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Abstract 
Introduction: In July 2018, the U.S. Department of Housing and Urban Development passed a rule requiring public housing authorities to im-
plement smoke-free housing (SFH) policies. We measured secondhand smoke (SHS) exposure immediately before, and repeatedly up to 36 
months post-SFH policy implementation in a purposeful sample of 21 New York City (NYC) high-rise buildings (>15 floors): 10 NYC Housing 
Authority (NYCHA) buildings subject to the policy and 11 privately managed buildings in which most residents received housing vouchers (herein 
“Section 8”).
Aims and Methods: We invited participants from nonsmoking households (NYCHA n = 157, Section-8 n = 118) to enroll in a longitudinal air 
monitoring study, measuring (1) nicotine concentration with passive, bisulfate-coated filters, and (2) particulate matter (PM2.5) with low-cost 
particle sensors. We also measured nicotine concentrations and counted cigarette butts in common areas (n = 91 stairwells and hallways). We 
repeated air monitoring sessions in households and common areas every 6 months, totaling six post-policy sessions.
Results: After 3 years, we observed larger declines in nicotine concentration in NYCHA hallways than in Section-8, [difference-in-difference (DID) 
= −1.92 µg/m3 (95% CI –2.98, −0.87), p = .001]. In stairwells, nicotine concentration declines were larger in NYCHA buildings, but the differences 
were not statistically significant [DID= −1.10 µg/m3 (95% CI −2.40, 0.18), p = .089]. In households, there was no differential change in nicotine 
concentration (p = .093) or in PM2.5 levels (p = .385).
Conclusions: Nicotine concentration reductions in NYCHA common areas over 3 years may be attributable to the SFH policy, reflecting its 
gradual implementation over this time.
Implications: Continued air monitoring over multiple years has demonstrated that SHS exposure may be declining more rapidly in NYCHA 
common areas as a result of SFH policy adherence. This may have positive implications for improved health outcomes among those living in 
public housing, but additional tracking of air quality and studies of health outcomes are needed. Ongoing efforts by NYCHA to integrate the SFH 
policy into wider healthier-homes initiatives may increase policy compliance.

Introduction
Secondhand smoke (SHS) exposure is one of the leading 
causes of premature death in the United States and is at-
tributable to nearly 34  000 deaths among nonsmokers.1–3 
According to reports from the U.S. Surgeon General’s Office, 
2.5 million nonsmoking adults have died from SHS expo-
sure since 1964.1,3 Exposure to SHS is linked to numerous 
health problems in infants and children, including more fre-
quent and severe asthma attacks, respiratory infections, ear 

infections, and sudden infant death syndrome.4–7 While many 
communities and states have adopted smoke-free laws within 
public places such as worksites, bars, and restaurants, those 
living within multiunit housing are at risk of involuntary SHS 
exposure at home.4,6–8

The U.S. Department of Housing and Urban Development 
(HUD) passed a rule effective July 2018 requiring all public 
housing authorities (PHAs) to implement smoke-free hous-
ing (SFH) policies in their developments, prohibiting residents 
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from smoking within their residences, common areas (i.e. 
lobbies, elevators, stairwells, and hallways), and a 25-foot pe-
rimeter of all developments.9,10 A few studies have prospec-
tively evaluated policies aimed at reducing SHS exposure by 
prohibiting smoking within multi-unit housing, but due to 
limitations in sample size and follow-up duration, results are 
inconclusive.11–13

Previously, we reported changes in air quality from  
pre-to-12 months post-SFH policy implementation in a large 
sample of nonsmoking households and common areas of 
10 high-rise New York City Housing Authority buildings 
(NYCHA), and contrasted the 1-year longitudinal findings 
with a comparison group of 11 private sector buildings 
of comparable size and population make-up (section-8 
buildings).14 At that time, we found no differential change in 
SHS in NYCHA buildings compared to the matched private 
buildings, using objective air quality measures of air nicotine 
concentration and particulate matter less than 2.5 µm diame-
ter (PM2.5). Since then, we have continued to evaluate the im-
pact of SFH policy on SHS exposure and health outcomes. We 
present here air quality trajectory findings up to 36 months 
post-SFH policy implementation in all 21 NYCHA and com-
parison buildings as an evaluation of the long-term impact of 
SFH policy on SHS exposure.

