among three kinds of facilities. smoking was observed in eight pubs and 13 internet cafes, so more strict enforcement of the indoor smoking ban is necessary to improve indoor air quality. 
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venue was a log-normal distribution by W-test ( p<0.01). the cumulative probability plot of each facility is shown in fig. 1. the average pm  concentrations were 135.4 μg/m3 (range 2.5

10.9–298.2 μg/m3) in billiard halls, 98.6 μg/m3 (range 9.5–294.8 μg/m3) in internet cafes and 30.8 μg/m3 (range 6.1–52.4 μg/m3) in pubs. there was a statistically significant difference in the distribution of pm concentrations among the three types of facilities ( p<0.001). the 2.5 

mean concentration of billiard halls was the highest, the highest concentration by venue was 298.2 μg/m3 in billiard halls and the lowest concentration by venue was 6.1 μg/m3 in pubs. 

the distribution of pm concentrations in billiard halls was about 4.4 times higher than 2.5 

that in pubs (p<0.001), and the difference between the highest and the lowest concentration was about 48.9 times. in a study conducted in 2014, before the smoking ban was enacted, the distribution of pm concentrations was measured as 180.4 μg/m3 (median, range 24.5–

2.5 

273.1 μg/m3) in internet cafes, 44.3 μg/m3 (3.0–116.2) in pubs, and 41.2 μg/m3 (23.2–241.0) in billiard halls [11]. there was a difference in the pm distributions between the internet 2.5 

cafes and the billiard halls both before and after the smoking control act. 

the average concentrations for before (2014) and after (2015) the legislation were 32.2 

(9.4–52.4) μg/m3 and 29.6 (6.1–47.5) μg/m3 in pubs. the ratio of indoor pm concentrations 2.5 

for these two time points was 0.92 for pubs. there was no statistically significant difference in the distribution of pm concentrations by year (p = 0.120). studies have shown that the 2.5 

indoor pm concentration decreases dramatically when an indoor smoking ban is properly 2.5 

implemented. in other countries, pm concentrations are generally reduced by 70%–90% 

2.5 

when a comprehensive smoking prohibition policy is implemented [11, 13, 14], but korea showed a lower reduction in pm concentrations after the ban. at 41 bars in scotland, the 2.5 

pm concentration before the smoking cessation policy was 246 μg/m3, but the pm con-2.5 

2.5 

centration was reduced by 86% to 20 μg/m3 after pertinent legislation [15]. the indoor pm2.5 
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figure 1:   comparison of the cumulative probability plots of pm  concentrations for three 2.5

kinds of hospitality venues. 
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figure 2:   regression analysis of pm  levels and smoking densities in venues where smok-2.5

ing was observed ( y = 85.6 + 1,621.1 x,  r = 0.58) . 

concentration in a sample of restaurants and bars (n = 9) in lexington, usa, was 199 μg/m3 

before a smoking prohibition policy was introduced, but decreased to 91 μg/m3 after the legislation [11]. 

to determine the correlation between sd and pm  concentrations in hospitality venues, 2.5

correlation analysis was performed. the correlation coefficient was 0.58, as shown in fig. 2. 

the relationship between indoor pm  concentrations and sd in hospitality venues has been 2.5

reported in previous studies. pm  concentrations in 10 hospitality venues, including restau-2.5

rant and pubs, in the united states tended to have a positive correlation with sd ( r = 0.28; p = 0.091) [11]. in a study by kim et al. [12], there was some correlation between sd and pm  concentrations ( r = 0.576,  p <0.005). the distribution of pm  concentrations is more 2.5

2.5

correlated with sd than are other factors such as the number of guests or the ventilation system, which is probably due to the contribution of smoking to indoor distribution of pm 2.5

concentrations. in previous studies, it has been reported that passive smoking contributes about 90% to 96% of respirable suspended particles in hospitality venues (casinos, bars, billiard halls) [11]. 

the concentration of pm  was identified as the surrogate substance for best reflecting 2.5

smoking condition. the average pm concentration in internet cafes with smoking allowed 2.5 

(13 of 20) was 127.8 μg/m3, which was statistically higher (p <0.05) than internet cafes where smoking was prohibited (44.5 μg/m3). in the case of billiard halls, the mean of pm 2.5

concentrations in smoking venues was about three times higher than that of non-smoking venues. however, in the case of pubs, the significance of the statistical difference could not be confirmed. 

