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Abstract
Objectives: Secondhand smoke (SHS) is a defined occupational hazard. The association though between SHS exposure in semi-
open air venues and tobacco specific carcinogen uptake is an area of debate. Material and Methods: A cross sectional survey 
of 49 semi-open air cafes in Athens, Greece was performed during the summer of 2008, prior to the adoption of the national smoke 
free legislation. All venues had at least 1 entire wall open to allow for free air exchange. Indoor concentrations of particulate matter 
smaller than 2.5 microns (PM2.5) attributable to SHS were assessed during a work shift, while 1 non-smoking employee responsible 
for indoor and outdoor table service from each venue provided a post work shift urine sample for analysis of 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanol (NNAL). Results: Post work shift NNAL concentrations were correlated with work shift PM2.5 concentra-
tions attributable to SHS (r = 0.376, p = 0.0076). Urinary NNAL concentrations among employees increased by 9.5%, per 10 μg/m3 
increase in PM2.5 concentrations attributable to SHS after controlling for the time of day and day of week. Conclusions: These results 
indicate that the commonly proposed practice of maintaining open sliding walls as a means of free air exchange does not lead to the 
elimination of employee exposure to tobacco specific carcinogens attributable to workplace SHS.
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association between exposure to SHS within semi-open 
hospitality venues and post work shift NNAL concen-
trations among non-smoking employees.

MATERIAL AND METHODS

Study setting – air monitoring
A convenience sample of 50 venues was selected in Athens, 
Greece prior to the implementation of the 2010 smoking 
ban, during the summer months of May–June 2008. Due to 
the lack of a comprehensive list of all hospitality venues in 
Athens, a convenience sample of venues was selected based 
on if they had open sliding walls, thus allowing for air ex-
change between the indoor and outdoor areas of the venue. 
SHS concentrations were measured with a TSI SidePak 
AM510 Personal Aerosol Monitor (TSI, Inc., St. Paul, 
Minnesota, USA) which recorded levels of PM2.5, attribu-
table to SHS. While PM2.5 is not generated only by SHS 
exposure, and may be generated by other sources such 
as candles, open fires or cooking, we excluded from the 
sample any venue with such parameters according to 
standardised methodology for assessing PM2.5 attribu-
table to SHS (flow rate of 1.7 l/min and calibration fac-
tor 0.32) [8,9]. Baseline outdoor levels of PM2.5 were 
also measured (an average of 12 μg/m3) and subtracted 
from indoor concentrations. The TSI Sidepack AM510 
was set to a 1 s log interval, which data-logged the re-
al-time PM2.5 measurement per second. Sampling took 
place between 12 a.m. – 12 p.m., while air monitoring was 
performed for at least 30 min in all venues. In each venue 
the average number of burning cigarettes and the room 
volume were noted so as to calculate “smoker density,” 
the quotient of the average number of burning cigarettes 
per 100 m3 of room volume. 
Following written informed consent, one non-smoking 
employee from each venue was requested to provide 
a urine sample at the end of their 8 h shift, on the same 
day in which the SHS concentrations were measured. 

INTRODUCTION

Tobacco specific nitrosamines (TSNAs) are major 
carcinogens in tobacco and are formed from tobacco 
alkaloids during the curing, fermentation and age-
ing of tobacco leaves [1]. One of the most extensive-
ly investigated TSNAs in tobacco products is NNK 
(4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone), 
a potent carcinogen that is metabolized in the liver 
to form NNAL (4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanonol) [2,3]. NNAL concentrations within sub-
jects have been associated with a higher risk for devel-
oping lung cancer among smokers, indicating its use as 
a biomarker of lung cancer risk among smokers [4,5]. 
While research has extensively associated secondhand 
smoke (SHS) concentrations with particulate matter 
less than 2.5 microns (PM2.5) and human biomarkers, 
the impact of occupational exposure to SHS in semi-
open cafes and TSNA uptake remains relatively unex-
plored [6–8]. 
In countries with warm climates, open sliding walls are 
commonly used to expand the size of cafe/bars and al-
low for the free interaction of music and people be-
tween indoor and outdoor areas. Within Mediterranean 
countries that pose a strong tourist destination – such as 
Greece, Italy and Spain – these semi-open venues take 
advantage of the mild Mediterranean climate, which al-
lows the use of such outdoor areas during most of the 
year [9]. During the timeframe of this study smoking in 
public places was not legislated in Greece, which led 
to extensive exposure to SHS within the hospitality in-
dustry [10]. However, during the negotiation phase of 
the subsequent smoke free legislations, the impact of 
maintaining open windows or sliding walls was brought 
forward as a method of reducing population exposure 
to SHS. Our hypothesis was that such a practice would 
still lead to increased urinary NNAL concentrations 
among employees that work in these semi-open ar-
eas. Hence, the aim of the study was to investigate the 
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source operated in positive mode (Thermo Finnigan, San 
Jose, USA). The system was controlled by the Xcalibur 
software, which was also used for the data acquisition and 
analysis. Method limit of detection (signal to noise ratio 
equal to 3) was 4.4 pg/ml and method limit of quantitation 
(signal to noise ratio equal to 10) was 5.3 pg/ml.

