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Indoor air quality in restaurants was studied in two cities
in northwest Ohio after clean indoor air ordinances had
been enacted. Carbon dioxide and ultrafine particles were
measured in two restaurants in Toledo and two restaurants
in Bowling Green. One restaurant in each city was smoke
free, and one restaurant in each city contained a dedicated
smoking room. A smoke free office space was also assessed as
a reference site. Measurements were collected with datalogging
instrumentation simultaneously in both the designated smoking
room, if present, and in the nonsmoking section. For smoke free
establishments, datalogging instrumentation was also used.
Carbon dioxide levels were elevated in all four restaurants,
with only 32% of the measurements meeting the American Soci-
ety of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE) criterion level of 1000 ppm. Ultrafine particles
currently do not have any formal standard or guideline.
Statistically significant differences were evident between all
four restaurants and the reference site. The largest differences
were found between the two designated smoking rooms and the
reference site (p < 0.001), with the mean levels in the smoking
rooms up to 43 times higher than in the reference site. The
results from this study indicate inadequate fresh air supply in all
four restaurants, particularly in the designated smoking rooms,
and the possibility that the designated smoking rooms were
not containing the environment tobacco smoke, based on the
ultrafine particle concentrations measured in the nonsmoking
areas of the smoking restaurants.

Keywords environmental tobacco smoke, indoor air quality, restau-
rants, ultrafine particles
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INTRODUCTION

T he American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE) defines acceptable

IAQ as “air in which there are no known contaminants at
harmful concentrations as determined by cognizant authorities
and with which a substantial majority (80% or more) of
the people exposed do not express dissatisfaction.”(1,p.399) In
the hospitality industry (which includes restaurants) as in
other nonindustrial environments, the concentrations of known
contaminants are expected not to be at harmful levels because
chemicals are not routinely used, and sources of biological
and physical agents are generally not present. Therefore, only
the second part of the ASHRAE definition can be used by
restaurants to determine if air quality is acceptable.(1)

Indoor contaminants that may create IAQ problems come
from a variety of sources, which can include inadequate
ventilation, temperature and humidity extremes, water in-
fusion, combustion products, soil gases, and environmental
tobacco smoke (ETS). Contaminants that are often consid-
ered problems when assessing IAQ include volatile organic
compounds (VOCs) such as formaldehyde, biological agents,
radon, pesticides, particles, and fibers. The health effects from
these contaminants are varied and can range from discomfort
and irritation to cancer.(1) ETS could be considered the most
important of these contaminants in terms of both health effects
and engineering controls.(2)

Carbon dioxide (CO2) is frequently measured during IAQ
investigations to assess building ventilation. An increase in
CO2 concentration is generally considered an indicator of
inadequate fresh air supply. Humans are the main source of
CO2 through exhaled air, but unvented combustion processes
and ETS may also contribute.(1)

Particles of various sizes may also be measured during IAQ
investigations. Particle sources may include smoking, other
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combustion processes, material deterioration, construction
and renovation projects, and housekeeping activities such as
vacuuming.(1) Particles of different sizes such as ultrafine
particles (UFPs) and respirable suspended particulate matter
(RSP) can be monitored using various sampling techniques.
In indoor environments, UFPs, which have been defined as
particles <0.1 μm in diameter, have been highly correlated
with IAQ complaint areas.(3) UFPs are predominately man-
made(3) and a principal source is smoking.(1) There is no
occupational exposure limit for UFPs at this time. RSP,
which contain particles <10 μm in diameter, have established
occupational exposure limits for personal protection.(4)

Controlling exposure to ETS, and therefore UFPs, is
problematic.(5) Control of UFPs indoors is most effective when
smoking is either banned or restricted to separately ventilated
smoking rooms.(1) Although ventilation systems can reduce
ETS concentrations, these systems may also contribute to the
distribution of ETS components throughout a facility.(6) Liu
et al.(7) recognized the most effective control methods in smok-
ing areas as being physical separation, exhaust to the outside,
and no air recirculation. The least effective control methods in
smoking areas are open areas with no physical separation, no
outside exhaust, and combined air recirculation. The option of
banning smoking from facilities brings the benefits of less need
for dilution air, less cleaning, less maintenance on air handling
equipment, and lower operating costs for the HVAC system.(8)

