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Development of methodologies that advance our scientific understanding and ability to estimate exposure of users and 
non-users to ENDS aerosol is critical for characterizing the impact of ENDS products on the population as a whole. 

Computational models have a long history of use for estimating and predicting air quality and the level of chemicals in 
indoor environments (NRC 2007).  Models of both indoor and outdoor air quality assessment have been referenced by 
the US Environmental Protection Agency (EPA) as predictive tools for scientific and educational purposes (EPA 2014, 
EPA 2015, EPA 2016)

Introduction

Objective

Use computational modeling, validated by experimental data, as a tool to estimate concentrations of aerosol constituents 
in several confined spaces where ENDS or combustible cigarettes are used.

Abstract
The pre-market tobacco product application (PMTA) draft guidance for an electronic nicotine delivery system (ENDS) recommends 
providing data that adequately characterize the likely impact of the new product on the health of both users and non-users of the 
tobacco product. Further, during the public seminar on PMTA for ENDS (November 2016), FDA suggested that when discussing the 
impact on nonusers, second-hand, and third-hand exposures should be considered. A computational model to estimate room air 
levels of selected aerosol constituents has been developed based on well-established physical laws of mass transfer, air flow, and 
thermodynamic relationships. The model has been verified and validated with experimental data and can be used to estimate the 
concentrations of selected constituents over time in pre-defined spaces based on the presence of selected constituents in the 
exhaled breath of ENDS users, or side stream smoke of burning cigarette. The amount of selected constituents in exhaled breath, 
when using an e-vapor device, was determined experimentally in controlled clinical trials. The side stream smoke data were 
identified from the published literature. The model was applied to various space settings such as a car, a private office and a 
restaurant. Equivalent product use conditions (number of users, product consumption, length of use) for ENDS and conventional 
cigarettes were used in order to compare the estimated levels of nicotine, formaldehyde, propylene glycol, glycerin and other 
constituents in each space. Results indicate that the estimated concentration of nicotine in each space setting due to exhaled 
aerosol from a cig-a-like ENDS product was approximately 20 times less than a conventional cigarette and two orders of magnitude 
less than the OSHA permissible limit. The estimated value for formaldehyde during ENDS use was three orders of magnitude less 
than during cigarette use and between four and five orders of magnitude less than the OSHA limit. The concentrations of propylene 
glycol and glycerin in each space were also estimated to be orders of magnitude less than the NIOSH and OSHA limits. More data 
are needed before extending our findings to open tank, modifiable systems.
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Model Verification and Validation

Verification Validation (1) Validation (2)Two Types of Computational Models [7]Non-user Exposure Characterization Models

Models Development

(1) Space settings (2) Number of users and duration of use

(3) Product consumption

(4) Constituents released per unit base (5a) Rate of release by all users: cigarette

(5b) Rate of release by all users: MARKTEN® e-vapor

Input Data: Exhaled Aerosol (ENDS) vs. Cigarette

Conclusion
ŸWe have estimated the concentration of constituents in air due to exhaled aerosol from use of the MARKTEN® e-vapor 

and compared with that of using conventional cigarettes and with the permissible limits of OSHA* and AIHA.

ŸThree space settings were used as examples in the study: (1) a car (open and closed windows), (2) a meeting room and 
(3) a restaurant.

ŸResults from the computational models show that nicotine and formaldehyde concentrations in air from the use of 
MARKTEN® e-vapor are significantly less than cigarette under equivalent use conditions. 

ŸPG and glycerin levels in air from MARKTEN® e-vapor use were orders of magnitude less than OSHA and AIHA limits 
in all three spaces that were studied.

ŸFinally, the amounts of intake of each constituent by non-users during the entire exposure time were calculated.

*The OSHA PEL refers to the permissible limit of the total average airborne exposure in any 8-hour work shift of a 40-hour work week which shall
not be exceeded 
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