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Abstract

Background: Ultrafine particles have a substantial influence on the pathogenesis of diseases from ambient air pollution 
including personal and indoor tobacco smoke. In public rooms such as gastronomy venues without complete smoking ban, 
the main source of ultrafine particles is cigarette smoke.
Objectives: In accordance with the research question if the legislative smoking ban reduced ultrafine particle pollution in 
Viennese bars, cafés and pubs, the effectiveness of this ban for the protection of nonsmokers was evaluated. As a further 
objective, the comparison with the ultrafine particle concentrations in smoking and non-smoking areas before and after the 
general smoking ban was relevant, whereby the data from the survey period April to October 2019 were used. Hereby, the 
effectiveness of the measure could be derived from the direct comparison of the earlier and the current recordings.
Methods: 2 years after the national Non-Smoking Protection Law in November 2019 had gone into force, the indoor 
exposures with ultrafine particles were surveyed in 22 Viennese bars/discotheques, 5 cafés and 12 pubs/restaurants and 
bars. By unannounced and undercover measurements over 20 minutes each, these well frequented gastronomy locations 
were investigated between October 2021 and February 2022. The concentration of ultrafine particles (PNC, pt/cm³), the 
corresponding diameter (10 - 300 nm) and lung deposited surface area (LDSA) were recorded via Miniature Diffusion Size 
Classifier (miniDiSC®) in all three types of locations.
Results: The ultrafine particle loadings in 2021/22 in the three location types were not significantly different any more. Two 
years after the ban the median PNC (pt/cm³) was 19,751 in bars, 18,854 in cafés and 19,357 in pubs. The average diameter 
(AD, nm) was 54.17 in bars, 44.27 in cafés and 52.08 in pubs. For average LDSA (µm²/cm³), the values were 51.65 in bars, 35.76 
in cafés, and 60.71 in pubs. 2019 data had shown significantly higher median values for PNC (pt/cm³) for smoking locations 
at 72,802 versus non-smoking areas at 27,776 and non-smoking locations at 18,854. Similarly, smoking locations showed 
significantly higher values for AD (nm) at 78 versus non-smoking areas at 62 and non-smoking locations at 52. For average 
LDSA (µm²/cm³), smoking locations also had the highest values at 402.0 versus non-smoking areas at 108.0 and non-smoking 
locations at 51.9. From comparison of data, it was possible to derive the UFP concentrations above which a hospitality indoor 
area - regardless of its declared status - may be classified as polluted by nanoparticles (tobacco smoke): For PNC, 34,435 pt/
cm³, for average diameter 67.45 nm and for LDSA 163.68 µm²/cm³ are proposed as cut-off values.
Conclusion: The national smoking ban significantly improved air quality in Viennese hospitality venues. Two years after the 
ban ultrafines were comparably low and not significantly different between bars, cafés and pubs, whether they were used 
before for smoking or not. The decrease of ultrafine particle pollution was attributed to regular non-smoking in localities. 
Some outliers of the present investigation after the smoking ban indicated, that control of compliance with the law has to be 
continued.
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Introduction

Since November 2019, the Austrian gastronomy has 
been smoke-free mainly due to the indoor smoking ban that 
became effective. Measurements of particle number count 
(PNC) and lung-deposited surface area (LDSA) can be used to 
demonstrate compliance with the measures provided by the 
law, as there is a high correlation between ultrafine particles 
(UFP) and air nicotine, the latter specifically indicating 
tobacco smoke [1-5]. To our knowledge LDSA has not been 
used before to evaluate air quality after a complete smoking 
ban in the hospitality industry of other cities. 

UFP can be generated from traffic exhaust gases as 
well as from various smoking and vaporizing sources, such 
as heating, cooking, cigarette smoke, electronic cigarettes 
(exhaled nicotine-containing aerosols), candles or the use of 
deep fryers. In everyday life, fine or ultrafine dust, which is 
harmful to us, can thus be generated very quickly, e.g. through 
ordinary activities such as cooking. It has been shown that 
ultrafine dust has an impact on health and has an increased 
effect on the well-being of people who already suffer from 
respiratory tract diseases, since ultrafine dust can reach the 
depths of the lungs due to its small particle size [1,6]. Equally 
at risk are patients with cardiovascular diseases (endothelial 
dysfunction, vascular stiffness, coagulation promotion) [7-9].