Repace and Lowrey(9) demonstrated both theoretically and
experimentally that particulate matter generated from smoking
contributes to air pollution by overwhelming the effects of ven-
tilation systems and concluded that increasing ventilation rates
would not correct the problem. Carrington et al.(10) supported
this finding by reporting that the use of ventilation systems
did not have a statistically significant effect on ETS-related
contaminants either in smoking areas or in nonsmoking areas.

Differences in ETS constituents, but not in IAQ parameters,
between smoking and nonsmoking areas have been reported.
Moschandreas and Vuilleumier(11) reported a statistically
significant difference in measured concentrations of ETS
constituents between indoor smoking and indoor nonsmoking
areas. Akbar-Khanzadeh et al.(12) reported no significant differ-
ence in CO2 concentrations between smoking and nonsmoking
areas of restaurants. However, this study reported that the CO2

concentrations were significantly correlated with the number
of dining patrons (p < 0.02) and that in four of the eight
restaurants studied, there was a gradual accumulation of CO2

over time.
Because ETS is one of the most frequent causes of IAQ

complaints(1) as well as the second most prevalent cause of
indoor air contamination,(13) many municipalities and states
have enacted clean indoor air ordinances. According to the
American Nonsmokers’ Rights Foundation(14) as of January
3, 2006, 6011 municipalities were covered by either a local
or state 100% smoke free law. In nine states, all workplaces
are 100% smoke free, contributing to the 25.3% of the U.S.
population covered by 100% smoke free workplace laws.(14)

Additionally, 39.6% of the U.S. population is covered by some

type of 100% smoke free law.(14) Two cities in Northwest Ohio
(Toledo and Bowling Green) are among the municipalities
that have enacted clean indoor air ordinances, although neither
ordinance is 100% smoke free. The clean indoor air ordinances
in both cities at the time of the study required that smoking be
contained in entirely enclosed rooms with separate ventilation
systems. In January 2004, the Ohio Tobacco Use Prevention
and Control Foundation (TUPCF) provided 6 months’ of
funding for an exploratory study to assess the level of control
of ETS components and indoor air quality parameters in
restaurants complying with the new ordinances. The study was
initiated a short time after the Toledo ordinance had originally
been enacted and during a period when efforts were under way
to weaken the ordinance. The exposure assessment portion of
this study was designed to measure ETS constituents as well
as IAQ parameters in a small sample of restaurants in Toledo
and Bowling Green. This report presents the finding related to
the specific IAQ parameters of CO2 and UFPs. The results for
the ETS constituents have been published elsewhere.(15)

METHODS

Restaurants

Two restaurants, containing both a restaurant and a bar area,
were recruited in each of the two cities, Toledo and Bowling
Green. One restaurant in each city was entirely smoke free. The
second restaurant in each city needed to contain a nonsmoking
area along with a designated smoking room. As required
by each city’s ordinance, the designated smoking room was
required to be entirely enclosed with a separate ventilation
system. The two smoke free restaurants were Restaurant A and
Restaurant C. The two restaurants with designated smoking
rooms were Restaurant B and Restaurant D. In addition, one
smoke free office space located in Toledo was recruited as a ref-
erence site. The small number of restaurants sampled was due
to the exploratory nature of the study and to the study require-
ment that all sampling be completed on a Friday or Saturday
night (times expected to provide the highest weekly patron
loads), the time allotted for the actual sampling (2 months),
and the recharging time (a minimum of 12 hours) needed for
instrumentation necessary for other parts of the study.

