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Abstract

Background: Tobacco remains the leading cause of preventable death in the United States, with
41,000 deaths attributable to secondhand smoke (SHS) exposure. On July 30, 2018, the U.S.
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Department of Housing and Urban Development passed a rule requiring public housing authorities
to implement smoke-free housing (SFH) policies.

Objectives: Prior to SFH policy implementation, we measured self-reported and objective SHS
incursions in a purposeful sample of 21 high-rise buildings (>15 floors) in New York City (NYC):
10 public housing and 11 private sector buildings where most residents receive federal housing
subsidies (herein ‘Section 8’ buildings).

Methods: We conducted a baseline telephone survey targeting all residents living on the 3 floor
or higher of selected buildings: NYC Housing Authority (NYCHA) residents were surveyed in
April-July 2018 (n=559), and residents in ‘Section 8’ buildings in August-November 2018
(n=471). We invited nonsmoking household participants to enroll into a longitudinal air
monitoring study to track SHS exposure using: (1) nicotine concentration from passive, bisulfate-
coated nicotine filters and (2) particulate matter (PM, 5) from low-cost particle monitors. SHS was
measured for 7-days in non-smoking households (NYCHA n=157, Section 8 n=118 households)
and in building common areas (n=91 hallways and stairwells).

Results: Smoking prevalence among residents in the 21 buildings was 15.5%. Two-thirds of
residents reported seeing people smoke in common areas in the past year (67%) and 60% reported
smelling smoke in their apartments coming from elsewhere. Most stairwells (88%) and hallways
(74%) had detectable nicotine levels, but nicotine was detected in only 9.9% of non-smoking
apartments. Substantial variation in nicotine and PM> 5 was observed between and within
buildings; on average nicotine concentrations were higher in NYCHA apartments and hallways
than in Section 8 buildings (p<0.05), and NYCHA residents reported seeing smokers in common
areas more frequently.

Conclusions: SFH policies may help in successfully reducing SHS exposure in public housing,
but widespread pre-policy incursions suggest achieving SFH will be challenging.
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Introduction:

Tobacco remains the leading cause of preventable death in the United States, responsible for
more than 440,000 deaths annually, of which 41,000 deaths are attributable to secondhand
smoke (SHS) exposure.1:2

Low-income residents in urban settings, including residents in public housing, are at high
risk for SHS exposure compared to the general population for two reasons.3® First, despite
overall declines in smoking in the past 30 years, smoking rates among low-income residents
and residents living in public housing developments tend to be higher than in the general
population.3-6 Second, urban low-income and public housing residents also more likely than
higher income residents to live in multiunit housing, an environment that places all residents
at elevated risk for involuntary SHS exposure due to smoke accumulation compared to
residents living in detached housing.”-2 Numerous air quality studies have demonstrated that
that SHS accumulates in shared areas of MUH buildings such as hallways and stairwells and
transfers between apartments, placing non-smokers at risk for SHS exposure.’-10-12

Beginning July 301, 2018, per a rule passed by the federal Department of Urban
Development (HUD), all public housing authorities (PHAS) were required to implement
smoke free policies in their developments.13 While previous studies have examined
implementation impacts of smoke-free housing (SFH) policies on self-reported SHS
exposure, 1417 only a small number of studies have evaluated the impacts of SFH policies
on objectively measured SHS exposure metrics such as airborne nicotine concentrations or
particulate matter concentrations less than 2.5 micrometers in diameter (PMj 5),10:18-20
Results have been mostly inconclusive, with most studies documenting a modest post-policy
reduction in SHS in common areas, but studies have had limited sample size and follow up
duration.

