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Abstract: The purpose of this pilot study is to measure the exposure to SHS among Richmond bar and restaurant workers and identify
the prevalence of the tobacco-specific lung carcinogen-4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNAL) among nonsmoking
bar and restaurants workers. Hair and urine samples were obtained from 40 nonsmoking bar and restaurant workers from Richmond
establishments that do not have smoke free policies. Workers’ exposure to SHS was estimated through measuring nicotine concentration
in hair (NG/MGQG). Self-reported tobacco use was assessed in addition to performing urine analysis and listing sources and intensity of
SHS exposure. Urine specimens were analyzed for total NNAL.

Results: Hair nicotine ranged from 0.05 to 42.15 ng/mg among workers with an average of 23.3 hours of self reported exposure in
workplaces where smoking was permitted, indicating that workers in smoking restaurants and bars are exposed to SHS. Also, 60% of
workers had a detectable level of NNAL that ranged from 0.019 to 1.9 PMol/ML. Increased levels of NNAL were mostly associated
with the number of continuous hours of a single workplace exposure.

In the city of Richmond, most bar and restaurant workers are continuously exposed to SHS in their workplace. To achieve complete
protection for all workers and patrons in Richmond, Virginia, smoke free initiatives in all occupational settings are required. This
information can be used to advocate for smoke free policies when discussing potential ways to strengthen the law.
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Introduction

Tobacco is one of the major causes of cancer related
mortality worldwide.' Globally, lung cancer, in addi-
tion to trachea and bronchus cancers, are the most com-
mon causes of death from cancer among men. This is
also the case in five of the seven World Health Orga-
nization (WHO) regions. In recent years, 1.3 million
people have died from lung cancer worldwide.>* WHO
estimated that tobacco use accounted for 40%—45% of
all cancer-related deaths and 90%—95% of lung cancer
deaths in developed countries.* Secondhand tobacco
smoke (SHS) is considered as a form of tobacco use.
SHS causes about 600,000 premature deaths per year
worldwide.” About 11% of the annual tobacco-related
deaths in the US (n =50,000) are attributable to expo-
sure to SHS.® Many studies have shown that bar and
restaurant workers, who work at places that permit
indoor smoking, experience 2 to 6 times more expo-
sure to SHS than other workers in smoke free bars
and restaurants.®”® Furthermore, studies have indi-
cated that SHS exposure at the work place was related
to lung cancer or deaths in many regions of the world.
For example, SHS causes about 7,600 deaths per year
in the European Union.” '

SHS is the smoke produced from the burning end
of a cigarette or from other non-smokeless tobacco
products. It is usually in combination with the smoke
exhaled by the smoker and has similar components
to inhaled smoke.'* However, studies have indicated
that SHS is three to four times more toxic per gram
of particulate matter than active tobacco smoke and
the toxicity of SHS is higher than the sum of the
toxicities of its constituents.'* The evidence is over-
whelming; the National Toxicology Program has
listed environmental tobacco smoke (ETS) exposure
as aworkplace carcinogen in its Tenth Annual Report
on Carcinogens.**!> Furthermore, in a number of the
U.S cities that do not have restrictive smoke free-
laws, it was reported that full time bar and restaurant
workers are exposed to SHS at work more than four
times the average annual outdoor limits of fine par-
ticular air pollution.'®!

In 2006, the U.S. Surgeon General’s office advo-
cated for a law that would eventually ban smoking
in bars and restaurants.'® The Office’s report clearly
stated that only a smoke free environment would
protect all workers and the public from SHS. Thus,
there is a significant danger from SHS, especially in

the work place. Studies have shown that cigarette
smoke is two to five times higher in bars and res-
taurants than in a residential home where smokers
reside."” > The enactment of comprehensive smoke-
free workplace laws in some U.S. states has provided
an opportunity to examine the effect of these laws on
tobacco toxicant exposure among workers in theses
venues. The results of these studies provide the evi-
dence needed to support the positive health benefits
that arise from comprehensive bans. The Common-
wealth of Virginia is one such state that has enacted
a smoking ban law.?'*> However, no published stud-
ies have examined the effect of SHS on workers of
bars and restaurants to date. Assessing Virginia’s
restaurant and bar workers’ SHS exposure level and
its related health effects is vital at this stage. The
assessment is anticipated to have two benefits: first,
it will help strengthen the case for improving the
ban, and, second, it will serve as baseline data for
a follow up cohort study in order to measure any
improvements in health effects from applying the
smoking ban.

