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Implications of

On Ventilation for
Smoking-Permitted Areas

By Stanton A. Glantz, Ph.D., and Suzaynn Schick, Ph.D.

T

he issue of how to deal with secondhand smoke has been a sub-
ject of debate within ASHRAE for many years.' This debate has

centered around ANSI ASHRAE Standard 62, Ventilation for Accept-
able Indoor Air Quality, whose stated purpose is to “specify minimum
ventilation rates and indoor air quality that will be acceptable to human
occupants and are intended to minimize the potential for adverse health
effects.” Acceptable indoor air quality is defined 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.”

In 1981, ASHRAE first recognized that
tobacco smoke posed problems inside
buildings by revising indoor air quality
Standard 62 to require ventilation rates
two-to-five times higher in smoking ar-
eas than in non-smoking areas of build-
ings. Standard 62-1981 said, “higher
ventilation rates are specified for spaces
where smoking is permitted because to-
bacco smoke is one of the most difficult
contaminants to control at the source” and
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that the standard is developed so that in-
door air quality does not “impair health.”

This approach alarmed the tobacco in-
dustry because, as Philip Morris noted, it
“would effectively double the costs for
heating and cooling in areas which allow
smoking’! This increased ventilation cost
became a reason for building owners to
make buildings smoke-free, and these
smoke-free policies reduce cigarette con-
sumption by 29% by making it easier for
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ASHRAE's Guidance

people to cut down or stop smoking.Z As a
result, the tobacco industry, working both
directly and through the hospitality and
gaming industries,'- has mounted a con-
tinuous campaign to have ASHRAE Stan-
dard 62 provide for smoking in buildings.

On June 26,2002, the ASHRAE Board
of Directors voted that “that the follow-
ing sentence be added to the target title,
purpose and scope of its ventilation and
indoor air quality standard, Standard 62,
‘This standard does not address spaces
where smoking is expected to occur.””*
This decision was based on a recommen-
dation from the Board Policy Commit-
tee that recognized that “The title of
Standard 62.1 is ‘Ventilation for Accept-
able Indoor Air Quality.” If supplemental
guidance for spaces where smoking is
permitted was included in the standard,
such inclusion would be contrary to the
title of the standard. There is evidence
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that acceptable air quality cannot be achieved where smoking
is permitted.”> Nevertheless, the Board also voted to support
the development of an “Informative Appendix,” Appendix I
(part of Addendum 620) that provides “Guidelines
for Ventilation in Smoking-Permitted Areas.” While
Appendix I was deleted from Standard 62 at
ASHRAE’s Winter Meeting this January, the prin-
ciple of “more ventilation” remains in Standard 62
Section 6.1.3.5, while the SSPC considers its deletion in forth-
coming addenda.* Despite this deletion, material similar to it
can be expected to appear in the new ETS design guide being
developed under contract to ASHRAE that can be expected to
effectively define the procedures for ventilating smoking-per-
mitted areas.

The stated purpose of former Appendix I (which was still
available on ASHRAE’s Web site at the time of this writing)
was to provide “satisfaction with respect to odor and sensory
irritation,” not health. This paper examines the implications of
Appendix I and the forthcoming ETS design guide for the
odor, irritation and health aspects of indoor air quality due to
the presence of tobacco smoke.

Pollution Levels Under Appendix |

It is possible to estimate the additional respirable suspended
particulate load above background from secondhand smoke
levels that will occur in each of the scenarios in Appendix I
using the relationship
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Crsp =G(P/V)sr/0
where
Crgp= respirable suspended particulates from
second-hand smoke,

G = effective RSP emissions per cigarette
(adjusted to account for the effects of
deposition),

(P/V)= occupancy in people/volume,
s = percentage of occupants who are
smokers,
r = rate of smoking (cigarette/smoker-
time), and
O = ventilation rate (air changes/time).

This equation is the same steady state mass
balance proposed and validated by Repace and
Lowry® and Ott et al.”:8 written in terms of the
variables in Table I-3 of Appendix I.

