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Nicotine is a key ingredient in many e-cigarette formulations.
During the vaping process, nicotine exists in both the gaseous
phase and aerosol phase. Typically, there are two types of
consumer vaping techniques- MTL (mouth-to-lung) and DTL
(direct-to-lung). The MTL vaping behavior mimics cigarette
smoking and involves holding the aerosol in the user’s mouth
momentarily before drawing into the lungs, providing an enhanced
sensory effect compared to DTL. To better understand the nicotine
delivery of MTL and the impact on vaping sensation, we have
developed a method to evaluate the quantity of gaseous phase
nicotine in nicotine salts of varying ratios, by mimicking the MTL
puffing at body temperature. This was conducted using a
modified syringe and denuder tube heated to body temperature; to
determine if quantitative measurements of the sensory effect could
be determined experimentally. A test method using denuder
tubes and GC-FID was developed to determine the quantity of
gaseous phase nicotine in the e-cigarette aerosols. Denuder
tubes are coated with oxalic acid to bind any gaseous phase
nicotine. After vaping, tubes were cut, extracted, and analyzed via
GC-FID for nicotine. The method was characterized and evaluated
to determine suitability for this study. Differences in the quantity of
gaseous phase nicotine were observed between different ratios
of nicotine salts.

Here we have developed a method to quantitatively determine the
amount of nicotine in the gaseous and aerosol phase in e-cigarette
aerosol. In order to compare the vaping preferences of consumers,
MTL and DTL. We measured the amount of gaseous phase
nicotine for 5 different ratios of nicotine salts for both the MTL and
the DTL vaping types. Gas phase nicotine in DTL and MTL follow
similar trend but low % of gas phase nicotine in MTL is observed
compared to DTL for all nicotine salts, which might be related with
gas phase nicotine absorption in the mouth. A study using
standard puffing topography to determine influence of puffing
duration will be carried out in future work.

DTL and MTL were mimicked by using a 65 cm denuder tubes
coated in a 15% oxalic acid (Figure 1). The tubes were heated to
37oC using a heating pad, connected to a filter, and attached to a
CETI-8 LVM (linear vaping machine) (Figure 2). Tubes were
connected horizontally to ensure laminar flow is achieved during
the experiment. In the MTL method a modified syringe, also
heated to 37oC, was used to mimic the holding of aerosol in the
mouth before drawing into the lungs. In both the DTL and MTL,
denuder tubes where cut into 8 segments, extracted with
ammonium hydroxide, and analyzed with the filter for nicotine
using GC-FID.

The vaping regime used in these experiments was 144mL for 8
seconds with a 60 second delay between puffs for 15 puffs.
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Figure 2: MTL setup: (top) Syringe is connected to e-cigarette and144mL
of aerosol is collected at a rate of 18mL/sec. (Bottom) The syringe is then
connected to the heated (37oC) denuder tube and puffed on LVM. Outlet
tubes (blue tubes) are opened when puffing to allow mixing air in during the
puffing process.

Figure 3: DTL setup: e-cigarette is connected directly to the heated (37oC)
denuder tube and vaped on LVM. We thank Imperial Brands for the funding and support for this project. 

Figure 1: Denuder tube coated in 15% oxalic acid with marked sections to
be cut for GC-FID analysis.

Figure 4: DTL and MTL setup: e-cigarette connected to denuder tube 
heated with a heating pad being vaped on linear vaping machine.
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