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Abstract

Introduction: Electronic cigarette (ECIG) use is increasing in popularity among youth and puts
both users and bystanders at risk of inhaling harmful substances. Two experiments were
conducted to examine ECIG emissions, one being in the laboratory and the other in a field

setting.

Methods: The laboratory experiment analyzed differences in emissions from the popular ECIG
JUUL using a variety of puffing procedures. The selected puffing procedures were designed to
simulate real-world use in which a JUUL user removes and reinserts the disposable pod between
puffs. The field experiment consisted of participants vaping in their vehicles for 30-minute
sessions. This provided discrete and real-time measurements of Particulate Matter (PM) mass

concentrations for a passenger’s secondhand exposure to the driver’s ECIG use.

Results: Results of the laboratory experiment demonstrated how removing and reinserting the
JUUL pod increases PMM..s emissions. Mean real-time PM2.5 mass concentration was 65.06
pg/m? for experiment 1, 375.50 pg/m? for experiment 2, 501.94 pg/m? for experiment 3, and
834.69 pg/m? for experiment 4. Results of the field experiment demonstrated that across 41
sessions, the average PM,s mass concentration was 214 pg/m® and the average PM; mass
concentration was 187.3 pg/m®. The average PM,s mass concentration is 45 times higher than

the average of the 7 control experiments.

Discussion: The laboratory experiment emphasizes the major impact puffing protocols have on
JUUL emissions. In every experiment, PM2s emissions increased after the JUUL pod was
inserted into the device. As a result, ECIG emissions should be evaluated using puffing protocols

that take these real-world behaviors into account. Furthermore, the field experiment
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demonstrates how engaging in ECIG use in vehicles exposes passengers to increased levels of

PM: and PM2 s concentrations. This ultimately puts passengers at significant health risk.

Introduction

In 2018, electronic cigarette (ECIG) use among youths was declared an epidemic (EPA
2018). This advisory was declared to address the growing health problem we face as a nation.
However, immediate action is needed because of the possible health effects that ECIG use has on
the body. ECIG use is currently on the rise and since 2014, ECIGs have been widely used (T. W.
Wang et al. 2020). This is concerning due to the lack of available knowledge surrounding the
long-term effects of ECIG use.

According to the CDC, ECIG use exposes users to potentially harmful substances such as
nicotine, cancer-causing chemicals, heavy metals, volatile organic compounds, and ultrafine
particles (CDC 2021). These substances pose a risk to users because they are inhaled into the
body. What is not absorbed into the user's body can then be exhaled and negatively affect the
individuals located around them (bystanders). The categories of the negative health effects
included systemic effects, nicotine poisoning, and mechanical injury, with the body systems
most affected being the respiratory, gastrointestinal, cardiovascular, neurological, and immune
(Hua and Talbot 2016). If users are exposed to such health risks, it can only be assumed that
those bystanders inhaling secondhand aerosol also face similar health risks.

While most studies that revolve around ECIGs focus on the effects of firsthand exposure,
there is another type of exposure that is often left. This is in reference to secondhand exposure.
Secondhand exposure refers to a nonuser's exposure when an active ECIG user is near the

vicinity. ECIG aerosol exhaled by an ECIG user still contains many harmful substances, such as
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nicotine, ultrafine particles, and cancer-causing agents (T. Wang et al. 2017). This puts a nonuser
at risk of inhaling these substances, especially in confined spaces like passenger vehicles where
the aerosols have limited dispersion. As a result, aerosol concentrations are higher in enclosed
spaces than in an outdoor setting (Kulmala, Asmi, and Pirjola 1999).

These harmful substances are contained within the aerosol that the ECIG generates and
the user inhales. Particulate Matter (PM) is defined as solid and liquid particles suspended in the
air or a gas (Hinds 1999). Particle size is of great interest and indicates particle deposition in the
lungs. Particles 1.0 um (PM1) and smaller and 2.5 um (PM25) and smaller are of interest due to
their health effects. Prolonged exposure to PM:.s has been linked to cardiovascular disease and
asthma (Kloog et al. 2013). Additionally, exposure to PM1 poses significant health risk because
their small size allows them to travel further through a person’s respiratory tract and even
translocate into the bloodstream (Zwozdziak et al. 2016).

ECIGs are electronic devices that produce an aerosol using an atomizer by heating a
liquid. The aerosol is then inhaled and exhaled by the user to deposit the desired chemicals in the
body. ECIG fluids were found to produce propylene glycol, glycerol, nicotine, and carbonyl
aerosol (Geiss et al. 2015). While there are many different ECIG devices, the main components
they share include a battery, a heating element (atomizer), and a liquid reservoir. ECIGs are often
separated into three distinct types. These types include tanks and mods, rechargeable ECIGs, and
disposable ECIGs (Health 2021). ECIGs that can be considered tanks and mods are often called
box mods, while ECIGs that can be considered rechargeable are often called pod mods. Box mod
ECIGs are a specific type of ECIG that are often characterized by their larger size, larger battery,
and more customization for temperature and wattage control. Pod mod ECIGs operate by heating

a replaceable or refillable liquid pod containing nicotine, flavorings, and other chemicals to
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produce an inhalable aerosol. Lastly, a disposable ECIG has a limited amount of liquid that
cannot be replaced or refilled. The device is to be disposed of after the liquid is depleted.

