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Rapid Screening of Cannabinoids in 
Edibles Using Thermal Desorption-GC–MS 

M
ost of the traditional methodologies for the de-

termination of cannabinoids are based on sol-

vent extraction, fi ltration, and concentration. 

These techniques are cumbersome, time-consuming, 

and suffer from analyst-to-analyst variability while pro-

ducing data of limited value. 

As the demand for the analysis of cannabinoids increas-

es, it is imperative that the day-to-day analytical protocols 

be reproducible, accurate, and effi cient. Many labora-

tories routinely “screen” each sample to quickly deter-

mine the potential for matrix interference and instrument 

contamination while providing an estimate of the target 

compound’s concentration. A good “screening” method 

is simple (that is, minimal or no sample preparation), fast 

(analysis in less than 5 min), and semiquantitative.

One of the most widely used analytical techniques for 

“screening” is thermal desorption-gas chromatography–

mass spectrometry (TD-GC–MS) (1,2). This technique 

does not require any solvent extraction or sample pre-

treatment. Milligram quantities are put in an inert sam-

ple cup which is then “ready to analyze.” The multimode 

pyrolyzer with a vertical micro-furnace design allows pro-

grammable and multiple thermal desorption analysis on 

a single sample. This process, which refers to evolved gas 
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analysis (EGA), starts with the acqui-

sition of a thermal profi le (that is, de-

tector response as a function of sam-

ple temperature) of each sample 

type. To perform EGA, a short, de-

activated tube (2.5  m, 0.15  mm i.d.) 

is used to connect the injection port 

to the MS detector. The sample is 

dropped into the furnace at a rela-

tively low temperature (40–100  °C). 

The furnace is then programmed to 

a much higher temperature (600–

800  °C). Compounds “evolve” from 

the sample as the temperature in-

creases. A plot of detector re-

sponse versus furnace temperature 

is obtained. Extracted ion chroma-

tograms (EIC) are used to identify 

the thermal zone over which specif-

ic compounds of interest evolve from 

the sample. Now, these optimum TD 

temperatures can be used in subse-

quent TD-GC–MS experiments to in-

troduce the key components of inter-

est while minimizing introduction of 

the matrix. Only this portion of the 

sample is actually transferred (that is, 

injected on) to the analytical column. 

Injecting only a small portion of the 

sample provides immediate benefi ts 

to the laboratory, such as:

• The high boiling fraction of the 
sample remains in the sample 
cup. This eliminates the need 
for a high-temperature bake 
out. Thus, column lifetime 
increases, there is little to no 
system contamination, and run-
to-run cycle time decreases.

• More sample can be put in the 
sample cup, which has the effect 
of lowering detection limits—
without affecting instrument 
performance or cycle time.

With respect to the analysis of can-

nabinoids, it is important to keep in 

mind that TD-GC–MS is based on the 

volatilization of target compounds 

from the matrix. Those compounds 

that are thermally labile or easi-

ly converted to an alternative com-

pound need to be identifi ed. In these 

instances, it is the reformed com-

pounds that are identifi ed and mon-

itored. Decarboxylation is forced 

to completion which could give the 

“screening determinations” higher 

values: the concentration range in-

creases and dilution factors are more 

accurately determined. 

Experimental
Three edible samples were analyzed 

using the TD-GC–MS method for 

quantifi cation of cannabinoids. The 

experiments were performed by 

a Frontier Multi-Mode Pyrolyzer 

(EGA/PY 3030D) directly interfaced 

to a benchtop GC–MS system. To 

automate the sequence and reduce 

the workload by increasing reliabili-

ty of analysis, the Auto-Shot Sampler 

(AS-1020E) was combined with the 

multimode pyrolyzer. The vent-free 
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Figure 1: EGA thermogram of THC standard and extracted ion chromatograms (EICs). 
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Figure 2: TD-GC–MS chromatograms of the brownie bite in triplicate.
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GC–MS adaptor that allows switch-

ing of a GC separation column with-

out breaking vacuum on the MS de-

tector was also used. The adaptor 

was utilized for switching the EGA 

tube to the separation column and 

vice versa without venting the MS 

detector, which saves time and in-

creases productivity. 

Sample 1

A commercial package of 

cannabis-infused chocolate brown-

ie containing 10 brownie bites with 

the total of 100  mg tetrahydro-

cannabinol (THC) was used. Ac-

cording to the product label, each 

brownie bite contains 10  mg of 

THC. In this experiment, one of 

the brownie bites from the pack-

age was placed on an analytical bal-

ance, and the weight was recorded 

as 10.17  g. So, based on the label, 

there is 10 mg/10 g = 1 mg/g of THC 

present in that brownie bite. The 

same brownie bite with the record-

ed weight was used to perform the 

TD-GC–MS analysis to confirm the 

theoretical THC value according to 

the label. 

