To characterize the efactive-
2ess of alocal ordmance that restricts

smoking in restaurants to one third of
‘he¢ searing area, this study made si-
multaneous measurements of two
markers of environmental iobacco
smoke, respirable suspended part-
sies and nicotine, in the smoking and
10-smoking sections of seven restau-
rants. The mean concentratiogs of re-
spirable suspended particles and nic-
otine were 0% 2nd 65% lower,
respectively, in the no-smoking than
in the smoking sections, indicatng
substantial but nct complete protec-

\ion against exposure. {-im J Public.

Health, 1993:83:133%-1341)
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Introduction

Although ordinances and policies ¢s-
tablishing no-smoking seating areas insice
public and commercal buiidings are de-
signed to protect incocr air from contam-
ination, there have been few publishad re-
ports companng levels of environmental
tcbacco smoke in no-smaking and smok-
ing arezs. To characterize the effective-
ness of a regulation separating smokers
from nonsmokers in restaurants. we mea-
sured concentrations of respirable part-
cles and nicotine simuitanecusly in the
smoking and no-smoking areas of seven
restaurants in Albuquerque, NM. Eachof
the restauranis was in compliance with the
city ordinance restricting smoking 10 one
third of the total indoor seating. Under the
Albuquerque Clean Indoor Air Ordi-
rance,! there can be no more than ™wo
areas designated for smckers; however,
all restaurants participaing in this moni-
toring study had established a single area
for smoxers.

Methods

The idea for the study orginated in
discussions with two local television news
journalists who were preparing a story on
the ordinance. During May and June 1989,
the journalists obtained permission 10
MONItor the air in the nc-smoking and
smoking seating areas of seven Albuquer-
que restaurants. The seating capacity of
each of the restaurants exceeced 100. No
restaurant operator refused their request
for access, although several of the opera-
tors indicated that they were not in faver
of the smoking ordinance.

A mass-flow controlled pump was
used to sample respirable particles and
nicotine vapar. Particles and aerosols of
less than 2.5 um aerocynamic diameter
were collected with Impectors operaiing at
a flow rate of 4 L per minute.? Particle
mass ceposited on ared Teflon membrane
flters (2.0 wm pore size) was determined
with a Cahn 21 Electro Balance (Cahn In-
struments Inc, Cerritos, Calif) after equil-
joration in a temperature- and humidity-
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controlled room. After the air stream
passed through the particle filter, nicotine
vapor was coilected on sodium bisulfate~
wreated glass fiber filters (Millipore Corp,
Bedford, Mass). A modification of the
method described by Hammond and co-
workers® was used (o extract nicotine
om the filter: the extracted nicotine was
cuanified by fame ionization gas chro-
matograpiy (Model GCTA, Shimadzu
Inc, Columbia, Md).

The journalists, with assistance from
:5e authors, placed the monitors at the
sites. Each restaurant was sampled on 2
consecutive days from 11:00 am 10 11:00
M. Because of concems about the meth-
od’s limit of detection and sensitivity, the
samples were collected across two 12-
hour periods without changing filters.
Therefore, the respirable suspended par-
ricle and nicotine measuraments represent
wo 12-hour integrated sampies and cover
owo luncheon and two dinner periods. The
no-smoking and smoking sections were
sampled simultanecusly. In all but two lo-
cations, the mpactor heads were placed in
the middle of the no-smoking and smoking
seating areas, 90to 180 cm (3 to 6 1) above
the flocr, to be wathin the usual breathing
zone of the patrons. The twoexceptions to
:his placement protocol were restaurant 1,
where the sampler in the smoking section
was placed on an overhead beam 300 cm
10 fr) above the floor, and the no-smoking
section of restaurant 3, where the impac-
tor head was placed 60 cm (2 £2) above the
floor. The impactor heads were not placed
on the tops of tables where the custwomers
were served: rather, they wers placed on
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other furniture or on countertops available
ir. the seating area. An amempt was made
10 place the samplers in locations where
they would no: be obvious to patrans, and
the restaurant managers were instucied
not to call them to the attention of their
customers,

Other than to place the samplers in
the middle of the no-smoking and smoking
secuons, no attempt was made (o charac-
tenze the refation of the sampler locations
10 the layout of the szating areas ar 1o
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momnitor the number of restaurant patrons
or the wobacco smoking actvity.