Statistical analysis 
The 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol levels 
were summarized using geometric means with 95% confi-
dence intervals, arithmetic means with standard deviations, 
as well as medians and ranges. In cases where the result was 
below the limit of detection, the value for that variable was 
the detection limit divided by the square root of 2. 
A Spearman’s correlation coefficient was calculated for the 
unadjusted relationship between NNAL levels and PM2.5. 
The partial correlation between NNAL levels and PM2.5 was 
also calculated, adjusting for time of day and day of week. 
The degree of variation of NNAL that could be attributable 
to PM2.5 changes was assessed using ANOVA with PM2.5 
levels categorized as < 50; 50–150 and > 150 μg/m3. With-
in the analyses the time of day was assessed as either be-
fore 8 p.m. or after 8 p.m. (daytime vs. night time), while the 
day of week was categorized as either a weekday (Monday 
to Thursday) or a weekend (Friday-Sunday). In the regres-
sion analyses, NNAL was transformed to the natural log 
scale to assume a normal distribution and adjusting for time 
of day and day of week (factors found in previous air moni-
toring studies in Greece to influence PM2.5 concentrations 
attributable to SHS) [8]. Analyses were performed with 
SAS (SAS Institute, Cary, NC). 

RESULTS

The association between age, gender, time of day and 
day of week and urinary NNAL concentrations are de-
picted in Table 1. Within the bivariate analysis, NNAL 
concentrations of urine samples collected from patrons 

Non-smoker status was cross evaluated by both self-re-
port, and biomarker verification with the cut-off urinary 
cotinine level for smoking designated at 100 ng/ml, a cut-
off identified to be most appropriate for the population 
through prior population based studies [11]. Approval to 
conduct the survey was granted by the Ethical Commit-
tee of the University of Athens. Further details and expo-
sure assessment of the current study can be found else-
where [12]. 

NNAL analysis
The analytical procedure for total NNAL (free and conju-
gated) was based on Supelco procedure, under minor mod-
ifications (Supelco SupelMIP SPE – NNAL Instruction). 
Urine samples were thawed, vortex mixed and 5 ml dis-
pensed into a 15 ml falcon tube. For the hydrolysis of conju-
gated NNAL, were added 50 μl of enzyme β-Glucoronidase 
(Escherichia coli-K12 version 4.0, Roche Biomedical, 
Mannheim, Germany) and 10 ml 50 mM ammomium di-
hydrogen phosphate buffer, pH = 6.4. The samples were 
incubated for 48 h at 37°C. The SupelMIP-NNAL car-
tridges were conditioned with 1 ml dichloromethane, 
1 ml methanol and 1 ml water prior the sample loading. 
The cartridges were washed with 2×1 ml water, 1 ml 
toluene, 1 ml toluene:dichloromethane (9:1, v/v), 1 ml 
toluene:dichloromethane (4:1, v/v) and the analyte was 
eluted with 2×1 ml dichloromethane:methanol (9:1, v/v). 
Samples were concentrated to dryness using a vacuum cen-
trifuge (rotational vacuum concentrator, RVC 2-25 Martin 
Christ, Germany) and reconstituted to 500 μl of HPLC mo-
bile phase (10mM ammonium formate, pH = 6.1). 
Instrumental analysis was performed on an LC-MS/MS 
system. The chromatographic separation was achieved 
using a Thermo Finnigan Surveyor LC system (Thermo 
Finnigan, San Jose, USA), equipped with a Gemini 
C18 (3 μm, 100 mm × 2 mm) analytical column by Phe-
nomenex (Torrance, USA). The mass detection was 
achieved with a TSQ Quantum triple quadrupole with ESI 
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between employees in venues with PM2.5 concentrations 
of 50–150 μg/m3 vs. > 150 μg/m3 (p = 0.054). 
Controlling for the time of day and day of the week when 
sampling took place, urinary NNAL concentrations were 
correlated with both urinary cotinine concentrations 
(r = 0.371, p < 0.01) and with indoor PM2.5 concentrations 
attributable to SHS (r = 0.378, p < 0.01), however no sta-
tistically significant correlation between smoker density 
and urinary NNAL levels (r = 0.201, p = 0.166) or smoker 
density and PM2.5 was noted (r = 0.200, p = 0.209). Finally, 
within the context of a linear regression analysis control-
ling for the time of the day and the day of the week, for 
each 10 μg/m3 increase in indoor PM2.5 concentrations, 