Table 1 summarizes the results of these cal-
culations of the increases in RSP due to sec-
ondhand smoke above any background levels
that were present for other reasons, based on
the information in Table I-3 of Appendix I (Oc-
cupancy, Proportion of Smokers, Smoking
Rate, and Total Ventilation Rate). G=11.4 mg/
cigarette. The ceiling heights are assumed.
The equation assumes, as does Appendix I, that
there is perfect mixing.

These levels of RSP are well above the 4.4 ug/m? levels
two-thirds of the healthy subjects Junker, et al.! found con-
sidered unacceptable air quality in a more recent,
well-designed study than the 20-year-old study'!
ASHRAE relied upon to develop Appendix I.

The “comfort” standard in Appendix I was based on a 1983
study by Cain et al.,'! 92 participants of unspecified gender,
30% of whom were active smokers and were allowed to take
smoking breaks during their evaluations, participated in the
study. Air from a chamber, where people were smoking a con-
trolled number of cigarettes under various ventilation condi-
tions, was delivered to a “sniff box.” Before testing the smoke,
participants first sniffed eight concentrations of 1-butanol to
establish an intensity scale. Then they smelled varying concen-
trations of diluted cigarette smoke from the sniff box over the
course of an hour, matching the apparent odor intensity to the
remembered 1-butanol intensity scale. At the end of an hour of
testing, the participants were asked to also describe the final
condition as acceptable or unacceptable in a binary choice.

*Stanton Glantz, a coauthor of this paper, submitted a change proposal
to SSPC 62.1 to delete Appendix |, with a rationale similar to that found
in this article. The committee agreed to delete the appendix. However,
the principle of “more ventilation” remains in Section 6.1.3.5, while the
SSPC considers its deletion in forthcoming addenda, and work on the ETS
design guide is continuing.
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In contrast to the real world situation that Stan-
dard 62 and Appendix I were designed to ad-
dress, these assessments were not based on odor
measured at the time cigarettes were actually

Application

Smoking- Occupancy

Permitted (People Per

Smoking Total
Ceilin Proportion Rate Ventilation
Hei h? of Smokers, (Cigarettes/ Rate (L/s
100 m3) 9 SM Smoker-h), Per Adapted
SR Person)

70 3m 1.00 3.0 33 288
ug/m

70 3m 1.00 6.0 58 328
ug/m

100 3m 0.25 1.0 16 59
ug/m

100 3m 0.50 20 29 109
ug/m

70 3m 0.20 0.6 13 29
ug/m

70 3m 0.50 0.6 16 %9
ug/m

120 4m 0.25 15 19 e
ug/m

120 4m 0.20 15 18 53
ug/m

50 3m 0.20 1.1 14 S0
ug/m

70 25m 0.20 1.1 19 s7
ug/m

70 4m 0.20 15 21 45
ug/m

7 25m 0.20 0.6 13 29
ug/m

being smoked. The measurements were recorded Sl_”gg:gf
after smoking had ceased and the cigarettes had Heavy
been extinguished. The study did not find any Smoking
ventilation rates that met the requirement of 80% Lounge
acceptability when smoking was actually oc- |Ban Cockail
curring in the smoking chamber, even though L: "
smokers were over-represented in the study Sm?j(\i,xg
group. Moreover, Cain, et al. noted, “None of |Bar, Cocktalil
the (ventilation) conditions in the present study Lounge
would satisfy even two-thirds of nonsmokers.” F?;g':]g 1

A newer, more rigorous study published in Dining
2001 by Junker, et al.,!” reports the results of Room 2
two sets of experiments. One set, using non- Gambling
smoking women as subjects, establishes the Cas"“_’ 1
odor threshold for sidestream smoke at 0.6—1.4 %222'(')”29
ug/m3 SHS-PM2.25. The second set of experi- Conference
ments assayed odor acceptability, with 24 non- Room
smoking women as participants. Each Game
participant sat in a small Plexiglas exposure Arcade
chamber and assessed four different diluted BZ‘I’IVJ;‘Q
sidestream smoke concentrations presented in (Seating
a random order alternating with clean air. Area)