As part of a larger natural experiment study to assess the impact of the SFH policy on health
outcomes, we completed a pre-policy baseline examination of self-reported SHS incursions
and objective air quality measures in a large sample of non-smoking households and
common areas in 21 select public and private sector high-rise developments comprised
predominantly of low-income residents in New York City (NYC). Currently, the NYC
Housing Authority (NYCHA) is the largest housing authority in the United States, with
more than 400,000 residents.2321 Nearly 100,000 additional NYC households receive rental
assistance in the form of housing vouchers, through a program known as Section 8, to
subsidize their rental costs for apartments in private sector buildings.22

We report here our pre-policy baseline findings on levels of SHS exposure in both public and
private sector multi-unit housing environments serving lower income residents. These
findings not only provide empirical evidence regarding the context in which the policy is
being introduced and thus the potential public health impacts of the policy if effectively
enforced, but also characterize the extent to which SHS exposure will continue to affect
lower-income residents living in private sector multi-unit housing. The current rule only
applies to public housing, leaving millions of residents nationwide residing in multi-unit
housing in the private sector, Section 8, and other voucher programs without policies
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prohibiting indoor smoking. Precisely because smoke-free policies in public housing settings
have strong potential for further reducing SHS exposure disparities, they require rigorous
evaluation to establish effectiveness and health impact to inform future smoke-free housing
policy development and practice for a wider array of residential settings.

Study Population and Procedures

We selected a purposeful sample of 21 high-rise buildings located in Manhattan and the
Bronx—10 public housing developments operated by NYCHA and 11 developments
operated by private building managers, in which most residents receive Section 8 housing
subsidy vouchers (herein “Section 8 buildings”). The following building eligibility criteria
were established to ensure homogeneity across buildings: (1) high-rise (> 15 floors); (2)
large resident population (>150 families); (3) 80% or greater of resident population black or
Hispanic (mirroring racial/ethnic distribution found in most NYCHA buildings); and (4)
20% or greater of resident population under the age of 18. Detailed information on the study
population and procedures has been described elsewhere.23

Resident Survey—We conducted a baseline resident survey by telephone, with ‘mop-up’
door-to-door enrollment in the 10 selected NYCHA buildings in April-July 2018,
immediately prior to the federal SFH rule going into effect, and in the 11 selected private-
sector buildings in August-November 2018. We targeted all households in selected buildings
with telephone numbers above the third floor to avoid the biasing influence of ambient
outdoor PM, 5 and SHS. Adults aged 18 and older who spoke English or Spanish were
eligible for participation; we invited one member per household to participate. The
telephone survey was 15 minutes in length and included questions about demographics,
cigarette smoking behavior, SHS incursions, knowledge about SHS, and support of smoke-
free policies. Self-reports of SHS incursions were obtained by asking the following
questions: “During the past 12 months, have you smelled cigarette smoke in your home that
comes from another apartment or from outside? [yes/no]” and “Do people currently smoke
in common areas such as lobbies, stairwells, hallways and elevators? [yes/no]”.2:8:13.24.25
The survey yielded 1,030 responses, for a response rate of 35.3% among NYCHA residents
(n=559) and 32.1% among Section 8 residents (n=471). Detailed information on the resident
survey is described elsewhere.23

Obijective Air Quality and Secondhand Smoke Measures—Following survey
completion, we invited survey participants from non-smoking households to participate in a
longitudinal air monitoring study. A volunteer sample of residents from 275 non-smoking
households enrolled (NYCHA n=157, Section 8 buildings n=118). Non-smoking households
were defined as having no household members who, at the time of enrollment, were known
to smoke cigarettes or use other tobacco products including cigars, cigarillos or e-cigarettes.
Detailed information on objective air quality and SHS measures are described elsewhere.23
Briefly, we placed passive, bisulfate-coated nicotine filters prepared by the Secondhand
Smoke Exposure Assessment Laboratory at Johns Hopkins University (http://
www.shsmonitoring.org/analysis/lab/ ) in resident living rooms to measure airborne nicotine
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concentration over a 7-day sampling period. The detection limit for the 7-day samples was
0.017 pug/m3. Alongside the nicotine filters, we also placed AirBeam monitors, novel low-
cost particle sensors 28 that have been shown to be successful and reproducible in
monitoring ambient PM 27 | in order to measure airborne PM concentrations over the same
7-day period. AirBeam monitors were individually calibrated with cigarette smoke in a
dynamic exposure chamber against a DataRam PDR 1500 instrument—a more advanced,
manufacturer-calibrated light scattering PM, 5 monitoring instrument (Thermo Scientific).28
Linear calibration curves were generated, creating best fit and regression equations to apply
to the PM, 5 values in our sample. In addition to air monitoring in non-smoking households,
we also placed passive nicotine filters in 2 randomly selected hallways and 2 randomly
selected stairwells (target of n=20 each in NYCHA and n=22 each in Section 8) per building
to assess the presence of nicotine in common areas.

