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Abstract
Objectives: To assess work-related exposure to tobacco smoke in Finnish restaurants, a series of nationwide questionnaire surveys were conducted among restaurant workers and the levels of indoor air nicotine concentrations were measured in restaurants. The survey aimed to evaluate the impact of the smoke-free legislation in general and in particular
after the total smoking ban launched in 2007. Materials and Methods: In 2003–2010, four national questionnaire surveys
were conducted among restaurant workers and the concentration of nicotine in indoor air was measured in different types of restaurants, bars and nightclubs. Results: Between 2003 and 2010, the proportion of restaurant workers
reporting occupational exposure to tobacco smoke dropped from 59% to 11%. Among pub workers, the decrease was
from 97% to 18% and in workers of dining restaurants from 49% to 10%, respectively. The median concentration of
nicotine in indoor air of all restaurants decreased from 11.7 μg/m³ to 0.1 μg/m³. The most significant decrease was detected in pubs where the decrease was from 16.1 μg/m³ to 0.1 μg/m³. Among all restaurant workers, in 2003–2010 the
prevalence of daily smokers was reduced from 39% to 31% in men and from 35% to 25% in women. Conclusion: Total
prohibition of smoking but not partial restriction in restaurants was effective in reducing work-related exposure to tobacco smoke. Strict tobacco legislation may partly be associated with the significant decrease of daily smoking prevalence
among restaurant workers.
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INTRODUCTION
Exposure to tobacco smoke increases the risk of developing several serious adverse health effects including asthma, respiratory infections, cardiovascular diseases and
lung cancer [1–4]. It is also associated with lowered birth
weight and premature death [5–7].

Many countries in Europe, Asia, Australia and the
Northern America have recently launched strict legisla
tion against smoking in various workplaces including
restaurants [8–11]. WHO Framework Convention on
Tobacco Control (FCTC) has had a significant global
role in actions undertaken to prevent tobacco epidemic
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(WHO 2012) [12]. FCTC Article 8 addresses the adoption
and implementation of effective measures to provide protection from exposure to tobacco smoke in domestic and
occupational settings.
In Finland, the first Tobacco Act came into force in 1977.
In 1995, smoking was forbidden in workplaces, excluding restaurants. In 2000, restaurants were included in
the Tobacco Act, with the exception that a proportion
of customer spaces could be reserved for smoking customers. Next, the restrictions proceeded gradually, until
the Ministry of Social Affairs and Health renewed the
legislation in 2005, the Parliament enacted the reform
in 2006 and the restaurants had to obey the regulations
of the Act beginning June 2007. The legislation allowed
restaurants that had made significant changes to their
ventilation system to apply for an extension period to
continue functioning according to the previous legislation until June, 2009. Then, all restaurants had to totally prohibit smoking in areas for customers. However,
restaurants can apply for a permission to build a separate room for smoking customers, which has to fulfill
strict ventilation regulations. Smoke must not spread
from the smoking room and serving is not allowed in
this space.
The present national survey assesses the whole process
of a gradual introduction of the smoke-free legislation
in Finland. From 1999 to 2010, altogether six national
questionnaire surveys were conducted among restaurant
workers along with seven indoor air measurement surveys in restaurants of three municipalities to assess the
impact of tobacco legislation on restaurant workers’ exposure to tobacco smoke [13,14]. The present study focuses on the impact of the partial restriction and especially the total ban of smoking in restaurants, which was
launched in 2007. Additionally, a comparison between
the time period of the partial prohibition (1999–2004
and 2004–2007) and the total prohibition (since 2007) is
presented in the report.
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MATERIALS AND METHODS
Questionnaire
The total workforce in the hospitality industry in Finland
varied between 47 918 and 53 062 individuals in 1999–2010
(Statistics Finland, 2012). Out of them approximately 75–
85% belonged to the national workers union (the Service
Union United, PAM).
The follow-up survey consisted of individual cross-sectional surveys. The present study reports the results of them.
The data from the first two have been reported earlier [14].
In each annual survey the “target group” was the group
of restaurant workers belonging to the restaurant workers union from whom a random sample of 3000 restaurant
workers was identified. The questionnaires were sent and
returned by mail. In 2003, the questionnaire was re-sent
to those who did not respond to the first one. In subsequent years no second attempt was made.
Altogether 6 surveys including questionnaire surveys in
restaurants were conducted between the years 1999–2010.
In the present study, the data concerning the questionnaires from 2003–2010 were evaluated to assess the
impact of the latest reform in Tobacco Act concerning
restaurant work and the launch of the total smoking
ban in 2007. The first survey was carried out in 2003,
four years before the total smoking ban and the second
in 2007, five months before the total ban. The third survey in 2009 was conducted almost two years and the last
survey in 2010 three years after the launch of the total
smoking ban in restaurants.
In each survey, the member list of restaurant workers was
updated so that those who retired, were unemployed or
who worked in a different sector were excluded from the
group. The questionnaires aimed at collecting the participants’ background information, smoking habits, restrictions on smoking at their workplace, occupational exposure and symptoms related to tobacco smoke.
The questions concerning respondents’ smoking habits
included questions on daily smoking and the number of
IJOMEH 2013;26(5)
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cigarettes smoked daily, and the smoking history assessment of exposure to tobacco smoke included the following
questions:
–– “how many hours per day are you exposed to tobacco
smoke at work?”,
–– “is smoking allowed in your workplace (bar and restaurant)?”,
–– “in what areas is smoking allowed?”,
–– “are there designated areas or tobacco rooms for smoking?”,
–– “if yes, does the smoke spread elsewhere?”,
–– “is smoking allowed in break rooms recreation for
workers?”.
Each year the questionnaire and the measurement were
the same as in the previous years.