Virginia has approximately 10,221 restaurants
and bars. Employees in these establishments are
a particularly vulnerable sector of the workforce.
These workers experience higher SHS exposure in
the workplace relative to other workers, and a high
proportion of them are still in their twenties. There-
fore, policies that can promote a smoking ban within
their working environment could have significant
benefits far into the future. The states that adopted
smoke free legislation have reduced the SHS lev-
els among hospitality workers.?** Recently, 77% of
Virginians (~2 million) reported that their workplace
has a comprehensive ban on smoking in all indoor
work areas. The remaining 647,000 adult employ-
ees are not fully protected from SHS at work. This
includes nearly 475,000 non-smokers (~21% of the
population).*

As mentioned earlier, there has been no published
data that has either reported nicotine exposure among
unprotected exposed workers in Virginia or quanti-
fied the uptake of certain lung carcinogens. This
study measures the amount of SHS exposure among
nonsmoking restaurant and bar workers as measured
by hair nicotine level and self reporting of expo-
sure. The prevalence of 4-(methylnitrosamino)-1-
(3-pyridyl)-1- butanone (NNK) was also reported.

10
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Materials and Methods

The study was approved by the Virginia Com-
monwealth University institutional review board.
Eligible participants were nonsmokers who worked
in bars and restaurants in Richmond, Virginia where
smoking was allowed. Participants were recruited
through local newspaper advertisements and adver-
tisements in restaurants and bars where employ-
ers reported work exposure to SHS. All participants
gave informed consent prior to answering the study
questionnaires.

Participants were hospitality industry workers
who reported abstaining from tobacco or nicotine
products and worked in a hospitality location where
they had been exposed to SHS for shifts of 6 or more
hours. Participants were provided with a self report-
ing SHS exposure questionnaire that contained
questions about typical work hours and the extent of
tobacco smoke exposure at work and at home. The
questionnaire also included questions about their
places of employment and their employers’ poli-
cies on smoking. Self reported SHS exposure was
assessed by asking “thinking about the last 7 days
altogether, what was the intensity of exposure?” The
response was assessed on a three point scale ranging
from light to moderate to heavy exposure. Assess-
ment of home, car, and other out of work sources
of SHS exposure was assessed by asking about
frequency of exposure on a four point scale rang-
ing from never exposed to highly exposed. Data
were collected from October 2008 through January
2009. Data collection ended prior to February 2009
when the statewide smoke free-law took effect. Par-
ticipants were compensated $20 for their time and
participation.

Smoking status was measured by asking “did you
smoke any amount of cigarettes, even just one, in the
last 30 days”. Several studies have compared the self-
reported SHS exposure with nicotine levels in hair
and found significant associations such as high sen-
sitivity, steady exposure-dose ratio, and good repro-
ducibility over time.**?* Hair nicotine measurement
was found to have a very good sensitivity and excel-
lent specificity as a biomarker for cumulative tobacco
smoke exposure. Hair samples of approximately
0-50 mg and/or approximately 10—15 strands of hair
of at least 1 cm in length were cut from the back of
the participants’ scalps with scissors. After cutting

the sample, it was kept in a paper envelope in one
group and oriented in such a way that the cut end was
distinguished from the loose end; after the samples
had been collected, they were then shipped overnight
to a lab in New Zealand for analysis. Hair nicotine
levels were analyzed by dissolving the hair and then
examining its contents using reversed-phase high per-
formance 3 liquid chromatography with electrochem-
ical detection (HPLC-ECD).?**” The lower detection
limit for HPLPC_ECD is 0.05 ng nicotine/mg of
hair.