To recruit participants, lists of restaurants were compiled
separately for Toledo and Bowling Green. Each list was further
categorized into either smoke free establishments or estab-
lishments with designated smoking rooms. The restaurants
on each list were then ranked according to the size (square
footage) of the restaurant. Starting with the largest restaurants,
investigators visited each restaurant to ensure that it had both
a restaurant and a bar, to describe the study, and to request
participation. Recruiting was terminated once four restaurants
agreed to participate. For a restaurant to be included in the
study, the restaurant owner/manager agreed to the sampling
event occurring during an entire Friday or Saturday evening
shift, five restaurant staff being willing to wear sampling pumps
for the ETS quantification portion of the study during their
shift, and collecting area samples throughout the restaurant.
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Data Collection

A unique approach was used to collect data. Datalogging
instruments were used for the entire shift at each of the five
establishments. Monitoring lasted 6 hours at Restaurant C and
Restaurant D, 7 hours at Restaurant A and Restaurant B, and
8 hours at the reference site. For the two sites with designated
smoking rooms, Restaurant B and Restaurant D, two identical
sets of datalogging instruments were used simultaneously.
Each datalogging instrument was placed in a suitable location
as close as possible to the middle of the sampled space. A
suitable location was deemed to be out of the way of the
restaurant staff and patrons but in an area where one of the
investigators could access the meter periodically to confirm
equipment operation. Suitable locations were on the top of
half walls with large ledges, on shelves at drink stations, and
in front of a fireplace.

Carbon Dioxide
Carbon dioxide (CO2) concentrations were measured with

two Q-Trak Model 8554s (TSI, Inc., Shoreview, Minn.). The
Q-Trak measured temperature in degrees Fahrenheit (◦F),
relative humidity in percent (%), and CO2 concentration in
parts per million (ppm). The Q-Traks were pre- and postcali-
brated each sampling day in accordance with manufacturer’s
instructions.

The monitoring strategy was designed to measure the CO2

concentration during an entire evening shift on one of the
busiest nights of the week. To accomplish this, the Q-Trak
was placed in a suitable location and set in the datalogging
mode to record CO2 concentrations every second. Additionally,
in the two establishments with designated smoking rooms
(Restaurant B and Restaurant D), the second Q-Trak was
placed in a suitable location and set in the datalogging mode
to record CO2 concentrations every second.

Ultrafine Particles
Ultrafine particle (UFP) concentrations were measured with

two P-Trak Model 8525s (TSI, Inc.). The P-Traks measured
UFPs as a particle number concentration. The P-Traks were
zeroed in accordance with manufacturer’s instructions before
and after each sampling event. Field calibration of P-Traks is
not required according to the manufacturer. Each P-Trak was
paired with a Q-Trak, and the same sampling strategy was used
for both CO2 and UFP concentrations.

Patron Counts
The number of patrons at each establishment was deter-

mined every 20 min for the entire evening shift, beginning at
the top of the hour. For the two establishments with designated
smoking rooms, patron counts were recorded separately for
the designated smoking room and for the nonsmoking areas.

Data Analysis

Descriptive statistics were calculated for all five sites.
The mean and standard deviation for the CO2 and UFP
concentrations were calculated separately for each instrument

within each site. Therefore, for the two sites with designated
smoking rooms (Restaurant B and Restaurant D), the mean
and standard deviation of the CO2 and UFP concentrations
were calculated separately for the designated smoking room
and for the nonsmoking area. The minimum recorded con-
centration and maximum recorded concentration were also
determined for each instrument within each site. Finally, the
percentage of measured CO2 concentrations that exceeded
the ASHRAE criterion for acceptable indoor air quality of
1000 ppm was determined (700 ppm above the background
level of 300 ppm).(16) Concentrations were recorded every
second resulting in approximately 21,600 measurements for
Restaurants C and D, approximately 25,200 measurements for
Restaurants A and B, and approximately 28,800 measurements
for the reference site.

Mann-Whitney nonparametric tests were then performed to
determine whether the CO2 and UFP concentrations differed
between the designated smoking rooms and the combined
nonsmoking area in Restaurants B and D. Additionally, Mann-
Whitney nonparametric tests were performed to compare
the four restaurants with the reference site. For the two
establishments with a designated smoking room, the Mann-
Whitney tests were performed separately for the designated
smoking room and for the combined nonsmoking area. Non-
parametric methods were used to avoid assumptions about the
distributions of the measured concentrations.

