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Casino gambling is a popular pastime. Nation-
ally, 467 commercial casinos generated gross
gaming revenues totaling $34.13 billion in
2007, paid $5.79 billion in state and local
taxes, and employed 360818 workers who
earned $13.8 billion collectively.1 Twenty-five
percent of the adult US population—54 million
people 21 years or older—visited casinos in
2007, with the average gambler making 7 visits
a year.1 Secondhand smoke (SHS) is endemic in
casinos; only 8 of 23 states, plus Puerto Rico,
have 100% smoke-free commercial casinos or
racinos (combination casinos and racetracks).2

The gaming and tobacco industries have ada-
mantly opposed smoke-free casinos, promoting
ventilation alternatives instead.3,4

SHS causes an estimated 40000 to 60000
heart disease and lung cancer deaths annually
in the United States,5 with no safe level of
exposure.6 Even brief SHS exposure increases
the risk of heart attack or cancer.7 Casino
workers have complained to the National Insti-
tute for Occupational Safety and Health (NIOSH)
about exposure to SHS8 and have filed lawsuits
alleging injuries from SHS.9–12

Research on levels of SHS in casinos has
been limited. In a study of 27 New Jersey
casino workers, NIOSH reported median
personal breathing zone nicotine levels of
10 lg/m3 (equivalent to 100 lg/m3 of respi-
rable suspended particles [RSPs] from SHS13)
and median serum cotinine concentrations 2 to 3
times higher (1.34–1.43 ng/mL) than those ob-
served in a representative sample of US workers
(0.65 ng/mL).8 A study of airborne RSPs and
particulate polycyclic aromatic hydrocarbons
(PPAH) in a Delaware casino before and after a
statewide smoke-free workplace law was enacted
showed that, before the legislation, 95% to 98%
of these air pollutants (205 lg/m3 and 163 ng/
m3, respectively), were caused by SHS.14 A do-
simetry study of 18 nonsmoking patrons of an
Upper Midwest casino showed that exposure to
SHS for an average of 4.25 hours resulted in
increased free urine cotinine (adjusted for

creatinine) of 3.9 ng/mL as well as absorption of
a tobacco-specific lung carcinogen, 4-(methylni-
trosamino)-1-(3-pyridil)-1-butanone (NNK).15

SHS is highly irritating; nearly three fourths
of nonsmokers are disturbed by smoky air.16 In
a study by Junker et al.,17 the median threshold
for sensory irritation (eye, nasal, and throat) of
RSPs from SHS was 4.4 lg/m3, and even at this
low level, 67% of the nonsmoking participants
judged the air quality unacceptable.17 The me-
dian odor-detection threshold of RSPs from SHS
is about 1 lg/m3.17

Although Pennsylvania’s Clean Indoor Air
Act makes smoking illegal in restaurants, office
buildings, schools, sports arenas, theaters, bus
and train stations, and most bars, an exemption
permits smoking in up to 50% of gaming
floors.18 Field studies of SHS are effective in
promoting smoke-free workplace legislation.19

The work reported in this article was part
of a Stanford University study that investi-
gated air quality in casinos. I report on SHS
atmospheric and biomarkers and ventilation in
August 2007 in 5 Pennsylvania casinos: the
Mohegan Sun (Wilkes-Barre), Philadelphia Park
(Bensalem), Harrah’s (Chester), The Meadows
(Meadowlands), and Presque Isle Downs (Erie),

all built between 2006 and 2007. I addressed
the following research questions: (1) What were
the levels of air pollution from RSPs and PPAHs
inside Pennsylvania casinos relative to the out-
side? (2) What was the change in urine cotinine
experienced by a casino patron and the equiv-
alent personal breathing zone exposure to RSPs
and PPAHs from SHS? (3) Could the average
level of RSP air pollution in the casinos be
predicted and generalized by a model? (4) Based
on measured SHS exposure and dose data, what
were the risks of lung cancer and heart disease
mortality from SHS for casino workers, the air
pollution hazard to patrons and workers, and the
odor and irritation levels from SHS in these
modern casinos? Exposure was defined as the
atmospheric SHS concentration that contacts a
person’s boundary. Dose was defined as the
inhaled, absorbed, and metabolized body fluid
concentration of cotinine, the metabolite of SHS
nicotine. Exposure and dose were related by a
pharmacokinetic model.