Participants were also requested to provide a urine
sample to be collected after their shift ended. The urine
samples were frozen and shipped overnight to the Uni-
versity of Minnesota in thermal coolers containing ice
cubes. The urine specimens were tested for cotinine
(a nicotine metabolite) to confirm the non smoking sta-
tus of the participants. This test was used to validate
the self report of nonsmoking status by the participants.
The Nicalert® test strips, Nyamox, Maywood, New Jersy,
USA were used for measuring cotinine level.

Analysis was done by the University of Minnesota
Transdisciplinary Tobacco Use Research Center Bio-
markers Core laboratory. Urine samples were analyzed
for urinary metabolites of 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone, 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanol (NNAL) and its glucuronides
(NNAL-Glucs), or total NNAL.?*?? Summary statis-
tics included the number and percentage of participants
for categorical variables, the mean, standard deviation,
and range. Total NNAL levels below the detection
limit of 0.0050 were given a value of 0.0025 PMol per
milligram of creatinine, a value that is half the detec-
tion limit. The Pearson’s correlation coefficients were
calculated for the log NNAL and hair nicotine versus
length of work and working hours. between selected
SHS exposure variables and for the total NNAL level
and hair nicotine level.

Results and Discussion

There were 41 subjects who provided written con-
sent for participation but only 40 of them completed
the questionnaire and gave urine and hair speci-
mens. Of the 40 participants, 17 (43%) were female,
20 (50%) were white, and 16 (41%) were African
American. The participants came from 35 bars and
restaurants. The mean (SD) age was 32.3 (11.1)
years of age with a range of 18 to 52 years. More
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Table 1. Self-report of SHS exposure outside the work-
place (N = 40).

Yes No
N % N %
1. Do you currently live with 13 325 27 67.5

someone who smokes?

2. Within the last year, did you live 19 475 21 525
with someone who smokes?

3. Do you drive to work with 12 30.0 28 70.0
someone who smokes inside
the vehicle?

than two thirds of the subjects (n = 28) had more
than a high school education. Twenty-four subjects
(60%) had never smoked in their life. Tables 1 and
2 show the extent of self reported SHS exposure at
the time of data collection. The majority of subjects
reported no SHS exposure outside of their work
sites, yet they reported moderate to heavy exposure
at their work sites (see Table 2). Fifteen subjects
(38%) reported that they were frequently subjected
to heavy exposure, while 18 subjects (45%) reported
that they were subjected to moderate exposure. The
7 remaining subjects (18%) reported light exposure.
The duration of weekly reported hours of exposure
was a mean (SD) of 23.6 (14.2) with a range of 3 to
50. Nearly all subjects (n = 34) reported that their
working place has a “smoking and non smoking
areas” policy. More than half of subjects (n = 22)
indicated working within the designated smoking
area all the time.

Table 3 presents the hair nicotine and the total
NNAL data for each subject. The levels were high
for 9 subjects. The urine cotinine strip test con-
firmed that these subjects had smoked in the last

Table 2. Self-report of intensity of SHS exposure at the
workplace (N =40).

Table 3. Hair nicotine levels and total NNAL levels in
nonsmoking hospitality workers (N =41).

ID Hair nicotine Total NNAL
level (ng/Mg) (PMol/ML)
1 Missing LOD*
2 0.05 LOD
3 0.39 0.064
4 0.18 LOD
5 2.41 0.045
6 0.15 0.021
7 0.13 0.047
8 1.43 0.276
9 0.34 LOD
10 0.75 LOD
11 1.49 0.031
12 0.08 LOD
13 1.08 0.055
14 2.57 0.023
15 0.05 LOD
16 0.14 LOD
17 0.70 0.047
18 0.30 LOD
19 3.45 LOD
20 0.10 LOD
21 3.37 LOD
22 3.95 0.068
23 0.47 0.378
24 18.86 0.353
25 smoker 1.26 0.019
26 16.92 1.3
27 smoker 2.97 0.029
28 4215 LOD
29 smoker 1.65 0.86
30 34.62 0.347
31 smoker 91.87 0.035
32 smoker 1.22 0.993
33 32.16 0.063
34 smoker 16.05 LOD
35 0.95 1.065
36 18.43 0.362
37 smoker 20.19 1.99
38 smoker 31.99 0.089
39 smoker 0.89 0.079
40 0.27 1.90
41 Missing LOD

Note: *LOD < 0.015 PMol/ML.