Larger particles dominate the mass concentrations (PM) 
and smaller particles dominate the number and surface 
concentrations. UFP have sizes up to 0.1 µm and dominate 
PNC [10].

Passive smokers are those persons who not actively 
smoke cigarettes themselves, but inhale tobacco smoke 
because they are usually unintentionally surrounded by it. 
According to a survey by Statistics Austria, more than 25% 
of non-smokers were occasionally exposed to this passive or 
second-hand smoke (SHS), with younger age groups being 
more frequently affected [11]. The 2019 survey found that 
women and men aged 15 to 29 years were the most likely to 
be exposed to secondhand smoke, with at least 10% of both 
genders exposed daily and just over 30% of men and one-fifth 
of women in this age group exposed at least once a week. In 
the age group 60-74 years, reported exposure to secondhand 

smoke decreased, with daily exposure to secondhand smoke 
occurring in about 5% of respondents [11].

Residues that remain after smoking, e.g. on wallpaper, 
carpets, upholstered furniture, children’s toys or other 
surfaces, indoor in private as well as in public locations, are 
referred to as “cold smoke” or third-hand smoke (THS). This 
is characterized by long-lasting deposits of up to several 
months after the last cigarette smoked in the affected rooms. 
Even by ventilating the room, the cold smoke cannot be 
completely removed from furniture, carpets and wall paper, 
is partly changed and released into room air. After a person 
enters a room after consuming a cigarette in an outdoor area, 
smoke particles continue to be exhaled for one to two minutes 
afterwards, and even a few minutes after that, carcinogenic 
substances continue to be exhaled. Smoking in the presence 
of or immediately before contact with children as well as 
infants should be refrained from, as the smoke particles can 
also settle in their hair and clothing and in house dust. The 
particles that enter the interior and their compounds are 
subsequently absorbed through the skin or by inhalation, as 
well as through the oral mucosa, and can contribute to illness. 
It is even recommended that all furnishings be replaced 
when moving into an apartment to reduce exposure to cold 
smoke as much as possible [12].

For indoor gastronomy environments, it can be assumed 
that smoking causes an increased concentration of ultrafine 
dusts both from SHS and THS after recent smoking. This 
aspect, which is hazardous to health, is to be analyzed in 
comparison with non-smoking establishments and smoke-
free areas.

Objectives

 Following the research question of ultrafine particulate 
matter in the Viennese gastronomy after the legal smoking 
ban, the focus was on whether and to what extent different 
UFP parameters can distinguish between different types of 
venues (with and without smoking before the ban).

Material and Methods

In the first part of the present study, in the course of the 
data collection, 40 different localities, cafés, discotheques, 
bars, etc., mainly frequented by younger people, were 
investigated undercover. For the detection of ultrafine 
dust, the Miniature Diffusion Size Classifier (MiniDiSC®) 
was used to measure PNC and LDSA. PNC is dominated by 
ultrafine particles and indoors by combustion aerosols such 
as tobacco smoke, suspended for a long time in room air, 
inhaled deeply into the airways and partially penetrating 
into the blood via the lungs. LDSA measures the surface area 
of this ultrafine dust, which can come into contact with body 
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cells and therefore has particular toxicological significance. 

Recording of the exposure to ultrafine dust, the surveys 
were each carried out for a minimum of 20 minutes in order to 
obtain meaningful and reliable results. As far as possible, the 
measurements took place to avoid certain interfering factors, 
such as candles, steam from open kitchens or fog machines. 
If this was not possible for certain reasons, such as lack of 
space, or if there was no opportunity for an inconspicuous 
measurement, this circumstance was recorded. Another 
condition was that the gastronomic locations were well 
frequented. The hidden measurement was carried out with 
the MiniDiSC at about chest height.

Ultrafine particles collected in the localities were 
transformed into corresponding averaged values using the 
MiniDiSC data conversion tool© program software. The 
values for PNC, particle diameter and LDSA collected in 
this way were collected in an Excel© database and finally 
converted into a corresponding SPSS© matrix.

Due to a technical problem, measurements in one pub 
could not be carried out completely. Analyses are based on 
39 visited localities between October 2021 and February 
2022. The data collection processes were documented 
pseudonymously, which means that no conclusions can be 
drawn about individual locations. Only authorized persons 
can access the sensitive data. 

In the second part of the study, these UFP data from 
nonsmoking sites were compared with corresponding 
measurements also from 39 locations from smoking sites 
and nonsmoking areas prior to the ban of November 1st, 
2019.