For the 2021-2022 academic year, two experiments were performed. The first was
conducted in a laboratory setting, and the second was conducted in field settings with
participants in their vehicles. The laboratory experiment was performed to analyze the particulate
matter concentrations from the popular ECIG JUUL and how their emissions are impacted by
laboratory puffing procedures. Cigarette emissions are examined in laboratory settings using
standardized puffing protocols; however, real-world human cigarette puffing behaviors do not
necessarily reflect those of the controlled laboratory standards. Therefore, if cigarette emissions
differ between the laboratory setting and real-world applications, then it is likely that ECIGs will
follow suit. This is especially likely because ECIG-specific puffing protocols have not been
established, meaning that studies conducted are based on protocols developed for standard
cigarettes.

The JUUL device was chosen for this experiment because it has a chip designed to
deliver a specific wattage once a pod has been attached to the battery. This wattage is designed to
decrease steadily over time and directly correlates with the amount of nicotine that a "puff" from
the device delivers (Smets et al. 2019). This means that users are expected to experience a
decreasing nicotine concentration over time. To overcome this decrease in nicotine, research and
internet forums describe how ECIG users are vaping by removing and reinserting the pod before
taking each puff. This resets the chip designed to reduce the wattage, and the user experiences
higher concentrations of nicotine and other chemicals with each puff. This laboratory experiment

served to measure the particulate matter generated from a JUUL device using four different
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puffing procedures to better simulate real-world ECIG use and demonstrate their effects on
ECIG emissions.

The objective of the second experiment, or the field experiment, was to quantify the
secondhand exposure from ECIGs in passenger vehicles. This was accomplished using a
combination of discrete and real-time measurements to determine the mass concentration of
PM2s and PM1. Gravimetric analysis uses filters to quantify the exposure and perform discrete
measurements. This method relies on a pump-based collection of airborne particles with a pre-
weighed filter. This filter is then post-weighed and the collected particulate matter is determined
by the subsequent mass difference (O’Connor et al. 2014). On the other hand, optical monitors
capture real-time measurements based on sensing particle mass or inertia.

The field study was completed in vehicles with multiple aerosol collection devices set to
analyze the air surrounding the relative breathing zone of a person sitting in the vehicle's
passenger seat. This was done while a participant vaped off and on in the driver's seat for 30
minutes. The objective of the study was to quantify the secondhand exposure from ECIGs in
passenger vehicles. The study was completed in vehicles with multiple aerosol collection devices
set to analyze the air surrounding the relative breathing zone of a person sitting in the vehicle's

passenger seat.

Methods

Laboratory Experiment

One component of the research conducted with ECIGs involved analyzing their exposure
in a laboratory-controlled setting. This experiment quantified the PM2s mass concentrations from

the ECIG JUUL to determine how these emissions are impacted by laboratory puffing
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procedures. These experiments were performed to better capture behaviors that people engage in
while using a JUUL that is not reflected in the current laboratory puffing procedures. The
behavior analyzed in this experiment was the action of removing and reinserting the JUUL pod

before taking a puff.

Real-time and Discrete Monitors

Real-time particulate matter mass concentrations generated from the JUUL device were
measured using the pDR-1500 monitor (pDR 1500, Thermo Scientific, Franklin, MA, USA). The
cut point of this device was set to 2.5 um for each experiment using a cyclone, meaning that the
device collected PM2.s mass concentration. Before the experiments, the pDR-1500 was calibrated

to a flow rate of 1.52 L/min and zero-calibrated using particle-free air.

Equipment Set Up

HEPA Mixing/dilution Sampling
Filters Zohe Zone

Room air
(Fan)

Aerosol — |, Exhaustair
® inlet ] (Shop-Vac)
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1.52 L/min

Mixing fan
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Figure 1 Experimental chamber used to measure ECIG exposure
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The experimental setup of the 0.5 m® exposure chamber is shown in figure 1. The
exposure chamber had two sections, the Mixing/dilution zone and the Sampling zone, which
were divided by a honeycomb air straightening center. This separation ensured a homogenous
mixture between when the aerosol generation occurred and when it reached the monitoring
instruments. Each experiment was performed with particle-free air in the exposure chamber, no
airflow, and operating mixing fans. Before each experiment, room air was pumped into the
chamber with a flowrate of 1.00 m® /min and passed through two 99.99% HEPA filters to ensure
that the chamber only consisted of particle-free air. The clean air then reached the
mixing/dilution zone where the aerosol inlet was located. During the experiment and the aerosol
generation, no airflow was to enter or exit the exposure chamber. The mixing fan distributed the

aerosol through the chamber.

Aerosol Generation

For this experiment, aerosol was generated into a controlled exposure chamber from a
JUUL using four different puffing procedures. These puffing procedures differed in the number
of times the pod was removed and reinserted into the device. The aerosol from these four
experiments was generated using a diaphragm pump (Thomas 1420-0504, Gardner Denver,
Davidson, NC) and a clock generator (TFIS 12-240VUC 1CO CG, Weidmdiller Interface
GmbH & Co. K.G., Detmold, Germany) to emulate human puffing behavior. The diaphragm

vacuum pump delivered aerosol from the ECIG device to the chamber in increments of time as

the clock generator allows.