Measurement of nicotine in indoor air
Altogether seven surveys including nicotine measurements
in restaurants were conducted between the years 1999–
2010. The data concerning the measurements in 1999–
2004 had been published elsewhere [16]. These results can
be seen in Figure 2.

Bars represent 1999 – no ban.
2000–2007 – partial restrictions.
2007–2010 – total restrictions.

Fig. 1. Work-related exposure to tobacco smoke among
Finnish restaurant workers according to questionnaire surveys
conducted in 1999–2010
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Abbreviations as in Figure 1.

Fig. 2. Median concentration of indoor air nicotine in
restaurants in 1999–2010

Exposure to tobacco smoke was assessed by measuring the
concentration of nicotine in the indoor air of restaurants
and bars. Nicotine was used as the indicator for tobacco
smoke because it had successfully been used in previous
surveys in assessing work-related exposure to tobacco
smoke [15–18].
The number of restaurants participating in the present
survey is shown in Table 1. The indoor air measurements
were carried out during the period in which indoor heating is generally turned on, namely the fall and winter
seasons. This enabled the comparison of results, because
the ventilation was dependent solely on mechanical ventilation present in all establishments. Historically, the
frequency and degree of customer smoking differed depending on the clientele [16]. Therefore, three different
types of premises were selected, i.e. restaurants, pubs
and nightclubs. In addition, employees mainly working
in bar counter service were considered separately from
others (Table 1).
The category of pubs in this paper includes typical
pubs, bars and taverns. The category of nightclubs
comprises also discos, and the category of restaurants,
for the purpose of this study, means locations where
food was the main attraction. The establishments were
selected from three cities located in different parts of
the country: Helsinki, Lappeenranta and Jyväskylä.
They were chosen after consultation with hospitality
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Table 1. Nicotine concentrations in indoor air measured from fixed points in restaurants and reported exposure
to tobacco smoke at work
Type of venue

Dining
restaurant

pubs

nightclubs

bar desks

20.0

78.0

61.0

64.0

223.0

median

0.6

16.1

10.9

10.4

11.7

min.

0.0

0.6

0.2

0.1

0.1

max

11.2

172.1

133.4

133.4

172.1

49.0

97.0

95.0

97.0

59.0

24.0

71.0

64.0

67.0

226.0

median

0.2

7.2

5.2

4.2

5.0

min.

0.0

0.0

0.1

0.0

0.0

max

4.3

99.3

132.7

132.7

132.7

36.0

94.0

91.0

90.0

46.0

0.0

62.0

43.0

60.0

165.0

median

0.0

0.2

0.1

0.2

0.2

min.

