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Abstract

Introduction: A major site of environmental tobacco smoke exposure for children and adults is
the home. Few studies have evaluated the impact of e-cigarette or hookah use on home air quality,
despite evidence finding toxic chemicals in secondhand e-cigarette aerosols and hookah smoke.
Therefore, we assessed the effect of e-cigarette and hookah use on home air quality and compared
it to air quality in homes where cigarettes were smoked and where no smoking or e-cigarette use
occurred.

Methods: Non-smoking homes and homes where e-cigarettes, hookah, or cigarettes were used
were recruited in the NYC area. Particulate matter with diameter less than 2.5 microns (PM 5),
black carbon, and carbon monoxide (CO) were measured during a smoking or vaping session, both
in a “primary” smoking room and in an adjacent “secondary” room where no smoking or vaping
occurred. Log transformed data were compared with post-ANOVA Tukey Simultaneous tests.

Results: Use of hookah significantly increased PM g levels compared to non-smoking homes,
in both the primary and secondary rooms, while use of e-cigarettes increased PM 5 levels only in
primary rooms. Additionally, in-home use of hookah resulted in greater CO concentrations than
the use of cigarettes in primary rooms.
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Conclusions: The use of e-cigarettes or hookah increases air pollution in homes. For hookah,
increases in PMy 5 penetrated even into rooms adjacent to where smoking occurs. Extending
smoke-free rules inside homes to include e-cigarette and hookah products is needed to protect
household members and visitors from being passively exposed to alternative tobacco products’
aerosols and gases.

Keywords
Electronic cigarettes; hookah waterpipe; home air quality; secondhand smoke

INTRODUCTION

In the US and worldwide, the leading preventable cause of disease and mortality is the use of
tobacco products.12 The United States Surgeon General has stated that there is no safe level
of tobacco smoke exposure, and an extensive body of research demonstrates the profound
danger of cigarette-related secondhand smoke (SHS) not only to adults, but also to children,
from prenatal and childhood SHS exposure.13 While cigarette use in the US has continued
to decrease in recent years, from 20.9% in 2005 to 13.7% in 2018° among adults, use of
other alternative tobacco products such as electronic cigarettes (e-cigarettes) and hookahs
(water pipes, shisha) have increased, particularly among adolescents and younger adults.>~’
The use of e-cigarettes (called “vaping”), in fact, has displaced cigarettes as the most
widely used nicotine delivery product among adolescents,® with recent surveys indicating
that 1 in 5 US high school students report currently using e-cigarettes® (2020) and 4.1%
report using hookah in the past 30 days (2018).8 With growing prevalence, exposure to
secondhand e-cigarette aerosols and hookah smoke is also likely increasing. However, this
line of research has been less studied, and comparatively little is known about the impacts
of e-cigarette and hookah use on air quality in real-world settings such as homes, where
non-smoking or vaping children and adults may be exposed.

Studies conducted in controlled exposure chambers/rooms or with smoking machines10-13
suggest that use of e-cigarettes releases carbonyls, 10 glycerin,19 metals,13 nicotine,11.12.14
propylene glycol, 10 volatile organic compounds,! and ultrafine particles! into the air.
Evaluations in human subjects have found that individuals exposed to secondhand e-
cigarette aerosol have increased salivary1®:16 and serum?7 cotinine levels, increased levels
of acrolein biomarkers,1 and alterations in fractional exhaled nitric oxide and respiratory
mechanics,18 compared to unexposed individuals or to baseline measures. However, only
two of these studies was completed in the home environment, despite the home being an
important location for passive exposure to tobacco products.