For each experiment, ten puffs were generated from a fully charged JUUL with a new

JUUL pod. The diaphragm pump was calibrated to operate at 1.5 L/min flow rate. A 3 second
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puff ON protocol with a 27 second OFF interval was used. This totals 5 minutes of aerosol
generation for each experiment and a total of four experimental puffing protocols. For
Experiment 1, the pod was inserted into the device only before the first puff and all ten puffs
were then generated. For Experiment 2, the pod was removed and reinserted between puffs five
and six. For Experiment 3, the pod was removed and reinserted after puffs two, four, six, and

eight. For Experiment 4, the pod was removed and reinserted after every puff.

Data Analysis

The data analysis for this experiment was calculated as the mean and median PM2.s mass
concentrations. These values were calculated from the time that the first puff was generated until

60 seconds after the last puff was generated.

Field Experiment

Various aerosol collection devices were used to quantify the mass concentration of PM2 s
and PM1. These devices include the AirChek Touch Sample Pump, Mini-WRAS, pDR-1500, and
the SidePak AM520. The devices sampled the air in the relative breathing zone of a person in the
front passenger seat of a vehicle. This collection occurred while a participant vaped ON and OFF

for 30 minutes.

Device Name Cost (%) Size Flowrate Concentration Number
range Range Concentration
(ug/m?)
AirChek Touch Sample 5,000 1-5
Pump L/min
Mini-WRAS 30,000 10 nm- 1.21 0-100,000 Yes
35 um L/min
pDR-1500 7,000 1.0-10 1.0-35 0-400,000 No
pm L/min
SidePak AM520 5,000 0.1-10 0-1.8 0-100,000) No
pm L/min

Table 1: Aerosol measurement instruments specifications used in the current work
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Real-time and Discrete Monitors

pDR-1500

The personal DataRAM Aerosol Monitor 1500 (pDR-1500) is a photometer created by
Thermo Fisher Scientific Inc. (Franklin, MA, USA). This device provided real-time sampling for
both PM2.sand PMy every second. Additionally, the device has integrated filter sampling that
was used for gravimetric filter analysis. For each 30-minute session, a pDR-1500 was used and
calibrated to measure PM2.5 concentrations (1.52 L/min). For some sessions, a second pDR-
1500 was used to measure real-time PM1 concentrations (3.46 L/min). The devices were
calibrated before each session using a zero filter, and a new pre-weighed 37-nm quartz filter
(Binder-Free Quartz Depth Filters, SKC, 225-1827, USA) was used to capture the aerosol for
gravimetric analysis. The filter type was quartz because the lack of carbon allows for post

chemical analysis. Both devices were set to record at 1-second intervals.

SidePak AM520

The TSI SidePak AM520 (SN 5202114002, Shoreview, MN, USA) is a photometer that
was selected because of its popularity among ECIG studies (Sousan et al. 2022). For this
experiment, the device was set to monitor PM2s mass concentration using an impactor. Before

each session, the device was calibrated using a zero filter.

Mini-WRAS

The Mini-WRAS (Mini-WRAS1.371, GRIMM, Germany) is a portable wide-range
aerosol spectrometer that provides real-time monitoring of micro-sized and nano particles. The

device works by combining both optical and electrical detection methods. Particles 250 nm and
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less in diameter are analyzed using a Faraday cup electrometer. For particles greater than 250 nm
in diameter, optical detection is used by measuring the scattered light intensity of the particle.

The device was operated with a laptop and through the included Mini-WRAS_V10-0 software.

AirChek TOUCH Pump

The SKC AirChek TOUCH Pump (220-50000TC, Serial Number 23150, USA) was used
to provide filter measurements of PMy for each session. The device works by pulling the air to be
sampled through a filter cassette so that any present mass lands on the filter and can be measured
through gravimetric analysis. Before each session, the device was calibrated to the correct flow
rate using the SKC Chek-mate flow calibrator. The device flowrate was set at 1.81 L/min to

measure PM;.

37-nm quartz filters

Three 37-nm quartz filters were used for each session. One of the filters was used for
PMi, one for PM2s, and one was used as a blank. The "blank™ filter was used to determine the
relative effects of humidity for each session. Each filter was weighed three times before use
under proper humidity conditions of 30% to 50% (Strand, Stolzenberg, and Andren 1978). The
filters were weighed using the METTLER TOLEDO XPR26 DeltaRange© microbalance
(Columbus, Ohio USA), and neutralized using an electrostatic electrode (11140161, METTLER
TOLEDO, EN-C, Canada). The average of the three values was used, and the standard deviation
was kept under 0.010. Quartz filters were selected because they contain no carbon. This is crucial
so that the filters can be chemically analyzed. One downside of using quartz filters over other
filters is that they are more susceptible to variations in water contents (Widziewicz-Rzonca and

Tytta 2020). After each session, the filters were placed into a desiccator for 48 hours to remove
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water content from the filters. After the 48-hour window, the filters were post weighed three
times. The average of these values was used, and the standard deviation was kept under 0.010.
To help ensure proper weighing technique 10 mg and 100 mg standards were weighed along

with the filters each weighing session.