Statistical Analysis

 The descriptive and inferential statistical analyses were 
performed using IBM SPSS® 20.0 statistical software package 

(IBM, Armonk, NY). In the context of inferential statistics, the 
significance level was set at p ≤ .05. Furthermore, to interpret 
the practical significance of results, the standardized 
effect size η2 was used according to Cohen’s classification. 
Considering this, effect size ranges ≥ .01 are considered 
small, ≥ .06 moderate, and ≥ .14 significant [13].

In accordance with the study design, the differences 
in ultrafine particle parameters were assessed by means 
of single-factor, non-parametric methods such as Kruskal-
Wallis-testing and, after logarithmization of skewed data, also 
by means of two-factor parametric methods with respect to 
the factors type of locality and location status (year of study 
and smoker/non-smoker location). In addition, a model test 
was performed to examine the explanatory value of ultrafine 
dust parameters with respect to the discriminability of non-
smoking localities (2021), non-smoking areas (2019) and 
smoking gastronomies (2019). Finally, ROC functions were 
used to determine meaningful cut-off values of three ultrafine 
particle indicators to distinguish smoking and non-smoking 
localities. UFP parameters as study relevant variables in 
the measurement sequences, taking into account unit and 
metric, as well as scale level, are summarized in Table 1.

Parameter Unit Scaling level
PNC pt/cm³ metric

Particle diameter nm metric
LDSA µm²/cm³ metric

Table 1: UFP parameters.

Results

	Surveys in non-smoking locations in 2021/22, comparing 
three different types of premises.

The assessment of the difference in the extent of the three 
ultrafine dust parameters in the comparison of the local 
types showed non-significant results in each case using the 
corresponding Kruskal-Wallis testing as shown in Table 2.

Parameter and location type n M ± SD min - max Md IQR
mean rank

p-value
PNC pt/cm³
Bar (Disco) 22 73742±134352 5581-555014 19751 11263; 45608 20.14

Café 5 92769±170970 8325-398376 18854 12350; 25939 19.8
Pub (Restaurant) 12 31508±117405 6107-99764 19357 12880; 38732 19.83

total 39 63186.4±117405 5581-555014 18854 12081; 41085 0.996
Average diameter (nm)

Bar (Disco) 22 47.72±16.51 13.95-77.11 54.17 39.37; 57.91 20.82
Café 5 42.61±13.40 19.30-65.22 44.27 39.16; 45.09 15.4

https://medwinpublishers.com/ACT/
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Pub (Restaurant) 12 49.47±8.94 29.30-58.07 52.08 43.88; 56.61 20.42
total 39 47.60±14.37 13.95-77.11 52.01 40.71; 57.29 0.624

Av. LDSA µm²/cm³
Bar (Disco) 22 112.88±142.05 11.86-497.01 51.65 33.82; 120.86 20.14

Café 5 111.33±148.84 20.18-371.91 35.76 30.57; 98.22 18.2
Pub (Restaurant) 12 75.82±49.97 19.15-152.66 60.71 33.93; 119.72 20.5

total 39 101.28±120.42 11.86-497.01 51.87 33.36; 112.09 0.927

Table 2: Key values of UFP parameters considering three different types of localities sampled in 2021-2022.

In summary, it can be stated that the three UFP, taking 
into account three different location types, did not show any 
significant level differences and therefore a comparability 
of the survey results of the year 2021/22 in non-smoking 
locations can be assumed.

	Comparison of the 2021/22 surveys with those from 
2019

Two-factorial (3x3) ANOVAs were performed to evaluate 
the differences of UFP in dependence of the factors, 1. locale 
type (bar/disco, café, pub/restaurant) and 2. smoking status 
of the locality Non-S (non-smoking localities 2021/22), 
Non-S (non-smoking area 2019), S (smoking locality 2019) 
with respect to the dependent variables PNC, average 
diameter and average LDSA. (Table 3) shows the original, 
unlogarithmized UFP data with respect to the three localities.