Correlations between CO2 and the number of patrons were
determined along with correlations between CO2 concentra-
tions and elapsed monitoring time. These correlations were
performed separately for each of the four restaurants. Ten-
second average concentrations were calculated at the top of
each hour, 20 min after the hour, and 40 min after the hour for
each instrument. The 10-second average was chosen because
the sample mode, as opposed to the datalogging mode, of
both the Q-Trak and the P-Trak collects 10-second average
concentrations. The times these averages were calculated
coincided with the times when patron counts were collected.

RESULTS

Descriptive Statistics

The results from CO2 sampling are summarized in Table I.
The number of CO2 measurements ranged from 19,307 at
Restaurant C (duration 5:21:47) to 27,608 at the reference
site (duration 7:40:08). The average CO2 concentration ranged
from 600 ppm at the reference site to 3800 ppm in the
designated smoking room at Restaurant B. The minimum CO2

concentration measured ranged from 250 ppm in Restaurant
A to 1700 ppm in the designated smoking room of Restaurant
B. The maximum CO2 concentration measured ranged from
950 ppm at the reference site to 4600 ppm in the designated
smoking room at Restaurant B.

All CO2 measurements were compared with the 1000 ppm
criterion limit for acceptable indoor air quality.(16) As shown in
Table I, the percentage of measurements meeting this criterion
ranged from 0 in the designated smoking room at Restaurant B
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TABLE I. Results from CO2 Sampling

Mean Minimum Maximum Duration

SiteA (ppm) (ppm) (ppm) (hr:min:sec) % < 1000 ppm

Restaurant A 1300 250 2400 6:47:41 44.0
Restaurant B nonsmoking 2550 900 3900 5:48:10 0.8
Restaurant B smoking 3800 1700 4600 6:20:50 0
Restaurant C 1300 650 1850 5:21:47 25.6
Restaurant D nonsmoking 1000 700 1300 6:14:25 53.4
Restaurant D smoking 950 600 1400 6:15:27 63.9
Reference 600 300 950 7:40:08 100.0

Note: Q-Trak accuracy was + (3% + 50 ppm).
ARestaurants A and C were smoke free; Restaurants B and D contained designated smoking rooms.

to 100% at the reference site. Summarizing the five sites
together, 41.1% of the measurements met the criterion limit.

The results from UFP sampling are summarized in Table II.
The number of measurements ranged from 19,314 (duration
5:21:54) in the nonsmoking area of Restaurant B to 27,556
(duration 7:39:16) at the reference site. The average UFP
concentration ranged from 2.49 ∗ 103 pt/cm3 at the reference
site to 1.09 ∗ 105 pt/cm3 in the designated smoking room at
Restaurant B. The maximum concentrations did not follow
the same pattern and ranged from 4.36 ∗ 104 pt/cm3 at the
reference site to 3.72 ∗ 105 pt/cm3 in the designated smoking
room at Restaurant D. The minimum concentrations ranged
from 250 pt/cm3 at the reference site to 5.89 ∗ 104 pt/cm3 in
the designated smoking room of Restaurant D.

UFPs currently have no recommended guidelines. However,
Figure 1 displays obvious differences by type of site (e.g.,
reference site, nonsmoking restaurant, nonsmoking area in
smoking restaurant, and designated smoking room in smoking
restaurant). Most notably is the difference between the refer-
ence site and the four restaurants. The mean UFP concentration
in the smoke free restaurants was 6 times that of the mean
UFP concentration in the reference site. The mean UFP in the
nonsmoking area of the smoking restaurants was 6 times that of
the mean UFP concentration in the smoke free restaurants and
33 times that of the mean UFP concentration in the reference
site. The mean UFP concentration in the designated smoking

