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Chasing clouds, catching chemicals: Bisphenols in e-liquids 
analysed with SPE and LC-MS/MS
James Edwards, Porvair Sciences

An overlooked health risk associated with the e-liquids is contamination with 
bisphenols, believed to migrate into the liquid from their packaging. However, research 
into the presence of bisphenols in e-liquids remains limited. Notably, one study 
detected bisphenol A in every sample tested [13], showing the need for further work to 
investigate both bisphenol A as well as other bisphenols which may be present.

Bisphenols are compounds composed of two phenolic rings, connected via a carbon 
with differing chemical groups attached. Figure 1 shows examples of three common 
bisphenols. They are important in the manufacturing of plastics, where they provide the 
structural backbone and offer desirable properties which are diffi cult to achieve with 
alternative materials.  

Figure 1: Chemical structures of three commonly used bisphenol compounds – bisphenol A, S and F.

Despite their usefulness within plastic production, bisphenols pose signifi cant health 
risks primarily due to their endocrine disrupting properties [14]. This means that they 
interfere with the body’s hormone systems, with research linking them to cancer 
(breast, prostate, ovarian, testicular and colorectal) [15], metabolism disruption [16] and 
harm to reproductive health [17].

The regulation of bisphenols varies signifi cantly worldwide, with the European Union 
(EU) implementing the strictest regulations globally. In 2022, the European Food 
Safety Authority (EFSA) suggested a tolerable intake of 0.2 ng/kg bodyweight/day for 
bisphenol A [19]. This was made substantially lower than the EFSA’s 2015 temporary 
tolerable intake of 4 ng/kg bodyweight/day, based on additional data demonstrating 
bisphenol A’s greater toxicity. Following this, on the 20th January 2025, the EU banned 
the use and trade of bisphenol A and other hazardous bisphenol derivatives in food 
contact materials [18]. 

While e-liquids are not classifi ed as food products and are therefore excluded 
from current EU bisphenol regulations, their storage in plastic bottles creates a 
potential source of contamination.  Additionally, because exposure occurs through 
inhalation rather than ingestion, the health risks are less well understood and could 
differ signifi cantly. For these reasons, it is important to assess the concentration of 
bisphenols in e-liquids, evaluate potential risks, and develop reliable sample preparation 
methods to enable further study.

This work utilised a polymeric solid phase extraction (SPE) technique using the 
Microlute® CP HLB 96 well plate to develop a sample preparation method, validate 
extraction of bisphenols from e-liquid solutions, and analyse 16 different brands of 
e-liquids for six different bisphenols - A, AP, E, F, S and Z. 

Materials and Methods
Stock and Standards
A stock solution of all six bisphenols (A, AP, E, F, S and Z) was prepared by dissolving in 
methanol (MeOH) at 1 mg/mL. Working solutions were prepared by diluting this stock 
solution in water to obtain standards of 2.5, 50, 100, 250, 2,500 and 5,000 ng/mL.

Matrix solution
For validation of the SPE procedure and preparation of matrix match standards, a 
solution of 70% vegetable glycerine (VG) and 30% propylene glycol (PG) (v/v) was 
prepared. 

Samples
16 different brands of e-liquids with a composition of 70% VG 30% PG were purchased 
from an online UK retailer. The e-liquids were primarily packed in polyethylene 
terephthalate (PET) bottles, with one packaged in an low density polyethylene (LDPE) 
bottle and four in plastics of unknown composition. The fl avours included unfl avoured, 
mint, cherry, passionfruit, mixed berries, melon and apple pear, cream and energy drink. 

SPE method
A 10 mg 96 well plate (Microlute® CP 10 mg HLB) with a positive pressure manifold 
(UltraPPM™ Lite) was used for processing samples. Prior to performing the SPE, 
samples and matrix match solutions were diluted 1:1 with ultrapure water to reduce 
viscosity and improve liquid fl ow through the SPE plate.