in accordance with the fctc proposed by Who [8], cigarette smoking prevalence rates have been gradually decreasing in korea as a result of the strengthening of smoking prohibition laws. in south korea, the korea center for disease control and prevention [9] reported that the rate of exposure to second-hand smoke among non-smokers declined to 57.9% in 2013, 52.1% in 2014 and 35.4% in 2015 after the anti-smoking regulations were enacted for public areas. however, since billiard halls are classified as sports facilities rather than public 
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order to minimize the risks caused by second-hand smoke, related education and public out-reach should be strengthened and the smoking ban policy should be extended to small sports facilities. When effectively enforced, smoking prohibition legislation is highly effective in improving indoor air quality and reducing the levels of indoor pm concentrations [16, 17]. 

2.5 

strict enforcement and periodic monitoring play an important role in successful smoking prohibition practices. one avenue is to increase the penalties for smoking cigarettes in public places to reduce second-hand smoke through strong sanctions. 

3.2  Evaluation of air quality using aoi

the us Epa has proposed an air quality index (aQi) using pm concentrations to predict the 2.5 

degree of air pollution [4]. according to this aQi, air quality is considered good in the range of 0–12.0 μg/m3, moderate at 12.1–35.4 μg/m3, unhealthy for sensitive groups at 35.5–55.4 

μg/m3, unhealthy at 55.5–150.4 μg/m3, very unhealthy at 150.5–250.4 μg/m3 and hazardous for 250.5 μg/m3 or more. the indoor air quality in hospitality venues was assessed according to this aQi, and billiard halls (135.4 μg/m3) and internet cafes (98.6 μg/m3) averaged unhealthy levels assuming 24 h of exposure to pm  concentration levels in indoor air. in 2.5

the case of billiard halls and internet cafes where smoking is allowed, 6 (35.3%) of 17 and 350

Hazardous

300

3

250

Very Unhealthy

200

150

Unhealthy

 concentration, ug/m 52. 100

PM

50

Unhealthy for Sensitive Groups

Moderate

0

Good

Internet cafes

Pubs

Billiard halls

Hospitality Venues

figure 3:   assessment of indoor air quality depend on pm  concentrations in internet cafes, 2.5

pubs, and billiard halls, using 6 categories of the Epa aQi. middle lines of boxes are median values; lower and upper bounds of boxes represent the 25th and 75th percentiles, respectively; whiskers represent the farthest data points within 10th and 90th percentiles, respectively; the individual data points are outliers. 
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4 (30.8%) of 13 venues respectively exceeded 150.5 μg/m3, the very unhealthy level on the aQi. one internet cafe and one billiard hall were even evaluated as reaching the hazardous level, meaning immediate indoor environment improvement was required. previous studies have also reported high concentrations of pm when allowing smoking in hospitality venues. 

2.5 

the mean of pm concentrations (n = 62) in smoking restaurants and pubs in kentucky in the 2.5 

united states was 161 μg/m, 4.6 times higher than the us ambient air quality standard [18]. 

the limitations of this study are as follows: first, pm , the indicator applied for Ets, 2.5

can be affected by a wide variety of sources other than tobacco smoke, including indoor and outdoor combustion, indoor activities, cooking, cleaning and more. second, only pubs surrounding a college campus were selected for sampling, so it may be limited to representing only such pubs. however, the pubs were selected without any prior information about the presence of smokers and other factors influencing the indoor environment. third, the avail-ability of a ventilation system and the air exchange rate in the indoor environment were not taken into account for the distribution of particulate matter. because the ventilation rate is a major determinant of indoor air quality, it is necessary to consider the type and principle of the ventilation system, air exchange rate and operating method. fourth, the sampling result may be an underestimation because the sampling period overlapped with the time for end of term exams for students, which reduced the number of users of the venues. in order to accurately identify and confirm the reference value for each hospitality venue, the sample measurement period and the number of samples should be considered. in the future, it will be possible to improve public health by monitoring the status of second-hand smoke in these multi-use facilities, confirming the implementation rate of the smoking cessation policy, and strengthening the related regulations. 