While the literature on the health effects of hookah smoking is limited, existing data are
consistent in finding adverse health outcomes. Evidence suggests that hookah use may be

as addictivel®20 and as harmful?1-23 as cigarettes, and meta-analyses have linked hookah
use to respiratory diseases, various cancers, and cardiovascular disease.242> The health
effects of hookah SHS exposure are less understood, but include acute symptoms such as
wheezing, nasal congestion, elevated exhaled carbon monoxide, and increased inflammatory
markers.26-28
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A major site of environmental tobacco smoke exposure for all people, but for children in
particular, is the home environment.3 Our previous work assessing the effects of hookah
smoking on home air quality in the United Arab Emirates found that homes where hookah
smoking occurred had higher black carbon (BC), fine particulate (PM> 5), and carbon
monoxide (CO) concentrations than homes where cigarette smoking occurred.2® To date,
only two studies we are aware of have investigated the effect of e-cigarette use on home
air quality.1530 In one study, the authors demonstrated the presence of ambient air nicotine
and increased levels of biomarkers of nicotine exposure; 1> in the second only one e-cigarette
home and one cigarette home were enrolled.3? The small number of such in-home studies
contrasts markedly with the extensive knowledge base on cigarette SHS;3 more studies of
in-home e-cigarette and hookah use are greatly needed to inform policy development.

To fill this important gap in our knowledge of how alternative tobacco products impact home
air quality, we assessed the effect of e-cigarette and hookah use on indoor air quality in the
home, and compared the results to air quality in homes where cigarettes were smoked and
where no smoking or e-cigarette use occurred.

METHODS

Study Design, Setting, and Participants

This study was approved by the Institutional Review Board at New York University School
of Medicine (Study Number s15-00011). A convenience sample of 57 homes in New York,
New Jersey, and Connecticut were recruited: 12 homes where only hookah was smoked
(“hookah homes™), 15 homes where only e-cigarettes were used (“e-cigarette homes”);

15 homes where cigarettes were smoked but neither hookah nor e-cigarettes were used
(“cigarette homes™), and 15 homes where none of these products were used (“non-smoking/
vaping homes”). For homes where e-cigarettes, hookah, or cigarettes were used, air quality
was assessed in two rooms: those where active smoking/vaping of e-cigarettes, hookahs, or
cigarettes occurred (“primary” rooms), and the rooms adjacent to primary rooms where no
smoking or e-cigarette use occurred (“secondary” rooms). For non-smoking/vaping homes,
air quality was assessed in one room in each participating home.

Air quality was assessed before (~10 min), during, and after (~10 min) a vaping or smoking
session, in both a primary vaping or smoking room and a secondary adjacent non-vaping/
non-smoking room. The sampling time during the sessions varied because, for ethical
reasons, participants were instructed to smoke/vape as usual. Household inclusion criteria
included: reporting customary use of e-cigarettes, hookahs, or cigarettes inside the home

or the use of no tobacco products in the home, and the use of a single type of vaping

or smoking product during the sampling period. Participants were asked that no vaping or
smoking occur in the household for a minimum of 4 hours before the sampling period.

Variables and Measurements

In each home, air quality was assessed with a combination of real time sampling monitors
and pre-calibrated pumps attached to filter holders. Integrated PM 5 gravimetric sampling
was done with pre-weighed Teflon filters (PALL Corporation, Michigan, USA) contained in
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a filter holder equipped with a 2.5 um size-selective inlet and attached to a calibrated Legacy
pump (SKC, Eighty Four, PA, USA), set to a flow rate of 10 L/min. After the sampling
period, Teflon filters were sealed and transferred to a laboratory to be acclimated (minimum
of 24 hrs) and weighed in a climate-controlled facility set to U.S. EPA standards.3! Real
time PM, 5 was measured with a pDR-1500 aerosol monitor with a PM> 5 inlet (Thermo
Fisher Scientific, Pittsburgh, Pennsylvania, USA) at 1 min intervals. Before each sampling
run, the pDR-1500 was zeroed with a HEPA filter. Real time BC was measured at 1

min intervals with a microaethalometer with a PM> 5 inlet (Model AE51, AethLabs, San
Francisco, California, USA). Real time CO was measured at 30 sec intervals with an
EL-USB-CO data logger (0-300 ppm, Lascar, Erie, Pennsylvania, USA).

