
Introduction

Cartridges containing cannabis extract or CBD are 
some of the cannabis industry’s fastest-growing 
major product categories.1 However, as more 
is learned about e-cigarette or vaping product use 

associated lung injury (EVALI), which results from certain additives, it has become essential to thoroughly 
understand the composition of cartridges used for vaporization (“vaping”). EVALI is an acute or subacute 
respiratory illness resulting from damage to the alveoli that can be severe, and even life-threatening. As a result, 
illness related to vaping has become a public health concern according to the Centers for Disease Control, with 
2,807 hospitalizations and 68 deaths reported as of February 2020.2

Vitamin E acetate, often used as a thickening agent in the production of vape oils obtained in the illicit market, 
has been suggested to be a cause for EVALI. Although the mechanism of action for this health problem is not 
yet well understood, it is believed that the sticky nature of this chemical allows it to remain in the lungs and 
damage the alveoli.3,4,5 Studies have determined that health issues associated with EVALI were largely the result 
of users consuming illicit market e-cigarettes, cannabis and CBD vape products, as opposed to those from the 
tested and regulated legal cannabis markets. 

Regardless of the source, the EVALI crisis underscores the importance of a robust analytical method by which 
states can test for vitamin E acetate (tocopherol acetate) in vape oil cartridges. Although this analysis is 
traditionally performed by HPLC with UV or PDA detection, the diversity and complexity of the cannabis and 
CBD matrix can result in many interferences which can prevent rapid and accurate analysis. Herein, we present 
a method for complete and accurate quantification of vitamin E acetate by LC/MS/MS in less than three minutes, 
utilizing a PerkinElmer QSight® 420 triple quadrupole system. 
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Experimental

Hardware/Software 
Chromatographic separation was conducted on a PerkinElmer 
LX50 UHPLC system, which includes the Precision Sampling 
Module, Solvent Delivery Module and the Column Temperature 
Module. Detection was achieved using a PerkinElmer QSight 
420 MS/MS detector with electrospray (ESI) ionization. All 
instrument control, data acquisition and data processing were 
performed using the Simplicity 3Q™ software platform. 

Sample Preparation
Below is the step-by-step sample preparation procedure for vape 
cartridge oil, with a 1,000-fold dilution for the ESI source. 

 1.  Carefully open the vape cartridge to access the oil. Weigh out 
1 g of extract into a 50 mL conical tube. A heat gun may be 
required to allow transfer of contents. (Skip this step if sample 
is not in final packaging)

 2. Centrifuge at 3,000 rpm for five minutes.

 3.   Add 10 mL of LC/MS grade acetonitrile to the tube, and cap it.

 4.  Place the tube in a balanced multi-tube vortex mixer, and 
vortex for 10 minutes.

 5. Centrifuge the extract for 10 minutes at 3,000 rpm.

 6.  Filter the supernatant into a 2 mL microcentrifuge tube, and 
cap it using a 0.22 µm nylon syringe filter.

 7. Transfer 10 µL of the supernatant into a 2 mL HPLC vial. 

 8.  Add 10 µL of internal standard stock, and dilute with  
980 µL of LCMS grade acetonitrile.

 9. Inject 3 μL of sample for LC/MS/MS analysis.

Note:  The final dilution factor for data analysis and calculations  
is 1,000.

LC Method and MS Source Conditions
The LC method and MS source parameters are shown in Table 1.

Precision and Accuracy
Repeatability is defined as the amount of variance between 
samples prepared and analyzed within the same set of 
parameters, or during the same sample prep batch. The limit  
of allowable precision for repeatability should a yield an RSDr (%) 
for the quality control sample of ≤20 %.

Reproducibility is defined as the amount of variance between 
samples prepared and analyzed under different conditions such as 
different days, different analysts, or different instruments. For this 
validation, multiple days were used to compare the reproducibility 
of the method. Reproducibility should yield an RSDR (%) result for 
quality control sample of ≤30 %.

