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SAMPLES 

The data presented were generated in three different studies, conducted at different 

times and using different approaches:  

THP study:  A carbon tipped THP, sourced from the USA in 1996, was tested alongside 

a conventional cigarette (State Express 555, SE555; BAT) sourced from its UK 

manufacturing site also in 1996. 

E-cigarette study: Two “cigarette-like” e-cigarettes were sourced from the UK in 2013 

and tested: an integrated disposable design, Vype Disposable Regular (Nicoventures, 

BAT), and a replaceable cartomizer design, Intellicig XL (CN Creative Group).  

These were compared with data generated on the PMI electrically heated cigarette 

smoking system (EHCSS) and a series of 4 CCs reported by Zenzen et al. [2]. 
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INTRODUCTION 

There is increasing diversity in the range of nicotine inhalation products used 

worldwide. Electronic cigarettes (e-cigarettes), which produce an aerosol by heating a 

nicotine-containing liquid, are gaining mass popularity. Two approaches to Tobacco-

Heating Products (THP) have been developed; one heats tobacco through heat 

transfer from a carbon tip and one uses an electrical element to heat a tobacco rod. 

Both approaches are designed to minimise users’ exposure to toxicants formed from 

tobacco at high temperatures.  

There is considerable interest in quantifying and comparing the emission levels of 

major and minor aerosol constituents from these devices, in particular e-cigarettes 

given their widespread use. Up until the recent publication of CRM 81: ‘Routine 

Analytical Machine for e-Cigarette Aerosol Generation and Collection – Definitions and 

Standard Conditions’, no internationally recognised standard was in place to describe 

how these products should be tested and a variety of different puffing regimes have 

been reported in the literature [1]. 

The aim of the current study was to examine the impact of puffing machine parameters, 

such as puff volume, puff duration and puff profile (the graphical representation of the 

flow rate over the duration of the puff), on emissions from different nicotine and 

tobacco products.  Two types of e-cigarette and two tobacco heating products were 

examined, and their behaviours compared to those of conventional cigarettes (CC).  

CONCLUSIONS: 

For the e-cigarettes tested, there was no significant difference in yields between 3s rectangular and bell-shaped puff profiles.  

Whilst puff volume did not significantly affect yields from e-cigarettes or EHCSS, puff duration did. For EHCSS, puff frequency also had an effect on smoke yields, however this was not 

investigated in the e-cigarette study. By contrast, with CCs and the carbon tipped THP, both puff volume and puff frequency significantly influenced smoke yields whilst duration did not. 

Puffing parameters have wide-ranging effects on smoke and aerosol yields in ways that differ depending on the product. These differences are consistent with the heating mechanism of the 

products.   

The observed correlations between puff duration and aerosol yield in electrically heated nicotine delivery products have highlighted the importance in considering the tolerances specified in 

standardised regimes and demonstrates the necessity to understand which parameters are significant when defining these tolerances. 

This study, in conjunction with future studies designed to enable a more thorough understanding of the relationship between puffing parameters and aerosol yields, may allow robust 

comparisons between data derived from different machine puffing regimes. This information could then be coupled with human puffing topography data to estimate human exposure from 

data generated using a standardised machine puffing regime. 

Influence of machine-based puffing parameters on aerosol and smoke 
yields from contemporary nicotine and tobacco products 

RESULTS: THP COMPARED TO COMBUSTIBLE CIGARETTES 

A General Linear Model statistical analysis was conducted  on the data from both the carbon 

tipped and EHCCS studies in order to identify which puffing parameters had a statistically 

significant  effect (p<0.05) on the yields of TPM, nicotine and water. 

Table 1: Summary of GLM output 

 

 

 

 

 

 

 

 

 

 

 

*Whilst the effect of puff volume was significant for nicotine (p<0.05), the importance was substantially less than 

puff duration  

 

CCs: 

In both studies, the puffing parameter that consistently affected smoke yields was puff volume 

 

Carbon Tipped THP: 

Puff volume and puff interval had a significant effect on the TPM yield. This result was directly 

comparable with the CC tested in the same study 

 

EHCSS: 

Puff duration and puff frequency were the primary parameters to affect the measured yields. 