For vaping or smoking sessions, participants were encouraged to vape or smoke as much
and for as long as they customarily do. This could include smoking multiple cigarettes or
taking multiple puffs of an e-cigarette during the exposure time window. Vaping/smoking
sessions for e-cigarettes, hookah, and cigarettes lasted for an average of 47.5, 41.8, and
22.5 minutes, respectively. During the vaping/smoking period, the research team measured
air quality in the primary room (where e-cigarettes, hookah, or cigarettes were used) and
simultaneously in the secondary room within the house where no vaping or smoking was
ongoing. In non-smoking homes air was sampled for an average of 64.4 minutes in one
“primary” room.

Information about the ventilation used during the vaping/smoking exposure period (e.g.,
windows open) were recorded. Room dimensions were obtained (Bosch GLM 20 Laser
Measure 65”) to calculate room area for both primary and secondary rooms, as well as the
distance between each room type. While participants were not asked directly about use of
marijuana in the homes, the research team did ask if any substances had been vaped or
smoked in the home on that day.

Statistical Methods

Descriptive statistics, including means, standard deviations, range, and 95% confidence
intervals were calculated for each pollutant by home type (e-cigarette, hookah, cigarette,
non-smoking/vaping) and room (primary vs. secondary). Each pollutant was considered
separately and their log transformed concentrations were compared for significant
differences (between home types and between room types within a product category).

All main analyses described comparisons of the exposure time period during which active
vaping or smoking occurred, as opposed to pre- or post-exposure air quality concentrations.

Comparison of pollutant levels in primary rooms between home types were done using

a General Linear Model (GLM) analysis of variance, and a post-ANOVA comparison of
log-transformed data with the Tukey Simultaneous Test. Sensitivity analyses adjusting for
room area were also conducted. GLM analysis of variance with post-ANOVA comparisons
were also completed to compare pollutant levels in secondary rooms between home

types. Comparisons between room types within a home and pollutant type (e.g., CO
concentrations in hookah primary rooms vs. CO concentrations in hookah secondary rooms)
were conducted using two-sample T-tests. Statistical analyses were completed using Minitab
18 (State College, PA: Minitab, Inc.) and STATA 14 (StataCorp, College Station, TX).

Tob Control. Author manuscript; available in PMC 2024 January 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shearston et al.

RESULTS

Page 5

Plots were developed with Minitab 18 and R Version 3.5.1 (R Foundation for Statistical
Computing, Vienna, Austria).

Means, standard deviations, and ranges of BC, PM> 5, and CO concentrations during the
exposure period in the primary and secondary rooms are shown in Table 1. Briefly, BC
ranged from a high of 3.8 pg/m3 (SD = 8.0 ug/m3) during hookah smoking in primary rooms
to a low of 0.4 pg/m3 (SD = 0.3 pg/m3) in e-cigarette secondary rooms. PM, 5 ranged from
996.6 pg/m3 (SD = 2,679.5 pg/m?3) during e-cigarette vaping in primary rooms to a low

of 15.1 pg/m3 (SD = 48.3 pg/m3) in non-smoking/non-vaping homes. CO concentrations
were also variable among home types, with a high of 8.4 ppm (SD = 5.8 ppm) in rooms
where hookah was being smoked to a low of 0.8 ppm (SD = 1.6 ppm) in e-cigarette
secondary rooms. A detailed breakdown of home characteristics, including mean sampling
time, room area, and distance between primary and secondary rooms, by pollutant and room
type, can be found in Supplementary Table 1. Means and standard errors for each pollutant,
product, room, and time period (pre-exposure, exposure, post-exposure) can be found in
Supplementary Figures 1-3. As shown in Supplementary Figures 2-3, post-exposure period
CO and BC concentrations remained elevated for homes where hookah was smoked.