METHODS

In Pennsylvania, I conducted area-moni-
tored SHS exposure for 3 casinos (Mohegan
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Sun, Philadelphia Park, and Harrah’s) and dose
of SHS in 8 patrons for 3 casinos (The
Meadows, Philadelphia Park, and Presque Isle
Downs), with 1 casino in both the area-moni-
tored and dose portion of the study. Each area-
monitored casino was sampled once, and
measurements for burning cigarette density,
carbon dioxide as an index of ventilation, and
pollutant concentration were obtained.
Casinos were not informed of the monitoring,
to prevent bias or interference.8,14,15 SHS dose
(urine cotinine)20 was measured in 8 volunteer
patrons who visited 3 casinos (3 volunteers at
The Meadows, 3 at Philadelphia Park, and 2 at
Presque Isle Downs; 1 volunteer sample from
the last-named casino was lost to follow-up).
Models were used to generalize air quality mea-
surements and to transform dose into personal
exposure. Health and welfare effects for casino
patrons and workers were assessed through the
use of odor and irritation thresholds, air quality
standards, and exposure–response models.

Atmospheric and Biomarker

Measurements

A SidePak AM510 aerosol monitor (calibra-
tion factor=0.39; TSI Inc, St Paul, MN) mea-
sured real-time area RSP concentrations in
10-second intervals (i.e., PM2.5, particulate
matter less than 2.5 lg in diameter that can
easily be inhaled into the lungs and is copiously
emitted by cigarettes, pipes, and cigars).21,22 A
synchronized EcoChem PAS 2000CE (Eco-
Chem Analytics Inc, League City, TX) measured
carcinogenic and atherogenic particulate-phase
PPAHs in 10-second intervals; a TelAire
carbon dioxide (CO2) monitor (General Electric,
Fairfield, CT) assessed ventilation.22 Room di-
mensions, person counts, average number of
burning cigarettes, and times of entry and de-
parture were recorded.14,20,22

Free urine cotinine, a sensitive SHS bio-
marker, was measured by liquid chromatogra-
phy–tandem mass spectrometry (quantitation
limit=0.1 ng/mL) from samples provided by
local nonsmoking volunteer patrons before and
after each 4- to 5-hour casino visit during
which they played slot machines. Local clinics
processed and shipped samples. Cotinine anal-
yses were provided by E. Giesbrecht of the
Center for Addiction and Mental Health, Uni-
versity of Toronto, Ontario. Volunteers were
requested to avoid SHS for 1 week prior to

casino visits. Postvisit urine samples were col-
lected on the following day.

Ventilation and Air Exchange Rates

The American Society of Heating Refrigerat-
ing and Air Conditioning Engineers (ASHRAE)
prescribes ventilation rates based on building
use (e.g., offices, restaurants, bars, and casinos)
andmaximumarea occupancy. Ventilation rates
for casinos in which smoking is permitted
(hereafter called ‘‘smoking casinos’’) were last
prescribed by obsolete ASHRAE standard 62-
2001, which I used to evaluate measured ven-
tilation rates.23 This standard recommended an
outdoor air supply rate for casinos of 30 ft3/min
per occupant (or15 L/sec per occupant) for a
maximum (default) occupancy of120 persons per
1000 ft2 of floor area. Since 2005, before any of
these casinos were built, ASHRAE has recom-
mended ventilation rates only for nonsmoking
premises, citing numerous government reports
linking SHS exposure to disease.24