Participant Information

For each session, information was taken from the participant. The participant's car type,
ECIG type, and the number of ECIG puffs were recorded. Participants were required to be 18
years of age or older. They were required to use their personal vehicle and bring their own
ECIGs. Participants were required to keep their vehicle doors and windows closed. The
participants had the choice to keep the vehicle ON or OFF and whether they wanted to have the
AJC or heat ON or OFF. For each session, a specific puffing protocol was used. The total time
for vaping was 30 minutes for all sessions. For the first minute of the session, the participants
were told not to vape. Then for the next five minutes, the participants were told to vape once
every 30 seconds. There were no vaping restrictions for the remainder of the session, and the
participants could choose to vape as much or as little as they wanted or stop vaping. The IRB

approval for the vehicle study can be found in Apendix A.

Equipment Set Up

The experimental set up inside the vehicle is shown in Figure 2. The equipment for each
session was set up similarly for each session. A PVC ladder was placed onto the front passenger
seat of the participant's vehicle. The top rung of the lab had 5 tubes attached to it for the Mini-
WRAS, pDRs, and the SidePak. These tubes ran from the top rung positioned in the relative

breathing zone to the inlet port on each device. The Mini-WRAS and its accompanied laptop
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were set up in the back seat along with the pDRs. The SidePak and the AirChek pump (when
used) were kept in the front seat. The blank filter was placed on the dashboard of the vehicle.
Photos of the front and back seats of the participant's vehicle during a session are shown in

Figure 2(b) and 2(c), respectively.

Vehicle Front Vehicle Back

pDR PM; 5
1.52 Umin

Vehicle
Dashboard

Figure 3(b) Front seat of the vehicle displaying the aerosol monitoring equipment set-up
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Figure 2(c) Back seat of the vehicle displaying the aerosol monitoring equipment set-up

Data Analysis

After each session, the data was downloaded and tabulated accordingly. Using
MATLAB_R2021b (version 9.11.0.1769968), the data was time-paired and tabulated to PM1,
and PMs files. The Mass concentration of PM1 and PM2s were determined from the filters by
dividing the net mass gained by the flow rate of the device and the 30-minute run time. Using the
time-paired files, mass concentration time series figures were constructed for PM2s and PM.
The data was then average for each monitoring instrument and organized by ECIG device type.

These types are Box Mod (BM), Pod Mod (PD), and Disposable (DP).
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Results and Discussion

Laboratory Experiment

The time series plots of the PM2.5 mass concentration for the four experiments are
shown in Figure 3. For experiment 1, the mean real-time PM2s mass concentration was 65.06
pg/m?® (SD=99.53, Median=16.01 pg/m?, Range=0-1222.00 pg/m?). For experiment 2, the mean
real-time PM2.5 mass concentration was 375.50 pg/m? (SD=346.45, Median=265.47 pg/m?,
Range=0-1478.20 pug/m?®). For experiment 3, the mean real-time PM2.s mass was concentration
was 501.94 pg/m?® (SD=450.00, Median=374.71 pg/m?, Range=0-1780.00 pg/mq). Lastly, for
experiment 4, the mean real-time PM2.5 mass concentration was 834.69 pug/m? (SD=578.34,

Median=725.34 pg/m?, Range=0-2643.00 pug/m?.
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Figure 4 JUUL Device real-time PM2 s Mass Concentrations generated inside of a 0.5 m® exposure chamber for all

four experiments

The average concentration in Figure 3 demonstrates that PM2.s concentration increased
with each experiment. These results indicate that the mass concentration also increased with the
number of times the pod was removed and reinserted. In addition, the data indicate that the
concentration varied greatly, despite the consistent 10 puffs generated for each experiment. In all

of the experiments, PM2 s concentrations increased after a JUUL pod was inserted into the

360
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device. Ten puffs from a JUUL in which the pod was removed and reinserted after each puff
resulted in mean PM> s concentrations that were 13 times higher than when ten puffs were
generated without removing the pod. While not every JUUL user engages in the act of removing
and reinserting their pod to purposely increase the wattage. It is clear that there are some users
who do engage in this puffing behavior, and it needs to be accounted for when examining
emissions. This experiment demonstrates how some JUUL users are engaging in behaviors that

increase both their and bystanders' exposures to nicotine and other harmful toxicants.

This study represents the major impact puffing protocols have on emission results.
Another study conducted by Son et al, also evaluated the emission impacts of human use
patterns, device settings, and flavorings. This study differs in the fact that they focused
specifically on carbonyl emissions under real-world vaping conditions. Results indicated how
ECIGs carbonyl emissions were highest under higher power outputs, certain liquid flavorings,
and puff volume. With this, it was concluded that public health administrations need to “consider
the vaping conditions which generated higher carbonyls, such as higher power output with PG e-
liquid, when developing ECIG product standards” (Son et al. 2020). This demonstrates another

example as to how real-world vaping conditions differ from laboratory control standards.