72 hours before data collection; therefore, they were
excluded from the final analysis. Thus, the final
analysis included only 31 of 40 participants. The
excluded subjects are highlighted as “Smoker” in
Table 3.

Furthermore, Table 3 shows the mean and stan-
dard deviations (SD) for both the NNAL and hair
nicotine for the final 31 subjects. 60% (18 of 32) of

N %
Frequency of SHS exposure at work
Never exposed 2 5.0
Sometimes exposed 8 20.0
Often exposed 11 27.5
Nearly always exposed 19 47.5
Intensity of SHS exposure at work
Light 7 17.5
Moderate 18 45.0
Heavy 15 37.5
12
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the workers had detectable total NNAL in the urine.
Total working hours per shift or week were not
significantly related to NANAL detachability. The
mean (SD) value of the Hair nicotine was 2.09 (5.6)
ng/Mg, while the mean (SD) value for the NNAL
total was 0.20 (0.42) PMol/ML.

Two sample #-tests were used to determine any
difference in hair nicotine levels by duration of
exposure. We found that the duration of exposure
to SHS as measured in weekly total hours was
not significantly associated with the total hair
nicotine.

The Pearson’s correlation coefficients were calcu-
lated for the log NNAL and log hair nicotine versus
the length of work (in months) and working hours
(per shift and per week). None of the correlations
(see Table 4) were statistically significant, with the
highest correlation of —0.23 between the log NNAL
and length of work in months.

Discussion

The main purpose of this study was to identify the
amount of exposure to SHS as measured by hair
nicotine level among nonsmoking restaurant and bar
workers, the self reporting of that exposure, and the
prevalence of NNAL. This study determined both,
long term hair nicotine accumulation and carcino-
gen uptake by workers exposed to SHS. The pres-
ence of NNAL in the urine of these workers can be
explained only by their exposure to the tobacco-
specific carcinogen NNK. This exposure was most

Table 4. Pairwise correlations between exposure to
workplace secondhand smoke and level of total NNAL in
the urine and hair nicotine among nonsmoking workers
(N =31).

Variable By variable Correlation  P-value

Log NNAL Length of work by -0.23 0.21
months

Log NNAL Length of working 0.06 0.76
hours per shift

Log NNAL Length of working -0.08 0.68
hours per week

Hair Length of work by  -0.07 0.71

nicotine months

Hair Length of working  0.16 0.40

nicotine hours per shift

Hair Length of working —0.08 0.68

nicotine hours per week

likely through SHS in the workplace. Although uptake
of NNK from surfaces, such as furniture or carpet and
rugs, cannot be excluded, the NNK originated from
tobacco products, which is its only known exogenous
source. Our findings of increased metabolites of NNK
among exposed nonsmoking bar and restaurant work-
ers show health risks and possibly adverse outcomes
among nonsmokers exposed to SHS in the workplace.
It is worth mentioning that most of the previous stud-
ies have been conducted mainly by a two research
groups in the states of Minnesota and California.?® >
The current study was one of the few studies con-
ducted outside the above mentioned states and the
only such study in the Commonwealth of Virginia.