Methods
Study Population
As described in detail elsewhere, for this quasi-experimental 
study we selected a purposeful sample of 21 high-rise buildings 
located in upper Manhattan and the Bronx, including 10 
NYCHA buildings subject to the SFH policy and 11 section-8 
buildings with no defined SFH policies. The following building 
eligibility criteria, based on the NYCHA Tenant Data System, 
were established to maximize homogeneity between groups: 
(1) high-rise buildings (>15 floors), (2) large resident popula-
tion (>150 units), (3) at least 80% of the resident population 
were Black or Hispanic individuals, and (4) at least 20% of the 
resident population was younger than 18 years.15

Study Design and Procedures
We conducted a baseline telephone survey, with mop-up 
“door-to-door” efforts, to assess smoking prevalence and ex-
perience with SHS incursions immediately before the policy 
went into effect. We found the NYCHA and section-8 settings 
to be comparable in sociodemographic characteristics (i.e. 
language spoken and the number of minor-aged children in 
the home), cigarette smoking behaviors, and self-reported sec-
ondhand smoke measures. Detailed information on the study 
design, recruitment, and comparability of arms can be found 
elsewhere.15 We invited a volunteer sample of 275 nonsmok-
ing households (NYCHA n = 157; Section-8 n = 118) to en-
roll in the longitudinal air monitoring study. In each setting, 
we measured air quality for a period of 7 days at 6-month 
intervals. Twelve households were excluded from the anal-
ysis based on evidence of indoor smoking or incomplete 
air quality data at baseline, for an initial analytic sample of 
263 nonsmoking households (NYCHA n=153; section-8 n = 
110). Of the 263 households enrolled at baseline, an addi-
tional 19 households moved out of the air monitoring sam-
pling buildings, which resulted in an analytic sample of 244 
households assessed in this study (NYCHA n = 139; Section-8 
n = 105).

We completed a total of six post-policy sessions: From 6 
months (December 2018–March 2019) to 36 months post-
policy (May–September 2021). We prematurely stopped data 
collection at the end of the third post-policy session at 18 
months (December 2019–March 2020) because of COVID-19 
pandemic restrictions but resumed air monitoring in com-
mon areas at 24 months (April–September 2020) and in non-
smoking households at 30 months (December 2020–March 
2021). We completed air monitoring 36 months after the pol-
icy in 189 of the 244 households, for a 3-year response rate 
of 77.5%. We also monitored air quality in two randomly 
selected hallways and two randomly selected stairwells per 
building for a period of 7 days for each wave (NYCHA n = 45 
measurements; section-8 n = 46 measurements).

Objective Air Quality Measures
The primary objective air quality measure was airborne nico-
tine, measured over a period of 7 days using passive, bisulfate-
coated filters that were placed in the living rooms of enrolled 
nonsmoking households and common areas (stairwells and 
hallways). Filters were prepared and analyzed at Johns 
Hopkins University Bloomberg School of Public Health 
using the school’s Secondhand Smoke Exposure Assessment 
Laboratory standard operating procedures. The nicotine 
level of detection (LOD) for 7-day samples was 0.017µg/m3. 
Our secondary and tertiary measures were: (1) indoor PM2.5 
levels, obtained in households only using calibrated low-cost 
AirBeam particle sensors (HabitMap), and (2) mean ciga-
rette butt counts in common areas obtained twice per wave 
in four randomly selected hallways and 2 randomly selected 
stairwells in the bottom 10 floors per building. We performed 
additional statistical analyses to review the distribution of 
PM 2.5 values in our selected sample. The distribution of val-
ues followed a normal distribution, which strengthened our 
decision to report mean values for PM 2.5. Detailed informa-
tion on the study methods is described elsewhere.15

Statistical Analysis
We calculated air nicotine geometric means and estimated 
the percentage of filters with levels of detectable nico-
tine. Estimates were computed separately for nonsmoking 
households and common areas (stairwells and hallways). We 
calculated indoor PM2.5 means and the percentage of readings 
with levels greater than the Environmental Protection Agency 
annual health standard of 12.0 µg/m3.16 Finally, we calcu-
lated cigarette butt count means, separately for stairwells and 
hallways. We plotted the long-term trends in airborne nicotine 
concentrations with 95% CI for each wave of data collection, 
from pre-policy to 36 months post-policy implementation.