Ventilation rates per occupant relate to air
exchange rates (the number of times in 1 hour
that the air in a room is completely replaced
with outside air) as follows: assuming a 14-foot
ceiling, the ASHRAE 62–2001 default air ex-
change rate Cv for a casino at maximum design
occupancy is calculated as:

ð1Þ Cv¼ ð30 ft3=min per occupantÞ
· ð120 occupants=14 000 ft3�Þ
· ð60 min=hÞ

¼ 15 outdoor air changes

per hour ðh21Þ;

where Cv is the dilution rate of indoor pollution
by ventilation.25

Predicted Prevalence of Active Smoking

The percentage of gamblers who smoke is
less than or equal to the percentage of smokers
in the adult population.26 The estimated
prevalence of smoking in Pennsylvania (among
those aged 18 years or older) ranges from
23% to 29% for the various regions of Penn-
sylvania and averages 25%.27 Thus, for a large
group of adults encountered at random in a
Pennsylvania casino, about 25% might be ex-
pected to be smokers. However, only one third
of the smokers would be expected to be ob-
served smoking cigarettes at any given time.14,26

The average number of active smokers (i.e.,
those with burning cigarettes) is thus

expected to be one third of 25%, or 8.3%
(range=7.7%–9.7%).

Predicted Active Smoker Density

SHS levels are directly proportional to
smoker density.14,26 If the prevalence of smoking
among a casino’s patrons equals the smoking
prevalence for Pennsylvania, then at the
ASHRAE maximum occupancy, and assuming a
14-foot ceiling and a unit floor area of1000 ft2

(foravolumeof14000ft3, or396m3), theburning
cigarette density (i.e., active smoker density) is:

ð2Þ Ds¼ ð8:3 active smokers =100 occupantsÞ
· ð120 occupants =396 m3Þ

¼ 2:52 active smokers per 100 m3:

The Active Smoker Model

The effect of ventilation on SHS levels
may be understood by a simple analogy.
Imagine a bathtub in which water is running
in and draining out at such a rate that the
water level remains constant. At the same time,
India ink is poured in uniformly, turning the
water black. To clarify the water while
keeping its level in the tub constant, water
ingress and egress must be increased by the
same amount; the water will then become a
shade of gray. The lightest gray obtainable
(i.e., the clearest the water can ever get) will be
a balance between the rate the ink enters
and the maximum rate of water flow. The tub
water can never regain its pristine state while
ink is still pouring in. The ink pouring rate is
analogous to the smoking rate, the water flow
rate is analogous to the air exchange rate, and
the amount of water in the tub is analogous
to the space volume. The shade of gray (i.e., the
degree of pollution) is analogous to the SHS
concentration. This is the essence of the Active
Smoker Model, which calculates the amount
of RSP pollution from SHS in the air.14,25

In algebraic terms, the Active Smoker Model,
which shows that the ratio of burning cigarette
density, Ds, to the air exchange rate, Cv, predicts
time-averaged concentrations of RSP from
SHS.14 The units of SHS RSP are micrograms per
cubic meter of air; the numerical constant in-
corporates the surface adsorption rate (adding
30% to the ventilation rate), the smoking rate,
and the emission rate of RSP from SHS and has
units of microgram-hours per burning cigarette.25

Thus, the predicted concentration of RSP from
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SHS for a Pennsylvania smoking casino, assuming
ASHRAE 2001 default occupancy and ventila-
tion and Pennsylvania’s smoking prevalence, is
calculated as:

ð3Þ SHS RSPcasino¼ 650Ds=Cv

¼ 650ð2:52 BC =100 m3Þ=
ð15h21Þ

¼ 109lg=m3:

Because both Ds and Cv contain volume in
the denominator, SHS RSPcasino depends on
the ratio of the generation rate to the removal
rate and is volume independent. Assuming a
background RSP concentration of 12 lg/m3

from outdoor non-SHS sources infiltrating in-
doors,28 a field study of fine-particle pollution
that results from smoking in a Pennsylvania
casino with ASHRAE default levels of occupancy
and ventilation (full occupancy, average
smoking prevalence, and standard ventilation
rate) would be expected to show an estimated
total RSP concentration of about 109+12=121
lg/m3. This result serves as a prediction of
expected casino total RSP concentrations under
ASHRAE standard conditions, and it generalizes
the results of the field study to casinos having
different occupancies, volumes, smoker densities,
or air exchange rates. The corresponding ex-
pected SHS nicotine concentration13,29 is:

ð4Þ Ncasino¼ SHS RSPcasino=10

¼109lg=m3=10 ¼10:9lg=m3;

which is within10% of NIOSH measurements.8

Carbon Dioxide and Per-Occupant

Ventilation Rates

Design ventilation rates can be compared
with actual ventilation rates by measuring the
difference between the CO2 concentrations in
the casinos and outdoors. ASHRAE standard
62-200123 specifies an equation for Cs, the
equilibrium CO2 concentration in parts per mil-
lion (ppm) in a building. If equilibrium is not
present (i.e., if the CO2 concentration has not
reached steady state), ventilation rates will be
overestimated. The ASHRAE equation is:

ð5Þ Cs¼ ðG=VoÞþCo;

where Vo is the outdoor airflow rate per
occupant recommended by ASHRAE

62-2001 for gambling casinos that permit
smoking (30 ft3/min per occupant, or 15 L/sec
per occupant), Co is the default outdoor air CO2

concentration (400 ppm), and G is the con-
version factor (5000 ppm/L/sec per occupant).
Thus, for an ASHRAE standard 62-2001
casino, the expected CO2 concentration for
the default occupancy and prescribed ventila-
tion rate is Cs= (5000/15)+400=733 ppm.

Relationship Between Markers

Dosimetry captures personal breathing zone
exposure to SHS much better than area mon-
itors, because dosimetry incorporates exposure
concentration, duration, proximity, and respi-
ration rate. I used dosimetry to assess SHS
risk.25,29,30 Personal breathing zone exposure to
RSPs from SHS can be estimated by measuring
urine cotinine with the ‘‘Rosetta stone’’ equa-
tions.29 Equation 6 relates RSPs from SHS to
urine cotinine, U, for an assumed respiration rate
of 0.7 m3/hour for a person sitting and gam-
bling.20,29 For example, for an H=4-hour expo-
sure duration, the average time spent gambling

by 5 of 7 of the volunteer patrons, the cotinine-
estimated SHS-RSP concentration is:

ð6Þ SHS RSPcasino¼364 U=H ¼91Uðlg=m3Þ:

Because cotinine levels decay exponentially
after 11 hours, I normalized all measured doses
to 11 hours using the mean life for cotinine.29

RESULTS

For 3 of the casinos in which air quality was
measured by area monitors (Mohegan Sun,
Philadelphia Park, and Harrah’s), the average
RSP concentration measured in the smoking
areas was 106 lg/m3 (range=84–133 lg/m3),
6 times higher than the outdoor average of 18
lg/m3 (range=10–28 lg/m3). The average
total RSP for the ASHRAE-standard casino
predicted by the Active Smoker Model was 121
lg/m3, a 14% difference. Figure 1 shows the
measured indoor and outdoor RSP concentra-
tions at the Mohegan Sun (late Wednesday

Note. Measurements were taken on August 15 at the Mohegan Sun (late Wednesday morning) and Philadelphia Park (mid-

afternoon Wednesday), and on August 31 at Harrah’s (Friday evening).

FIGURE 1—Measured indoor and outdoor levels of respirable suspended particles (RSPs) at

the Mohegan Sun, Philadelphia Park, and Harrah’s casinos: Pennsylvania, 2007.
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morning), Philadelphia Park (mid-afternoon
Wednesday), and Harrah’s (Friday evening).
Table 1 details the parameters measured and
the smoker density calculated for each casino.