TABLE II. Results from Ultrafine Particle Concentration Sampling

Mean Minimum Maximum Duration

SiteA (pt/cm3) (pt/cm3) (pt/cm3) (hr:min:sec) Data Points

Restaurant A 1.32 ∗ 104 4.28 ∗ 103 1.75 ∗ 105 6:43:14 24,194
Restaurant B nonsmoking 8.03 ∗ 104 2.91 ∗ 104 1.67 ∗ 105 5:47:41 20,861
Restaurant B smoking 1.09 ∗ 105 1.28 ∗ 104 1.84 ∗ 105 6:20:52 22,852
Restaurant C 1.73 ∗ 104 6.13 ∗ 103 4.91 ∗ 104 5:21:54 19,314
Restaurant D nonsmoking 8.29 ∗ 104 4.23 ∗ 104 2.01 ∗ 105 5:23:30 19,410
Restaurant D smoking 1.03 ∗ 105 5.89 ∗ 104 3.72 ∗ 105 6:08:20 22,100
Reference 2.49 ∗ 103 250 4.36 ∗ 104 7:39:16 27,556

ARestaurants A and C were smoke free; Restaurants B and D contained designated smoking rooms.

rooms of the smoking restaurants was 1.3 times that of the mean
UFP concentration in the nonsmoking area of the smoking
restaurants, 7 times that of the mean UFP concentration in the
smoke free restaurants, and 43 times that of the mean UFP
concentration in the reference site.

Nonparametric Analysis

For the two restaurants with designated smoking rooms
(Restaurant B and Restaurant D), Mann-Whitney tests were
performed to determine whether the measured CO2 and UFP
concentrations were significantly different between the desig-
nated smoking room and the nonsmoking area. At Restaurant
B, the CO2 concentration was significantly different (p =
0.035) with the nonsmoking area consistently recording a
lower CO2 concentration than in the designated smoking room
(Figure 2). However, at Restaurant D, there was no statistical
difference in recorded CO2 concentrations (p = 0.937). At
both sites, the measured UFP concentrations were approaching
statistical significance. The differences at Restaurant B (p =
0.073) are shown in Figure 3, and the differences at Restaurant
D (p = 0.065) are shown in Figure 4.

The four restaurants were each compared individually with
the reference site. All comparisons were highly statistically
significant (p ≤ 0.001) indicating that CO2 and UFP concen-
trations measured at the reference site were different from the
concentrations measured in the four restaurants.
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FIGURE 1. Average UFP concentration (± 1 standard deviation)
by type of site

Correlations

Correlations between CO2 concentrations and patron count
were tested for the four restaurants. Statistically significant
correlations were found only at Restaurant A (p < 0.0001)
and in the nonsmoking area of Restaurant B (p < 0.0001).
However, when the correlation between CO2 concentration and
patron count was controlled for elapsed time of monitoring,
statistically significant correlations were found at Restaurant
A (p < 0.0001), the nonsmoking area of Restaurant B (p <

0.0001), the designated smoking room of Restaurant B (p =
0.0030), and at Restaurant C (p = 0.0005). Only the CO2

concentrations measured at Restaurant D were not significantly
related to patron count.

Similarly, correlations between CO2 concentrations and
elapsed monitoring time were tested for the four restaurants.
Statistically significant correlations were found at the des-
ignated smoking room of Restaurant B (p = 0.0413), at
Restaurant C (p = 0.0166), and the designated smoking room
of Restaurant D (p = 0.0037). However, when the correlation
between CO2 concentration and elapsed monitoring time was
controlled for patron count, statistically significant correlations
were found at Restaurant A (p = 0.0326), the nonsmoking area
at Restaurant B (p = 0.0218), the designated smoking room of

FIGURE 2. CO2 concentrations over entire monitoring event
(datalogged every second)—Restaurant B

FIGURE 3. UFP concentrations over entire monitoring event
(datalogged every second)—Restaurant B

Restaurant B (p = 0.0011), at Restaurant C (p = 0.0006), and
in the designated smoking room of Restaurant D (p = 0.0044).

