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Introduction
In recent years, electronic cigarettes (e-cigarettes) 
have been on the rise. They have been advertised as a 
healthier option for current smokers. While there are 
not as many toxic chemicals involved in e-cigarette 
aerosol compared with the conventional tobacco 
cigarette smoke, the aerosol generated can still cause 
harmful effects. The effects of air quality, cartridge 
flavor, and flow rate changes on particle 
concentrations were evaluated in this study. Analysis 
of the e-cigarette lung deposition using lung 
morphometry software was performed on the data. 
Within this analysis, comparisons of different lung 
models were carried out.

Methods

Triple Linear DC power supply (model HY3005F-3) 
was used to supply 3.7 volts to an e-cigarette 
cartridge. The e-cigarette cartridge was then attached 
to one line of tubing that branched into two lines of 
tubing. One tube was connected to a Wide Range 
Particle Spectrometer (WPS, Model 1000XP) with a 
flow rate of 1 LPM to provide zero dilution of aerosol. 
The other was attached to a vacuum pump which 
mimicked vaping and was used to vary the flow rate. 
The WPS was used to measure the concentration of 
aerosols. The experimental setup can be seen in Figure 
1. The Multiple-Path Particle Dosimetry Model 
(MPPD v3.04)[1] was used to model the deposited 
amount of aerosol in the lung airways. The 
experimental data used in all MPPD analysis was that 
of the 5% nicotine, 1.7 LPM, mint e-cigarette. 

Result
s

Conclusions 
It was found that ambient air, filtered air, flow rate, 
and flavor do not significantly affect the particle 
distribution of the e-cigarette aerosol. When 
conducting future research these changes can be 
neglected. Regarding the particle deposition, the 
highest amount of particles were deposited in the 
conducting airway and in pulmonary airways of the 
lungs, where O2-CO2 exchange occurs. The possible 
implication of this is the inflammation of the 
pulmonary airways, which would hinder breathing. 
When comparing the different MPPD models, it was 
found that the amount of particles deposited by the 
e-cigarette aerosol is dependent on age and breathing 
ability of the user. Young adults had higher deposition 
in the whole lung and in the pulmonary region, the 
implications of this are very serious considering a 
majority of e-cigarette users are young adults.
What’s Next? To simulate the condition of a human 
lung, we plan to test how the e-cigarette aerosol 
characteristics change when subjected to various 
temperature and humidity changes. A direct 
comparison of the e-cigarette to conventional cigarette 
will also be performed. Further study of inhaled 
smoke particles in the human airway model will be 
carried out using the MPPD model and computational 
fluid dynamics modeling and simulations method.
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Preliminary Findings: The maximum particle number 
concentrations in ambient air, filtered air, and e-cigarette 
aerosols during the experiment were 57, 7, and 113,428 
number of particles/cc, respectively, and the influence of 
ambient and filtered air is negligible for particle 
concentration measurements. It was found that there is no 
statistical difference in the particle concentrations of 
different flavors and flow rates.

Figure 3: Comparison of MPPD
 Models

Table 1:Mean diameter in μm

Lung Deposition Analysis: Using the MPPD Stochastic model, we modeled the 
particle deposition per generation of the lung. It can be seen that the graph is 
bimodal, with the highest amounts of particles deposited being in the early 
conducting airways and in the pulmonary region. Next, we compared the Stochastic 
model, our control group, the Stochastic model with lowered and raised breathing 
frequency (6 & 25 bpm), each representing someone with a breathing impairment  
and a lung disease, Yeh Schum 5 Lobe model, an older model,  and Age Specific 5 
lobe models in ages 14 and 21 years old, the ages that e-cigarettes are most popular 
among (Figure 3). Statistical analysis showed that there was no significant 
difference between the means of the 5 models. However, it can be seen that with 
each model particle deposition in the different generations of the lung varies (Figure 
3). In further comparing the five models, the percent of e-cigarette aerosol deposited 
in the whole lung and in the pulmonary airway was calculated (Figure 4 and 5). 
Statistical analysis showed that Age 21, Stochastic 25 bpm, and Stochastic 6 bpm 
models were significantly different in pulmonary deposition, and Age 14, Age 21, 
and Stochastic 6 bpm models were significantly different in whole lung deposition.

Figure 4: % Deposited in Pulmonary 
Region

Figure 5: % Deposited in Whole 
Lung
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MPPD Models 

Di • 

Flavor 
Flo\v Rate: Mango Virginia Mint 

l.7LPM Tobacco 
Mean Diameter 4.03E-OI 4.03E-OI 3.97E-OI 

( un) 

Standard l.52E-02 8.38E-03 2.65E-03 
Deviation (µ m) 

Flo,v Rate 
Flavor: Mint l.2 LPM l.7 LPM 2.2 LPM 

Mean Diameter 3.99E-Ol 3.97E-Ol 4.02E-Ol 
lll 

Standard 5.84E-03 2.65E-03 4.76E-03 
Deviation (µ m) 

Nicotine Concentration: 5% 
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