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Cannabis sativa is typically associated with 
psychotropic marijuana however, it is also the 
taxonomic classification of hemp. Hemp has been 
used as fibrous material for more than 10.000 
years [1] and is used as a raw material for many 
industrial products including paper, plastics, and 
biofuels [2]. C. sativa is highly complex in the 
number and type of endogenous chemotypes 
synthesized in the various plant organs. These 
include at least 66 cannabinoids, and diverse 
terpenoids, phenols, flavonoids, alkaloids, 
phytosterols, glycosides, and fatty acids [3, 4]. The 
distribution of these chemicals can vary widely 
across genetic sub-strains and are further 
influenced by growing conditions. Understanding 
these distributions requires sophisticated 
analytical and data analysis techniques. Herein, 
we demonstrate liquid chromatography-time of 
flight mass spectrometry (LC-TOF) for the 
quantification of cannabinoids in oils derived from 
hemp and how LC-TOF can be used for discovery 
in cannabinoid-related investigations. 
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Experimental

An Agilent 1290 Infinity II combined with an 
Agilent 6230B LC-TOF (Agilent Technologies, 
Santa Clara, CA USA) system was used for 
this investigation. Targeted analytes were ∆9-
THC, tetrahydrocannabivarin (THCV), 
tetrahydrocannabinolic acid (THCA), 
cannabinol (CBN), cannabichromene (CBC), 
cannabidiol (CBD), cannabidivarin (CBDV), 
cannabidiolic acid (CDBA), cannabigernol
(CBG), and cannabigerolic acid (CBGA). 

The analytical system included an Agilent 
1290 Infinity II UHPLC series quaternary 
pump, multisampler with wash, and multi-
column thermostat equipped with an Agilent 
ZORBAX Bonus RP. 2.1 × 50 mm, 1.8 μm
column held isothermally at 50 °C. The 
mobile phases were: Channel A – water, 
channel B – methanol, and channel C – 0.1 % 
formic acid plus 0.22 % 5 mM ammonium 
formate(aq). All reagents were high purity, 
HPLC-grade. The mobile phase gradient was 
72% B and 5% C at time zero, increasing 
linearly to 95% B and 5% C at 12.5 minutes 
with a constant flow rate of 0.5 mL/min. The 
mass spectrometer was an Agilent 6230B 
time of flight instrument operated in 
electrospray positive mode over a mass 
range of 100 m/z to 1700 m/z at a 1.0 Hz 
acquisition rate. The drying gas flow was 12 
L/min, the drying gas temperature was 350 
°C with a capillary voltage of 4000 V, and 
fragmentor voltage of 175 V. 

Calibrators containing a mixture of 
cannabinoids noted above were prepared 
over a range of 100 μg/mL to 5,000 μg/mL 
for method development, and 10 μg/mL to 
1,000 μg/mL for the analysis of the unknown 
samples. 

Seven samples of commercially available 
hemp oil products were purchased. Samples 
were prepared from 100-microliter aliquots of 
each commercially purchased sample diluted 
100-fold with dichloromethane, followed by a 
10-fold dilution with methanol.

Conclusions

.

References

Agilent products and solutions are intended to 
be used for cannabis quality control and safety 
testing in laboratories where such use is 
permitted under state/country law.

Hemp oil extracts contain 100’s of chemical 
compounds representing a multitude of 
chemical classes. LC-TOF was used to 
evaluate the advantages of linear dynamic 
range, linearity, specificity, and the ability to 
profile and quantify cannabinoids in unknown 
hemp oil samples. This method achieves 
excellent chromatographic separation and 
LOD for target cannabinoids and offers the 
ability of discovery-based analysis. 
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Quantitation of THC at high and low levels
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the r2 coefficients for the LC–TOF-MS data were 
at least 0.999 for all compounds over both the 100–