All casino smoking areas were heavily
polluted, with time-averaged RSPs higher
than those outdoors by a factor of approxi-
mately 11 for Mohegan Sun, 6 for Philadel-
phia Park, and 3.5 for Harrah’s. During the
same time period (11:55 AM to 12:12 PM), the
RSP concentration in the Mohegan Sun’s
smoking area was over 5 times higher (201
lg/m3) than in its separate, equally large
nonsmoking area (37 lg/m3; P<.001), but
SHS in the nonsmoking area was still 3 times
higher than were outdoor levels (13 lg/m3;
P<.001).

Figure 2 compares indoor and outdoor
PPAH concentrations at the 3 casinos. The
average concentration of PPAH in the
smoking areas of the 3 casinos was 20 ng/m3

(range=14–29 ng/m3), 4 times the outdoor
average of 5 ng/m3 (range=3–6 ng/m3). The
concentration in the Mohegan Sun’s
nonsmoking area was 37% higher than were
outdoor concentrations. When the ratios of
either the arithmetic or geometric mean
concentrations of RSPs from SHS to PPAHs
from SHS for each of the 3 casinos were
compared, the ratio for Harrah’s was lower
than were those of the other casinos (Table 1);
the reason for this anomaly is unknown.
However, a regression analysis of RSPs from
SHS versus PPAHs from SHS (indoors minus
outdoors) for the 3 casinos yielded the ratio
2172:1 (r2=0.29) in units of lg/m3, which
was in good agreement with previous mea-
surements.14,22

Smoker Prevalence, Occupancy, and

Ventilation

The 3-casino average observed prevalence
of active smoking (Table 1) was 6.7%
(range=4.6%–9.7%), compared with the
predicted 8.3% (range=7.7%–9.7%). Be-
cause, as explained in the Methods section,
total smoking prevalence is expected to be 3
times the prevalence of observed active
smoking, estimated average smoking preva-
lence for the 3 casinos is 3·6.7%=20.1%
(range=13.8%–29.1%), which is lower than
the state smoking prevalence of 25%
(range=23%–29%), as expected.26
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For the 3 casinos for which area occupancy
was recorded, Mohegan Sun had an occupancy
level of only19% of the maximum, Philadelphia
Park averaged only 25% of the maximum, and
Harrah’s was at maximum occupancy. Occu-
pancies were not measured in the cotinine study.

These casinos were well ventilated: the
mean observed CO2 concentration was 730
ppm (SD=46 ppm; 23 L/sec per occupant),
compared with a predicted CO2 concentration
for the ASHRAE 2001 model casino of 733
ppm (15 L/sec per occupant; Table 2).

Cotinine-Estimated Respirable

Suspended Particle Levels

Table 3 shows total RSP and PPAH personal
breathing zone exposure, that is, cotinine-de-
rived RSPs from SHS (based on the urine coti-
nine of volunteers) plus estimated background
RSPs, which were estimated from Pennsylva-
nia’s PM2.5 outdoor–air quality monitoring
network.27,31 Smoker density was not recorded.

The estimated personal breathing zone
concentration of RSPs from SHS was calculated
using equation 6; the median increase in urine
cotinine for all volunteers was 1.9 ng/mL (Ta-
ble 3). For postexposure urine cotinine col-
lected after 11 hours, the measured dose was

adjusted29 for the decay of cotinine. For coti-
nine-estimated RSP exposures from SHS, the
mean personal breathing zone level (weighted by
the time volunteers spent in the casinos) averaged
over all 7 volunteers was 160 lg/m3 (SD=81
lg/m3). Outdoor RSP levels were not recorded in
the biomarker study. Outdoor background RSP
levels, estimated from the Pennsylvania PM2.5 air

quality–data monitoring network,31 averaged
about 14 lg/m3 for the appropriate dates,
yielding a total estimated combined personal
breathing zone RSP exposure of 174 lg/m3.