 

RESULTS: E-CIGARETTES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A statistical comparison (2 sample t-test) 

of the yields (ACM, nicotine, water and 

glycerol) resulting from the use of both 

rectangular and bell shaped puff profiles 

(80/3/30 regime) showed that there were 

no significant differences for the e-

cigarettes tested. An apparent bias in the 

data indicated that the puff profile could be 

significant when testing devices requiring 

a higher flow rate to activate them. 

The data generated using five different puffing regimes were assessed using 

ANOVA to determine significant main effects. The assessment showed (Figure 1 

and Table 2) that, for all measured yields, the only puffing parameter to have a 

significant effect was the puff duration. Indeed, it was possible to establish  a linear 

correlation between duration and yield with correlation coefficients (R2) greater than 

0.95. 

 

Note: The flow rate of the 20/5/30 puffing regime was insufficient to activate the 

devices 

Analyte 
p-Values 

Vype Intellicig 

ACM 0.577 0.180 

Nicotine 0.464 0.806* 

Water 0.463 0.488 

Glycerol 0.319 0.962 

Table 2: Summary of p-values  

Regime N 
Mean 

(mg/puff) 
Grouping 

20/2/30 15 0.51 C 

85/3/30 15 1.53 B 

150/5/30 15 2.65 A 

150/2/30 15 0.63 C 

Table 3: Tukey comparison of puffing regimes 

on glycerol yields from Vype 

Figure 1: Pareto charts of ACM, water, 

nicotine and glycerol on Vype. 

YIELD ANALYSIS 

Total yields (i.e. Total Particulate Matter (TPM) in the case of CCs and THPs; Aerosol Collected Mass (ACM) in the case of e-cigarettes) were measured gravimetrically (ISO 4387:2000). 

Nicotine, water and glycerol were extracted from the CFP by shaking in isopropanol before being analysed by GC-FID (nicotine and glycerol) and GC-TCD (water). 

SAMPLE GENERATION METHODS 

THP study: The carbon tipped THP and SE555 cigarettes were smoked on a single-

port Borgwaldt smoking machine with five products smoked onto a single CFP in 

each case. The smoke composition was examined using four different puffing 

regimes; 35/2/60, 45/2/30, 45/2/30 (with ventilation holes blocked) and 65/2/20. 

E-cigarette study: A Borgwaldt RM20D rotary smoking machine fitted with a smoke 

ring capable of holding 20 Cambridge filter Pads (CFPs) and minimum ‘dead 

volume’ was used to generate the aerosol. A direct comparison (n = 6) between a 

‘rectangular’ puffing profile (approximating to a constant flow) and a ‘bell shaped’ 

profile (consistent with ISO 3308:2012) was made using an 80 mL puff over 3 

seconds.  

Additionally, a design of experiment approach (generating 15 replicates over 3 days) 

was used to investigate the effect of puff volume and duration, by comparing five 

different puffing regimes, derived from the extremes of the capability of the smoking 

machine; 20/2/30, 20/5/30, 85/3/30, 150/2/30 and 150/5/30.  

* Data included for information; yields were 

below the calibration range of the method 

Table 2: Two Sample t-test Comparison 

of Puff Profiles on Glycerol Yields 

CORESTA, 2015, Jeju: STPOST 13

  

References 

1. Stevens R. Electronic Cigarettes: Assessment of Analytical Literature from 55 Studies Published Worldwide prior to November 2013 on Commercial E-Cigarettes. CORESTA E-

Cigarette Task Force Reference Report. 2014  

2. Zenzen V, Diekmann J, Gerstenberg B, Weber S, Wittke S. Reduced exposure evaluation of an Electrically Heated Cigarette Smoking System. Part 2: Smoke chemistry and in vitro 

toxicological evaluation using smoking regimens reflecting human behaviour. Regul Toxicol Pharmacol 2012 64: S11-S34 

TPM CC EHCSS Carbon  Tipped THP

Volume Significant No effect Significant

Duration No effect Significant No effect

Interval
Significant in 1996 study

No effect in EHCCS study
Significant Significant

Nicotine CC EHCSS

Volume Significant Significant*

Duration No effect Significant*

Interval No effect Significant

Water CC EHCSS

Volume Significant No effect

Duration No effect Significant

Interval Significant Significant
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