To calculate and confirm the 

amount of THC, EGA was first per-

formed on a THC standard (Abso-

lute Standard). The pyrolyzer fur-

nace was programmed from 100 °C 

to 800 °C (20 °C/min), and the EGA 

thermogram as shown in Figure 1 

was obtained.

From the EGA thermogram, the 

optimal thermal desorption zone 

of THC was identified as 100  °C to 

300  °C. In fact, using the MS inter-

pretation library, the peak with the 

apex of 185  °C (100  °C to 300  °C 

temperature zone) was identified as 

THC. TD-GC–MS analysis was then 

performed on the brownie bite in 

triplicate as shown in Figure 2. To 

perform TD-GC–MS analysis, the 

pyrolyzer furnace was programmed 

from 100 °C to 300 °C (100 °C/min) 

after the EGA tube was replaced by 

a separation column (easily facili-

tated by using the vent-free GC–

MS adaptor). The amount of sample 

used to obtain the TD chromato-

grams was 0.25–0.26 mg.

The peak shown in Figure 2 (not-

ed with a *) between the retention 

time of 12 to 14 min was identified 

as THC using the MS interpretation 

library. The percent relative stand-

ard deviation (RSD%) of 4.6% was 

calculated based on the area counts 

of the THC peak. The most intense 

peak around 6 min was identified as 

5-hydroxymethylfurfural (dehydra-

tion of sugar).

To confirm the THC concentra-

tion in the brownie bite, a stand-

ard addition calibration curve was 

created. The standard solution was 

a mixture of cannabidiol (CBD), 

THC, and cannabinol (CBN). Figure 

3 shows the calibration curve and 
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Figure 3: Edible (brownie) sample standard addition calibration curve.
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Figure 4: TD-GC–MS chromatograms of the chocolate pieces in triplicate.
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calculated amount of THC in the 

brownie bite.

Using the calibration curve, the 

THC concentration is calculated as 

0.996 mg/g while the product label 

indicates 1 mg/g of THC.

Sample 2

A commercial cannabis-infused 

dark chocolate bar with the to-

tal of 100  mg THC and net weight 

of 50  g (1.7  oz) was used for sam-

ple 2. According to the product la-

bel, there are 20 pieces of choco-

lates and each piece of chocolate 

contains 5  mg of THC, so there is 

100 mg/50 g = 2 mg/g of THC pre-

sent in each piece. To demonstrate 

the accuracy and precision of the 

methodology, the analysis was per-

formed in triplicate. The weights 

of each piece were recorded using 

an analytical balance as 0.099  mg, 

0.097 mg, and 0.105 mg. 

The same methodology was used 

for analyzing sample 2. First, the 

EGA was performed as the fast rap-

id screening technique. Then the 

optimal thermal desorption zone 

of THC was identified. The pyrolyz-

er furnace was programmed from 

100 °C to 300 °C (100 °C/min) to ob-

tain the thermal desorption chro-

matograms for all three pieces of 

the chocolate. Figure 4 shows the 

TD chromatograms in triplicate. 

The peak shown in Figure 4 (not-

ed with a *) between the retention 

time of 12 to 14 min was identified 

as THC using the MS interpretation 

library. The RSD% of 4.6% was cal-

culated based on the area counts of 

the THC peak.

To confirm the THC concentration 

in the chocolate pieces, a standard 

addition calibration curve was cre-

ated. The standard solution was 

a mixture of CBD, THC, and CBN. 

Figure 5 shows the calibration curve 

and calculated amount of THC in 

the pieces.

Based on the calibration curve, 

the THC concentration is calculated 

as 2.1 mg/g while the product label 

indicates 2 mg/g of THC. 

Sample 3

A commercial cannabis-infused 

gummy package with the net weight 

of 45 g (1.59 oz) was used for sample 

3. The package contains 10 gummies 

with THC and CBD (2-[(1R,6R)-6-iso-

propenyl-3-methylcyclohex-2-en-
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1-yl]-5-pentylbenzene-1,3-diol). Ac-

cording to the product label, each 

gummy has 10  mg CBD and 5  mg 

THC. The label also indicates that 

tetrahydrocannabinolic acid (THCA), 

cannabidiolic acid (CBDA), and CBN 

(other required cannabinoids) are 

0.0 mg/package. 

To perform the TD-GC–MS analy-

sis, one of the gummies was weighed 

on an analytical balance The weight 

was recorded as 0.109 mg. The sam-

ple was then placed in MeOH and 

sonicated for 1  h. Next, 1  μL of 

MeOH solution was spiked into the 

sample cup. 

It is important to mention that 

the gummy sample could be ana-

lyzed as is without dissolving in any 

solvent. The experiment on sample 

3 was performed based on exter-

nal standard calibration to demon-

strate the reliability and flexibility 

of this technique. 