The assessment began with a clean air zero Office
condition and during each of the eight condi-

tions participants were given a startle stimulus
test, followed by a questionnaire to fill out and
an eye blink count. Acceptability was assessed by marking a
line on a scale from —1 (unacceptable) to 1 (acceptable). Posi-
tive values greater were scored as acceptable and negative as
unacceptable. Each set of secondhand smoke scores was com-
pared to the values for the clean air condition preceding it. At
the highest dilution tested, equivalent to 32,300 ft3 (3000 m?)
clean air per cigarette, the air was judged acceptable by only
33% of the participants. (92% found the clean air condition
that preceded the secondhand smoke condition acceptable.)

Junker, et al. report that “the detection of the arousing (sec-
ondhand smoke) odor alone was sufficient to create dissatis-
faction.” These results indicate that sidestream cigarette smoke
has one of the lowest odor thresholds of any known compound
and causes sensory irritation at concentrations very near the
threshold concentrations, 0.6—1.4 ug/m3 SHS-PM2.25.

Thus, it appears that the guidance in Appendix I does not
appear to meet its stated design objective of “satisfaction with
respect to odor and sensory irritation.”

Health Implications

While Appendix I was careful not to make any health claims,
it is important to note that all the levels of RSP calculated
using the methodology described above exceed the 15 ug/m?3
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Table 1: Respirable suspended particulate levels associated with Stan-
dard 62-2001, Appendix L.

annual arithmetic mean level of PM2.5 specified by the U.S.
EPA National Ambient Air Quality Standard.'? (These size par-
ticles are similar to those generated by secondhand smoke.)
These levels also are well above levels that would be consid-
ered to pose an acceptable risk for lung cancer based on fed-
eral standards.!? It is appropriate to use the annual exposure
levels for comparisons because people exposed to second-
hand smoke in workplaces such as offices, restaurants, and
bars are consistently exposed.

While most attention on secondhand smoke has been de-
voted to lung cancer, secondhand smoke also increases the risk
of heart disease. Some of these changes, in particular effects on
blood platelets and vascular endothelial function (which af-
fects the ability of the arteries in the heart to expand and in-
crease blood flow when the heart needs more blood) occur within
less than 30 minutes of secondhand smoke exposure in realistic
environments.'4~1¢ These changes both increase the immediate
risk of a heart attack and do long term damage to the heart and
blood vessels.

In addition, short term exposure to RSP in secondhand smoke
reduces heart rate variability!” (small random fluctuations in
heart rate around the basic rate). While the precise mechanisms
have not been elucidated, a reduction in heart rate variability
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increases the risk of a heart attack. One experi-
ment involved having volunteers sit in the smok-
ing lounge (RSP = 78 ug/m?) for two hours at the
Salt Lake City airport.!” This exposure to sec-

Application

ondhand smoke RSP was associated with a con- Sl_rgg:geg
sistent and significant reduction in heart rate Heavy
variability associated with about a 10% increase Smoking
in risk of a heart attack. No one yet has deter- Lounge
mined how quickly this effect occurs or how low Ban(l);;ketall
a concentration of secondhand smoke is required Heavy
to trigger this effect, but it will occur at some of Smoking
the levels of RSP present in spaces designed in  |Bar, Cocktalil
accordance with the guidelines in Appendix I, Lo_uhge
even under the assumptions that bias the results %2291
to low levels of RSP. Dining
Room 2
The Assumptions Used in 620 for Comfort Gambling
Since the guidelines in Appendix I nominally Casm9 1
. .. Gambling
sought to provide comfort, it is necessary to Casino 2
have some measure of the level of tobacco smoke | conference
pollution that will create discomfort. Appen- Room
dix T was based on a 21-year-old study'! (pre- Game
pared by an individual who did consulting work Arcafje
for the tobacco industry!®:1%) that sought to Bz‘lll\g?g
identify the level that would be acceptable to (Seating
80% of experimental subjects in a chamber Area)
study. There are several problems with using Office