Field Experiment

Throughout two semesters, a total of 41 experimental and 7 control sessions were
conducted. For each session, PM: and PM2 s real-time data were collected and shown below for
the Mini-WRAS, pDR, and SidePak. The names of the various ECIGs used and the number of

sessions are shown in Table 2.
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PM, Concentration (ug/m3) - Log Scale

1000

100

10

ECIG Name Number of
Sessions
Control 7
Hyde Edge 11
Kang Onee Stick (KOS) 10
Vuse Alto 6
Esco Bar 3
Geek Vape 2
JUUL 2
Novo 3 2
Box Air Bar 1
Elf Bar 1
Frozen Monster Bar (FMB) 1
Nord X 1
Novo 2 1

Table 2 Name of ECIG used and how many sessions it was used for
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Figure 5: The average PM1 mass concentration for a) Box Mod, b) Pod Mod, and c) disposable for
different ECIG devices. The x-axis represents each individual session and displays the ECIG used and the
number of puffs, if available, in brackets. Above each session, if available, lies the on/off status of the

vehicle. The y-axis represents a log scale due to the high variance in concentration.
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Box Mod (BM)

Based on all the scheduled sessions, only two participants used BM devices. The PM;
average mass concentrations from these sessions are displayed in Figure 5(a). Both devices were
Geek Vapes, where one participant vaped 11 puffs and the other 21 puffs. The session with 21
puffs only recorded mass concentrations with the pDR, which gave a PM1 mass concentration
value higher than the session with 11 puffs. Both sessions were operated with the vehicle turned
on, so the devices were used in similar conditions and produced expected results of increasing
mass concentrations in response to an increase in puffs. The average of the pDR data from the
BM sessions was 155 times higher than that of the controls. Compared to the control session

average, the BM session’s Mini-WRAS produced results that were 10 times higher.

Pod Mod (PD)

Out of the scheduled participant sessions, twelve participants used PD devices. The PMy
mass concentrations from these sessions are displayed in Figure 5(b). The PD device reporting
the highest PM1 mass concentration was the Vuse Alto session, with 205 puffs. The device
reporting the second highest PM1 mass concentration was the JUUL, in which the user took 46
puffs. The minimum reported PM1 mass concentration value was from the Novo 2 device with
11 puffs. In every session where the pDR-1500 was used, the concentration reported was higher
than the Mini-WRAS. The average of the PD sessions produced a pDR average of 409 and a

Mini-WRAS average of 8 times as high as the controls.

The Vuse Alto mass concentrations have a high variance between the different numbers

of puffs. This variance in results is likely due to differences in the participant’s air conditioning.
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With different air circulation, it is possible the measuring devices were limited in what aerosol

generation was captured.

Disposable (DP)

Out of the scheduled participant sessions, twenty-seven used DP devices. The PM1 mass
concentrations from these sessions are displayed in Figure 5(c). The DP device reporting the
highest PM1 mass concentration was the Esco Bar session with 51 puffs. The lowest average was
the first KOS session with 13 puffs. In every session, the pDR-1500 recorded a higher
concentration than the Mini-WRAS. Similar to the PM sessions, in every session where the pDR-
1500 was used, the reported concertation was higher than the Mini-WRAS. The average pDR
session produced results 286 times higher than the control session average. The Mini-WRAS

resulted in a vehicle session average 58 times higher than the control.

The Esco Bar device sessions showed PM1 mass concentrations that generally increased
with the number of puffs produced, likely because the vehicles were turned off. The Hyde and
KOS sessions showed great variance between the number of puffs and the resulting PM1 mass
concentration. The differences may be attributed to the vehicle air conditioning or the puffing

behaviors of the participants.

Between the device types, the BM produced PM1 mass concentrations that were not
significantly different than the results of PD and DP devices. A study conducted by Sousan et al.
(2022) examined PM1 mass concentrations in a chamber setting with 30-minute sessions and no
airflow. In this study, the BM device VooPoo Drag 2 produced higher mass concentrations than
the JUUL and Hyde devices studied. While the VooPoo Drag 2 was not used in the field study,

the findings that BM devices produced the highest average mass concentrations were expected
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but not reflected by field study results. This may be attributed to the fact in both BM sessions,

the participant's vehicle was on. With the vehicle engine on, air could have been recirculating

throughout the vehicle. This is unlike the chamber experiments where no air was circulating. In

the Sousan et al. study, the JUUL device produced the lowest mass concentrations for all PM

sizes while the Hyde varied. The field study’s Hyde devices produced concentrations that nearly

matched the JUUL 46-puff session, but in fewer puff counts. In both studies, the BM devices

with higher wattages produced higher mass concentrations than their lower wattage

counterparts.
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Figure 6: The average PM2s mass concentration for a) Box Mod, b) Pod Mod, and ¢) disposable for

different ECIG devices. The x-axis represents each individual session and displays the ECIG used and the

number of puffs, if available, in brackets. Above each session, if available, lies the on/off status of the

vehicle. The y-axis represents a log scale due to the high variance in concentration.
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Box Mod (BM)

The average PM.s mass concentrations from the Mini-WRAS, pDR, and SidePak during
the two sessions where a BM device was used are shown in Figure 6(a). Both sessions were
conducted using the ECIG device “Geek Vape”. While this is a small sample size, the results
demonstrate that PM2 s concentration increased with puff number. The SidePak resulted in the
highest mass concentration for all monitors in both sessions. While the Mini-WRAS data was
unable to be collected from the second session, results from the first session demonstrate that the
Mini-WRAS and pDR have a closer average mass concentration. The control session represents
the average concentration of the 7 conducted control sessions. In comparison between the control
session and the 2 BM sessions the pDR-1500 concentration was 157 times higher, and the

SidePak concentration was 63 times higher.