0.0

0.0

0.0

0.0

0.0

max

0.0

4.1

3.7

4.1

4.1

33.0

29.0

30.0

18.0

0.0

53.0

30.0

33.0

116.0

median

0.0

0.1

0.0

0.1

0.1

min.

0.0

0.0

0.0

0.0

0.0

max

0.0

4.8

0.7

0.6

4.8

10.0

18.0

24.0

17.0

11.0

Nicotine in indoor air

Total

2004
measurements (n)
nicotine concentration (μg/m³)

rep. exp. (2003) (%)
2006
measurements (n)
nicotine concentration (μg/m³)

rep. exp. (2007) (%)
2008
measurements (n)
nicotine concentration (μg/m³)

rep.exp. (2009) (%)

14

2010
measurements (n)
nicotine concentration (μg/m³)

rep. exp (2010) (%)

min. – minimum; max – maximum.
Rep.exp. – respondents reporting exposure (at least 1 hour per work shift).

management professionals with local knowledge of the

earlier [16]. Briefly, samples were collected from the

cities studied.

same sampling locations during each monitoring period

The collection of indoor air samples, measurements

where possible. Measurements were conducted at three

and laboratory analyses had been described in details

to five locations per establishment. The criteria for the
IJOMEH 2013;26(5)
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sampling locations were as follows: the location represents the entire space as fully as possible, at least one
at the bar counter(s), at least one in the smoke-free and
one in the smoking section (not applicable after 2007).
Air sampling was carried out for a 4-hour period during
peak hours and it was performed twice at each selected
establishment.
The air monitor consisted of a sampling pump collecting air at 100 cm³×min–1 through a stainless steel tube
packed with Tenax adsorbent. The sample analysis has
been described in a previous publication [19]. Briefly, the
samples were desorbed at 300°C and analyzed for nicotine by thermodesorption – gas chromatography – mass
spectrometry. The measured nicotine concentration represents the average concentration during the 4 h period.
For samples with nicotine concentrations below the limit
of quantitation (0.05 μg/m³), we used 0.025 μg/m³ for calculations.
The Finnish Institute of Occupational Health (FIOH),
Client Services is accredited by the Finnish Accreditation
Service (FINAS).
Statistical analyses
The individual nominal scale answers of the data were exa
mined with the use of percentages, and cross-tabulating

them according to, for example, sex, profession, age and position as a superior. Medians were calculated for variables
that received a numeric value and were compared across
different groups. Binominal tests and Chi2 tests were used
to analyse the survey data, using SAS Statistical software,
version 9.1 (SAS Institute Inc, Cary, North Carolina, USA).

RESULTS
Respondent characteristics
The details of respondents’ background are presented in
Table 2. The response rate varied between 25% and 56%.
During the follow-up, the percentage of waiters and waitresses increased from 30% to 60%, while the proportion
of chefs and cooks decreased from 39% to 6%. The ave
rage age varied between 38 and 41 years in 2003–2010.
The respondents’ length of work experience was on average 15 years in 2003 and 19 years in 2010.
Each year, the respondents represented well the general
population of the union members, compared with the
information available on the place of residence, gender,
age, and educational background of PAM members. For
instance, according to official registers (Statistics Finland)
in 2003 the percentage of female workers was 80% in the
Restaurant and Hotel Union, while it was the same in the

Table 2. Background information from questionnaire surveys
Background information

2003

2007

2009

2010

1 690

1 008

805

741

Response rate (%)

56

35

27

25

Women (%)

80

83

86

84

Superiors (%)

27

27

31

27

Average age (years)

38

38

38

41

Experience (years)

15

15

16

19

all participants

36

33

30

26

women

35

31

31

25

men

39

39

30

31

Participants (n)

Daily smokers (%)

686
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Table 2. Background information from questionnaire surveys – cont.
Background information