Comparison of Air Quality Between Home Types within Primary Vaping/Smoking Rooms

For primary rooms where vaping or smoking occurred, post-ANOVA comparisons identified
significant differences between log-transformed pollutant levels (Figure 1). PM, 5 levels

in the rooms where e-cigarettes, hookah, or cigarettes were used were all significantly
greater than levels in non-smoking/vaping homes (p < 0.05), but not significantly different
from each other. CO levels were significantly higher in the primary rooms where hookah
was smoked, compared to rooms where cigarettes were smoked (p < 0.05). No other
significant differences were found for CO, and no significant differences were found for
BC. Differences of means and 95% confidence intervals are presented in Supplemental
Table 2. Sensitivity analyses adjusting for room size were consistent with main results, with
one exception: CO concentrations were significantly higher in hookah primary rooms than
concentrations in non-smoking/vaping homes.

Comparison of Air Quality Between Home Types in the Secondary Rooms

Significant differences between log-transformed pollutant levels in homes by tobacco
product type were also found for the secondary rooms adjacent to the rooms where active
vaping or smoking took place (Figure 2). PM5 5 levels in secondary rooms were significantly
greater than levels in non-smoking/vaping homes, but no significant difference was found in
PM,, 5 between secondary e-cigarette rooms and non-smoking/vaping homes. Additionally,
CO levels were greater in hookah secondary rooms compared to e-cigarette secondary
rooms. No significant differences were found between secondary room concentrations for
BC. Differences of means and 95% confidence intervals for all adjacent room comparisons
are shown in Supplemental Table 2.

Tob Control. Author manuscript; available in PMC 2024 January 13.
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Comparison of Air Quality Between Primary and Secondary Rooms

Comparisons between primary and secondary rooms resulted in only one significant
pollutant concentration difference: e-cigarette primary rooms had greater BC concentrations
than e-cigarette secondary rooms. There were no significant differences in PM, 5, CO, or
BC concentrations between primary and secondary rooms in homes where hookah was
smoked, and no significant differences in PM, 5 or CO concentrations between primary and
secondary rooms in homes where e-cigarettes were used. Although it didn’t reach statistical
significance, PM, 5 concentrations were elevated in primary rooms compared to secondary
rooms for both e-cigarette and hookah homes.

DISCUSSION

This study is, to our knowledge, one of the first in-home assessments of air quality changes
that occur during the use of e-cigarettes and hookah. We measured PM, 5, CO, and BC

in both the primary smoking/vaping rooms and in secondary adjacent rooms where non-
smoking individuals or children may stay to reduce exposure in homes where e-cigarettes,
hookah, or combustible cigarettes are being used. As expected, we found significantly
elevated PM, 5 levels in the rooms where e-cigarettes and hookah were being used as
compared to non-smoking homes. While this pattern persisted in secondary rooms for
hookah, it did not for e-cigarettes, suggesting that secondhand hookah smoke particles may
penetrate more readily into adjacent living quarters. Additionally, we found that the use

of hookah significantly increased CO concentrations, compared to the use of cigarettes, in
primary rooms. These findings suggest that in-home use of both e-cigarettes and hookah
contributes to deleterious indoor air quality, and that withdrawing to an adjacent room
where alternative tobacco products aren’t being used may not adequately protect household
members such as children from exposure to harmful air pollutants, particularly when hookah
is used in homes.

At least 3 other studies have evaluated the impact of hookah?® or e-cigarettel30 use

on indoor air quality in homes. Our previous work in Dubai, United Arab Emirates,

found that in homes where hookahs were being used, CO concentrations were greater

in both the primary and secondary rooms than in both cigarette-smoking homes and non-
smoking homes.2® This finding is consistent with what we report here in the United States:
homes where hookah was smoked had significantly increased CO levels in primary rooms
compared to homes where cigarettes were smoked. It has been well documented that the
charcoal used to heat shisha in the hookah waterpipe is the source for the majority of CO
emissions generated during hookah smoking.32 Alternative means of heating shisha, such as
the use of electric heating modules, may prove successful in reducing secondhand exposure
to CO33 emitted by hookah use. The Dubai study also found non-significantly increased
PM, 5 levels in homes where hookah was smoked compared to cigarette and non-smoking
homes; this is consistent with the significantly increased PM, 5 levels in hookah homes
compared to non-smoking/vaping homes observed in the current study. Thus, in-home use of
hookah may produce a greater risk of secondhand smoke exposure to the harmful chemicals
generated by the combustion of tobacco than occurs with cigarette smoking.

