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Outline 

 Introduction  

 Analytical method 

 Acrolein and dimerization 

 Validation and sample results 

 Extending method to flavour carbonyls 

 Flavour carbonyls results 

 Summary 
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Introduction 

 

 International Agency for Research of Cancer (IARC) classifies formaldehyde as a 
human carcinogen (Group 1) and acetaldehyde as possibly carcinogenic to humans 
(group 2B). 

 

 Low molecular weight carbonyls documented as being present in e-cigarette vapor 
resulting from humectant degradation. 

 

 Are carbonyls present in e-liquid? If so, could they transfer to vapour? 

 

Why the interest in carbonyls? 20
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Carbonyls 

 
 
 
 

Formaldehyde Acetaldehyde Acetone Propionaldehyde 

[CAS 50-00-0] [CAS 75-07-0] [CAS 67-64-1] [CAS 123-38-6] 

 
 
 
 

Acrolein Butyraldehyde Crotonaldehyde 

[CAS 107-02-8] [CAS 123-72-8] E [CAS 123-73-9] 
Z [CAS 15798-64-8] 
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e-Liquid Composition 

 Humectants (propylene glycol and/or glycerol) 

 Nicotine 

 Water 

 Flavours 

 

 

 Carbonyls expected to be at low level, if at all present 
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Need for Derivatization 

 Carbonyls are polar with no chromaphore  difficult to analyze 

 

 2,4-DNPH  

-  Typically used with HPLC-UV 

-  Quality has deteriorated in recent years; need to recrystallize 

- Acidic media promotes acrolein dimerization 

 

 PFBHA 

- Easy to prepare and carbonyl free 

- Reaction can occur in aqueous or organic solvents 
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PFBHA Reaction Scheme 

 PFBHA =  o-(2,3,4,5,6-pentafluorobenzyl)-hydroxylamine 

 

 

 

 

 Reaction is fast for aldehyde; slow for ketones 

 Asymmetric carbonyls give two derivatives (syn- and anti-isomers) 

 Derivative is stable, volatile and amenable by GC-MS (NCI) 

 NCI provides better selectivity and lower LOQs than EI 

 

 

    Carbonyl                       PFBHA             PFB-Oxime Derivative            
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Extraction Scheme 

 

 
Weigh 0.1 g e-Liquid into culture tube 

Add ISTD (Acetone-D6 in MeCN) 

Add 2 mL MeCN 

Cap, vortex briefly and let sit ≥ 60 min at room temp (RT) 

 

Vortex for for approx. 10 seconds 

Transfer upper layer to GC vial 

Add 500 µL PFBHA (20 mg/mL in water) 

  

Standards Samples 

Add 2 mL standard in MeCN 

Add 2 drops H2SO4 and 2 mL hexane 
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PFBHA Derivatization Time 

Formaldehyde
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Propionaldehyde  
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GC-MS Conditions 

Analytical Column DB-5MS  
(30m x 0.25 mm; 0.25 µm) 

Injection Volume 1 µL 

Injection Port Temp. 260 °C 

Injection Mode Split 

Split Ratio 10:1 

Column Flow Constant; 1.2 mL/min (He) 

Oven program 50° for 2 min 

10°/min to 140°; hold 2 min 

10 °/min to 170° 

20°/min to 270°; hold 4 min 

Run Time 25 min 

Source 
 

Negative Chemical 
Ionization (NCI) 

Ionization Gas Methane 

Ionization Gas Flow 40% (2 mL/min) 

Transfer Temp. 270 °C 

MS Source Temp. 150 °C 

MS Quad. Temp. 106 °C 
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Ions Monitored 

 Base peaks: 

 - m/z 181 PFBHA – 32 (-ONH2) 

 - m/z 178 PFBHA – 35 (-FNH2) 

 

  M-20 Loss of HF 

 

 M-50 loss of –CF2 

Analyte MW 
Derivative 

MW 
M-20 

Ret. Time 
(min) 

Formaldehyde 30 225 205 6.4 

Acetaldehyde 44 239 219 7.9/8.0 

Acetone-D6 64 259 239 8.7 

Acetone 58 253 233 8.8 

Acrolein 56 251 231 9.1/9.3 

Propionaldehyde 58 253 233 9.1/9.2 

n-Butyraldehyde 72 267 247 10.3/10.4 

Crotonaldehyde 70 265 245 11.2-11.6 

Acrolein Dimer 112 307 287 16.2 
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Acrolein Dimerization 
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Acrolein Standard 

Extracted ion chromatogram (m/z 231 and m/z 287) 20
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Acrolein Standard 

Extracted ion chromatogram (m/z 231 and m/z 287) 20
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Acrolein Standard (w/ Dimer [Expanded]) 
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Example Chromatogram - Standard  

Formaldehyde to Crotonaldehyde 20
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Acrolein Linearity (10 – 1000 ng/mL) 
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Limit of Quantitation (LOQ) 

Analyte LOQ (ng/mL) LOQ (ng/g) 

Formaldehyde 10 200 

Acetaldehyde 5 100 

Acetone 10 200 

Acrolein 1 20 

Propionaldehyde 5 100 

n-Butyraldehyde 2 40 

Crotonaldehyde 2 40 
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E-Liquid Matrix Recoveries (%) 

Form Acetald Acetone Acrolein Propionald n-Butyrald Crotonald 

Low Level (50 ng/mL) 

Mean ± SD: 90.5 ±3.8 90.7 ±1.4 97.5 ±1.8 94.9±1.2 94.6 ±0.9 93.4 ±1.0 95.2 ±1.1 

CV: 4.2 1.6 1.8 1.3 1.0 1.0 1.2 

n: 5 5 5 5 5 5 5 

High Level (600 ng/mL) 