Recovery or accuracy is calculated as the fraction or percentage  
of the analyte that is recovered when the test sample is analyzed 
using the entire method. Recovery (%) should yield values between 
60-120 %.

Repeatability, reproducibility, and recovery for this work all fell 
within the acceptable validation requirement ranges. See Table 2 
for LC/MS/MS results (n=10).

Analyte RSDR % RSDr % Recovery %

Tocopherol Acetate 6.93 2.37 98

Table 2. Repeatability (RSDr), reproducibility (RSDR), and Recovery Results for the 
Quality Control Sample Using LC/MS/MS.

Matrix Min Range (ppm) Max Range* (ppm)

Vape Cart 0.01 500

Table 3. Reportable Range for Each Matrix.

LC Conditions 

LC Column PerkinElmer Quasar™ SPP Pesticides  
(4.6 × 100 mm, 2.7 μm) (N9306880)

Mobile Phase A  
(ESI Method) 

2 mM Ammonium formate + 0.1% Formic 
Acid (in LC/MS grade water) 

Mobile Phase B  
(ESI Method) 

2 mM ammonium formate + 0.1% Formic 
Acid (in LC/MS Grade Methanol) 

Column Oven Temperature 55 °C 

Auto Sampler Temperature 10 °C 

Injection Volume 3 μL

MS Source Conditions for ESI Source 

ESI Voltage (Positive) +5100 V 

Drying Gas 150 arbitrary units 

Nebulizer Gas 450 arbitrary units 

Source Temperature  
(ESI Method) 

425 °C 

HSID Temperature  
(ESI Method) 

275 °C 

Detection Mode Time-managed MRM™

Table 1. LC Method and MS Source Conditions.

Reportable Range/Linearity
The analytical range for this method is 0.01 to 500 ppb, as detailed 
in Table 3. Any analyte higher than the highest calibration point 
may not interact favorably with the column separation or may 
saturate the detector. Samples underwent a 1,000x dilution to 
minimize matrix effects and bring the concentration of analytes 
within the linear range of calibration. Samples with high levels of 
analytes must be further diluted to bring the analyte signal within 
the linear calibration range. The calibration curve for tocopherol 
acetate is detailed in Figure 1. 

Figure 1. Calibration curve for tocopherol acetate, 10 ppb to 500 ppb (10 injections).

*(samples may be diluted further to bring analyte within calibration range, allowing 
for a higher max range of the method)
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The linear range is the detectable range of values between 
calibration level 1 and calibration level 7. The linearity study was 
performed over a 5-run period, and consisted of 8 calibrators and 
at least two QC sets. The acceptability criteria (average R²= 0.995) 
was determined by state requirements. All calibration curves had an 
average R² value which was greater than 0.995. The weighting 
method used was 1/X with linear fit for all analytes. The observed 
R2 values for this work are detailed in Table 4.

Analyte
Min R² 

Observed
Max R² 

Observed
Average R² 

Tocopherol Acetate 0.9909 0.9975 0.995

Table 4. Calculated R² Values for Vitamin E Acetate.

LOD and LOQ
The LOD represents the lowest amount of analyte distinguishable 
from background. For this method, the LOD shall be defined as  
the level of signal that is 3.3 times larger than background, with 
>99 % confidence that the signal is not random noise. The LOD is 
calculated as the inverse of the signal-to-noise ratio, multiplied by 
the calculated concentration of the analyte, times a factor of 3.3. 

The LOQ is defined as the lowest amount of signal that is 
quantifiable by the method, usually calculated as 10 times the 
signal-to-noise ratio. For this method, the LOQ is calculated as the 
inverse of the signal-to-noise ratio, multiplied by the calculated 
concentration of the analyte, times a factor of 10.