Odor and Irritation From Secondhand

Smoke

Log-probability analysis (not shown) indicated
that all of the RSPs measured in the smoking
areas of the 3 casinos exceeded the Junker et el.
odor acceptability threshold17 by factors ranging
from10 to 1000, with geometric mean factors
ranging from 64 to104, whereas the Mohegan
Sun’s nonsmoking area exceeded it by a factor of
24. With respect to irritation, the 3 casino smok-
ing areas exceed the Junker et al. threshold by
factors of about 2.5 to more than100. Thus, both
odor and irritation levels for nonsmokers were
massively exceeded by the SHS in casino smoking
areas. In the nonsmoking area of the Mohegan
Sun, the odor threshold was exceeded by factors
ranging from 3 to more than 200, whereas the
irritation threshold was exceeded for 99.9% of
the data by factors ranging up to 200. This may
result in loss of nonsmokers’ patronage.32

Risk Calculation

The estimated risk of SHS exposure for
casino workers was calculated by transforming
the RSPs from SHS derived from the casino
patrons’ cotinine into its equivalent SHS nico-
tine, and then estimating risk with an exposure
response model.29,30 Based on dosimetric levels

Note. Concentrations in the smoking sections are shown for all 3 casinos and for the nonsmoking section at the Mohegan

Sun only.

FIGURE 2—Measured indoor and outdoor levels of particulate polycyclic aromatic

hydrocarbons (PPAHs) at 3 Pennsylvania casinos in 2007.

TABLE 2—Ventilation Rates Derived From Carbon Dioxide in 3 Casinos in Which Smoking Is

Permitted: Pennsylvania, 2007

Casino

Avg Outdoor CO2,

ppm (SD)

Indoor CO2,

ppm (SD)

Casino Area,

1000 ft2
Casino Occupancy

(SD)

People per

1000 ft2

Estimated

Ventilation Rate,

L/s per Occupant

Mohegan Sun 473a 730b (191) 14.1 171c (43) 12 19.4

Philadelphia Park 468b 776b (74) 31.7 477b (30) 15 16.2

Harrah’s 537b 684b (116) 160 2875b (105) 18 34

Mean for 3 casinos 493 (38) 730 (46) . . . . . . 15 (3) 23 (9)

ASHRAE Standard

62-2001 Design Valued

400 733 1 120 120 15

Note. ASHRAE = American Society of Heating, Refrigerating, and Air Conditioning Engineers.
aOne measurement.
bTwo measurements.
cThree measurements.
dASHRAE no longer recommends ventilation rates for smoking premises.21 All casinos exceeded the ventilation rate per occupant
recommended by ASHRAE Standard 62-2001.
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of SHS calculated for casino patrons in this study,
casino workers are exposed to SHS at a concen-
tration of 160 lg/m3 (or to 16 lg/m3 of SHS
nicotine13,30) during the typical 250 8-hour
workdays a year. An exposure–response rela-
tionship relating a 40-year working lifetime av-
erage exposure to SHS nicotine to cumulative
excess risk of coronary heart disease and lung
cancer mortality is given by the expression:

ð7Þ ER¼ð11 deaths per 1000 workersÞ =
ð40 years� 7:5lg=m3 SHS
nicotine 40-year working

�lifetime averageÞ:13;30

The combined excess risk of mortality from
SHS exposure for nonsmoking workers ex-
posed to an average exposure concentration, N,
is then estimated by the equation:

ð8Þ Risk ¼ER · N:

For Pennsylvania casino workers this is cal-
culated as:

ð9Þ Risk ¼ER · N ¼ ð11deaths =

1000 workers 2 7:5lg=m3Þ
· 16lg=m3

¼23:5 deaths per 1000 workers
in 40 years:

Pennsylvania’s gaming industry will ulti-
mately provide 12364 direct employment po-
sitions.33 Assuming that 75% are nonsmokers,
there will be an estimated 5.9 deaths per 10000
nonsmoking workers per year attributable to SHS.
An estimated 91% of these deaths will be from
coronary heart disease, and 9% from lung cancer.30