Data Analysis:

From survey responses, we estimated the percentage of self-reported smokers and
prevalence of SHS incursions in NYCHA and Section 8 buildings, and we compared
differences using a Chi-Square test. Although non-smoking households were defined as
having no household members known to smoke cigarettes or use other tobacco products at
the time of the survey, during air monitoring data collection, we identified some evidence of
indoor smoking (by a resident or guest) in 8 households, and their data were excluded. In
addition, we excluded 7 households from analysis where there was evidence of AirBeam
monitor malfunction. In common areas, additional air filters were placed in hallways when
hallways contained a central common area (5 additional filters in NYCHA and 2 in Section
8). Nine common area observations were excluded from analysis due to equipment
tampering. Our final effective baseline sample for common area dwellings was 39 stairwells
(n=20 for NYCHA and n=19 for Section 8) and 42 hallways (n=19 for NYCHA and n=23
for Section 8). We calculated the geometric means for airborne nicotine concentrations in
NYCHA and Section 8 buildings and compared differences using Wilcoxon Rank Sum Test.
We estimated the percentage of detectable nicotine in NYCHA and Section 8 buildings
(defining non-smoking apartments and building common areas as above the level of
detection if their nicotine concentration was >0.017 pug/m3)23 and compared differences
using a Chi-Square test. All estimates were computed separately for common areas
(stairwells and hallways) and non-smoking apartments. We calculated the means for PM5 5
in NYCHA and Section 8 non-smoking apartments and compared differences using
independent t-tests. Lastly, we estimated the percentage of non-smoking apartments in
NYCHA and Section 8 buildings with PM> 5 levels above the Environmental Protection
Agency (EPA) annual standard of 12.0 pg/m3, and compared differences using a Chi-Square
test.29 All estimates were considered statistically significant if their p-value from a two-
tailed test was <0.05. Previous studies have assessed the validity of self-reported SHS
exposure against nicotine and cotinine levels and have found good agreement between the
measures.39 All analysis were performed using SAS 9.4 software.
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In part reflecting building eligibility criteria, the demographic composition and prevalence
of smoking among residents living in NYCHA and Section 8 buildings were highly
comparable (p>0.05) (Table 1). Detailed information on socio-demographic characteristics
for non-smoking households enrolled into the longitudinal air monitoring study is described
elsewhere.23 Overall smoking prevalence among residents in the 21 selected buildings was
15.5%. Nearly three quarters (73.5%) of residents had smoke-free policies in their homes,
two-thirds (67.4%) of residents reported seeing smoke in the common areas, and more than
half (60.0%) of residents reported smelling cigarette smoke in their home over the past year,
coming from the outside (Table 1). Smoking habits and personal smoke-free housing
policies were largely comparable between NYCHA and Section 8 building residents.
However, residents of NYCHA reported seeing smoking in common areas with higher
frequency than residents of Section 8 buildings (77.3% NYCHA, 55.6% Section 8,
p<0.0001).