We used a difference-in-difference (DID) approach to com-
pare within-group changes in air quality between NYCHA 
and section-8 buildings from pre-policy to 36 months after 
SFH policy implementation using a mixed linear regression 
model for the three measures of interest (air nicotine, indoor 
PM2.5, and cigarette butt counts). We modeled our air nico-
tine outcome by taking the natural log of the original nic-
otine concentration to account for skewness. All regression 
models included fixed effects for the study arm (NYCHA vs. 
section-8), data collection wave (pre-policy and subsequent 
six waves after policy implementation), and their interaction. 
We adjusted for clustering of units nested within buildings 
and repeated measurements over time. The DID estimates 
compared the magnitude of within-group change in NYCHA 
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versus section-8 buildings at 36 months. Exact p-values were 
reported, where α = 0.05, using a 2-sided test. All analyses 
were performed using SAS statistical software, version 9.4 
(SAS Institute).

Results
Immediately prior to the SFH policy going into effect, air-
borne nicotine and indoor PM2.5 concentrations were higher 
in NYCHA buildings compared to section-8 (Figure 1, 
Supplementary Table 1). Nicotine was detected in nearly all 

NYCHA hallways (89.5%) and stairwells (94.7%), but only 
in 13.1% of nonsmoking households.14,17 In summer 2021, 36 
months after policy implementation, nicotine concentrations 
remained higher in NYCHA settings for nonsmoking 
households but had declined more rapidly in both common 
areas compared to section-8 (Figure 1).

In NYCHA common areas, differential reductions in air 
nicotine compared with similar settings in section-8 were 
attributed to SFH policy (Table 1). In households, temporal 
changes in air nicotine were similar between NYCHA and 
section-8 settings. In contrast, the magnitude of differential 
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Figure 1. Change in air nicotine levels from pre-policy to three years post-SFH policy implementation in two low-income, subsidized housing settings in 
NYC, 2018–2021.
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change in air nicotine was significantly larger in NYCHA 
hallways [DID= −1.92 µg/m3 (95% CI −2.98, −0.87), p = 
.001]. Of note, air nicotine dropped consistently in NYCHA 
hallways from pre-policy [0.43(0.11) µg/m3] through 
36 months post-policy [0.04(0.01) µg/m3]. In stairwells, 
decreases in air nicotine were larger in NYCHA buildings 
[DID= −1.10 µg/m3 (95% CI −2.40, 0.18), p = .089], but 
the differences were not statistically significant or consist-
ent throughout assessment time. Notable declines in air 
nicotine in NYCHA stairwells occurred from 24 months 
post-policy [0.39(0.12) µg/m3] through 36 months post-
policy [0.07(0.02) µg/m3]. There was no differential change 
in indoor PM2.5 levels for nonsmoking households between 
comparison groups, although we observed slightly larger 
declines in section-8 (Supplementary Table 1). Likewise, 
differential change in variability in average cigarette butt 
counts in stairwells and hallways was also not statistically 
significant.

Discussion:
This long-term analysis stems from a larger-scale natural ex-
periment designed to evaluate whether a federal policy to 
ban smoking in PHA buildings is associated with improve-
ment in air quality and reductions in tobacco-related health 
outcomes over time. Our findings presented here suggest 
that levels declined differentially in NYCHA common areas 
(stairwells and hallways) 3 years after policy introduction 
compared to section-8 buildings, where levels of detecta-
ble nicotine were high. In contrast, we found no differential 
change in levels of air nicotine observed in NYCHA non-
smoking households compared with nonsmoking households 

in section-8 buildings, where levels were substantially lower 
at baseline. Overall, results suggest that NYCHA residents 
might be smoking less frequently in common areas, partic-
ularly in more visible areas such as hallways. It is plausi-
ble that these declines may be attributable to SFH policy. 
Evidence accrued over three years suggests that resident in-
door smoking behaviors change slowly after policy imple-
mentation, as these differences were not detected in our first 
published results on 1-year post-policy effects. Continued 
assessment can confirm whether these reductions con-
tinue their downward trajectories, potentially because of 
increased adherence to the SFH policy, or whether results 
plateau over time.