LC/MS/MS LOD and LOQ were calculated using the calculated 
concentration and signal to noise ratio for each analyte peak 
detected for each calibrator point on the curve. The average for  
all calibrator points was then calculated to determine the LOD  
and LOQ. The equations used are as follows:

LOD = 3.3 * C * (S/N)^-1
LOQ = 10 * C * (S/N)^-1

WHERE:
C = Calculated Concentration
N = Noise
S= Signal

Calculated LOQ values established over the run all fell below  
the action level for each analyte, establishing that the analytical 
measurement range was sufficient, and the analytical sensitivity of 
the instrument is adequate for the assay. See Table 5 for calculated 
LC/MS/MS results.

Analyte LOD (ppm) LOQ (ppm) Action Limit (ppm)

Tocopherol Acetate 0.0001 0.0004 100

Table 5. Average Calculated LOD and LOQ Results for Vitamin E Acetate by LC/MS/MS. 

To ensure the matrix does not influence the level of the detected 
analyte, a certified blank CRM of hemp oil (Absolute Standards PN 
54995) was prepared with acetonitrile, and used to prepare a new 
set of calibration and QC standards. For the new curve and sample 
to be accepted, recovery must be 60-120 % and RSDr must be 
<20 %. The concentrate matrix was diluted 1000x. This mimics the 
sample preparation conditions detailed above. The resulting data, 
as detailed in Table 6, were adequate in suggesting calibrators and 
QC that are prepared neat are comparable to ones within hemp 
oil, and more than likely in vaping products. In Figure 2, the 
chromatogram of the LLOQ is clear and distinct, showing there  
are close to negligible matrix related interferences.

Carryover
Carryover was monitored by evaluating the 8 negative QC 
samples that immediately follow a respective high-quality control 
sample vial. This assesses the adequacy of the autosampler in 
rinsing efficiency between samples, the LC wash method, and  
the solvents used. Certain samples containing large amounts  
of analyte have a propensity to stick within the system, so it  
is essential to analyze the carryover. The results shown below  
in Table 7 indicate a negligible amount of carryover for each 
analyte, even when analyzing from high concentration vials.  
This indicates that adequate washing is done by the LC 
instrument after each sample is injected.

Figure 2. Chromatogram of tocopherol acetate at its LLOQ (10 ppb).

RSDr % (MQC) Recovery % (MQC)

Tocopherol Acetate 7.51 96

Table 6. Repeatability (RSDr), and Recovery Results for the Concentrate Matrix of 
Quality Control Sample Using LC/MS/MS.

Analyte
% Calculated 

Carryover from Blank
Pass ≤ 25 % of LLOQ 

(Yes or No)

Tocopherol Acetate 0 Yes

Table 7. Results for Carryover for Vitamin E Acetate by LC/MS/MS.

Interference/Analytical Selectivity
Owing to the nature of the analytical method, the selectivity of 
method was evaluated by comparing both retention time and the 
signal of two MRM transitions. This ensures that false positive and 
false negative values in a complex or dirty matrix, such as cannabis, 
are properly quantified. In addition, to increase accuracy and reduce 
interferences from matrix effects, internal standards were used to 
help quantify amounts of analytes present in known as well as 
unknown samples.
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Conclusion

This study demonstrates a unique, quantitative, rapid and reliable 
LC/MS/MS method, with an ESI source, for the analysis of vitamin E 
acetate in cannabis and CBD vape samples. In the proposed 
method, vitamin E acetate was quantified with an ESI source,  
and run time of less than three minutes. 

The proposed sample preparation method and analysis offers an 
overall recovery of 98%, with repeatability (RSDr) values less than 
7% and reproducibility (RSDR) values less than 3%. The method 
allowed for the identification and quantification of vitamin E acetate 
in cannabis concentrate samples at levels (0.0004 μg/g) below state 
action limits. 

This method illustrates the use of LC/MS/MS as a novel, robust and 
efficient way to screen and quantitate vitamin E acetate in cannabis 
and CBD vape samples, with a single LC/MS/MS instrument.
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