Locality status PNC pt/cm³ average diameter nm average LDSA µm²/cm³

Non-S 2021/22 (n=39)

M ± SD 63186.4±117405 47.60±14.37 101.28±120.42
min-max 5580.9-555013.5 13.95-77.11 11.86-497.01

Md 18854.1 52.01 51.87
IQR 12080.7; 41085.0 40.71; 57.29 33.36; 112.09

Non-S 2019 (n=39)

M ± SD 40895.8±38049.4 61.36±19.35 148.44±151.59
min-max 5482-192157 27-116 16-821

Md 27776 62 108
IQR 16231.5; 51573.0 46.5; 70.5 53.5; 179.5

S 2019 (n=39)

M ± SD 105679.2±85805.2 74.67±17.05 442.9±311.1
min-max 17100-337143 36-104 75-1411

Md 72802 78 402
IQR 44288.5; 126305.0 62.0; 88.5 228.0; 557.5

Table 3: Key values of UFPs with respect to the three status surveys in 2019 [15] and 2021/22.

The transformation of the skewed original data into 
logarithmized (lg10), normally distributed measurement 
data series was essential in order to be able to perform a 
multi-factorial comparison. In the figures below, the UFP 
mean values have been also logarithmized.

Average PNC

For the UFP lgPNC pt/cm³, the interaction of local type 
x local status with F(4, 108) = 0.838, p = 0.504 showed 
no significant result, so that the two main effects could be 
interpreted without restriction. Local type itself showed 
no significant difference with F(2, 108) = 0.682, p = 0.508, 
while local status showed a significant difference with F(2, 

108) = 14.243, p < 0.001 with an already significant effect 
η2 = 0.21 indicated. Using pairwise comparisons post hoc 
and for differential presentation, t-tests accounting for the 
Bonferroni correction were used. For smoking status of the 
establishment, each showed significantly higher values for 
smoking establishments in the 2019 survey vs. non-smoking 
establishments in the 2021/22 survey and non-smoking 
establishments in the 2019 survey (Non-S 2019), p’s < 0.001, 
while there was no significant difference between Non-S 
2021/22 and Non-S 2019, p = 0.670. Figure 1 illustrates 
the exposure to the ultrafine particulate matter parameter 
lgPNC pt/cm³ taking into account the location type bar 
(discotheque), café, pub (restaurant) and the location status 
(Non-S 2021/22, Non-S 2019, S 2019).

https://medwinpublishers.com/ACT/
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Figure 1: Key values (M ± 1 SD) of the averaged PNC (logarithmized) as a function of location type and study period for non-
smoking (Non-S 2021/22; 2019) and smoking locations (S 2019) locations with polynomial trend lines.

Average Diameter

For the UFP lg average diameter nm, the interaction of 
local type x local status showed no significant result with 
F(4, 108) = 0.941, p = 0.443, so the two main effects were 
interpretable without restriction. Local type itself showed 
no significant difference with F(2, 108) = 1.801, p = 0.170, 
while local status indicated a significant difference with a 
significant effect of η2 = 0.26 with F(2, 108) = 19.278, p < 
0.001. Using pairwise comparisons post hoc according to 

Bonferroni for the smoking status of the establishment, each 
showed significantly different values, so that a hierarchy can 
be assumed with the highest values for S of the 2019 survey, 
followed by Non-S of the 2019 survey and finally Non-S of 
the 2021/22 survey, p’s ≤ 0.014. Figure 2 illustrates the 
exposure to the ultrafine particulate matter parameter lg 
average diameter taking into account the locality type bar 
(discotheque), café, pub (restaurant) and the locality status 
(Non-S 2021/22, Non-S 2019, S 2019).

Figure 2: Key values (M ± 1 SD) of the averaged particle diameters (logarithmized) as a function of the location types as well 
as investigation period for non-smoking (Non-S 2021/22; 2019) and smoking locations (S 2019) locations with polynomial 
trend lines.

Average LDSA

For the UFP lg average LDSA µm²/cm³, the interaction 
of locality type x local status showed no significant result 

with F(4, 108) = 1.209, p = 0.311, so that the two main 
effects were again interpretable without restriction. Local 
type itself indicated no significant difference with F(2, 
108) = 1.298, p = 0.277, while local status indicated a 
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significant difference with F(2, 108) = 37.320, p < 0.001, 
with a large effect of η2 = 0.41. Using pairwise comparisons 
post hoc according to Bonferroni for smoking status of the 
establishment, each showed significantly higher values for 
smoking establishments in the 2019 survey versus non-
smoking establishments in the Non-S 2021/22 survey and 
non-smoking areas in the 2019 survey, p’s < 0.001, while the 

difference in the Non-S 2019 survey versus Non-S 2021/22 
survey showed a trend toward higher exposure to lg average 
LDSA µm²/cm³ for Non-S 2019, p = 0.070. Figure 3 illustrates 
the exposure to the ultrafine dust parameter lg average 
LDSA µm²/cm³ taking into account the location type bar 
(discotheque), café, pub (restaurant) and the location status 
(Non-S 2021/22, Non-S 2019, S 2019).