Pod Mod (PD)

The average PM.s mass concentrations from the Mini-WRAS, pDR, and SidePak during
the 12 sessions where a PD device was used are shown in Figure 6(b). Throughout the study, 4
different PD devices were used. The results were interesting for the Vuse Alto brand because the
session with 38 puffs had a significantly lower average mass concentration compared to the 11-
puff session. This could be due to numerous factors, including car type and whether the
participants had their air conditioning/heat ON or OFF, which was not recorded. Like the BM,
the SidePak had the highest PM2.5 mean concentrations for each session. In comparison between
the control session average and the PD sessions, the Mini-WRAS reported concentrations were
40 times higher, the pDR-1500 concentrations were 190 times higher, and the SidePak

concentrations were 52 times higher.
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Disposables (DP)

The average PM:.s mass concentrations from the Mini-WRAS, pDR, and SidePak during
the 27 sessions where a DP device was used are shown in Figure 6(c). Similar to the PMy results,
the ECIG device with the highest mass concentration was the Esco Bar with 51-puffs. This was
true even with one session for the KOS brand having more puffs at 71. Observing the other two
Esco Bar sessions, the results demonstrate remarkably similar mass concentrations. Despite the
varying puff counts of 35-puffs for one session and 12-puffs for the other session. The 12-puff
Esco Bar session was conducted with the car off. Therefore, the absence of AC/heat circulating
throughout the car could have been attributed to similar concentrations despite the varying puff
count. Examining the 11 Hyde sessions conducted, the highest puff counted resulted in only the
second highest mass concentrations. The 18-puff Hyde session also demonstrates that having the
car off and without any air circulation is likely to result in higher PM2 s concentrations. There
were also 10 sessions conducted using a Kang Onee Stick (KOS). The KOS session with 71-
puffs resulted in a lower concentration than the 51-puff Esco bar session. In every session, the
Mini-WRAS reported the lowest mass concentration. The Novo 2 and Vuse Alto also had
sessions with the lowest average PM2.s mass concentrations. While the Mini-WRAS resulted in
the lowest mass concentrations, there were two sessions where pDR had the lowest
concentration. Both sessions were conducted using the Hyde. In terms of the ECIG with the
lowest concentration, some of the Hyde sessions had the lowest mass concentrations. In
comparison between the control session average and the DP sessions, the Mini-WRAS reported
concentrations 50 times higher, the pDR-1500 reported concentrations that were 286 times

higher, and the SidePak reported concentrations that were 98 times higher.
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Across all the PM2 s results, the SidePak monitor recorded the highest concentrations.
This was unsurprising as other ECIG studies that have used the SidePak monitor reported that it
results in the highest concentrations, relative to other aerosol monitors. This was recently
reported in (Sousan et al. 2022), where the SidePak measured concentrations that were 31 and 4

times higher than what the Mini-WRAS and the pDR values, respectively.

In 2019, Schober et al. conducted a similar study. This study examined PM2s
concentrations in 7 passenger vehicles while tobacco products and new electronic smoking
products were used. There are a few major differences between the methodology of the two
studies. The Schober study measured emissions from the back seat of each vehicle in the
breathing zone of a child, the participants were driving the vehicle, and the windows were kept
open either 2 or 5 cm. Emissions were collected using the Grimm 1.107 OPC and a Grimm
NanoCheck 1.320. This device is made by the same company that makes the Mini-WRAS. The
Mini-WRAS combines the optical particle counter of the Grimm 1.107 with electrical particle
counting to measure smaller particle sizes. Results of Schober’s study demonstrated that when an
ECIG was used, 5 of the 7 cars reported an increase in PM2 s concentrations ranging from 75-490
ug/m?.(Schober et al. 2019). This is comparable to the calculated 214 ug/m®average of the
vehicle field study. This is the average of the 40 experimental sessions, excluding the 205-puff
outlier. Even with the differences between the two studies, both results demonstrate that ECIGs

use in vehicles exposes passengers to increased levels of particulate matter emissions.
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Time Series Comparison

While these results outline the average particulate matter concentration across all the
sessions, the monitoring instruments allow for an examination of the real-time concentrations
during the entire 30-minute session span. During one of the sessions, the participant took 205
puffs. This was significant because the average number of puffs between all the sessions was 29
puffs. Therefore, we compared particulate matter concentrations of PM2 s from the 205-puff
session with a session of a more average number of puffs (38) in Figure 7. Both participants used
the same type of device, the Vuse Alto. These sessions differ in the number of puffs and whether

the participant’s vehicle was ON or OFF.
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Figure 7(a) PM2smass concentration (ug/m?), log scale vs time in seconds
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The 205-puff session resulted in increased particulate matter concentrations of both PM;
and PM2s compared to the 38-puff session. Two different concentration patterns can be seen
based on the initial 5 minutes of timed puffing for both sessions. With the 205-puff session, the
concentration stays consistent during those 5 minutes. This contrasts with the 38-puff session,
where the concentration had multiple distinct peaks indicating when the puffs were taken. With
the 38-puff session, the participant had their vehicle on while the participant with the 205-puffs
session did not. The peaks can most likely be attributed to the participant having some type of air

circulation during their session that helped decrease the concentration of PM2 s between puffs.