Mean ± SD: 85.9 ±1.7 92.5 ±1.4 100.3±0.5 94.3±0.9 98.7 ±0.7 103.2 ±0.9 96.6 ±0.9 

CV: 2.0 1.5 0.5 1.0 0.7 0.9 0.9 

n: 5 5 5 5 5 5 5 

50:50 PG:GLY w/ nicotine (unflavoured) 20
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Sample Results (ng/g) 

Form Acetald Acetone Acrolein Propionald n-Butyrald Crotonald 

Product A (n=3) 

Mean ± SD: 5500 ±121 1483 ±45 987 ±27 <LOQ 199 ±6 <LOQ <LOQ 

CV: 2.2 3.0 2.7 - 2.8 - - 

Product B (n=3) 

Mean ± SD: 2070 ±58 1109 ±39 316 ±57 457 ±87 <LOQ <LOQ <LOQ 

CV: 2.8 3.5 0.5 18.9 - - - 

Product C (n=3) 

Mean ± SD: 2422 ±94 1445 ±200 292 ±12 46.0 ±3.8 <LOQ <LOQ <LOQ 

CV: 3.9 14.0 4.2 8.3 - - - 

Commercial e-liquid products 20
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“Flavour” Carbonyls 

 
 
 
 

Isobutyraldehyde Acetoin 2,3-Butanedione (Diacetyl) 

[CAS: 78-84-2] [CAS: 513-86-0] [CAS: 431-03-8] 

 
 
 
 

2,3-Pentanedione 2,3-Hexanedione 2,3-Heptanedione 

[CAS: 600-14-6] [CAS: 3848-24-6] [CAS: 96-04-8] 
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Diacetyl Derivatization 

One hour at room temperature 20
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Diacetyl Derivatization 

1 Hour (room temp.) versus 24 hours (50 °C) 20
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Glycerol - Carbonyl Content (ng/mL) 

Time  Temp Sample Form Acetald Acetone Propionald 

1 
Hour 

RT 

LRB 4.47 5.4 ND ND 

Mean ± SD  
(n = 3) 

13.8 ± 0.5 5.49 ± 0.70 24.0 ± 3.0 ND 

CV (%) 3.3 12.8 12.3 - 

15 
Hours 

RT 

LRB 7.14 4.64 ND ND 

Mean ± SD  
(n = 3) 

13.4 ± 0.4 5.19 ± 0.43 52.7 ± 3.1 ND 

CV (%) 3.4 8.3 5.8 - 

24 
Hours 

50 °C 

LRB 17.99 5.69 ND 2.68 

Mean ± SD  
(n = 3) 

33.6 ± 3.8 6.86 ± 1.13 70.0 ± 0.4 3.14 ± 0.01 

CV (%) 11.2 16.5 0.6 0.5 
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Propylene Glycol - Carbonyl Content (ng/mL) 

Time  Temp Sample Form Acetald Acetone Propionald 

1  
Hour 

RT 

LRB 4.47 5.4 ND ND 

Mean ± SD  
(n = 3) 

22.5 ± 1.2 20.5 ± 2.2 ND 5.2 ± 3.2 

CV (%) 5.2 10.9 - 59.9 

15 
Hours 

RT 

LRB 7.14 4.64 ND ND 

Mean ± SD  
(n = 3) 

23.0 ± 1.8 22.2 ± 1.1 ND 3.5 ± 0.4 

CV (%) 8.0 5.1 - 10.8 

24 
Hours 

50 °C 

LRB 17.99 5.69 ND 2.68 

Mean ± SD  
(n = 3) 

47.0 ± 6.4 37.3 ± 3.0 16.8 ± 6.6 1424 ± 1513 

CV (%) 13.6 7.9 39.4 106.2 
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Example Chromatography 

e-Liquid matrix recovery extract (24 hour derivatization at 50 °C) 20
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Diketone Recoveries (%) 

2,3-Butanedione 2,3-Pentanedione 2,3-Hexanedione 2,3-Heptanedione 

Low Recovery Level (32 ng/mL; n = 3) 

Mean ± SD 79.9 ± 1.6 90.1 ± 1.9 90.0 ± 1.8 89.6 ± 1.2 

CV 1.9 2.1 2.0 1.3 

High Level Recovery (800 ng/mL; n = 3) 

Mean ± SD 100.7 ± 3.1 93.7 ± 2.7 93.2 ± 1.7 92.6 ± 1.7 

CV 3.1 2.9 1.8 1.8 

50:50 PG:GLY e-liquid with nicotine (unflavoured) 20
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E-Liquid Results (μg/g) 

Isobut Acetoin 2,3-But 2,3-Pent 2,3-Hex 2,3-Hept 

Lab Reagent Blank ND ND ND ND ND ND 

Product D (n=3) 

Mean ± SD ND UCL 55.4 ± 6.4 4.6 ± 0.5 ND ND 

Product E (n=3) 

Mean ± SD 422 ± 12 UCL 230 ± 16 ND ND ND 

Product F (n=3) 

Mean ± SD N/A 576 ± 15 N/A N/A N/A N/A 

Various commercial products 20
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Summary  

 Carbonyls are present in e-liquids: 

– Contaminants (in sample) 

– Potential for degradation of humectants during sample extraction/derivatization 

– Prolong extraction/derivatization can introduce carbonyls from environment 

– Flavours 
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Summary 

 Single method applied to both ‘contaminant’ carbonyls and ‘flavour’ carbonyls. 

 

 Different derivatization time requirements results in two distinct methods being 
necessary to quantitate samples. 

 

 Pursue alternative derivatization for diketones (faster reaction) or choose not 
derivatize. 
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Questions? 

 

Senior Scientist 
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