Air quality monitoring results indicated evidence of widespread cigarette smoking in indoor
common areas such as stairwells and hallways (Table 2). More than three quarters of
common areas (87.5% of stairwells and 73.8% of hallways) had levels of detectable
nicotine. Compared to hallways in Section 8 buildings, hallways in NYCHA buildings had a
significantly higher mean (SD) airborne nicotine concentrations (NYCHA = 0.45 (0.16)
pg/m3, Section 8 = 0.09 (0.03) pg/m3, p=0.004) and higher percentages of detectable
nicotine (NYCHA = 89.5%, Section 8 = 60.9%, p=0.036). Compared to stairwells in Section
8 buildings, stairwells in NYCHA buildings had slightly higher mean (SD) airborne nicotine
concentrations, but differences were not statistically significant (NYCHA = 0.43 (0.11)
pg/m3, Section 8 = 0.24 (0.10) pg/m3, p=0.371). The overall airborne nicotine concentration
for non-smoking households in public and private sector high-rise buildings was 0.021
pg/m3. 9.9% of non-smoking households had levels of nicotine above the detection limit of
0.017 ug/m3.23 Compared to non-smoking Section 8 households, a higher proportion of non-
smoking NYCHA households had detectable nicotine levels (NYCHA = 13.1%, Section 8 =
5.5%, p=0.041).

More than half (83.1%) of non-smoking households in our sample had PM, 5 measurements
above the EPA annual standard of 12 pg/m3. The mean (SD) household PM, 5 concentration
was 20.96 (10.73) pg/m3 for all households. Compared to households in Section 8 buildings,
a higher proportion of households in NYCHA buildings had elevated (i.e., above 12 pug/m3)
PM, 5 levels (NYCHA = 89.8%; Section 8 = 74.3%, p=0.001).

Air quality monitoring results showed substantial between- and within-building variability
across our sample of 21 buildings (Figures 1a and 1b). Across the 275 enrolled non-smoking
households, airborne nicotine concentrations ranged from 0.017 pg/m? to 2.798 ug/m3, and
PM, 5 concentrations ranged from 3.96 pg/m3 to 73.95 ug/m?3. Airborne nicotine
concentrations measured in building common areas (n=91) ranged from 0.017 pg/m3 to 5.04
pg/m3. More notably, building-level variation appeared greater across stairwells of Section 8
buildings compared to stairwells in NYCHA buildings.
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Discussion:

In this large-sample assessment of SHS exposure in low-income, subsidized housing in
NYC, conducted prior to implementation of the nationwide smoke-free housing policy for
PHAs, we found a high prevalence of SHS exposure in both public and private sector high-
rise buildings. While all 21 buildings in our sample had policies banning smoking in
common areas prior to policy implementation, most residents reported seeing people smoke
in indoor common areas and we found high levels of detectable nicotine in stairwells and
hallways, confirming that widespread indoor cigarette smoking occurs in low-income,
subsidized housing in NYC.

Airborne nicotine concentrations were significantly greater in hallways in NYCHA
buildings compared to Section-8 buildings, as were percentages of detectable nicotine,
suggesting a greater propensity for cigarette smoking in the NYCHA building indoor
common areas, at least in our sample of buildings, yet both building settings had extensive
documentation of SHS exposure, particularly in common areas. We also identified that a
majority non-smoking households in our sample had average PM 5 levels above the EPA’s
annual standard of 12 pg/m3, although the source of indoor PM in our measurements was
unclear. Previous research has demonstrated a strong correlation between fine particles and
tobacco smoke811.12  yet only 9.9% of homes had detectable nicotine levels. Overall, our air
quality measures, in combination with the residents’ self-reported measures of SHS
exposure, provide evidence of widespread indoor cigarette smoking in low-income,
subsidized MUH in NYC.