DISCUSSION

Mining is described as the most dangerous
industry.34 Sixteen Pennsylvania miners died in
15 disasters from 1995 to 2002, a rate of 1.2
deaths per10000 mine workers per year.34 The
estimated rate of worker deaths per year from
SHS is about 5 times the average annual death

rate for Pennsylvania miners in coal mine disas-
ters. By the workplace standards of the US
Occupational Safety and Health Administration
(OSHA), which employs a 45-year average time
period, casino workers’ risk from SHS-induced
lung cancer and heart disease combined is 26
times the level indicating significant risk of ma-
terial impairment health.30

Pennsylvania’s new clean indoor air law
permits smoking in 25% to 50% of casino
floors. Confining smokers to a smaller area will
increase the local smoker density in the smok-
ing area and not protect nonsmoking areas
from drifting or recirculated tobacco smoke.

Another comparison is afforded by evaluat-
ing the cotinine-derived RSP plus background
RSP concentrations (174 lg/m3) through use of
the federal Air Quality Index. A worker or
patron in a casino for 8 hours a day and
exposed to a background RSP concentration of
14 lg/m3 for the remaining16 hours of the day
would be exposed to an average daily concen-
tration of RSP of 67 lg/m3. Some casino

TABLE 3—Urine Cotinine and Respirable Suspended Particle (RSP) Concentrations Attributable to

Secondhand Smoke (SHS) Among Visitors to 3 Casinos in Which Smoking Is Permitted:

Pennsylvania, 2007

Time of Previsit

Urine Sample,

(Hours Spent

in Casino)

Arrival

Time

Hours Elapsed

Between Leaving

Casino and

Urine Sample

Previsit

Urine

Cotinine,

ng/mL

Postvisit

Urine

Cotinine,

ng/mL

Change in

Urine

Cotinine,

ng/mL

Adjusteda

Estimated SHS

RSP, lg/m3

Estimated

Outdoor

Background

RSP,b lg/m3

Estimated

Total

RSPc

Ratio, Total

RSP to

Background

The Meadows, Meadowlands

(Washington County)

Participant 1 3:39 PM (4) 5:30 PM 11.33 0.1 2.3 2.2 204 14 218 16

Participant 2 3:45 PM (4) 5:30 PM 11.25 < 0.1 1.0 0.9 83 14 97 7

Participant 3 4:55 PM (4) 5:30 PM 12.97 < 0.1 3.1 3.0 295 14 309 22

Philadelphia Park, Bensalem

(Bucks County)

Participant 4 3:30 PM (4) 5:00 PM 15 < 0.1 2.0 1.9 201 14 215 15

Participant 5 3:00 PM (5) 5:00 PM 10 < 0.1 2.1 2.0 146 14 160 11

Participant 6 3:00 PM (5) 5:00 PM 11 < 0.1 2.0 1.9 139 14 153 11

Presque Isle Downs

(Erie County)

Participant 7 9:30 PM (4) 12:00 PM 16 < 0.1 0.6 0.5 55 11 66 5

Participant 8 11:30 PM 2:00 PM 17 < 0.1 . . . . . . . . . 11 . . . . . .

Mean for 3 casinos 1.9d (0.5–3.0)e 160 (81) 13.6 174 (82)