Figure 6 shows the TD-GC–MS 

chromatograms of the gummy sam-

ples in triplicate. The EGA thermo-

gram of the gummy confirmed the 

thermal zone of 100 °C to 300 °C for 

both THC and CBD. Note the de-

tection peaks of both CBD and THC 

in the chromatograms. The RSD% 

of 2.5% for CBD and 2.3% for THC 

are calculated based on the area 

counts of the THC peak.

To confirm the THC and CBD con-

centrations in the gummy sample, 

an external standard calibration 

curve was created. Figure 7 shows 

the calibration curves and the cal-

culated concentrations, which are 

in excellent agreement with the 

package label. CBD concentra-

tion is calculated as 8.5  mg/gum-

my compared to the label value of 

10 mg/gummy. The calculated THC 

is 6.1 mg/gummy while the label in-

dicates the value of 5 mg/gummy.

Conclusion
Table I shows the calculated and la-

bel values of the cannabinoid con-

centrations in all three commercial 

edible samples. Using TD-GC–MS 

the cannabinoids were thermally ex-

tracted from the mixture and the cal-

culated concentrations were in ex-

cellent agreement with the package 

labels. Standard addition calibration 

Table I: Summary of the theoretical and calculated cannabinoids in the edibles

Brownie Chocolate Bar Gummy

Target compound THC THC CBD THC

Product label 1 mg/g 2 mg/g 10 mg 5 mg

Calculated result 0.996 mg/g 2.1 mg/g 8.5 mg 6.1 mg

Repeatability 
(N = 3) RSD (%)

4.6 4.6 2.5 2.3

Calibration 
curve (R2)

0.998 0.994 0.999 0.998
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8.00 10.00 12.00 14.00 16.00

-216.8

-300 -200 -100 100 200 300

0

0

18.00 20.00 22.00

2,000,000

14,000,000

y = 21,529.07x + 5,335,526.00

R2 = 0.994
12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

100 mg/50 g= 2 mg/g

1e+07

1e+07

4.00 6.00 8.00 10.00

CBD THC
Run #1

Run #2

Run #3

0.25 mg

0.26 mg

0.26 mg

RSD CBD 2.5%

RSD THC 2.3%

CBD

Area (m/z = 231):9530122

9078163

9402197

2708138

2721218

Area (m/z = 299):2823342

THC

CBD THC

12.00 14.00 16.00 18.00 20.00

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

22.00

22.00

22.00

6,000,000

6,000,000

2,000,000

2,000,000

1e+07

6,000,000

2,000,000

Figure 5: Edible (chocolate pieces) sample standard addition calibration curve.

Figure 6: TD-GC–MS chromatograms of the gummy in triplicate.
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curves were used for the brownie 

bite and chocolate piece while an ex-

ternal standard calibration curve was 

created to calculate THC and CBD in 

the gummy sample. 

In conclusion, thermal desorp-

tion analysis eliminates convention-

al sample preparation regimes; the 

sample is heated to the point that 

the cannabinoids desorb from the 

edible matrix (thermal extraction). 

It is fast, uses minimal or no solvent, 

and eliminates the need for expen-

sive glassware. TD-GC–MS is a “vol-

atiles only” analysis; high boiling 

sample constituents remain in the 

sample cup which eliminates sys-

tem contamination, increases sys-

tem stability, and reduces run-to-run 

analysis time.

A multimode pyrolyzer provides 

users with a clear picture of the 

sample’s composition by identify-

ing the thermal zones and the com-

pounds in each zone. Using the 

EGA thermogram, one can simply 

determine the suitable temperature 

program and program the pyrolyz-

er’s furnace appropriately. 

Using pyrolysis GC–MS, solid sam-

ples can be analyzed. There is no 

solvent required when using pyrol-

ysis-thermal desorption GC–MS as 

opposed to traditional GC–MS tech-

niques. In other words, the solid and 

liquid samples can be injected (us-

ing an inert sample cup) into the py-

rolyzer without any solvent and sam-

ple pretreatment. This advantage, as 

well as rapid screening capability, is 

one of the primary reasons many lab-

oratories integrate multimode py-

rolyzers into both their day-to-day 

quality control and analytical re-

search protocols. 

Pyrolysis GC–MS techniques also 

enable material characterization of 

virtually any organic material by pro-

viding detailed information about 

the composition of the samples. This 

technique is used for identifi cation of 

complex polymers, copolymers, vol-

atiles, and additives as well as failure, 

contamination, deformulation, and 

degradation analyses. As opposed 

to GC–MS alone, pyrolysis GC–MS 

allows multiple and customized anal-

ysis on the same sample while the MS 

libraries offer a broad range of refer-

ences: from low boiling point com-

pounds to pyrolyzates and heavier 

polymeric fragmentations. In terms 

of the ability to run samples at high-

er temperature, pyrolysis GC–MS 

can provide the user with an expand-

ed temperature range from ambient 

+10 to 1050 °C (± 0.1 °C precision) as 

well as a high interface temperature 

(maximum 450 °C). 
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Figure 7: Edible (gummy) sample external standard addition calibration curve.
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