2003

2007

2009

2010

no professional degree

19

14

22

24

professional or institutional level

77

85

77

75

4

2

1

1

waiter/waitress

30

32

53

60

chef/cook

39

36

7

6

manager/equivalent

16

16

22

20

bartender

6

6

9

9

other

9

10

9

5

dining restaurant

72

73

64

63

nightclub

10

8

11

12

pub

10

10

18

17

café

8

9

7

8

Educational background (%)

university level
Profession (%)

Workplace (%)

present survey. In 2010, the figures were 79% and 84%,
respectively. In 2003, 80% of all restaurant workers had
a professional, institutional or university level degree
while 18% of them had no professional degree (Statistics Finland). In the present study, in 2003, the numbers
were 81% and 19% respectively. In 2010, 78% of restaurant workers had a professional, institutional or university
level degree, while 22% did not have any professional degree (Statistics Finland). In the present survey, in 2010,
the proportion was 76% and 24%, respectively.
Smoking and exposure to tobacco smoke
The prevalence of daily smokers decreased from 36%
to 26% between 2003 and 2010 (Table 2). Smoking was
more common among men. In 2003, altogether 39% of
men and 35% of women smoked daily, while in 2010 the
figures were 31% and 25%, respectively.
Between 2003–2010, the prevalence of restaurant workers
exposed to tobacco smoke at least 1 hour per work shift
decreased from 59% to 11% (Table 1). The exposure to

tobacco smoke was more common among pub and nightclub workers than in workers of dining restaurants. Between 2003–2010, the percentage of pub workers exposed
to tobacco smoke for at least 1 hour a day, decreased
from 97% to 18%, and that of workers in dining restaurants from 49% to 10%.
Measurement of nicotine in indoor air
Between 2004–2010, the maximum nicotine concen
tration in indoor air decreased from 172.1 μg/m³
to 4.8 μg/m³, and the minimum concentration from 0.08 μg/m³
to below the quantitation limit of the method (0.05 μg/m³).
Measurements in dining restaurants in 2004 and 2006
showed nicotine and 3-ethenyl pyridine concentrations below the quantitation limit. Therefore, measurements were
not performed in dining restaurants in 2008 and 2010.
The median nicotine concentration in indoor air of all
establishments decreased from 11.7 μg/m³ to 0.1 μg/m³,
excluding the measurements in dining restaurants for the
years 2008 and 2010.
IJOMEH 2013;26(5)
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The median nicotine concentrations were the highest
in pubs, varying from 16.1 μg/m³ in 2004 to 0.1 μg/m³
in 2010. There was a significant reduction of nicotine concentration in all restaurants between the measurements
in 2004 and 2008, while the median concentration first
decreased from 11.7 μg/m³ to 5 μg/m³ (in 2006) and then
to 0.2 μg/m³ (in 2008). In 2010, the median concentration
of nicotine remained on the level of 0.1 μg/m³.
When comparing the data of questionnaire surveys and
nicotine measurements, both the prevalence of workers exposed to tobacco smoke and median concentration
of nicotine in indoor air, were the highest in all surveys
among pub workers and lowest among workers in dining
restaurants. According to both questionnaire surveys and
nicotine measurements, a significant decrease of exposure
to tobacco smoke could be demonstrated over time.

DISCUSSION
The present follow-up study is the first nationwide survey undertaken to assess the impact of tobacco legislation consisting both the partial and the total prohibition
of smoking in restaurants. The assessment was carried
out by using questionnaire surveys, accompanied by
measurements of indoor air nicotine concentrations in
restaurants in three municipalities from different parts
of the country. This gives a reliable estimation of the current situation regarding restaurant workers’ exposure to
tobacco smoke at work and it also makes it possible to
evaluate if the decrease of exposure to tobacco smoke
continued during the follow up period and exposure le
vels remained low. The present study shows the impact of
gradually proceeding tobacco-free legislation concerning
bars and restaurants.
In the present study, we focus on the pre- and post-ban
situation in Finnish restaurants. The total ban on smoking in restaurants was proposed by the Ministry of Social
Affairs and Health (in 2005). The Parliament enacted
688