Smoking- Occupancy

Permitted (People Per

Smoking
R EC

Total Ventilation

Proportion Rate

ﬁ:’il";‘? of Smokers, (Cigarettes/
100 m3) . SM  Smoker-h), | /s.person S™
SR person
70 3am 1.000 3.0 9,500 | 20,127
70 am 1.000 6.0 19,000 | 40,253
100 3m 0.300 3.0 2,850 | 6,038
100 am 0.500 4.0 6333 | 13,418
70 am 0.255 25 2019 | 4277
70 am 0.255 2.0 1615 | 3,422
120 4m 0.300 4.0 3,800 | 8,051
120 4m 0.300 3.0 2,850 | 6,038
50 3m 0.255 2.0 1,615 | 3,422
70 25m | 0255 2.0 1615 | 3,422
70 4m 0.255 2.0 1,615 | 3,422
7 25m | 0255 2.0 1,615 | 3,422

this study as the basis for engineering decisions
in 2004. First, one-third of the experimental sub-
jects were smokers, much higher than the 23%
of the adult population than smokes today.?"
The fact that there was a high proportion of smokers in the test
group biases the levels of ventilation necessary for “accept-
able” air quality down. Indeed, this paper'! also reported that
“None of the conditions in the present investigation [includ-
ing the level of ventilation used in Appendix I] would satisfy
even two-thirds of nonsmokers.”!!

Appendix I did not reflect a much newer (2001) and more
carefully done study,'® which concludes that “Odor thresh-
olds of sets obtained from the olfactory experiments showed
that a median odor sensation was perceived at very low con-
centrations equivalent to an ETS-PM2.25 concentration of
approximately 0.6-1.4 ug/m>>19 At about 4.4 ug/m> only
one-third of subjects found the quality of the air acceptable.'?
All the experimental subjects were healthy nonsmokers; in-
cluding individuals with medical conditions such as asthma
would have lowered further the level of acceptability.

Appendix I also included other assumptions that bias the
recommended ventilation rates toward lower values. The as-
sumed smoking prevalence (proportion of smokers) is low in
several cases. Appendix I assumes that only 25% of occu-
pants are smokers in a Bar Cocktail Lounge and Gambling
Casino 1 (Zable I). Several of the other environments (Din-
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Table 2: Additional ventilation rates required to obtain a secondhand
smoke respirable suspended particulate level (C,.,) of 0.6 pg/m’ using
conservative engineering assumptions.

ing Room 1, Gambling Casino 2, Conference Room, Game
Arcade, Bowling Alley, and Office) assume that only 20% of
people smoke, less than the prevalence of smoking in the
adult population (23%).20

The assumed smoking rates are low. For example, they as-
sume only one cigarette smoked per hour per smokers in a
bar or cocktail lounge, 1.5 cigarettes per hour in casinos.
These are environments where smokers would be expected to
smoke more than average, yet no objective data are presented
to support this assumption. The assumed level of 0.6
cigarettes/hour in workplaces also is low.

While designers relying on Appendix I and the anticipated
ETS design guide could and should adjust the percentage of
smokers and cigarette consumption rate to the correct values
for the space that they are designing, there is a strong likeli-
hood that designers — who are not tobacco-use epidemiolo-
gists — will simply assume that the numbers there are typical
and follow the examples given there.

In addition, acceptable ventilation levels in smoking lounges
and heavy smoking bars are based on “adapted” people only,
who have acclimatized to the pollution due to the secondhand
smoke, which hides the higher ventilation quantities that would
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be required in these places even if one
accepts the other assumptions in Appen-
dix L.

None of the calculations in Appendix |
allow for particularly sensitive people,
such as people with asthma, allergies, lung
or heart disease, or children, even though
such people are likely to be in rooms with
secondhand smoke designed according
to the recommendations in Appendix I.