Another way to analyze the results of this vehicle study is to compare the particulate
matter concentrations to EPA standards. These standards are put in place as guidelines to protect
people regarding respiratory health. The latest EPA guidelines have the outdoor environmental
PM_s 24-hour standard at 35 pug/m® (“EPA (AQI)” n.d.). This means that a person should not be
exposed to anything of a higher concentration in a 24-hour period. World Health Organization
(WHO) guidelines stipulate that PM2 s should not exceed 5 pg/m® annual mean, or 15 pug/m? 24-
hour mean (“WHO (AQG)” 2006). A comparison of this standard to the average concentration
across the vehicle sessions will yield insight into the levels of exposure people experience in a
vehicle, while the driver engages in ECIG use. Omitting the 205-puff session outlier from the
average results in a PM2s average concentration of 214 ug/m®. Not only is this almost 6 times
higher than the EPA standard and 14 times higher than WHO 24-hour mean, but this exposure is
also only during a 30-minute period. Passengers in a vehicle with someone who is using an
ECIG are exposing themselves to PM2 s concentrations that have been deemed to be significantly
unsafe by the EPA and WHO. The study worked to expose how toxic it is to use ECIGs in small,

enclosed spaces, like passenger vehicles.
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The results from the vehicle study demonstrate the risk that passengers face in vehicles
where someone is currently vaping. Results indicate that this risk, while always present, varies
depending on many factors. These factors include device type, puff number, vehicle status, and
air circulation status. A vehicle passenger is at risk of various PM; and PM2 s concentrations

while someone engages in ECIG use.

Conclusion

ECIG use has rapidly become popular, especially among youths. Its popularity stems, in
part, because it is seen as a safer alternative to traditional cigarettes. This presents a major
problem because it indicates that people ignore the detrimental short-term health effects that
result from ECIG use. Users are also ignoring the unknown long-term health effects of ECIG
use. This lack of awareness and belief that ECIG use is safe has resulted in the widespread
practice of ECIG use in indoor settings. This is unlike traditional cigarettes, where it has become
commonplace to be banned in public indoor settings. One of these common enclosed places
where ECIG use is common is in passenger vehicles. ECIG use in such enclosed spaces creates
the risk of secondhand exposure. This exposure puts those not engaging in ECIG use at similar

health risks to the person actively puffing.

In a laboratory setting, cigarettes are analyzed using laboratory puffing procedures. These
standards have never been created specifically for ECIGs. Additionally, human puffing
behaviors are not always the same as these laboratory-controlled standards. The laboratory
component of this investigation analyzed the PM2.s mass concentrations from the popular ECIG

JUUL to determine how these emissions are impacted by laboratory-controlled standards. This
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was done using four different 10-bout puffing procedures that differed in the number of times the
JUUL pod was removed and reinserted into the device. The behavior of removing and reinserting
the pod before successive puffs has been found to be popular from survey and internet forum
research. The results provided a clear demonstration of the impact laboratory puffing procedures
have on ECIG emissions. In every experiment PM2.s mass concentrations increased after the pod
was removed and reinserted into the device. The study demonstrated how real-world use can
result in PM2.s mass concentrations that are 13 times higher than what current laboratory
standards would report. As a result, bystanders are unknowingly being exposed to increased

particulate matter concentrations.

The field component of this study involved quantifying the secondhand PM; and PM2s
concentrations inside a vehicle while the driver engages in ECIG use. Results indicate that
particulate matter mass concentrations heavily varied from session to session. This difference
can be attributed to different devices being used, different device types being used, and the
number of puffs that each participant took during their session. While the level of exposure
varied, all sessions demonstrated increased PM1 and PM2.s mass concentrations resulting from
the participants’ ECIG use. This presents a significant health risk for passengers in vehicles

where someone is engaging in ECIG use.
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Sarah Fresquez Personal Reflection

Introduction

When | had first applied to become an Honors College student, college seemed forever
away and the Signature Honors Project seemed even farther. | had no idea where to even begin
thinking about what | would want to spend an entire year researching, but | knew | needed to
complete my project in time for me to graduate a semester early. Luckily, an email with the
perfect opportunity was sent to not only complete a hands-on Signature research project but to
complete it in a field of study | was interested in! I knew right away that | wanted to work with
this team because | would be able to do hands-on learning while exploring my interests in human

health.

Before this project, electronic cigarettes seemed like foreign objects that many of my
peers would cling on to without much thought as to who might be forced to breathe in their puff-
clouds as they walked by. The limited research in electronic cigarette use cannot seem to keep up
with the new popular brands, flavors, and puffing habits. As an engaged student on campus and a
future healthcare provider, | wanted nothing more than to research something that was relevant

to my peers and to my professional studies.

My Roles and Contributions

| worked in collaboration with Honors College student Trey Mooring on this project
under the direction of Dr. Sinan Sousan. Both of us shared responsibilities in communicating
schedules, weighing filters, learning how to use all equipment, and creating Standardized

Operating Procedures for all lab equipment used, preparing equipment for experimental sessions,
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transporting equipment, advertising the vehicle study, obtaining IRB approval, interacting with
participants, running vehicle sessions running exposure chamber sessions, downloading data,
running MATLAB, analyzing data, creating visual representations of the data, preparing and
giving oral and poster presentations, and communicating our results in writing. In addition to
these responsibilities shared between us, a secondary research team assisting with the vehicle

study and communication with that team was shared between Trey and me.