• Conditioning: 0.5 mL of methanol

•  Equilibration: 0.5 mL of ultrapure water

•  Loading: 1 mL diluted sample

•  Wash: 0.5 mL of 20% methanol in water

•  Drying step: The sorbent was dried at 20 PSI for 2 minutes using the positive 
 pressure manifold

• Elution: 2 x 0.5 mL of 5% ammonium hydroxide in methanol (dried at 20 PSI 
 for 2 minutes after each elution with the positive pressure manifold)

• Reconstitution: The eluate was evaporated using a nitrogen blowdown evaporator   
 (Ultravap® Mistral) at 30°C and reconstituted with 0.1 mL of ultrapure water

Vaping refers to the use of an electronic device to inhale an aerosol created through heating a liquid, commonly known as an e-liquid. E-liquids typically consist 
of propylene glycol (PG), vegetable glycerine (VG), nicotine and various fl avouring compounds. The popularity of vaping has increased signifi cantly since 2013, 
growing from 1.3% of adults vaping to 10.0% in 2023. This is especially true among young adults with 23% of 18 year olds reporting long term vaping by 2023 
[1]. As the prevalence of vaping continues to rise, there is an increasingly urgent need to fully understand the emerging health risks associated with it. Previous 
research has identifi ed some potential harmful health effects of vaping e-liquids including cardiovascular damage [2-5], respiratory issues [6-8], reproductive 
issues [9, 10] and neurological damage [11, 12]. 
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Table 1: HPLC and Mass Spectrometer conditions used for analysis of bisphenols using 
Multiple Reaction Monitoring (MRM).

HPLC-MS/MS Method:

HPLC: ACQUITY Premier UPLC Mass Spectrometer: Xevo TQ-S Micro

Solvent A: H2O Needle Wash MeOH (3 sec)

Solvent B: MeOH + 0.01% ammonia Syringe Draw Rate 30 µL/min

Needle Placement 4mm

Gradient Injection Volume 2 µL

Time (min) A (%) B (%)

0.00 94.0 6.0

0.25 94.0 6.0

0.75 65.0 35.0

3.50 30.0 70.0

3.75 30.0 70.0

3.76 5.0 95.0

4.75 5.0 95.0

4.76 94.0 6.0

5.75 94.0 6.0

Column Waters ACQUITY UPLC-BEH C18 
(2.1 x 50, 1.7 µm)

Column Temperature 40°C

Source Type ESI Negative

Capillary Voltage 2500 V

Desolvation Temperature 350°C

Source Temperature 150°C

Desolvation Gas Flow 1000 L/hr

Cone Gas Flow 0 L/hr

Detector Gain 1.00

Minimum Points Per Peak 15

Flow Rate 400 µL/min

Seal Wash On (5 min)

Sample Temperature 10°C

MRM Transitions:

Analyte Polarity Precursor 
ion (m/z)

Product ion 
(m/z)

Cone 
voltage (V)

Collision 
energy (V)

Bisphenol A Negative 226.82
211.94 
(Quan) 43

17

132.99 24

Bisphenol AP Negative 288.84
273.97 
(Quan) 38

20

210.97 24

Bisphenol E Negative 212.75
197.92 
(Quan) 33

17

118.92 26

Bisphenol F Negative 198.72
92.91 

(Quan) 38
20

104.91 18

Bisphenol S Positive 250.79
92.94 

(Quan) 55
24

156.91 15

Bisphenol Z Negative 266.85
173.03 
(Quan) 50

26

144.96 34

Method validation
To validate the method for suitability in processing e-liquids with SPE, a blank matrix of 
70% VG 30% PG (v/v) was processed through the SPE plate (following the previously 
outlined method), then spiked at concentrations of 0.1, 1.5, 5, 10, 100, 250 and 
500 ng/mL. This was then compared to standards prepared in ultrapure water, spiked 
to the same concentrations, to test for matrix effects and linearity. 

Alongside this, ten replicates of the blank solution were injected to confi rm the limit 
of detection (LOD) and limit of quantifi cation (LOQ) of each bisphenol compound. 
This was calculated using equation 1. 

Equation 1: Calculation of LOD or LOQ (Lx), where meanblank is the average of 10 
blank replicates, � is the standard deviation of the blanks, slope is the gradient of the 
calibration curve and k is a constant of 3.3 (LOD) or 10 (LOQ).