All these assumptions bias the results
to lower the ventilation rates (and higher
levels of secondhand smoke pollution)
that will be deemed “acceptable.” In ad-
dition, the results are strongly dependent
on the assumptions that are made. For ex-
ample, using an average smoking preva-
lence of 23%?° (rather than the low 20%
assumed in Appendix I) and a smoking
rate of two cigarettes/hour per smoker®!!
(rather than the very low rate of 0.6 ciga-
rettes/hour assumed in Appendix I) raises
the RSP levels for Dining Room 1 and
Office from 29 ug/m3 to 112 ug/m3.

Advertisement in the print edition
formerly in this space.
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Thus, none of the pollution levels
achieved meet comfort, much less health,
design objectives. This procedure is not
consistent with good engineering design
principles; normally any assumed values
are selected to represent “high end” in-
puts to ensure that the system will respond
effectively in real world conditions and
be suitable for sensitive people. Even as a
minimum ventilation recommendation, it
is not good practice to bias all of the as-
sumptions toward the lower end.

An Alternative Approach

Appendix I did not purport to develop
its recommendations based on health con-
siderations, but rather “comfort (odor con-
trol).”2! If one accepts this design goal of
“comfort” rather than health, a more di-
rect way to approach specification of ven-
tilation requirements would be to make
conservative assumptions about smoking
levels and rates, then compute the venti-
lation levels necessary to achieve the de-
sign objective level of RSP.

For example, suppose we set a design
objective at the odor threshold of 0.6
ug/m? based on the newest available in-
formation on sensory perception of sec-
ondhand smoke.!? Note that, in terms
of odor, even this level only represents
the lower end of the median odor thresh-
old, meaning that half the population
would detect odors below this level.
(Even this design objective does not
reach de minimus levels of cancer,!3 but
it comes much closer than Appendix I.)
We assume 25.5% smoking prevalence,
the 75th percentile of smoking preva-
lence among the 50 states.?? (The high-
est prevalence is 30.9%, in Kentucky.2%)
The smoking rates are also adjusted
upward to more reasonable estimates.

The resulting ventilation levels (7able
2) are much higher than in Appendix I
(Table 1), ranging from 3,400 to 40,200
cfm/person (1615 to 19 000 L/s per per-
son). These levels are so high that it might
be argued that they put ASHRAE in the
uncomfortable position of recommend-
ing unfeasible solutions to the problem
of secondhand smoke. These values,
however, follow from conservative engi-
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neering assumptions and procedures
combined with mass balance.

Conclusion

Given the high levels of ventilation re-
quired to meet even a “comfort” design
goal based on modern evidence, combined
with the demand for “guidance” encour-
aged by the tobacco industry and its al-
lies,! what is ASHRAE to do?

There are two broad ASHRAE policies
that are relevant: On June 9, 2002, “The
Board of Directors affirm[ed] the implied
policy that ASHRAE standards shall con-
sider health impacts where appropriate”
(100-117-006 & 520-166-013) and the
ASHRAE Code of Ethics states in part:
“Our efforts shall be directed at all times
to the enhancement of the public health,
safety and welfare 22 As noted, spaces de-
signed in accordance with the guidelines
in Standard 62-2001 Appendix I can lead
to levels of RSP that are not consistent
with “public health, safety, and welfare.”

These policies would seem at odds with
recommendations in Standard 62-2001
Appendix I, which are based on unrealistic
assumptions, which bias recommendations
to lower ventilation rates. In many ways,
Appendix I was similar to a civil engineer-
ing society developing recommendations
for bridge construction based on liberal as-
sumptions about strength of building ma-
terials, while assuming that the number of
vehicles on the bridge was low. While such
guidance might serve economic needs of
contractors who wish to cut corners, it
could be viewed as violating basic engi-
neering principles and ethics.

Since ASHRAE seems unwilling to de-
velop a standard based on de minimus
risk, 13 perhaps it would be best to sim-
ply include a statement in Standard 62, as
the Board Policy Committee did in its re-
port to the ASHRAE Board of Directors
on June 25, 2002, that “There is evidence
that acceptable air quality cannot be
achieved where smoking is permitted,”
delete Section 6.1.3.5, the statement in
the standard about the need for additional
ventilation or air cleaning when smoking
is permitted, drop the forthcoming ETS
design guide, and leave it at that.
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