Note. Participants 1–6 visited the casinos on August 13; participant 7 visited the casino on August 20.
aAdjusted for postvisit elapsed time greater than 11 hours.
bUS Environmental Protection Agency.26

cTotal RSPs are RSPs from SHS plus outdoor RSPs.
dMedian.
eRange.
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patrons spend entire 24-hour periods within
the confines of a casino and may experience
longer periods of exposure than do workers,
increasing their daily exposure to 174 lg/m3.
By Air Quality Index standards,20,22,35 24-hour
PM2.5 levels of 65.5 to 150.4 lg/m3 constitute
‘‘unhealthy’’ air, and levels of150.5 to 250.4 lg/
m3 constitute ‘‘very unhealthy’’ air. By compar-
ison, the average outdoor air quality level of 14
lg/m3 for the dates of the study was in the
‘‘good’’ range (<15 lg/m3).28 Assuming a con-
centration of RSPs from SHS 2000 times that of
PPAHs,14 a casino worker’s 8-hour work-shift
exposure to cotinine-derived PPAH is 80 ng/m3,
which is 15 times higher than that in outdoor
levels. NIOSH has issued a new Health Hazard
Evaluation Report, detailing an 8-hour work shift
increase of 8 ng/ml in the geometric mean urine
cotinine for 124 nonsmoking casino dealers, as
well as absorption of a tobacco-specific carcino-
gen, NNK. NIOSH recommended a ban on
smoking in the casinos.38

Risk Uncertainty

The uncertainty in dose-based risk assess-
ment is driven by uncertainty in exposure,
dose, and dose–response. Exposure uncer-
tainty is driven by daily differences in SHS
concentrations in a single casino and among
casinos. For the 3 casinos in this study, the
standard deviation between casinos was about
25%. Although the monitors provided read-
ings every10 seconds over several hours and 7
volunteers visited 3 casinos, only single days
were measured, so that the results are less
robust than if repeated sampling days in the
same location had been performed. NIOSH
found a 50% variation in the personal expo-
sures of casino workers, although the median
nicotine concentration differed by less than
10% from the Active Smoker Model prediction,
which predicted the average 3-casino total
RSP to within 14%. The lung cancer risk model
used here for casino workers has an estimated
uncertainty of less than 5%; mortality predic-
tions of all credible published models differ by
about 50%.36,37 The heart disease risk model
used here may underestimate risk by as much
50%.30 The largest uncertainty in measured
cotinine is because of individual biological dif-
ferences, which have been estimated to contrib-
ute 40% to the variance.30 Thus, average risk
uncertainty is estimated to be within 6200%

based on currently available data. Additional
casino measurements will provide better estimates.

Conclusions

Despite ventilation rates per occupant
50% higher on average than those formerly
recommended by ventilation engineers for
smoking-permissible casinos, the average RSP
concentration measured inside 3 Pennsylvania
casinos in which smoking was permitted aver-
aged 6 times that of outdoor levels; PPAH
concentrations averaged 4 times outdoor
levels, exposing both workers and patrons to
harmful levels of air pollution. In the only
casino with a separate nonsmoking floor, con-
siderable amounts of RSPs and PPAHs infil-
trated the nonsmoking salon. Based on mea-
sured RSP levels, SHS odor and irritation
thresholds were massively exceeded in smok-
ing areas and considerably exceeded in 1 non-
smoking salon. Using default values, the Active
Smoker Model predicted combined RSP ob-
servations to within 14%.

Based on cotinine-derived RSP levels, SHS in
Pennsylvania casinos produces an estimated
excess mortality of approximately 6 deaths per
year per10000 workers at risk, 5 times the rate
at which Pennsylvania coal miners have died in
mining disasters and 26 times OSHA’s signifi-
cant risk level. Nonsmoking workers or patrons
exposed to casino SHS at the observed level of
occupancy for 8 hours would experience ‘‘un-
healthy air’’ according to the US Air Quality
Index and, at maximum occupancy or exposure
duration, ‘‘very unhealthy’’ air. Cotinine-de-
rived PPAHs from SHS increase workers’
24-hour exposure to PPAHs by more than
5 times measured outdoor background levels.

Further research is needed to generalize
exposures observed in this study to the casino
industry as a whole. It is clear, however, that
Pennsylvania casino workers and patrons are
put at significant excess risk of heart disease
and lung cancer from SHS through a failure to
include casinos in the state’s smoke-free work-
place law. j
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