To validate recovery, three concentrations of the bisphenols were used – 10 ng/mL 
(low), 40 ng/mL (medium) and 80 ng/mL (high). These three concentrations validated 
recovery across the calibration range - near the LOQ, the midpoint of the calibration 
curve and the upper part of the calibration curve.

Figure 2: Chromatogram of the lowest calibration standard for each bisphenol. Peaks: (1) 
bisphenol S (0.5 ng/mL), (2) bisphenol F, (3) bisphenol E, (4) bisphenol A, (5) bisphenol AP, 
and (6) bisphenol Z (all 1.5 ng/mL).

Testing commercial e-liquids
The commercially available e-liquids were diluted and tested using the same SPE 
method that was validated with the blank matrix. Calibration standards were prepared 
as matrix matched standards, using post-spiked 70% VG 30% PG solutions.

Results and Discussion
Table 2 shows the results of the validation of the method for all six of the bisphenols.

Table 2: Validation results for six bisphenols in 70% VG / 30% PG using SPE–LC–MS/MS. R² = 
coeffi cient of determination, MDL = method detection limit, MQL = method quantifi cation limit 
(calculated using Equation 2), ME = matrix effect

Analyte Linearity R2 LOD 
(ng/mL)

LOQ 
(ng/mL)

MDL 
(ng/mL)

MQL 
(ng/mL)

ME
(%)

Bisphenol A 1.5 – 500 0.9906 1.20 2.10 0.34 0.60 -13.0

Bisphenol AP 1.5 – 500 0.9866 0.50 1.23 0.28 0.70 -59.0

Bisphenol E 1.5 – 500 0.9933 0.23 0.54 0.06 0.14 -10.0

Bisphenol F 1.5 – 500 0.9900 0.42 0.87 0.10 0.20 -6.6

Bisphenol S 0.5 - 500 0.9950 0.02 0.05 0.0055 0.012 -16.6

Bisphenol Z 1.5 – 500 0.9860 0.47 1.01 0.22 0.47 -42.3

Validation of the method showed that all six compounds were linear. Bisphenol AP 
and Z had R2 values slightly below 0.99, however the residuals at each calibration level 
were within ±20%. LOQ values ranged from 0.05 ng/mL (bisphenol S) to 2.10 ng/mL 
(bisphenol A). The method detection limit (MDL) and method quantifi cation limit (MQL) 
were calculated using recovery at a low concentration (10 ng/mL results in table 3), 
matrix effect and concentration factor (equation 2) to give the true limits of detection 
and quantifi cation in a sample processed via the SPE method.

Equation 2: Calculation of MDL or MQL (Mₓ), where Lₓ is the LOD (for MDL) or LOQ (for 
MQL), recovery is the value at 10 ng/mL (as a decimal), ME is the matrix effect (as a 
decimal), and the concentration factor is 5

Matrix effect was classed as signifi cant if it was >±20%, this was only the case for 
bisphenol AP and Z. Therefore, to correct for this matrix effect, matrix match calibration 
was used for the recovery and repeatability validation and sample testing.

Recovery and repeatability validation results for the three concentrations (10, 40 and 
80 ng/mL, n=8) are in table 3. All compounds met recovery criteria of 80 – 120% at all 
three concentrations. All repeatability values were <20%RSD at the lowest concentration 
and <15%RSD at the other two concentrations, ranging from 1.5 – 18.6%RSD. This 
showed that the SPE method was repeatable at the three different concentrations.
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Table 3: Recovery and repeatability of bisphenols (10, 40, 80 ng/mL, n=8) in 70% VG / 30% PG 
using the SPE combined with LC–MS/MS. SD = standard deviation.