 

Figure 3: Characteristic values (M ± 1 SD) of the averaged LDSA (logarithmized) as a function of location type and study period 
for non-smoking (Non-S 2021/22; 2019) and smoking locations (S 2019) locations with polynomial trend lines.

In summary results show, that UFP number and surface 
concentrations and particle diameter were higher before the 
smoking ban, but not significantly different between bars, 
cafés and pubs.

Multivariate model testing using binary logistic 
regression was used to examine the explanatory value of 
the three UFP parameters together to predict the criterion 
smoking status; (0) no; (1) yes. For this purpose, the 39 
smoking localities in the 2019 survey were coded as 1, while 
the 39 non-smoking localities in 2019 were coded as 0 along 
with the 39 non-smoking localities in 2021/22, respectively. 
The UFP covariates were to be included in the analysis 
logarithmized as predictors, and stepwise backward selection 
was chosen as the approach to match the exploratory nature 
of the analysis. Adequate model fit could be assumed based 
on the non-significant result of the Hosmer-Lemeshow test 
at p = 0.112. Starting with the baseline model, which still 
contains all three UFP covariates, the second model step 
showed that PNC (p = .003) and LDSA (p < .001) reached a 
significant explanatory value for the criterion smoking status 
of a pub.

Growing diameter indicates longer time for particle 
coagulation and less evaporation of the aerosol, but the 
value of average diameter for the prediction of the UFP load 
can be assumed to be lower compared to the other two 

predictors and that a prediction from PNC and LDSA alone 
is possible. Overall, the explained proportion of variance 
using Nagelkerke’s coefficient of determination R2 was 
62.6%. Table 4 depicts for non-smoking areas in smoking 
establishments in the 2019 survey, the likelihood of non-
smoking classification reached only 76.9%, but this may be 
attributable to the fact that sampling in non-smoking rooms 
before the ban was done in areas adjacent to smoking rooms, 
so some tobacco smoke could have entered from there, while 
in 2021/22 no smoking rooms were allowed any more.

Local status
Predicted

total
Non-S S

Non-S 2021/22 38 (97,4%) 1 (2,6%) 39
Non-S 2019 30 (76,9%) 9 (23,1%) 39

S 2019 10 (25,6%) 29 (74,4%) 39
Gesamt 78 (66,7%) 39 (33,3%) 117

Table 4: Classification matrix based on the model test for the 
criterion smoking status of an establishment with the UFP 
parameters PNC and LDSA.

Classification matrix based on the model test for the 
criterion smoking status of an establishment with the UFP 
parameters PNC and LDSA.

https://medwinpublishers.com/ACT/
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In addition, ROC-analyses were used to test the univariate 
sensitivity and 1-specificity of the three UFP parameters with 
respect to the criterion of smoking status of an establishment. 

Figure 4 illustrates on the one hand the AUC for the three 
UFP parameters; on the other hand, the cut-offs determined 
based on the YI, plotted as points on the ROC curve.

 

Figure 4: ROC-AUC - functions of the three UFP parameters with respect to the criterion smoking status (n = 117).

The results for univariate assessment of the validity of 
the three UFP parameters are summarized in Table 5, with 

the comparatively highest AUC for LDSA at 88.7% (Table 5).

UFP-Parameter AUC SE p-Wert
95%-CI AUC

Sens. specificity YI
Cut-off C*

LB UB log original
PNC 0.8 0.04 <.001** 0.721 0.879 0.872 0.667 0.54 4.537 34435

Average diam. 0.793 0.045 <.001** 0.706 0.881 0.667 0.821 0.49 1.829 67.45
LDSA 0.887 0.031 <.001** 0.827 0.947 0.872 0.808 0.68 2.214 163.68

Table 5: Characteristic values of the ROC functions for AUC and validity for the three UFP parameters.