4  conclusion

hospitality venues such as internet cafes and pubs, which are frequently used by college students with high smoking rates, were included starting in january 2015 among areas where smoking is prohibited by the korean national health promotion act. around 78 venues (18 venues overlapping), including internet cafes, pubs and billiard halls near a university campus, were assessed for their degree of implementation of the smoking prohibition policies over 3 months (october to december) in 2014 and in 2015, and Ets exposure levels were examined. the results of this study were as follows. 

first, the smoking prevalence rate among these hospitality venues near the campus was the highest in billiard halls, where the smoking prohibition policy was not applied. smoking was still taking place in the internet cafes or pubs despite the law (smoking prohibition) being implemented. stricter smoking ban implementation is required for all internet cafes and pubs. 

second, the concentrations of pm , the indicator substance for environmental tobacco 2.5

smoke applied, were higher in the order of billiard halls. internet cafes and pubs. aQi evalu-ations showed that pubs maintained acceptable air quality, but most of the internet cafes and billiard halls were at a level harmful to health. 

third, in the case of internet cafes and pubs, the pm  concentration levels of the venues 2.5

allowing smoking were statistically higher than those in the venues where it was prohibited (p<0.05). according to legal regulations, the rate of smoking prohibition is increasing, and the distribution of pm concentrations in indoor air is also decreasing. 

2.5 

fourth, in order to prevent passive smoking by visitors and employees and to protect public health, it is necessary to expand the scope of the national health promotion act to billiard halls, where the concentrations of Ets were highest. 
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ABSTRACT

The objectives of this study were to determine indoor levels of environmental tobacco smoke (ETS) and
assess the implementation rate of a smoking ban in hospitality venues surrounding a university campus
by measuring particulate matter smaller than 2.5 m (PM, ) as an indicator of ETS. We identified the
smoking state in business establishments and measured the indoor PM, , concentrations at 20 internet
cafes, 38 pubs and 20 billiard halls using a Sidepak AM510 direct-reading portable real-time monitor
from October 2014 to December 2015. Smoking was observed in 65% of the internet cafes and 85% of
the billiard halls in 2015. The rate in pubs, which were subject to a legal smoking ban, was reduced to
10% in 2015 from 33.3% in 2014. The average PM, .concentrations in 2015 were 98.6 ug/m’, 29.6 ug/m*
and 135.4 pg/m’ in internet cafes, pubs and billiard halls, respectively. PM, , concentrations in internet
cafes and billiard halls were 2 to 2.7 times higher than the 24-h exposure standard (50 pg/m?) for out-
door PM,  set by the Korean Ministry of Environment. Although a smoking ban had been imposed on
internet cafes and pubs, smoking was still taking place in those locations. More stringent enforcement
is required for the success of legal measures to protect patrons’ and workers” health from second-hand
smoke exposure. A ban on smoking in billiard halls should be introduced as soon as is feasible.
Keywords: ETS (Environmental Tobacco Smoke), internet café, billiard hall, PM, .

1 INTRODUCTION
Environmental tobacco smoke (ETS) is produced by the smoking of cigarettes, pipe tobacco,
cigars, etc., and results in second-hand smoke exposure. It is composed of mainstream smoke
(MS) exhaled by the smoker and sidestream smoke (SS) generated at the end of a burning
tobacco product. Passive smoking has been scientifically confirmed to lead to a variety of
human diseases, disorders and deaths [1,2].

ETS is important because it is one of the major pollutants that determine indoor air qual-
ity and because it contains approximately 60 kinds of substances confirmed or suspected
to be human carcinogens, including nitrosamines, benzopyrenes, beta naphthylamine and
polonium 210. It is estimated that 30% of all cancer deaths are caused by smoking, and
second-hand smoke has been reported to contribute to a range of health effects such as lung
cancer, cardiovascular disease and asthma [3]. Based on this, the US Environmental Protec-
tion Agency (EPA) classifies ETS as a Group A (known) carcinogen [4]. The US National
Institute of Occupational Safety and Health has also designated ETS as a carcinogenic sub-
stance of the same grade as asbestos or benzene. In addition, tobacco smoke can easily dif-
fuse and is difficult to remove, so a wide range of people become exposed to it irrespective of
the intention of the smoker. On the basis of these risks, the US Centers for Disease Control
and Prevention (CDC) is pursuing universal bans on smoking in public spaces such as work-
places, restaurants and pubs [5]. A large number of studies have been performed on indica-
tor materials [6] to measure and evaluate airborne concentrations of ETS, which includes
approximately 6,000 chemicals [7]. It is difficult to identify an indicator material with perfect
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