To the best of our knowledge, this is one of the few long-
term prospective studies to empirically evaluate the associa-
tion between SHS exposure and SFH policy using objective air 
quality measures such as airborne nicotine and indoor PM2.5. 
Previous studies have evaluated the immediate consequences 
of HUD policy, or other voluntary SFH policies that were 
adopted within PHAs,11–13 but to the best of our knowledge 
evidence of reduced SHS exposure over multiple years has 
not been evaluated. While modest reductions in air nicotine 
levels were observed in NYCHA versus section-8 common 
areas over time in this study, we cannot rule out the possi-
bility this may be because of the chance. It is, however, note-
worthy that NYCHA management has scaled up community 
engagement and enforcement over time, with the strongest 
efforts occurring in 2020 onward (Supplementary Figure 1). 
Across all developments, over 8500 signs have been installed 
and beginning from 2020, cessation working groups and SFH 
liaison programs were launched and have scaled citywide. 
To date, no evictions have occurred. Instead, cessation teams 

Table 1. Difference-in-Difference Model Results for Change in Air Quality Measures From Before to 36 Months Post-SFH Policy Implementation Across 
Two Low-Income Subsidized Housing Settings in NYC.

Effect Mean difference (µg/m3) Pre-policy to 
36 months post-policy MD (95% CI) 

Difference-in-difference 
estimate (µg/m3) (95% CI) 

p-Value 

Airborne nicotine concentration

Stairwells

NYCHA −1.78 (−2.71, −0.84) −1.10 (−2.40, 0.18) .089

Section-8 −0.67 (−1.56, 0.22)

Hallways

NYCHA −2.37 (−3.14, −1.60) −1.92 (−2.98, −0.87) .001

Section-8 −0.44 (−1.16, 0.28)

Apartments

NYCHA 0.18 (−0.05, 0.41) 0.31 (−0.05, 0.67) .093

Section-8 −0.13 (−0.40, 0.14)

Indoor particulate matter2.5

Apartments

NYCHA −5.80 (−8.28, −3.32) 1.70 (−2.15, 5.54) .385

Section-8 −7.50 (−10.45, −4.55)

Cigarette butt counts

Stairwells

NYCHA 1.95 (−4.46, 8.36) 3.40 (−5.45, 12.26) .431

Section-8 −1.45 (−7.57, 4.66)

Hallways

NYCHA −0.55 (−2.83, 1.73) 0.31 (−2.83, 3.47) .843

Section-8 −0.86 (−3.04, 1.31)
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have conducted outreach to nearly 200 households with pol-
icy violations. Ongoing evaluation of air quality and health 
outcomes is needed to continue to ascertain the potential 
effects of active implementation of SFH policies at reducing 
indoor SHS exposure, as well as to identify barriers to imple-
mentation.18

Our analysis has limitations. First, buildings were pur-
posely selected for air monitoring and were not randomly 
chosen, which might limit the generalizability of findings to 
all NYC public housing buildings, as well as PHA elsewhere. 
Building criteria were determined apriori with consultation 
from NYCHA managers, incorporating factors likely to affect 
recruitment or longitudinal air quality monitoring. Second, 
air quality monitoring equipment is subject to variability. To 
account for variability within devices used to measure indoor 
PM2.5, we calibrated all low-cost particle sensors before each 
sampling wave using cigarette smoke. Evidence supports that 
PM2.5 is a valid surrogate of changes to indoor smoking along 
with airborne nicotine, which has been extensively validated 
to detect SHS.13,19,20 Third, there is potential for indoor air 
quality measurements to be impacted by seasonality, with up-
ward trends occurring during the winter months. However, 
employing a quasi-experimental design over 3 years, where 
data collection across both NYCHA and section-8 settings 
was matched by season, supports robust methods to account 
for seasonality in PM2.5. Fourth, our DID analysis only ac-
counts for one pre-policy wave of data collection, which 
might limit the ability to verify parallel trends assumption in 
comparison groups before the policy goes into effect.