IJOMEH 2013;26(5)

renewed tobacco legislation with the total prohibition of
smoking in restaurants in 2006 which restaurants had to
obey beginning June 2007. In our earlier studies, we had
shown that tobacco legislation with partial prohibition of
smoking in restaurants only slowly decreased exposure to
tobacco smoke (in 1999–2004) [13,14].
Between 2003 and 2007, before the total prohibition, exposure to tobacco smoke began to decrease according to
both the questionnaire surveys and indoor air measurements. This may be due to the knowledge among restaurant owners that the Ministry was already preparing the
total ban on smoking in restaurants. Therefore, the restaurants began to make the arrangements to totally prohibit
smoking in their areas for customers. A similar decrease
in exposure to tobacco smoke was also demonstrated in
Finland before 1995 when strict tobacco legislation was
launched for all other workplaces [15].
By integrating the results of questionnaire surveys with the
outcome of measured air samples it was possible to assess
the exposure to tobacco smoke from two directions. Thus,
we are able to get data not only as regards the duration of
exposure and the number of affected workers, but also an
estimation of the concentration of an inhaled substance.
This can help us to assess the severity of the exposure to
tobacco smoke by comparing the reported time of total
exposure with the indoor air nicotine concentration measured at various types of restaurants (e.g. restaurants,
pubs and nightclubs).
In a recent study, exposure to tobacco smoke at work was
assessed by questionnaire surveys and measuring nicotine
concentration in indoor air [15]. In accordance with our
findings, they found a positive correlation between the
measured indoor nicotine concentration and self-reported
exposure to tobacco smoke. Another recent study suggests
that a self-reported exposure to tobacco smoke is a valid
method for evaluating workers’ exposure to tobacco
smoke [20]. Similarly, our data show that the measured
nicotine concentrations were the highest in the type of
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establishment where the workers also reported the longest
duration of exposure to tobacco smoke.
Our study participants are members of the national
Service Union United (PAM) that unites approximately 75–85% of all employees in the hospitality industry in
Finland. Thus, the present material represents a significant part of all Finnish restaurant workers. Most PAM
members work in restaurants that belong to the national
Tourism and Restaurant Services Union. This all may
have an influence on the collected data because adherence to tobacco legislation may be better in establishments belonging to the national association compared to
non-members.
The response rate of participants in the present questionnaire surveys remains fairly low (25–59%). The hospitality industry has often been one of the fields of industry in which researchers have had difficulties in achieving acceptable response rates. This may be due to the
frequent rotation of the restaurant workers, leading to
difficulties in reaching them for questionnaire surveys by
mail. Nevertheless, the demographic information, years
of experience and other details of participants in the
present study closely reflected the average population
of restaurant workers in this country. Additionally, the
variation in the response rates between different years is
also due to annual resources available for questionnaire
surveys. In 2003, there was an opportunity to re-send the
questionnaires to those who failed to answer the first letter that was sent. This explains the higher response rate
in 2003.
The low response rate may have had an influence on
the smoking prevalence found in the present study. The
prevalence of daily smokers decreased from 36% to 26%
between 2003 and 2010. This decrease may partly be explained by the fact that non-smoking employees in restaurants which obey the strict tobacco legislation might have
been more active in responding to the present survey. On
the other hand, the decrease in the percentage of daily

