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Introduction 

Tedlar Bag Calibration Preparation 

Calibration standards were prepared by taking a known volume of gas with a 100mL gastight syringe 
from a certified gas cylinder containing the VOCs of interest and adding it to a known amount of air in 
a 6 liter Tedlar bag. The Tedlar bags were puffed onto the SKC Anasorb CSC tubes using a linear 
smoke machine.  Using a 55mL puff volume, 3 second puff and a 30 second collection time, each 
calibration point was prepared by capturing a varying number of puffs onto the tube.  The front 
sorbent and surrounding glass wool were removed and extracted with 4mL of carbon disulfide 
extraction solution containing internal standards (benzene-d6 and toluene-d8).  The extracts were 
analyzed by GC/MS in SIM mode.  An Agilent DB-WAXETR column was used for the original 
validation analysis.  Six meters of a Restek Rxi-624Sil MS was combined with the DB-WAXETR in 
order to chromatograph propylene oxide.  Each calibration compound’s regression was linear with a 
coefficient of determination of a least 0.995. 

Breakthrough Analysis 

Breakthrough analysis was performed by vaping a Tedlar bag containing VOCs onto the sorbent 
tube.  The front 400mg and rear 200mg of sorbent were extracted individually.  The two fractions 
were analyzed by GC/MS.  Analytes were detected in the front sorbent but no analytes were 
discovered in the back fraction, thus making only the extraction of the front sorbent necessary. 

Analyte Recovery 

E-cigarettes were not available at the required concentration for use as validation samples.  The 
samples used in the validation were prepared from Tedlar bags.  Analyte recovery was determined 
using five samples prepared on each of three analysis days. The average percent recoveries are 
listed in the table below.  The average percent recovery across all replicates was 80%- 120%. 

Stability 
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Method precision was determined using five replicate samples prepared on three analysis days.  
Intraday precision was within 6% for all analytes.  Interday precision was within 7% for all 
analytes. Instrument precision was determined using five mid-level calibration points.  A level 
three standard was injected 10 times in a row to determine instrument precision for all VOCs 
except propylene oxide. The %RSD was less than 3.5% for the analytes.  Instrument precision 
for propylene oxide was determined by injecting the level 4 standard five times in a row on three 
consecutive days.  The intraday precision was less than 4% and the interday precision was less 
than 3%RSD. 

Method and Instrument Precision 

Conclusion 

The purpose of this development work was to lower quantitation limits for VOCs in ENDS aerosol.  
Since the use of liquid calibration standards was unsuccessful, quantitation using gas calibration 
standards was used for validation of the method.  Carbon disulfide was used as the extraction solvent 
due to the increase in sensitivity and improved chromatography, especially at the lower levels. 
Anasorb CSC tubes where chosen due to availability and cost.  By using this matrix matched method, 
lower levels of quantitation were achieved along with a reduced cost in performing VOC analysis. The 
criteria set for calibration curve linearity and instrument precision were met.  The analyte recovery for 
all the VOCs were within an acceptable percent recovery range.  Method precision  was also suitable.  
Extract stability was similar to that of cigarette extracts.  The sorbent tube stability allows for samples 
not to require immediate analysis.  Having met all the acceptance criteria with this validation, this 
method is fit for purpose. 

The recent 2016 deeming of ENDS by the US Food and Drug Administration (FDA) has led to an 
increased interest in harmful and potentially harmful constituents (HPHCs) in ENDS aerosol. FDA 
currently recommends reporting the Volatile Organic Compounds (VOCs): 1,3-butadiene, 
acrylonitrile, isoprene, benzene, toluene and propylene oxide. The levels of VOCs in ENDS aerosol 
is typically present at levels below the detection limit of methods developed for cigarette smoke 
testing.  However, obtaining the lowest possible detection limits are vital when performing a 
quantitative risk assessment.  Ideally method detection limits would be lower than the US EPA 
“Inhalation unit risk” (IUR) or California Prop 65’s “No significant risk” levels for each compound. 

Volatile analyte stability was determined for sample extracts and sorbent tubes.  Tedlar bags 
containing VOC standards were collected onto sorbent tubes and half of the samples were extracted. 
Multiple autosampler vials of the extracts were prepared.  Five of the extracts were then analyzed by 
GC/MS.  The remaining extracts in autosampler vials were stored at -10°C. The unextracted sorbent 
tubes were also stored at -10°C.   Sample extracts have stability of 48 hours.  Sorbet tube stability is 
seven days.  %Difference of less than 10% concentration is required for stability. 

Figure 1 – Example calibration curve of Benzene and Toluene 

Table 1 –  Method quantitation limits 

Analyte CRM 70 LOQ 
µg/mL 

Modified CRM 70  LOQ 
µg/mL 

 

Sorbent  tube method 
LOQ 

µg/mL 
1,3-Butadiene 5 0.8 0.054 
Acrylonitrile 4 0.8 0.055 

Isoprene 12 8 0.055 
Benzene 4 1 0.077 
Toluene 4 1 0.073 

Propylene Oxide NA 0.4 0.216 

.   

Analyte Day 1 Ave 
%Recovery 

Day 2 Ave 
%Recovery

Day 3 Ave 
%Recovery

Ave %Recovery 
N=15 

1,3-Butadiene 111.5 109.3 104.9 108.6 

Acrylonitrile 105.8 112.8 110.4 109.6 

Isoprene 108.7 104.8 104.3 106.0 

Benzene 110.4 118.4 111.8 113.5 

Toluene 107.5 115.9 111.7 111.7 

Propylene Oxide 94.9 95.5 86.9 92.4 

Table 2 – Analyte average percent recovery 

Figure 2–  Chromatogram of Standard 6 of VOC  

Table 3 – Extract Stability  

Figure 3-  Tedlar bag, Anasorb CSC tube and extract 
Traditional  cigarette methods like CORESTA CRM 70, which use liquid impingers, do not allow for 
the lower quantitation levels necessary for ENDS aerosol analysis. As an alterative, we used WHO 
Tobacco Laboratory Network SOP 9, which uses Carbon molecular sieves Carboxen 572 to trap 
VOC compounds. However we found that at low levels, the compounds could not be quantitively 
recovered from the carbon media due to incomplete extraction of the compounds. In an attempt to 
resolve this issue, we constructed the calibration curve by puffing known amounts of each compound 
onto the media.  With this approach the standards and samples were collected and desorbed in 
exactly the same manner. Additionally, we found that SKC Anasorb CSC charcoal media performed 
as well as the more expensive Carbon molecular sieves media used in the WHO method.   

Method Details 
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