5000 µg/mL and the 10–1000 µg/mL calibrator 
ranges

Quantitation of CBD 
CBD - 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 0 QCs
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Name Data File Type Level Acq. Date-Time Dil. Pos. RT Final Conc. Accuracy Resp.
25 25 ppm replicates 01.d Sample 9/5/2016 21:22 1 P3-A1 5.444 22.4003 3436709
25 25 ppm replicates 02.d Sample 9/5/2016 21:42 1 P3-A2 5.443 21.5165 3295961
25 25 ppm replicates 03.d Sample 9/5/2016 22:03 1 P3-A3 5.41 23.7939 3658652
25 25 ppm replicates 04.d Sample 9/5/2016 22:23 1 P3-A4 5.406 23.9299 3680308
25 25 ppm replicates 05.d Sample 9/5/2016 22:44 1 P3-A5 5.373 23.818 3662489
25 25 ppm replicates 06.d Sample 9/5/2016 23:04 1 P3-B1 5.377 23.6223 3631311
25 25 ppm replicates 07.d Sample 9/5/2016 23:25 1 P3-B2 5.395 23.3784 3592482
25 25 ppm replicates 08.d Sample 9/5/2016 23:45 1 P3-B3 5.408 23.6481 3635420
25 25 ppm replicates 09.d Sample 9/6/2016 0:06 1 P3-B4 5.406 23.5704 3623045
25 25 ppm replicates 10.d Sample 9/6/2016 0:26 1 P3-B5 5.405 23.5852 3625404
25 25 ppm replicates 11.d Sample 9/6/2016 0:47 1 P3-C1 5.397 23.0039 3532828
25 25 ppm replicates 12.d Sample 9/6/2016 1:07 1 P3-C2 5.38 22.651 3476628
25 25 ppm replicates 13.d Sample 9/6/2016 1:28 1 P3-C3 5.376 22.8665 3510951
25 25 ppm replicates 14.d Sample 9/6/2016 1:48 1 P3-C4 5.409 23.0619 3542068
25 25 ppm replicates 15.d Sample 9/6/2016 2:09 1 P3-C5 5.392 22.8092 3501832
25 25 ppm replicates 16.d Sample 9/6/2016 2:29 1 P3-D1 5.362 22.9727 3527863
25 25 ppm replicates 17.d Sample 9/6/2016 2:50 1 P3-D2 5.363 22.9097 3517831
25 25 ppm replicates 18.d Sample 9/6/2016 3:10 1 P3-D3 5.363 22.9547 3524993
25 25 ppm replicates 19.d Sample 9/6/2016 3:31 1 P3-D4 5.362 22.6298 3473258
25 25 ppm replicates 20.d Sample 9/6/2016 3:51 1 P3-D5 5.375 23.1343 3553608

2 ppm 2 ppm.d Cal 1 9/5/2016 17:56 1 P1-A1 5.47 2.2898 114.5 234015
5 ppm 5 ppm.d Cal 2 9/5/2016 18:17 1 P1-A2 5.459 4.896 97.9 649066
15 ppm 15 ppm.d Cal 3 9/5/2016 18:37 1 P1-A3 5.474 14.6092 97.4 2195935
25 ppm 25 ppm.d Cal 4 9/5/2016 18:58 1 P1-A4 5.459 25.0264 100.1 3854923
40 ppm 40 ppm.d Cal 5 9/5/2016 19:18 1 P1-A5 5.458 40.2786 100.7 6283917
60 ppm 60 ppm.d Cal 6 9/5/2016 19:39 1 P1-A6 5.44 59.9 99.8 9408715

Linearity and replicates of CBD 

Linearity and replicates of other cannabinoids 

The r2 coefficients for the LC–TOF-MS data were at 
least 0.999 for all compounds over both the 100–
5000 µg/mL and the 10–1000 µg/mL ranges.
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Results and Discussion

Since the non-psychoactive cannabinoid 
concentration in the samples is very high 
compared to THC levels, and the laboratory 
was not limited by sample amounts, LOQ and 
limit of detection (LOD) may not be as 
important for these compounds. However, the 
unknown samples were purported to contain 
very low levels of THC and this assertion 
should be confirmed. Therefore, we also 
evaluated the LC–TOF-MS data down to 12.5 
ng/mL for THC LOD and LOQ experiments. A 
limit of detection of 1.0ng/mL could be 
achieved using a signal-to-noise ratio (S/N) of 
3:1 as the criterion, and an LOQ of 3.0 ng/mL 
(S/N ≥ 10:1) for THC was determined.

Sample ID Product Description amount from 
label or spike

Amount 
detected

 

A1 Hemp oil 250 mg/ml 298

A2 Hemp oil 250 mg/ml 272

B Cold pressed hemp oil None None 

C Hemp oil 500 mg/mg 564

D Hemp  oil 500 mg/ml 539

E Hemp Oil unflavored 100 mg/ml 164
F Hemp Oil  flavored 100 mg/ml 186
G Spike into sample B 1 mg/ml 0.96

It is typical in the industry to set the label as a 
target  minimum concentration value. In order 
to prove accuracy of our method, we tested 
cold pressed Hemp oil which is not 
cannabinoid containing. After confirmation of 
no cannabinoids we spiked pure sample of CBD 
oil into the CBD oil, we showed about 96 
percent recovery. 
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