Based on the cut-off values, it is thus possible to indicate 
the UFP concentration above which a restaurant could be 
designated as a smoking establishment by a measurement 
- irrespective of its actual status. Accordingly, for PNC lg10 
4.537 = 34435 pt/cm³, for average diameter lg10 1.829 
= 67.45 nm, and for LDSA lg10 2.214 = 163.68 µm²/cm³ 
were derived by the corresponding calculation out of the 
logarithmized values. These univariate thresholds can be 
considered as critical limits above which an indoor space can 
be considered likely to be exposed to tobacco smoke (when 
other UFP sources are negligible).

Discussion 

The sampling and evaluation of the concentrations 
of UFPs in the present study was carried out in the most 

frequent Viennese establishments for hospitality, grouped 
into three types of premises. The data for the present 
survey was collected in non-smoking establishments, from 
09/2021 to 02/2022. At that time, the law on the protection 
of non-smokers with a smoking ban in all pubs in Austria 
on 01.11.2019 was already established. For comparison the 
same type of venues was used which had been sampled by 
the same methods from April to October 2019, when only 
partial smoking bans had been in force [3]. The results 
showed for UFP similar reductions of particle exposure in 
number and surface after complete smoking bans as had 
been found before for fine particle mass in Vienna [14,15], 
Dublin [16], Aberdeen, Edinburgh [17] and other European 
cities. Less surveys measured also PNC of ultrafines before 
and after a ban. PNC is more variable in time and space. In 
Rome mean PNC decreased in bars from 60,998 to 28,737 
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three months after the ban, but increased again to 51,069 
after one year [18]. In Vienna 3 years after the ban mean PNC 
significantly dropped in all venues from 105,679 to 63,186 
and the median PNC of 18,854 was even lower than the 
median PNC before the ban in non-smoking rooms, which 
was 27,776. This indicates that before the ban tobacco smoke 
from neighbouring smoking rooms was not completely 
prevented to enter non-smoking rooms and that the legally 
required separation failed [19]. It could also indicate that 
particle release from THS in the 2021/22 survey did not play 
an important role anymore, because of renovation, cleaning 
and ventilation during the past three years. Some outliers 
found in certain venues 3 years after the ban could rather be 
attributable to recent SHS by single smokers still violating 
the law at times, which makes a continuation of controls 
necessary in these premises. This conclusion is supported 
by the study results on mean LDSA, which decreased 
significantly from 443 to 101 µm²/cm³, but is still higher 
than reported from other non-occupational environments 
without smoking and not near kitchens, burning candles, 
etc [20]. These sources had been omitted both in this study 
and in the preceding ones [3,19], but in the hospitality 
industry UFP from “cooking & eating” microenvironments 
[21,22] could not be excluded except by selection of venues 
and measuring distant from possible other sources like 
open kitchen or burning candle. More distant possible 
sources had been registered, but no influence on results 
could be detected before and after the ban. LDSA was also 
higher indoors, even in non-smoking rooms, than outdoors 
from urban traffic [3]. The mean of 34 and median of 25 
µm²/cm³ found outdoors in 2019, should be underrun by 
indoor concentrations without indoor sources like smoking, 
heating, cooking, etc. From the present study, however, 
recent smoking in premises of the hospitality industry can 
only be suspected if mean LDSA exceeds 164 µm²/cm³ and 
PNC exceeds 34,435 particles per cm³. In winter with low 
evaporation also a mean aerodynamic particle diameter 
above 67 µm might give a hint, provided that particles from 
tobacco smoke had time to coagulate during aging. However, 
the average diameter plays a subordinate role and could be 
redundant as a measurement variable. On the other hand 
PNC and LDSA should be used more frequently as indicators 
of particulate air pollution from urban traffic [20-26], as well 
as from cigarettes [4,19,27].

No relevant difference between the different types of 
premises (bar disco, cafés, pub restaurant) was found any 
more after the ban, which is encouraging, because bars, clubs 
and discotheques before the ban had shown the highest 
exposures [3]. So protection of youth, which is attending 
these premises most frequently, seems to make progress in 
Vienna.

Limitations 

Like PM1 also PNC and LDSA are highly correlated with 
air nicotine, but elevated values of UFP concentrations do not 
necessarily represent reliable evidence of smoking activity in 
a location. Before the implementation of the general smoking 
ban in the Viennese gastronomy, the studies could not prove 
any significant influence of candles, etc. on the surveyed 
parameters, but further investigations are recommended 
to confirm the results found. Replicability is not possible, 
but repeated cross-sectional studies should be able to show 
continuing improvement of air quality and further reductions 
of UFP in the hospitality industry.
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