DISCUSSION

T he results of this study indicate that designated smoking
rooms in smoking restaurants may have poorer air quality

than either the nonsmoking area in smoking restaurants or
in smoke free restaurants. The mean CO2 concentration
was significantly higher in the designated smoking room
at Restaurant B than in the nonsmoking area (p = 0.035),
although at Restaurant D there was no statistical difference
in the CO2 concentrations between the designated smoking
room and the nonsmoking area. The results from Restaurant
B are consistent with those reported by Moschandreas and
Vuilleumier.(11)

Further results indicating the inadequacy of the venti-
lation in the four restaurants comes from the correlations
between CO2 concentrations and patron count and between
CO2 concentrations and elapsed monitoring time. The CO2

concentration was significantly correlated with patron count at
Restaurants A, B, and C, even while controlling for elapsed

FIGURE 4. UFP concentrations over entire monitoring event
(datalogged every second)—Restaurant D
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monitoring time. In other words, as the number of people
increased in these three sites, so did the CO2 concentrations.
Additionally, at the same three sites, the CO2 concentration
was significantly correlated with the elapsed monitoring time,
even when controlling for the patron count. Therefore, the
ventilation systems in these three establishments were not
adequate to limit CO2 concentrations with an increasing
number of people present or even with an increasing amount
of time elapsed from the beginning of the work shift.

These results are further supported by the proportion of
hourly readings meeting the ASHRAE criterion for acceptable
indoor air quality. At Restaurant D, the only site where CO2

concentrations were not correlated with patron count or elapsed
monitoring time, 53.4% of the CO2 concentrations measured
in the nonsmoking area met the criterion, and 63.9% of the
CO2 concentrations measured in the designated smoking room
met the criterion. At Restaurants A, B, and C combined,
none of the CO2 concentrations measured in the designated
smoking room met the criterion, and only 23.5% of the CO2

concentrations measured in the nonsmoking area met the
criterion.

In terms of the UFP concentrations, obvious differences
were noted between the four restaurants and the reference site.
The lowest UFP concentrations were measured at the reference
site and the highest UFP concentrations were measured in
the designated smoking rooms of the smoking sites, possibly
indicating that the ventilation systems in the designated smok-
ing rooms in the smoking restaurants were not containing the
ETS. Other studies have measured particulate concentrations
in the hospitality industry, although none have reported UFP
concentrations. Moschandreas and Vuilleumier(11) reported
statistically significant differences in respirable suspended
particles (RSP) measured in the smoking section and nonsmok-
ing sections of two restaurants, a billiard hall, and a casino.
Carrington et al.(10) also measured RSP concentrations and
reported significantly higher (p < 0.05) concentrations in the
smoking areas compared with the nonsmoking areas of 60 pubs
in the United Kingdom. Similarly, Lambert et al.(17) reported
higher RSP concentrations in smoking sections compared with
nonsmoking sections in six of the seven restaurants they tested.
Finally, Cains et al.(18) reported lower PM10 concentrations
in the majority of clubs studied. Therefore, the UFP results
reported in this study are consistent with other particulate
measures reported in other studies.

This study had many limitations. Time constraints es-
tablished by the funding agency limited the study to four
restaurants and resulted in the exploratory nature of the study.
Additionally, previous measurements of IAQ parameters were
not collected prior to enacting the clean indoor air ordinances
and, therefore, improvements in air quality could not be
determined. However, these limitations should not detract from
the unique features of this study, namely, the use of datalogging
instruments to simultaneously measure IAQ parameters in both
designated smoking rooms as well as in the nonsmoking area
in restaurants that allowed smoking.

CONCLUSIONS

T he results of this study indicate that differences exist
between smoke free restaurants and restaurants with

designated smoking rooms in terms of air quality. UFP
concentrations were higher in the restaurants with designated
smoking rooms than in either the smoke free restaurants or the
reference site. The higher UFP concentrations in the combined
nonsmoking area in the restaurants with designated smoking
rooms may indicate that the designated smoking rooms did not
contain the ETS.

In terms of the effect of clean indoor air ordinances on
air quality, differences were evident between smoke free
restaurants and restaurants with designated smoking rooms.
Therefore, by banning smoking in most restaurants, the clean
indoor air ordinances contributed to cleaner air in the smoke
free restaurants by removing ETS. Consequently, the air quality
in restaurants with designated smoking rooms was not as good
as in the smoke free restaurants, based on CO2 and UFP
concentrations.