Personal growth

On day one of my Signature Honors Project | was shocked to learn that my first hours
would be spent reading equipment manuals. Before long, calibrating, running, and teaching
others how to use the equipment was second nature. Through the process of conducting
experiments and creating SOPs for my work, | gained confidence in my knowledge and realized

how important a foundation can be in research.

One presentation we gave was in front of faculty from the Department of Public Health.
We prepared and presented our (now published) research study on JUUL emissions. | had never
given a presentation exceeding three minutes, so working on a ten-minute presentation and
memorizing my notes was a challenge. This was also the first time | had worn a suit! | learned
how to highlight the key points and present the material in a manner that would make sense to
someone with no prior knowledge. The process of rehearsing and then presenting our research to
my department was an exciting process that | will carry with me. The number one lesson from
the experience was that a good presentation that promotes audience engagement is one in which

the presenter is excited to share.
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Growth as an Honors Student

Now that I’ve had an exposure to aerosol science and how it relates to electronic
cigarettes, | feel more confident in my ability to advocate for healthier choices and better educate
future patients who may engage in electronic cigarette use. Overall, this Honors project has been
one of the most valuable experiences of my undergraduate studies and | look forward to applying

my knowledge as | pursue the medical field.

The research processes of working with participants and submitting a manuscript have
been very enlightening. In Honors 2000/3000 we completed CITI modules that weren’t relevant
at the time but paid off as we submitted them for Institutional Review Board approval. Working
with participants and maintaining confidentiality has been a major part of our data analysis
process with finding creative ways to identify and organize their sessions. Submitting the
manuscript to a journal for our laboratory experiment showed how long a publication process can
take. Submitting for review multiple times and even repeating experiments to better fit the
reviewer’s expectations was a process I have never watched before. The publishing process alone
gave me a new sense of respect for scientific writing that | will carry with me as I explore the

medical field and consider future research endeavors.

Personal Barriers

Balancing a full-time class schedule, athletic activities, leading and attending student
organizations, and managing up to twenty hours per week at my other job positions has proven
difficult. The twelve hours per week for this project was split up into many ways. | am lucky that
Dr. Sousan was flexible with our hours and let us set our own schedule, because time

management was especially daunting for me. | am also very thankful that we were compensated
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for part of our time in the research lab, because | know that not many other Honors Project
students can say the same and it was helpful to have a consistent income without experiencing

burnout.

This balancing act between my many activities allowed me to develop tactics to keep
track of scheduled events and create a visual board for my class assignments. The methods |
developed kept me from feeling overwhelmed because I could easily track my progress. These
will be extremely useful for the remainder of my undergraduate degree, graduate school, and

beyond.

Lessons for future honors students

The first lesson | learned when starting this project is that it can be surprisingly very
difficult to count to twelve. Because | had the ability to choose my schedule, | could split up my
hours however | needed. This would include having 1 hour of logged time on a Monday, 1 hour
and 20 minutes Tuesday morning, 1 hour and 40 minutes Tuesday afternoon, 4 hours and 30
minutes on Wednesday, and so on. If you are as busy as | am and have the privilege of choosing
your own hours, make sure to account for travel time and lunch breaks. Another consideration to

make in these calculations is a good rule of thumb: early is on time and on time is late.

The second lesson | gathered from my experience is to trust the process. Your professor
has far more experience in the field than you do, and if they say to study manuals for 5 hours
straight, just do it. You’ll look back on it and realize that they are setting you up for success and
working to build you up, even when it’s the last task you’d want to do. You have two semesters

where you build on the foundation you set, so take the time to do it right. This is a very unique
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opportunity to work with an expert in your field and gain insight, connections, and a firsthand

look at how the real-world works within a safe environment.

The third lesson | learned is that your professor is learning from you just as much as you
are learning from them. Their hard work and dedication to your learning should not be taken for
granted, because they are really investing in you as both a student and a person. | encourage you
to look for ways in which you can recognize your professor and thank them for everything they
do. For example, my lab partner and | took time to nominate Dr. Sousan for the Honors
College Outstanding Faculty Mentor Award, and he was selected to receive it! Taking just a little
bit of time to express my appreciation in the application was the best decision | made, because |
had never seen a bigger smile on Dr. Sousan’s face. This award meant a lot to him, and I will

never forget the pride | had for him in his acceptance at the Medallion Ceremony.

Conclusion

| have enjoyed my experience with the Signature Honors Project and benefited greatly
from it. 1 will feel more confident in my academic and professional abilities moving forward
having had this exposure to research. | am excited to share my experiences and knowledge with
my peers as | enter the medical community, and | will never forget the incredible opportunity 1
had this year. In fact, | am even continuing my work in the Aerosol Research Laboratory beyond

the required hours of the Honors Project and into the summer.

| am sincerely thankful to everyone who made this a successful year, especially Dr.
Sousan and my lab partner Trey Mooring. | have learned so much from working with this team,

and | look forward to seeing the many accomplishments to be had in the future.