ORIGINAL PAPERS

smokers can also be due to the strict tobacco legislation,
which may have helped them in quitting smoking. In addition, changes in public opinion and attitudes towards
smoking in general may have had a positive impact on
smoking prevalence.
The ratio between chefs and waiters changed during the
follow-up. This may be due to the decreased interest
among chefs and cooks to respond since their worksite
(kitchen) had been smoke-free for a significantly longer
period of time compared to worksites of waiters. The
change in the ratio may have had an impact on the present
data. However, the data concerning exposure to tobacco
smoke is presented separately for different professions.
Thus, it should not cause any significant bias in the pre
sent follow-up.
Between 1999–2004, Finnish tobacco legislation with the
partial restriction of smoking in restaurants only slowly
decreased the occupational exposure to tobacco smoke
in restaurants (Figure 1 and 2) [14]. The reform in the
legislation prepared by the Ministry of Social Affairs and
Health in 2005,enacted by the Parliament in 2006 with
a total smoking ban beginning in 2007 in restaurants effectively reduced work-related exposure to tobacco smoke
in restaurants. Interestingly, the decrease of exposure
seemed to escalate after 2004 soon after the restaurants
found out that the Ministry was planning to introduce the
total smoking ban in restaurants.
Several studies have shown that total smoke-free legislation is highly effective in reducing indoor tobacco smoke
levels. A recent study carried out in Germany found a significant reduction of exposure to tobacco smoke in bars
and restaurants. Concentration of fine particles (PM2.5) decreased by 87% in coffee bars, 89% in restaurants, 66% in
bars, and 91% in discotheques before and after the introduction of smoke-free legislation [21]. The concentrations
were substantially higher in venues which allowed smoking in the whole venue or in a designated smoking room
compared to venues which were completely smoke-free.
IJOMEH 2013;26(5)
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This study clearly demonstrates that when smoking is allowed inside the premises, such measures as ventilation
or designated smoking areas are not sufficient enough in
preventing tobacco smoke from spreading to areas, which
should be smoke-free.
Another study performed in Scottish pubs reported a reduction in PM (2.5) levels from an average of 246 μg/m³
to 20 μg/m³ after smoke-free legislation had been enacted [22].
Abundant evidence shows that exposure to tobacco smoke
is harmful to health since it causes cardiovascular and respiratory diseases [3,23]. A recent study carried out in Scotland assessed the effectiveness of smoke-free legislation
by examining changes in the health of bar workers [24].
The results showed that there were significantly fewer respiratory and sensory symptoms after the workplaces had
become smoke-free. The percentage of workers reporting
any respiratory symptoms decreased from 69% to 57%
while the percentage of those with sensory symptoms decreased from 75% to 64%.
Another study from Spain shows that the prevalence of
respiratory symptoms declined significantly (by 71.9%;
p < 0.05) among non-smoking workers in venues that became smoke-free [25]. Furthermore, there was no significant decrease in the prevalence of respiratory symptoms
among non-smoking workers in restaurants which had not
prohibited smoking entirely or had introduced only partial
restrictions in their restaurant premises. This shows the
significance of effective tobacco legislation that can protect workers from exposure to tobacco smoke and ensures
benefits to the public health as well.
Previous studies from Scotland found that the percentage of bar workers with respiratory and sensory symptoms decreased from 79.2% (N = 61) to 53.2% (N = 41)
and 46.8% (N = 38) during one and two months after
the total smoke-free policy had been launched [26]. In this
Scottish study, asthmatic bar workers suffered less often
from airway inflammation and the quality-of-life scores
690
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increased after the total prohibition of smoking in bars. In
addition, a Norwegian study assessed cross-shift changes
in the lung function by measuring a decrease in forced vital
capacity (FVC) before and after the smoke-free ban. They
found a significant decrease in the reduction of FVC during the studied period [27]. In our previous study among
restaurant workers, the prevalence of respiratory symptoms decreased from 18% to 4% (p < 0.0001) and the
prevalence of eye symptoms from 23% to 6% (p < 0.0001)
after the legislation that prohibited smoking in restaurants
had been launched [28].
A recent study from New Zealand evaluated the impact
of a national smoke-free law by assessing the exposure to
tobacco smoke [15], smoking-related behaviors and economic impacts [29]. The results showed evidence of high
compliance in bars and pubs as the self-reported exposure
to tobacco smoke dropped from 20% to 8% between 2003
and 2006. During this time period, the indoor air quality
improved significantly in these hospitality venues. Moreover, the authors found that the strict tobacco legislation
had a neutral economical impact in tourist and hospitality
sectors in New Zealand.
Questionnaire surveys and measurements of nicotine levels
in indoor air combined together are reliable and feasible
methods for assessing exposure to work-related exposure to
tobacco smoke. A decrease in the prevalence of daily smoking among restaurant workers in the preset study may partly
be explained by the strict tobacco legislation.

CONCLUSION
The present findings show that strict tobacco legislation,
which totally prohibits smoking in restaurants, is effective
in protecting restaurant workers from exposure to tobacco
smoke. According to the present survey, since 1999, the
decline in occupational exposure to tobacco smoke also
continued throughout the follow-up period and the levels
of exposure remained low.
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