ACKNOWLEDGMENTS

T his research project was funded by the Ohio Tobacco Use
Prevention and Control Foundation through the Hospital

Council of Northwest Ohio. We acknowledge and thank James
H. Price, Jan Ruma, and Michael S. Bisesi for their technical
assistance.

REFERENCES

1. Burge, H.A., M.E. Hoyer, E.C. Gunderson, and C.C. Bobenhausen:

Indoor air quality. In The Occupational Environment—Its Evaluation,
Management, and Control, S. DiNardi (ed.). Fairfax, Va.: AIHA Press,
2003. pp. 397–432.

2. Hodgson, M.J.: Environmental tobacco smoke and the sick building
syndrome. Occupational Medicine: State of the Art Reviews 4:735–740
(1989).

3. Keady, P.B., and T. Halvorsen: A new tool for eliminating indoor air
quality complaints. J. Nanopart. Res. 2:205–208 (2000).

4. Bisesi, M.S.: Bisesi and Kohn’s Industrial Hygiene Evaluation Methods,
Second Edition. Boca Raton, Fla.: Lewis Publishers, 2004. p. 5–2.

5. Olander, L., J. Johansson, and R. Johansson: Tobacco smoke removal
with room air cleaners. Scand. J. Work, Environ. Health 14:390–397
(1988).

6. Spengler, J.D.: Buildings operations and ETS exposure. Environ. Health
Perspect. 107(S2):313–317 (1999).

7. Liu, K.S., L.E. Alevantis, and F.J. Offermann: A survey of environ-
mental tobacco smoke controls in California office buildings. Indoor Air
11:26–34 (2001).

8. Burton, D.J.: Controlling environmental tobacco smoke. Occup. Health
Saf. 67(12):22 (1998).

9. Repace, J.L., and A.H. Lowrey: Indoor air pollution, tobacco smoke,
and public health. Science 208:464–472 (1980).

10. Carrington, J., A.F.R. Watson, and I.L. Gee: The effects of smoking
status and ventilation on environmental tobacco smoke concentrations in
public areas of UK pubs and bars. Atmos. Environ. 37:3255–3266 (2003).

Journal of Occupational and Environmental Hygiene April 2007 251



11. Moschandreas, D.J., and K.L Vuilleumier: ETS levels in hospital-
ity environments satisfying ASHRAE Standard 62-1989: Ventilation
for Acceptable Indoor Air Quality. Atmos. Environ. 33:4327–4340
(1999).

12. Akbar-Khanzadeh, F., Y. Tan, E.N. Brown, and M. Akbar-

Khanzadeh: An evaluation of ventilation system flow rates and levels of
carbon dioxide, ambient temperature, and relative humidity in restaurants.
Appl. Occup. Environ. Hyg. 17:640–647 (2002).

13. Meek, S.L.: Indoor air quality and environmental tobacco smoke.
Missouri Med. 87:219–220 (1990).

14. “Smoke-Free Ordinance Lists.” [Online] Available at http://www.no-
smoke.org (accessed January 16, 2006).

15. Akbar-Khanzadeh, F., S. Milz, A. Ames, S. Spino, and C. Tex:

Effectiveness of clean indoor air ordinances in controlling environmental
tobacco smoke. Arch. Environ. Health 59(12):677–685 (2006).

16. American Society for Heating, Refrigerating, and Air-Conditioning

Engineers (ASHRAE): Ventilation for Acceptable Indoor Air Quality
(62-2001). [Standard] Atlanta: ASHRAE, 2001.

17. Lambert, W.E., J.M. Samet, and J.D. Spengler: Environmental tobacco
smoke concentrations in no-smoking and smoking sections of restaurants.
Am. J. Publ. Health 83(9):1339–1341 (1993).

18. Cains, T., S. Cannata, R. Poulos, M.J. Ferson, and B.W. Stewart:

Designated “no smoking” areas provide from partial to no protection from
environmental tobacco smoke. Tobacco Control 13:17–22 (2004).

252 Journal of Occupational and Environmental Hygiene April 2007


