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EXPERIMENTAL METHODS
A study was conducted to measure the droplet size distribution

(DSD) of three variants of the same base e-cigarette formulation.
The e-cigarettes used in this study were of the disposable type,

and contained all of the typical components required for normal

operation, as shown in Figure 1.

Figure 1: Components of a Typical E-cigarette

Both Electrical Mobility and Light Scattering methods were used for
these measurements, that is, the Cambustion Differential Mobility

Spectrometer (DMS) (Figure 2) (Cambridge, UK), and Malvern

Instruments Spraytec (Worcestershire, UK) (Figure 3) respectively.
No dilution or additional treatment of the aerosol was applied

during the measurement.

Figure 2: Droplet Detection by DMS

Figure 3: Droplet Detection by Spraytec

rate was controlled using a vacuum pump and in-line mass flow

controller (MFC). A HEPA filter device was fitted upstream to
prevent contamination and to maintain optimal performance of the

MFC.

For each formulation variant (Table 1) fifteen puffs were completed

for measurement, on three independent devices. Thus, n=45 for
each variant using each measurement method. The formulation

reservoir was driven toward depletion by firing to waste for forty
puffs after every five DSD measurements. Gravimetric

measurements were recorded after every sizing puff and waste

puff series. The average mass loss per puff was therefore
calculated on an n=95 basis.
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INTRODUCTION
Electronic Cigarettes (also known as e-cigarettes or Electronic Nicotine Delivery Systems – ENDS), are a new type of product gaining

popularity among adult cigarette smokers. Aesthetically, e-cigarettes are typically cigarette shaped and battery powered. The battery powers
a heating element, which vaporises a liquid formulation contained in a reservoir, subsequently forming a condensation aerosol. The

condensable material which forms this aerosol is normally a mixture of propylene glycol and/or glycerol (as excipient), water, nicotine and

flavourings. The heating elements are activated upon puffing on the devices, via an internal pressure sensor.

RESULTS
Data were normalised by calculation of Volume Frequency from the

corresponding DSD of each formulation variant as shown in Figure
4. The Volume Median Diameter (VMD) was then determined from

each DSD (Table 2). The data presented were produced using ISO

(International Organization for Standardization) standards(ISO
15900:20092 and ISO 13320:2009(E)3 for Electrical Mobility (DMS)

and Light Scattering (SPR) methods respectively).

Figure 4: Droplet Size Distribution by Sample and Method

The Coefficient of Variation (CV) did not exceed 3% and 6% for the
Electrical Mobility and Light Scattering measurements respectively,

indicating a high degree of precision between each inter-device
measurement.

DISCUSSION
Given the precision of these data, the difference between mobility

and scattering data can, in part, be attributed to sampling
arrangements. Back calculation of diameter of average mass (��� )

(Table 3), from formulation density (approx. 1210kgm-3), total

droplet number (6.68×1010 ± 5.79×109) and the gravimetric
measurements (1.71 ± 0.12mg), gives an intermediate droplet size

between those determined from the measurement methods. This is
evidence to suggest evaporation of the volatile fraction of the

droplets in the DMS, due to operating temperature and pressure of

the instrument. Furthermore, the smaller droplets in each puff
could be under-represented in the light scattering measurements

due to low scatter intensity for droplets smaller than the incident
wavelength.

SUMMARY
The e-cigarettes tested in this study showed excellent output

reproducibility. The droplet diameters by optical methods were
similar across devices. However, mobility measurements appeared

to under-predict diameter but gave significantly better precision

data. The nature of the smoking profile (square wave function, over
3 seconds) appears to have a direct effect on measurement

precision. This suggests a clear need for further work to agree
standard testing regimes between industry and regulators and

further scientific investigation is required to understand and

develop the most appropriate measurement method(s).
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Droplet Diameter (nm)

[A]DMS [B]DMS [C]DMS [A]SPR [B]SPR [C]SPR

Sample VMDDMS ± σ (nm) VMDSPR ± σ (nm)

[A] 301 ± 5 465 ± 27

[B] 295 ± 7 463 ± 16

[C] 299 ± 9 461 ± 20

Sample % Nicotine Flavouring

[A] 3.0 No

[B] 4.5 No

[C] 3.0 Yes

Sample ��� 	± σ (nm)

[A] 333 ± 8
[B] 336 ± 15
[C] 370 ± 32

Table 2: VMD Determinations by Sample 

and Method

Table 3: Calculated

��� per Sample

Puffing parameters for the
mobility measurements

were controlled using the
Cambustion Smoking

Cycle Simulator (SCS). A

square wave puff profile of
80ml over 3 seconds,

every 30 seconds was
used throughout the study.

Previous studies suggest
that puffing profiles with a

sinusoidal wave function give rise to delayed aerosol output due to
slower actuation of the pressure sensor1.

Light Scattering
measurements were

achieved by replication of
the puff profile flow rate

conditions (26.66cm3s-1),

for 3 seconds through a
closed system (Spraytec

Inhalation Cell accessory)
mounted behind the

aerosol source. The flow

Table 1: Tested Formulation Variants