that worked during night shifts were slightly higher than 
those that worked day shifts (95.03 pg/ml vs. 82.84 pg/ml) 
as were samples taken during the weekend vs. weekday 
(91.28 pg/ml vs. 75.5 pg/ml).
Mean NNAL concentrations were significantly higher 
among employees within cafe/bars that had PM2.5 concen-
trations attributable to SHS greater than 150 μg/m3, in com-
parison to venues that had PM2.5 concentrations < 50 μg/m3 

(161.3 pg/ml vs. 44.63 pg/ml, p = 0.012). However, no sta-
tistically significant difference in post work shift NNAL 
concentrations was noticed between employees 
in cafe/bars with PM2.5 concentrations < 50 μg/m3 vs. those 
with PM2.5 concentrations of 50–150 μg/m3 (p = 0.245), or 

Table 1. The 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) concentrations among non-smoking employees exposed  
to secondhand smoke in semi-open air venues by sampling characteristic

Characteristic Respondents
(n)

NNAL concentrations 
(pg/ml)

p
AM±SD GM (95% CI) Me

(range)
Overall population 49 85.82±117.61 33.10 (20.28–54.02) 44.0 (1.41–673)
Sex 0.886

male 25 96.96±149.65 29.39 (13.54–63.81) 43.0 (1.41–673)
female 24 74.22±72.29 37.46 (19.58–71.67) 56.5 (1.41–271)

Age (years)  0.400
≤ 30 22 102.42±102.42 40.35 (18.93–86.02) 51.0 (1.41–673)
31–44 17 51.59±69.98 15.82 (6.1–41.03) 18.0 (1.41–218)
≥ 45 10 107.50±106.05 75.05 (40.53–138.96) 71.0 (24–333)

Time of day  0.549
day time (before 8 p.m.) 37 82.84±121.28 31.53 (17.7–56.19) 44.0 (1.41–673)
night-time (after 8 p.m.) 12 95.03±110 38.42 (13.17–112.12) 49.0 (1.41–333)

Day of week  0.733
weekend (Friday–Sunday) 32 91.28±134.87 27.83 (13.97–55.44) 39.5 (1.41–673)
other (Monday–Thursday) 17 75.55±78.01 45.85 (24.54–85.7) 49.0 (1.41–333)

PM2.5 concentration (μg/m3) 0.197
< 50 11 44.63±28.13 33.41 (14.69–76.06) 43.5 (4–96)
50–150 28 96.70±74.72 70.30 (48.50–101.89) 78.0 (12–271)
> 150 10 161.30±212.23 72.37 (26.33–198.90) 67.0 (7.0–673.0)