Tob Control. Author manuscript; available in PMC 2024 January 13.
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A study conducted by Ballbé and colleagues!® evaluated the impact of in-home e-cigarette
use on airborne nicotine and salivary cotinine levels (a biomarker metabolite of nicotine
exposurel®). The authors found that nicotine levels in homes where e-cigarettes were used
were lower compared to homes where cigarettes were used, but greater than the airborne
nicotine levels in non-smoking homes.1> They also found that individuals exposed passively
to secondhand e-cigarette vapors had increased salivary cotinine levels.1> Other in-home
studies have found nicotine on surfaces in the homes of e-cigarette users,3° and increased
PM, 5 levels in the 1 home where e-cigarettes were being used, compared to 2 non-smoking
homes.1# While we did not assess airborne nicotine or salivary cotinine in home residents,
our air quality results suggest that individuals living in homes where e-cigarettes or hookah
are used are passively exposed to higher levels of PM5 5, and for hookah, CO. Further
studies are needed to assess changes in biomarkers of exposure and effect in non-smoking
adults and children passively exposed to secondhand e-cigarette aerosols and hookah smoke,
particularly in home environments.

This study has a number of limitations. First, because participants were recruited using

a convenience sample, they were likely not representative of the greater New York
metropolitan area or of the United States. Second, while we instructed the study participants
not to vape or smoke any tobacco products (or marijuana) inside the home for at least

four hours before the study visit, we cannot be sure that the participants followed
instructions. However, whereas our post-hookah session measurements demonstrated that
elevation in air pollutant levels lingered after the smoking session ended, our brief ~10

min assessment of air quality before the vaping or smoking sessions demonstrated low air
pollution concentrations which were similar to the non-smoking homes, suggesting that

the participants did comply (Supplementary Figures 1-3). Third, due to the small sample
size, we did not statistically evaluate differences in air pollutant levels by e-cigarette type,
although we did observe a trend for higher pollutant levels during the use of subohm-type
devices (e.g., Mod/tank type devices or those with a coil resistance level below 1 ohm).
Finally, many factors likely impacted inter-home variability, resulting in wide standard
deviations and decreased statistical power, ranging from room ventilation and size, duration
of vaping/smoking and intensity of product use, type of shisha or charcoal used, type of e-
cigarette product used, and number of adults participating in the smoking or vaping sessions.
However, including room size in a sub-analysis had minimal impact on the findings. Thus,
one of the strengths of our study design is that it was able to discern statistically significant
air quality differences in NYC-area and Dubai?® homes even with this real-world variability.

Conclusion

To address indoor air pollution, wide-ranging clean indoor air laws regarding cigarette
smoking have been widely adopted by local communities and states across the US.
Similarly, at a much slower rate, there is an increase in smoke-free housing policies

that restrict smoking of any agent within the building.34-36 Strong public support has
contributed to the adoption, at this date, of 100% smoke-free laws by 41 states and 1,320
municipalities.3”-38 Understanding the effect of both e-cigarette and hookah use on indoor

Tob Control. Author manuscript; available in PMC 2024 January 13.
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air quality is essential to supporting ongoing work to augment these clean indoor air laws
and smoke-free housing policies, which do not frequently apply to e-cigarette use and
sometimes contain loopholes for hookah use (e.g., if the shisha used does not contain
nicotine). The World Health Organization has recommended that countries extend their
smoking bans in indoor public places to include e-cigarettes in order to restrict uptake

and minimize health risks in non-smokers.39 A number of states and municipalities have
proceeded accordingly by prohibiting e-cigarettes in traditionally 100% cigarette smoke-free
venues (i.e. restaurants and bars), schools, and work places.38 The research reported in this
paper suggests that in-home use of e-cigarettes or hookah is also harmful, and that impacts
on air quality can extend throughout the home, to rooms where vaping or smoking does
not take place. Thus, extending smoke-free rules inside homes to e-cigarettes and hookah
appears prudent to further protect people who are passively exposed to aerosols or smoke
generated by these alternative tobacco products and delivery systems.