Compound

10 ng/mL 40 ng/mL 80 ng/mL

Recovery 
(%) SD %RSD Recovery 

(%) SD %RSD Recovery 
(%) SD %RSD

Bisphenol A 96.3 4.8 5.0 93.8 1.7 1.8 97.0 6.7 6.9

Bisphenol AP 93.4 17.4 18.6 105.4 14.9 14.1 107.8 6.6 6.1

Bisphenol E 106.0 3.9 3.7 92.3 1.5 1.6 96.5 3.9 4.1

Bisphenol F 93.2 2.3 2.5 92.3 2.2 2.4 96.8 2.2 2.3

Bisphenol S 102.0 7.7 7.6 94.7 4.9 5.1 91.0 5.8 6.4

Bisphenol Z 102.3 17.8 17.4 110.7 11.3 10.2 107.9 4.7 4.4

Table 4: Bisphenol concentrations (mean ± SD, n=4) in commercial e-liquids analysed using the 
validated method of SPE combined with HPLC–MS/MS.

Sample Flavouring

Analyte Concentration (ng/mL)

Bisphenol 
A

Bisphenol 
AP

Bisphenol 
E

Bisphenol 
F

Bisphenol 
S

Bisphenol 
Z

1 Unfl avoured <LOQ <LOD <LOQ <LOD <LOD <LOD

2 Mint <LOD <LOQ <LOD <LOD <LOD <LOD

3 Mint <LOD <LOD <LOD <LOD <LOD <LOD

4 Passionfruit <LOD <LOD <LOD <LOD <LOD <LOD

5 Mixed 
berries <LOD <LOD <LOD <LOD <LOD <LOD

6 Mixed 
berries <LOD <LOD <LOD <LOD <LOD <LOD

7 Mixed 
berries <LOD <LOD <LOQ <LOQ <LOD <LOD

8 Melon <LOD <LOD <LOD <LOD <LOD <LOD

9 Mixed 
berries

4.65 ± 
0.29 <LOD <LOQ <LOQ <LOD <LOD

10 Mixed 
berries <LOD <LOD 0.30 ± 

0.02 <LOD <LOD <LOD

11 Apple Pear <LOD <LOD 0.23 ± 
0.01 <LOD <LOD <LOD

12 Mixed 
berries <LOD <LOD <LOQ <LOD <LOD <LOD

13 Mixed 
berries <LOD <LOD <LOD <LOD <LOD <LOD

14 Cream <LOD <LOD 0.26 ± 
0.04 <LOD <LOD <LOD

15 Energy drink <LOD <LOD <LOD <LOD <LOD <LOD

16 Mixed 
berries <LOD <LOD <LOD <LOD <LOD <LOD

The validated SPE and LC-MS/MS method was applied to sixteen commercial e-liquids, 
each prepared in quadruplicate. Four samples (9, 10, 11 and 14) contained quantifi able 
levels of bisphenols. Bisphenol A was detected in sample 9, while bisphenol E was 
present in samples 10, 11 and 14.

Sample 9 contained 4.65 ng/mL of bisphenol A, which with a median daily e-liquid 
consumption of 4.6 mL [20], this corresponds to a daily intake of 21.39 ng. For an 
average adult (73.7kg [21]), this exceeds the EFSA tolerable daily intake of 0.2 ng/kg 
bodyweight/day by approximately 1.45 fold.

The remaining three e-liquids contained a lower level of bisphenol (<0.30 ng/mL), 
specifi cally bisphenol E. However, as toxicological data for bisphenol E is limited, its 
health effects remain unclear. These fi ndings highlight the need to identify the sources 
of bisphenols in e-liquids and help better evaluate potential risks to the consumers.

Conclusion
A sensitive SPE method combined with LC-MS/MS was developed and validated for six 
bisphenols in e-liquids (70% VG 30% PG), showing good linearity, recoveries of 91.0 to 
110.7% and good repeatability ranging from 1.6 to 18.6 %RSD. 

Application of the method to sixteen commercial e-liquids identifi ed bisphenol A in 
one sample and bisphenol E in three samples. The sample containing bisphenol A 
would exceed the EFSA tolerable daily intake under typical use. These results highlight 
consumer exposure to bisphenols and the need for further investigation of their 
presence in e-liquids. This method, using the Microlute® CP HLB 96 well plate, provides 
a reliable tool for monitoring and supporting risk assessment of bisphenols in e-liquids.
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