Results

The integrated measurements of re-
spirable suspended particulate mztter and
nicotine for the no-smoking and smoking
areas of restaurants are presented in Fig-
ures 1 and 2. In the no-smoking areas of
restaurants, respirable suspended particle

revels ranged from 20.7 1o 69.0 pg/m?,
witha median of 27.8 pg/m® (Figure 1). In
the smoking areas, respirable suspended
particle levels ranged from 21.7 to 131.0
wgm’, with a median of 53.2 Lg/m®. In six
of the seven restaurants, respirable sus-
pended particle levels were lower in the
70-smoking arzas than in the smoking ar-
¢as (Wilcoxon paired sample test,
£ = 03). The median difference was 18.6
wgm’. The Spearman rank correlation of
respirable suspended particle concentra-
tons in no-smoking and smoking areas
was .75,
Nicotine concentrations ranged from
0.2 10 2.8 pgm®, with a median of 1.0
m’, in no-smoking areas and from 1.5
10 3.8 pgm?®, with a median 07 3.2 peg/m®,
in smoking areas (Figure 2), Relative to
the smoking areas, nicotine levels were
lower in the no-smoking areas in each of
the restaurants (Wilcoxon paired sample
test, £ = .02 The median difference was
2.2ng/m®. The Spearman rank correlation
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of nicotine concentrations in no-smoking

and smoking areas was .45,

Considerable variation in respirable
suspended particle concentrations was
observed among both the no-smoking and
smoking sections of the restaurants. In
some restaurants, the concentrations of
this marker for environmental tobacco
smoke were higher in the no-smoking sec-
nons than in the smoking sections of other
restaurants. For example, the respirable
suspended particle concentrations in the
no-smoking sections of restaurants !
through 3 ranged from 33.9 10 69.0 wg/m*.
which was higner than the concentrations
observed in the smoking sections of res-
taurants 4 through 7, which ranged from
21.7t033.2 pgm® (Figure 1). Nicotine Jev-
els in these restauranis cid not follow the

same trend (Figure 2), suggesting that |

sources of respirable suspended paricles
otherthan cigarette smoke may be present
in restaurants 1 through 3. We noted thai
in ™wo of these three restauran:s, flame
ervers were used 1o prepare and wam
food at tableside. In one restaurant (res-
taurant 6), nicotine concentrations in the
no-smoking seciion approached or ex-
ceeded the levels measured in the smoking
sectons of other restaurants. At this res-
:aurant, the sampler in the no-smoking
secton was within 750 ¢m (25 ft) of an area
where waiters and waitresses smoked.

Discussion
Environmental tobacce smoke is

composed of the sidestream smoke fom
smoldering cigarettes, cigars, and pipes
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and the exhaled portion of mainstream
smoke. Itis a complex mixture of aerosols
and vapors and hundreds of chemical
compounds. Two markers, respirable sus-
cended particles and nicotine. have been
used frequently to quantify eavironmental
tobacco smoke concentrations.* Respi-
rable particies are classified as particulate
matter of ess than 2.5 ym aerodynamic
diameter. Particles of this size range are
100 small to be filtered out by the upper
respiratory tract and may be inhaled into
the lung. In indoor environments in the
United States. a major source of respira-
ble suspended particles is cigarste
smoke.® [n restaurants, cooking opera-
tions may represent another prominent
source of respirable suspended particles.
Nicotine occurs in the vapor phase of en-
vironmental tobacco smcke and is a highty
soecific marker of tobacco smoke.

 Our measurements of respirabie sus-
pended parucles and nicotine in restau-

L rants indicate that confining tobacco

smoking to cesignated seating sections is
an efective way to reduce, although not :o
eliminate, the exposures of nonsmokers.
The pattern of consistentlv lower levels of
respirable suspended particles and nico-
rine in the no-smoking relative to the
smoking areas indicates that the Albu-
querque créinance can be efeciive in res-
taurants, regardless of how :he individual
restaurant management may choose to
implement the policy. The greatest
protection was afforded by seating ar-
rarigernents in which a wall or partition
physically segregated smokers om non-
smokers (Figures | and 2; restaurant 2),
But even for floor plans that basically in-
volved one large room (e.g., restaurant 4),
substantial protection of the air of non-
smokers was still observed.