Supplementary Material
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WHAT THIS PAPER ADDS

What is already known on this subject? Use of e-cigarettes and hookah

has grown over the last decade, resulting in increased exposure to secondhand
aerosols and smoke from these alternative tobacco products. Prior research
shows that secondhand e-cigarette aerosols and hookah smoke contain toxic
and harmful chemicals.

What important gaps in knowledge exist on this topic? Very few studies
have evaluated deleterious air quality from use of e-cigarettes and hookah in
real-world settings, such as the home, where exposure to secondhand aerosols
or smoke is likely to impact children and adults. Additionally, only one

study to our knowledge has measured air quality in both a “primary” active
smoking/vaping room, and in a “secondary” adjacent room where children
may be placed to protect them from smoke or aerosol exposure.

What this paper adds. This study measures particulate matter (PM> 5),
carbon monoxide (CO), and black carbon (BC) levels in homes where
e-cigarettes and hookah are being used, both in a primary smoking/

vaping room, and in a secondary adjacent room, and compares pollutant
concentrations to those found in homes where cigarettes are smoked or where
no smoking/vaping occurs. The study finds that smoking either hookah or
cigarettes significantly increased PM 5 levels as compared to non-smoking
homes, for both the primary and secondary rooms, while using e-cigarettes
increased PM s levels only in the primary rooms. Additionally, in-home use
of hookah resulted in greater CO concentrations than the use of cigarettes in
primary rooms.
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Figure 1:

Means (points) plus/minus the standard deviation (lines) for each pollutant by product
group, for all “primary” rooms where cigarettes, e-cigarettes, or hookah was used and non-
smoking/vaping rooms. PM 2.5 = particulate matter with diameter less than 2.5 micrometers,
BC = black carbon, CO = carbon monoxide. * = p <0.05
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Figure 2:

Means (points) plus/minus the standard deviation (lines) for each pollutant by product
group, for all “secondary” rooms adjacent to where cigarettes, e-cigarettes, or hookah was
used and non-smoking/vaping rooms. PM 2.5 = particulate matter with diameter less than
2.5 micrometers, BC = black carbon, CO = carbon monoxide. * = p < 0.05
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Mean, standard deviation, and range for black carbon (BC), PM> 5, and carbon monoxide (CO) levels in

primary and secondary rooms, by pollutant

BC [ug/m?] PM2 5 [ug/m?] CO [ppm]

Product Used  Room Type"

Mean (SD)  Range Mean (SD) Range Mean (SD)  Range
Hookah Primary 38(80) 0267 308.6(624.3) 6.3-19924  84(58) 05-19.2
Hookah Secondary 1.1 (1.4) 0-4.1 66.7 (95.2) 0.7-291.8 6.3(6.9)  0-23.8
E-cigarette Primary 0.8 (1.0) 0-3.5 996.6 (2679.5)  1.1-9536.9 1.6 (2.3) 0-6.5
E-cigarette Secondary 0.4 (0.3) 0.02-1.0 22.4 (33.4) 0.5-113.2 0.8(1.6) 0.4.5
Cigarette Primary 1.7(15)  04-58 3285(4033) 10.6-1156.0 15(L7) 0-5.8
Cigarette Secondary 11(1.0)  02-40 102.3(102.7)  0.6-309.2 1.2 (1.5) 0-4.0
Non-smoking 0.5 (0.5) 0-1.5 15.1 (48.3) 0.9-189.7 30(12) 2066

*

Primary rooms were defined as rooms where e-cigarettes, cigarettes, or hookahs were being used and secondary rooms were defined as rooms

adjacent to where such products were being used

Abbreviations: BC = black carbon; PM2 5 = particulate matter with diameter less than 2.5 micrometers; CO = carbon monoxide; SD = standard

deviation
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