Conclusion
These findings suggest that in its third year as implementation 
efforts have increased, a federally funded SFH policy applied 
to PHA may be effective at reducing SES exposure in common 
areas, with the most pronounced effects in hallways. HUD 
SFH policy was not, however, associated with reduced indoor 
air nicotine levels in households. The findings also suggest that 
continued efforts in community engagement and policy en-
forcement are needed for optimal policy effectiveness.

Supplementary Material
A Contributorship Form detailing each author’s specific in-
volvement with this content, as well as any supplementary 
data, are available online at https://academic.oup.com/ntr.

Funding
This study was sponsored by a grant R01 CA220591 
from the National Cancer Institute, National Institutes of 
Health. Additional support for Dr. Thorpe was provided 
by two grants: (1) U48DP006396 from the US Centers for 
Disease Control and Prevention, and (2) P2C ES033423 
from National Institute for Environmental Health Sciences 
(NIEHS). Additional support for Dr. Gordon was provided 
from the following NIEHS Center grant (ES000260).

Declaration of Interest
The authors have no competing interests to disclose at this 
time.

Institutional Review Board Statement: The study was 
approved by the New York University Grossman School of 

Medicine’s Institutional Review Board (i17-00968, approved 
29 August 2017).

Data Availability
All relevant data is contained within the article.

Acknowledgments
Anne-Marie Flatley and Andrea Mata of the New York City 
Housing Authority provided critical support for all aspects of 
data collection and gave critical comments on the final draft of 
the manuscript. They did not receive financial compensation.

Author Contributions
Conceptualization LET, TG, EA; Methodology LET, EA, 
TG, KW; Data Curation EA EG AT; Formal analysis EA KW; 
Funding Acquisition LET DS; Supervision LET DS TG KW; 
Visualization EA LET TG; Writing-original draft EA LET 
TG; Writing-review and edit, all authors; All authors have 
read and agreed to the published version of the manuscript.

References
1. Office on Smoking and Health (US). The Health Consequences of 

Involuntary Exposure to Tobacco Smoke: A Report of the Surgeon 
General. Atlanta (GA): Centers for Disease Control and Prevention 
(US); 2006. https://www.cdc.gov/tobacco/sgr/2006/index.htm[last 
accessed on August 10, 2022].

2. California Environmental Protection Agency. Proposed Identifica-
tion of Environmental Tobacco Smoke as a Toxic Air Contami-
nant. Sacramento (CA): Office of Environmental Health Hazard 
Assessment CEPA, ed; 2005:7-1–7-162. [last accessed on August 
18, 2022].

3. National Center for Chronic Disease P, Health Promotion Of-
fice on S, Health. Reports of the Surgeon General. The Health 
Consequences of Smoking-50 Years of Progress: A Report of the 
Surgeon General. Atlanta (GA): Centers for Disease Control and 
Prevention (US); 2014. [last accessed on August 18, 2022].

4. Perlman SE, Chernov C, Farley SM, et al. Exposure to secondhand 
smoke. Nicotine Tob Res. 2016;18(11):2065–2074.

5. Wilson KM, Klein JD, Blumkin AK, et al. Tobacco-smoke exposure 
in children. Pediatrics. 2011;127(1):85–92.

6. Tsai J, Homa DM, Gentzke AS, et al. Exposure to secondhand 
smoke among nonsmokers. MMWR Morb Mortal Wkly Rep. 
2018;67(48):1342–1346.

7. Walton K, Gentzke AS, Murphy-Hoefer R, et al. Exposure to 
secondhand smoke in homes and vehicles. Prev Chronic Dis. 
2020;17:E103. doi:10.5888/pcd17.200107.