AM – arithmetic mean; SD – standard deviation; GM – geometric mean; CI – confidence interval; Me – median.
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(i.e., smoker density) noted within a busy semi-open air 
venue may potentially lead to higher PM2.5 concentrations, 
a fact which we noted previously in previous research 
among this specific group of employees to be associated 
with urinary cotinine concentrations [12], however we did 
not identify such an association between smoker density 
and NNAL concentrations within this analysis. It is likely 
that the difference in the clearance half-life of cotinine 
vs. NNAL may be responsible for this discrepancy, or that 
the usefulness of “smoker density” as an index of exposure 
is limited. 
As the employees in this study would service the entire 
venue (both the semi open and outdoor areas) we were 
unable to assess the effect of proximity to cigarettes, 
which may have further impacted the employees’ expo-
sure. Previous research performed within hospitality ven-
ues in Greece indicated that indoor PM2.5 concentrations 
attributable to SHS were associated with the time of day 
(before 8 p.m. vs. after 8 p.m.) and the day of the week 
(weekend vs. weekday) [8]. Using NNAL as a direct bio-
marker of exposure to SHS, we found increased NNAL 
concentrations among employees assessed during the 
evenings and on weekends; however, none of these differ-
ences reached the level of statistical significance. Further 
research into the factors that affect NNAL concentrations 
among employees in semi-open air settings is thus needed. 
Due to organizational limitations we were unable to col-
lect pre work shift urine samples so as to assess the mean 
change in NNAL concentrations or assess baseline expo-
sure to SHS, which are limitations of our current study. 
However, i) as NNAL concentrations have been identi-
fied to rapidly increase and peak after 4–8 h following 1st 
exposure and ii) as the current measurements were per-
formed after an 8 h shift during which the employees were 
exposed to SHS, we anticipate that the NNAL concen-
trations would be mainly attributable to their concurrent 
occupational exposure [15]. Any discrepancies in base-
line SHS exposure would err towards the null hypothesis 

urinary post workshift NNAL concentrations increased 
by 9.5%. (Beta per 10 μg/m3 increase in PM2.5: 0.095, 
95% CI: 0.03 to 0.16, p = 0.005.)

DISCUSSION

Our results indicate that the practice of maintaining slid-
ing walls of semi-open venues may be associated with ele-
vated TSNA uptake among non-smoking employees. Spe-
cifically, we identified that per 10 μg/m3 increase in PM2.5 
concentrations within quasi-open areas, urinary NNAL 
concentrations among employees increased respectively 
by 9.5%. The 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-
tanol concentrations among hospitality venue employ-
ees have been previously correlated with exposure to 
indoor SHS, and absolute levels have been found to de-
crease following the implementation of a smoke free le-
gislation, from 0.086 pmol/ml to 0.034 pmol/ml [13]. 
Furthermore, employees exposed to indoor work-
place SHS are more likely to have higher mean levels 
of NNAL compared with non-exposed participants, 
with NNAL concentrations associated with the hours of 
employee exposure [14]. While significant research has 
focused on the effect of SHS exposure on TSNA up-
take in indoor areas, only one study to date has assessed 
TSNA uptake in relationship to SHS exposure in outdoor 
areas, which indicated that exposure to SHS in outdoor 
air settings increased urinary NNAL concentrations [7]. 
Our findings identified an association between exposure 
to SHS in semi open areas and NNAL concentrations, 
a novel association, within a situation very common in 
warm Mediterranean environments. 
A number of factors have been identified to influence ex-
posure to SHS within indoor and outdoor settings such as 
the number of cigarettes being smoked, the position of 
smokers relative to the measurement device (or subject) 
and wind conditions, which can lead to substantial varia-
tion in average exposures [6]. The clustering of smokers 
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Pulm Drug Deliv. 2012 Dec;25(6):349–54, http://dx.doi.
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11. Vardavas CI, Fthenou E, Patelarou E, Bagkeris E, Mur-
phy S, Hecht SS, et al. Exposure to different sources of sec-
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centrations. Tob Control. 2013 May;22(3):194–200, http://
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12. Karabela M, Vardavas CI, Tzatzarakis M, Tsatsakis A, 
Dockery D, Connolly GN, et al. The relationship be-
tween venue indoor air quality and urinary cotinine 

and thus strengthen our findings. Moreover, as the study 
was conducted among a convenience sample of venues in 
Athens, Greece, its generalizability to exposure in other 
venues in Athens is limited.

CONCLUSIONS

This study identified an association between occupational 
exposure to SHS within semi-open cafe/bars and TSNA 
concentrations among non-smoking employees. These 
results potentially refute the commonly debated and 
proposed practice of maintaining open sliding walls as 
a means of free air exchange as this does not lead to the 
elimination of employee exposure to tobacco specific car-
cinogens attributable to occupational SHS. 
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