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Vaping devices such as electronic cigarettes (e-cigarettes) are a 
relatively new electronic nicotine delivery system (ENDS) and are 
marketed as a healthier alternative for current smokers. However, the 
characteristics and effects of the e-cigarette aerosol are still largely 
unknown. We are working to develop a holistic view of the e-cigarette 
aerosol characteristics. This view involves understanding how different 
changes to the vaping environment might affect the results of the study, 
how the lung deposition of the e-cigarette aerosol particles vary among 
different people, and how the lung deposition of the e-cigarette aerosol 
particles compares to the lung deposition of conventional cigarette 
smoke.

The data on the e-cigarette aerosol and cigarette smoke was collected 
using a Wide Range Particle Spectrometer (WPS, 1 LPM) which 
measures the particle concentration of aerosols in the range of 10 nm 
to 10 microns. Within the data analysis, the Multiple-Path Particle 
Dosimetry Model (MPPD) was used to calculate the amount of 
aerosol deposited in the lung airways. When designing the experiment 
we wanted to accurately imitate how a human would smoke; however, 
we substituted the non-continuous “puffing” for continuous flow to 
gain the most accurate data on the aerosol particles.

Validation of Experiment: 
● Particles in the ambient and filtered air do not significantly 

affect the particle distributions of the e-cigarette tested.
●  The e-cigarette cartridge flavors tested were: Virginia 

Tobacco, Menthol, and Mango. The flow rates tested were: 1.2, 
1.7, and 2.2 LPM.  

● No statistical differences in the particle concentrations were 
found when flavor and flow rate were changed. 

E-cigarette MPPD Analysis: 
● The experimental data used in the analysis was that of the 5% 

nicotine, 1.7 LPM, menthol e-cigarette. 
● Figure 1 shows the amount of e-cigarette aerosol particles that 

were deposited in each generation of the lung. 

Ambient air, filtered air, flavor, and flow rate do not have a 
significant effect on the e-cigarette aerosol characteristics. The 
highest amount of particles were deposited in the pulmonary zone of 
the lungs, where O2-CO2 exchange occurs. A possible implication of 
this deposition is the inflammation of the pulmonary airways, which 
would hinder breathing. The amount of particles deposited by the 
e-cigarette aerosol is dependent on the age and breathing capability of 
the user. Young adults had higher deposition in the whole lung and in 
the pulmonary region. Conventional cigarette smoke deposits more 
particles in the lungs than e-cigarettes. In the future, we plan to test 
how the e-cigarette and cigarette aerosol characteristics change when 
subjected to various temperature and humidity variation.

Figure 1: Comparison of MPPD Models

Figure 2: Comparison of Cigarette and E-cigarette Models 
Deposition Fraction

●  The models tested were the Stochastic model for 
normal breathing (12 bpm),  the Stochastic model 
with lowered breathing frequency (6 bpm) ー 
breathing impairment, the Stochastic model with 
raise breathing frequency (25 bpm) ー lung disease, 
Yeh Schum 5 Lobe model ー an older model, and 
Age-Specific 5 lobe models in ages 14 and 21 years 
old ー the ages e-cigarettes are most popular among. 

● There was no significant difference between the 
means of the 5 models. 

● 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. 

E-cigarette vs. Cigarette: 
● 13.04% of the cigarette smoke was deposited in the 

lungs, of that amount 62.89% deposited in the 
pulmonary region. 

● 6.97% of E-cigarette smoke deposited in the lungs, of 
that amount 44.28% deposited in the pulmonary 
region. 

● Figure 2 is a diagram tracing a continuous path 
through the 28 generations of the lungs. The 
generation numbers are represented as G. 

● E-cigarette Age 21 had the highest deposition 
fraction. 

● Cigarette had significantly higher amounts of 
particles produced, however the deposition fraction 
was similar to that of the e-cigarette models.