8. King BA, Cummings KM, Mahoney MC, et al. Multiunit hous-
ing residents’ experiences and attitudes. Nicotine Tob Res. 
2010;12(6):598–605.

9. U.S. Department of Housing and Urban Development (HUD). 
Instituting Smoke-Free Public Housing. Secondary Instituting 
Smoke-Free Public Housing 2016. https://www.federalregister.gov/
documents/2016/12/05/2016-28986/instituting-smoke-free-public-
housing. Accessed September 7, 2022.

10. US Department of Housing and Urban Development. Instituting 
Smoke-Free Public Housing: A Proposed Rule by the Housing 
and Urban Development Department. 2015. https://www.hud.
gov/sites/documents/SMOKEFREEPHFINALRULE.PDF. Accessed  
September 7, 2022.

11. MacNaughton P, Adamkiewicz G, Arku RE, et al. The impact of 
a smoke-free policy. Sci Total Environ. 2016;557-558:676–80. 
doi:10.1016/j.scitotenv.2016.03.110.

12. Plunk AD, Rees VW, Jeng A, et al. Increases in secondhand smoke. 
Nicotine Tob Res. 2020;22(12):2254–2256.

https://academic.oup.com/ntr
https://www.cdc.gov/tobacco/sgr/2006/index.htm
https://doi.org/10.5888/pcd17.200107
https://www.federalregister.gov/documents/2016/12/05/2016-28986/instituting-smoke-free-public-housing
https://www.federalregister.gov/documents/2016/12/05/2016-28986/instituting-smoke-free-public-housing
https://www.federalregister.gov/documents/2016/12/05/2016-28986/instituting-smoke-free-public-housing
https://www.hud.gov/sites/documents/SMOKEFREEPHFINALRULE.PDF
https://www.hud.gov/sites/documents/SMOKEFREEPHFINALRULE.PDF
https://doi.org/10.1016/j.scitotenv.2016.03.110


169Nicotine and Tobacco Research, 2023, Vol. 25, No. 1

13. Klassen AC, Lee NL, Pankiewicz A, et al. Secondhand Smoke expo-
sure. Tob Regul Sci. 2017;3(2):192–203.

14. Thorpe LE, Anastasiou E, Wyka K, et al. Evaluation of secondhand 
smoke exposure. JAMA Netw Open. 2020;3(11):e2024385.

15. Cardozo RA, Feinberg A, Tovar A, et al. A protocol for measur-
ing the impact. BMC Public Health. 2019;19(1):666. doi:10.1186/
s12889-019-7043-3.

16. EPA. 2013. National ambient air quality standards for particulate 
matter. Pub. L. No. 40 CFR Parts 50, 51, 52, 53, and 58. Envi-
ronmental Protection Agency. http://www.gpo.gov/fdsys/pkg/FR-
2013-01-15/pdf/2012-30946.pdf.

17. Anastasiou E, Feinberg A, Tovar A, et al. Secondhand smoke expo-
sure in public and private. Sci Total Environ. 2020;704:135322. 
doi:10.1016/j.scitotenv.2019.135322.

18. Jiang N, Gill E, Thorpe LE, et al. Implementing the federal smoke-
free public housing policy. Int J Environ Res Public Health. 
2021;18(23):12565. doi:10.3390/ijerph182312565.

19. Kim S, Wipfli H, Navas-Acien A, et al. Determinants of hair 
nicotine concentrations. Cancer Epidemiol Biomarkers Prev. 
2009;18(12):3407–3414.

20. Navas-Acien A, Peruga A, Breysse P, et al. Secondhand tobacco 
smoke in public places. JAMA. 2004;291(22):2741–2745.

https://doi.org/10.1186/s12889-019-7043-3
https://doi.org/10.1186/s12889-019-7043-3
http://www.gpo.gov/fdsys/pkg/FR-2013-01-15/pdf/2012-30946.pdf
http://www.gpo.gov/fdsys/pkg/FR-2013-01-15/pdf/2012-30946.pdf
https://doi.org/10.1016/j.scitotenv.2019.135322
https://doi.org/10.3390/ijerph182312565