T To date, tae availsble information
comparing concentrations of environmen-
tal tobacco smoke components in smok-
ing and no-smoking areas is limited. Re-
pace and Lowrey™ used a piezoelectric
balance to characterize the ranges of re-
spirable suspended particle concentra-
tions in various indoor eavironments, in-
cluding the smoking and no-smoking arezs
of two sandwich restaurants. [n one res-
taurant at lunchtime, respirable sus-
pended particle concentrations in smok-
ing and no-smoking areas averaged 86 and

31 pgm?, respectively, In a second res- |

taurant in the evening, respirable sus-
pended particle concentrations in the
smoking and no-smoking areas averaged
110 and 35 wgm’®, respectively. These
concentrations are comparable to our
findings.

Another study? compared carbon
monoxide concentrations in the no-smok-
ing and smokirg sections of a bingo game
room. Stmilar levels of carbon monoxide,
approxamaiely 10 ppm, were measured in
ihe two sections. Nonsmoking subjects
w10 sat in the no-smoking and smoking
sectons for 3 hours had similar carbon
monoxide concentrations in end-expired
oreath samples. However, the conditions
in this particular setting, a large single
room in which only 20% of the seating was
designated as no-smoking, differ consid-
srably fom those in :he restaurants sam-
pled inourstudy. Inthe bingo game room,
nONSMOKers appear 10 have been placed
close to smokers, so that the protective
effect of separation was lest.

It {s impormant to recognize that the
reduction of environmental tobacco
smoke concentrations we ovserved in no-
smoking as compared with smoking sec-
tions, aéithough substantial, was not com-
plete. In fact, concentrations of nicotine
were as high in no-smoking sections of
some restaurants as in smokxing sections of
others. Thus, people who sit in no-smok-
ing sections are still exposed to respirable
particles and nicotine vapor gererated by
smoking and to the other components of
snvironmental tobacco smoke that co-
occur with these species. Furthermore,
restaurant empioyees, who spend longer
periods of time in restaurants than do the
patrons, will still be exposed 1o environ-
mental obacco smoke in no-smoking ar-
¢as. These findings are consistent with the
conclusicn of the 1986 report of the US
surgeon gensral that “‘the simple separa-
tion of smokers and nonsmokers may re-
duce, but does not sliminate, the expcsure
cf nonsmokers to environmentel tobacco
smoke.”"*

The measurements made in this
study were included in a television news
story that also contained descriptions of
the experiences of other cities that have
restricted smoking and the potential im-
pacts of environmental tobacco smoke on
health. Ir. addition, the results were pre-
sented at a public hearing in November
1985 on renewal of the city ordinance,
where the city council used the findings in
evaluating the efficacy of the regulaton.
The councl voted to maintain, and not 1
iower, the two thirds o0 one third ratio for
restaurant seating, and the ordinance was
renewed without time lmits.

The regulations restricting smoking
inside public buildings are intended to re-
duce the exposures of no-smoking people
10 environmental tobacco smoke, 2 rec-
ognized carcinogen and irritant.’ The Al-
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buquerque Clean Incoor Air Ordinance is
similar to regulations currently ineffect in
spproximately 490 other cities and cour.-
ties in the United States.? [a general,
these ordinances, like the one n Albu-
quergue, have been implemented with
iew problems and at very iintle cost to
local governments, and thev are strongly
supported by public opinion.S While
these types of ordinances donet provide
perfect protection, our measursments in-
dicate that people sitting in the no-smok-
ing areas of restaurants are exposed to
substantially lower concerntrations of en-
vironmenial tobacco smoke than those in
smoking areas. A systeratic monitoring
survey of a representative sample of pub-
lic places is necessary for a comprehen-
stve evaluation of the policy of establish-
ing no-smoking and smoking areas in
public buidings.
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