The major finding of this study is that hospital-
ity workers in bars and restaurants exposed to SHS
have both high detectable levels of nicotine and
NNAL. This finding is consistent with the previous
SHS studies.?!"*-* However, there are some results
in this study that are not consistent with previous
studies. These are the assessment of SHS expo-
sure in bar and restaurant workers and carcinogen
uptake in terms of timing of urine samples collection
(ie, NNAL).*>*¢ One of the previous studies measured
the total NNAL level by collecting participants’ total
urine over a 24 hour time period;** however, in our
study a onetime urine sample (1 ounce) was col-
lected and analyzed. This sample was collected and
obtained after the working shift ended. While a num-
ber of studies,?**! found strong associations between
exposure to SHS for a single shift in the workplace
and total NNAL levels, our results have only showed
a significant association between workplace length
of exposure for the total weekly hours and NNAL
levels. This result could be explained by the fact that
we measured hours of exposure by the self report
only. However, the current study did not compare
smoking and nonsmoking restaurants and bars as
previous studies had done. For example, Benowitz
et al’’ reported that NNAL level in urine was higher
for passive smokers compared with active smokers.
Although inconsistent with some results of previous
studies, the current study presents significant infor-
mation as it examines the relationship between SHS
exposure at the workplace, nicotine hair levels, and
total NNAL levels. It is also one of the few studies
that examine the relationship of length of exposure
for more than one shift.
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It is worth noting that 11 participants in the current
study did not have detectable levels of total NNAL.
This can be attributed to low level of SHS exposure
on the day of data collection, which could have been
due to slow business hours, bad weather, and working
in the non-smoking section or outdoors.

Prior studies using hair nicotine as an outcome mea-
sure showed significant levels of association between
hair nicotine and the magnitude of SHS exposure.?’- 4
The current study did not show such associations.
Differences in study designs make it difficult to
compare our results with previous studies. Still, one
can conclude that, with regards to hair nicotine levels,
our study was not consistent with the others.*!

Another explanation of the lack of significant asso-
ciation between NNAL and hair Nicotine in our study
could be that hair nicotine is a long term biomarker,
while NNAL is a short term biomarker. Hair nicotine
could reflect 1 month of cumulative tobacco-smoke
exposure. NNAL, on the other hand, could reflect
up to 12 hours of exposure. Therefore, it could be
assumed that some of the participants who had high
hair nicotine did not have a full working shift or had
light SHS exposure when they gave the urine sample
for analysis. Such an issue could be avoided in future
studies by measuring acute biomarkers of SHS expo-
sure, such as urine cotinine, and long-term SHS expo-
sure by hair nicotine levels.

A limitation of this study is that the study did
not use a random sampling technique. Therefore,
it is possible that the participants were supportive
of comprehensive smoke-free workplace policies.
Thus they may have altered their self response which
might have influenced the study outcome. Addition-
ally, another limitation is related to a lack of sensi-
tivity in the NNAL analysis method; this was also
reported recently by the Minnesota cancer center
laboratory.** Also, the small number of participants
must be viewed as an overall limitation to our study.
Finally, there was no alternate objective measure of
SHS exposure, such as personal passive air nicotine
monitoring. This could have been used to provide a
comparison between hair nicotine and self-reported
exposure. On the other hand, if we were to repeat the
study, we would collect the urine for 24 hours so that
we could have an accurate representation of the total
NNAL.

The results of this study will provide a baseline
data for future studies to evaluate cohort groups of
bar and restaurant workers in the Commonwealth of
Virginia, since the implementation of the new law
has been in effect since March 2009.# In addition,
this preliminary study leads to the recommendation
of future rigorous studies that control covariates,
including air quality in the few smoking sections
that are still allowed in 10% of Virginia’s restau-
rants. Such additional information would prove to
be a helpful advocacy tool for smoke free advocates
to lobby for more comprehensive smoke free laws
and enforcement in Virginia. Comprehensive smoke
free laws safeguard nonsmokers from the negative
consequences of SHS exposure, are associated with
decreasing smoking incidence rates among adults and
youth,** and are associated as well with decreased
levels of carcinogenic uptake by bar and restaurants
workers. Weak laws, such as the new Virginia law
that limits smoking to separately enclosed areas, do
not protect workers from the risk of being exposed
to SHS.* Our study findings support the need to
make all Virginia public places totally smoke-
free to protect employees from the harmful effects
of SHS.
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