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❑ Vanillin, a widely used flavoring chemical in food products, 
has been shown to degrade in various conditions 
(Weerawatanakorn, M. et al 2015).
❑ Vanillin is also a popular additive to e-cigarette liquid 

flavors, and its stability in the liquids is currently unknown.
❑ Though vanillin and other flavor compounds oxidize in food 

products, we still don’t know what is occurring in               
e-cigarette products.

❑ The purpose of this study was to determine if 20 chemical 
compounds added to flavored e-cigarettes degrade over the 
span of one year in three different light and temperature 
conditions.​

❑ Hypothesis: If flavoring chemical compounds degrade in 
food products, then similar degradation effects will be 
observed in e-cigarette liquids.

Background
❑ E-cigarettes are electronic nicotine delivery systems (ENDS) 

that vaporize liquids and are inhaled.​
❑ Popular flavors include fruit, mint, and dessert.
❑ Flavors comprise of many individual flavoring chemical 

compounds.
❑ The stability of flavoring chemicals in e-cigarettes is unknown.

❑ Expiration dates are often arbitrarily listed and the amount 
of time from manufacture to purchase is usually unknown.

❑ NYS recently banned all flavored liquids due to their 
attractiveness to youth.​ 
❑ Users and stores may begin to purchase and store flavored 

e-cigarette liquid products.
❑ This is concerning because the flavoring compounds could 

degrade into other chemicals with unknown health effects.
❑ Degradation may occur from oxidation, hydrolysis, or 

photolysis.

Purpose/Hypothesis
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Methods/Materials

20 Flavoring Chemicals Independently 
added and Combined

into 50:50 PG/VG solution 
(1 mg/mL)

13 commercial products 
(Blu commercial liquids)

A control with just PG/VG, and one with 
both PG/VG and Nicotine

Ambient Light

Ambient Dark

4°C Dark​

PREP

Aliquots were 
collected at:

0 month
1 month
3 month
6 month

12 month

ANALYSIS

Q-TOF
Flavor Quantification

https://www.agilent.com/en/products/gas-chromatography-
mass-spectrometry-gc-ms/gc-ms-instruments/7200b-gc-q-tof​

Samples Conditions Preparation Instrumentation

30μL of each sample 
added to 3mL of MeOH
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A study from Yale University 
has shown that flavor 

aldehydes rapidly reacted 
with PG (Erythropel, H. et al 

2019).

Reference Solutions
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Blu E-Cigarette Liquids
Benzaldehyde Vanillin

0 Month

After the mixing of PG/VG with flavor 
aldehydes, and after a storage period, it was 

found that:
1. E-cigarette liquids are chemically unstable

2. New compounds can form

Acetals
Molecules formed from 

chemical reactions between 
aldehydes and PG/VG.

Cytotoxic
PG flavor acetals are more 
cytotoxic than the parent 
aldehyde (Jabba, S., et al. 

2020).

Results/Analysis
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Conclusions
❑ The flavoring chemical compounds Benzaldehyde and Vanillin in 

reference solutions and in commercial Blu liquids degraded 
over the span of one year.

❑ The ambient light condition allowed for fastest decay in both the 
Blu liquids and the reference solutions.

❑ Degraded commercial liquids could possibly be exposing users to 
harmful toxic acetals.
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