To our knowledge, this study includes the largest sample of non-smoking households and
building common areas (stairwells and hallways) to measure SHS incursions residential
high-rise developments, with plans to measure incursions longitudinally for up to 2.5 years
post-policy. Previous studies have measured objective SHS incursions prior to SFH policy
implementation in smaller sample of households and building common areas810:19.20 One
previous study conducted across five Boston Housing Authority (BHA) developments
recruited 40 households, comprised of smoking and non-smoking households, as well as 10
common building areas to objectively measure SHS incursions prior to the implementation
of federal SFH policies.1919 Another study recruited 49 low-income MUH residences in the
greater Boston area to objectively measure nicotine concentrations among smoking and non-
smoking households.8 A third study recruited 172 households across Philadelphia public
housing developments to objectively measure airborne nicotine concentrations in non-
smoking households.29 Importantly, it also prospectively measures SHS incursions in private
sector multi-unit housing serving other lower-income residents not affected by the SFH
policy, allowing for a sustained investigation into policy approaches to reduce disparities in
two settings that have disproportionately been affected by SHS and other poor housing
quality exposures.

For building-wide smoke-free policies to be effective, PHA agencies will need to provide
consistent support to help residents develop a culture of adherence.31:32 Prior to the
implementation of SFH policy, residents expressed how PHAS needed to communicate the
benefits of the policy in an effective manner, and provide smokers with alternatives to
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smoking, i.e. smoking cessation resources to maximize implementation effectiveness.33-3
Achieving the goal of smoke-free housing will be challenging given the high volume of
residents in NYC living in public housing and the limited number of resources available.
Thus, as part of our larger natural experiment study to measure health outcomes, we also
aim to study the post-implementation process in order to better understand challenges PHAs
face during implementation and to offer guidance to optimize implementation effectiveness.
33 Broadly, evaluating the HUD policy presents an important opportunity to elucidate the
health and health equity benefits and effectiveness of SFH policies in residential settings. In
the past 30 years, a large body of evidence has documented health hazards from SHS
exposure, including elevated risk for cancers, coronary artery disease, stroke, and serious
respiratory problems in adults, and congenital defects, sudden infant death syndrome, lower
respiratory infections, middle ear infections, and asthma among children.36:37 While the
potential for health benefits from smoke-free housing regulations is clear, the actual short-
and long-term health impacts of such a policy at improving health and health equity are as
yet unknown. Findings of pervasive high SHS exposure in this baseline study are an
important reminder of the importance of policy strategies to remediate and improve housing
quality in disadvantaged neighborhoods. However, to achieve health equity in housing,
additional strategies to will be needed to also address housing affordability, and residential
stability.

Strengths and Limitations

Our study had a number of strengths. We engaged a very large and diverse sample of low-
income residents living in high-rise multiunit housing in NYC to collect self-reported and
objective air quality data on 275 nonsmoking households and more than 90 common areas
(stairwells and hallways). Previous studies have found good agreement between self-
reported SHS exposure and nicotine levels.3% By sampling public housing and private sector
buildings, we were able to contrast SHS exposures between the two settings. A key attribute
of the study is that we collected data prior to implementation of a nationwide HUD smoke-
free housing policy for PHAs. These findings thus provide a robust baseline assessment of
SHS, both in a setting where the policy will be implemented and in a setting in which it will
not. At the same time, our study had a number of limitations. First, AirBeam monitors used
for our study continuously measured PM in one-minute intervals using light scattering
techniques,38 a method that can be subject to error. To improve the accuracy of our data and
minimize error, we systematically applied calibration curves to our PM data. While prior
studies have found strong correlation between fine particles and tobacco smoke, 81112 fine
particles are not specific to tobacco smoke and can result from other sources. Second, our
study consists of 21 purposefully selected public and private sector high-rise buildings in
NYC,; therefore, our findings may not be generalizable to all MUH settings. The narrow
focus of this study provides an important starting point for further investigations. While
achieving complete SFH goals may be challenging, reducing SHS exposure for low-income
residents in urban settings, where most residents require public housing, may improve short-
and-long term health quality, creating a more equitable health environment.
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Conclusion:

Our findings confirm that residents living in low-income, subsidized housing in NYC are at
elevated risk of exposure to SHS. Implementation of smoke-free policies may help in
successfully reducing exposure to SHS in low-income MUH. To better understand the
impact of the HUD smoke-free housing policy on reducing SHS exposure, longitudinal
objective air monitoring studies are needed.
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Abbreviation:

SHS Secondhand Smoke

HUD Department of Housing and Urban Development

PHA Public Housing Authority

SFH Smoke-Free Housing

PM 2.5 Particulate Matter 2.5

NYCHA New York City Housing Authority
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Highlights:

. SFH policies have been implemented across PHAs nationwide

. We measured self-reported and objective SHS incursions in low-income
MUH in NYC

. Most stairwells (88%) and hallways (74%) had detectable levels of nicotine

. Substantial variation in nicotine and PM> 5 was observed between and within
buildings

. SFH policies may help in successfully reducing SHS exposure in public
housing
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Figure la.
Particulate Matter , 5 Levels, Between-and-Within Building Variability for Low-Income

MUH in NYC
*N=242 (NYCHA= 137, Section 8=105)
* PM, 5 levels were calculated using the EPA standard of 12 pg/m?3
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Figure 1b.

Airborne Nicotine Levels, Between-and-Within-Building Variability for Low-Income MUH

inNYC

*Apartments n=263 (NYCHA= 153, Section 8=110); Stairwells n=39 (NYCHA=20, Section
8=19); Hallways n=42 (NYCHA= 19, Section 8=23)
*Nicotine levels were calculated using %2 L.O.D. for any values below the detection limit of

0.017 pg/m3
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Table 1.

Overall  NYC Housing Comparison
(n=1030) Authority “Section 8”
Residents Residents (n=471)
(n=559)
% % % p-value

Demographic Characteristics
Children in home (under the age of 18) 37.8 37.4 38.3 0.768%
Education Level (< High School) 22.7 24.3 20.7 0.031%
Spanish Language 28.4 28.5 28.3 0.852%
Self-Reported Cigarette Smoking Behaviors
Current smoker 15.5 15.7 15.2 0.829%
Smokers in the home 10.4 9.9 11.0 0573%
Smoke-free policy in the home 735 74.6 72.2 0.368%
Self-Reported Secondhand Smoke Incursions
Seeing smoke in common areas 67.4 77.3 55.6 <0.0001%
Smelling cigarette smoke, past year 60.0 62.3 57.2 0.095%

a*p-values based on Chi-Square Test for Independence
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Table 2.
Pre-Policy Air Quality Findings in the Longitudinal Study for those Enrolled in the Baseline Air Sampling
Study
Overall NYC Housing Comparison
Authority “Section 8”
Residents Residents
N Mean (SD) N Mean (SD) N Mean (SD)  p-value
or % or % or %
Stairwell 39 20 19
Nicotine Geomean 0.32 (0.08) 0.43 (0.11) 0.24 (0.10) 0 3711)
d,
% above LOD® 87.5 94.7 81.0 0.1887
Hallway 42 19 23
Nicotine Geomean 0.19 (0.05) 0.45 (0.16) 0.09 (0.03) 0 0041)
d,
% above LOD%¢ 73.8 89.5 60.9 0.036'3
Apartment
Airborne Nicotine Level 263 153 110
Nicotine Geomean 0.021 (0.001) 0.023 (0.002) 0.019 (0.001) 1,08
d,
% above LOD®®¢ 9.9 131 55 0.041%
Particulate Matter ,5 Level 242 137 105
PM , 5 Mean 20.96 (10.73) 22.10 (10.80) 19.48 (10.49) o€
0,
% above EPA Standard 83.1 89.8 74.3 0.001%

a*p—values based on Chi-Square Test for Independence

b )
*p-values based on Wilcoxon Rank Sum Test

c*p—values based on Independent T-Test

*Nicotine levels were calculated using %2 L.O.D. for any values below the detection limit of 0.017 pg/m3

*PM2 5 levels were calculated using the EPA standard of 12 ug/m

3
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