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Fig. 1. LC-ESI/TOFMS extracted ion chromatograms of nineteen cannabinoids using their 

[M+H]+ ions except [M+H-H2O]+ ions of CBGA with 20 ppm (peaks were both color coded 

and labelled for easy distinguish) at 1 g/mL except for ACBD at 0.5 g/mL.  
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Fig. 2. MS/MS spectra of CBD, ACBD, 9-THC, 8-THC, CBL, CBC and CBT at 1 g/mL 

except for ACBD at 0.5 g/mL. Precursor ions are marked with a blue diamond symbol, while 

quantifier and qualifier ions are in green and cyan, respectively. Ions marked with red numbers 

and arrows are discussed in the Discussion section. 
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Fig. 3. LC-ESI/MS/MS extracted ion chromatograms of twelve cannabinoids at 0.25 g/mL (A) 

and seven isotopically labeled cannabinoids at 0.5 g/mL (B). Precursor to quantifier ion 

transition of each cannabinoid is listed in Table 1 with 20 ppm mass error (peaks were both 

color coded and labelled for easy distinguish). 
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Table 1 

Optimized MS/MS parameters specific to individual cannabinoid. 

Cannabinoid Precursor CE Quantifier Qualifier 

CBDV 287.2006 25 165.089 231.133 

THCV 287.2006 25 165.087 231.133 

CBN 311.2006 25 223.111 293.187 

CBD 315.2319 25 193.120 259.163 

ACBD 315.2319 15 221.152 259.164 

9-THC 315.2319 25 193.120 259.169 

8-THC 315.2319 25 193.120 259.169 

CBL 315.2319 25 235.170 81.070 

CBC 315.2319 25 193.120 259.169 

CBT 315.2319 25 193.120 259.169 

CBG 317.2475 15 193.120 207.136 

CBDVA 331.1904 15 313.181 191.070 

THCVA 331.1904 15 313.181 191.070 

CBGA 343.2268 15 219.100 261.146 

CBNA 355.1904 15 337.176 311.202 

CBDA 359.2217 15 341.211 219.102 

CBCA 359.2217 15 341.211 219.102 

9-THCA 359.2217 15 341.211 219.102 

CBLA 359.2217 15 341.211 261.149 

CBN-d3 314.2194 25 223.111 296.207 

CBD-d3 318.2507 25 196.142 262.184 

ACBD-d3 318.2507 15 224.172 262.184 

9-THC-d9 324.2883 25 202.177 268.220 

8-THC-d9 324.2883 25 202.177 268.220 

CBC-d9 324.2883 25 202.120 268.220 

CBG-d9 326.3034 15 202.177 216.194 
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Table 2 

Average recovery and matrix effect of ACBD spiked in eighteen samples in triplicates. 

Sample Recovery Matrix Effect 

D1 95.9% 97.7±2.4% 

D2 94.1±0.8% 96.3±1.4% 

O1 102.3±5.2% 98.6±8.3% 

O2 98.2±1.6% 94.2±2.6% 

T1 100.1±4.5% 107.4±18.9% 

T2 100.5±2.8% 91.3±3.2% 

T3 106.3±0.7% 95.2±2.2% 

T4 100.8±2.4% 100.3±9.8% 

G1 96.2±2.1% 119.0±3.5% 

G2 97.6±8.0% 100.1±11.0% 

HC1 92.9±2.5% 120.2±3.1% 

C1 94.4±1.8% 107.5±3.9% 

S1 97.7±4.0% 97.8±5.5% 

S2 101.6±6.5% 96.6±7.0% 

S3 100.4±2.3% 99.6±5.4% 

S4 103.9±2.5% 101.2±3.2% 

PT1 100.8±9.0% 102.0±11.6% 

PT2 92.9±2.0% 94.7±3.0% 
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Table 3 

Average content (%, w/w) of cannabinoids in hemp-derived products measured in triplicates. 

Sample CBDV CBG CBD CBN 9-THC CBC CBT Total 

D1   0.00491  0.00011 0.00013  0.00516 

D2   0.00332  0.00010 0.00010  0.00352 

O1  1.514 0.491     2.006 

O2   0.010 0.372    0.382 

T1 0.024 0.025 3.184  0.066 0.120 0.015 3.434 

T2   0.051     0.051 

T3   0.119     0.119 

T4  0.009 0.764  0.030 0.046  0.850 

G1   0.411  0.010  0.018 0.438 

G2  0.048 0.044     0.092 

HC1   0.036     0.036 

C1   0.027     0.027 

S1   0.020     0.020 

S2   0.199   0.012  0.211 

S3   0.118     0.118 

S4   0.026     0.026 

PT1   0.021     0.021 

PT2   0.087     0.087 
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Supplementary Figure S1.  Chemical structure of the nineteen cannabinoids used in this study. 
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Supplementary Figure S2.  Chemical structure of the seven isotopically labelled cannabinoids 

used in this study. 
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Supplementary Figure S3. MS/MS spectra of twelve cannabinoids at 1 g/mL. Precursor ions 

are marked with a blue diamond symbol, while quantifier and qualifier ions are in green and 

cyan, respectively. 
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Supplementary Figure S4. MS/MS spectra of seven isotopically labeled cannabinoids at 0.5 

g/mL. Precursor ions are marked with a blue diamond symbol, while quantifier and qualifier 

ions are in green and cyan, respectively. 
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Supplementary Figure S5. LC-ESI/MS/MS extracted ion chromatograms of eighteen hemp 

infused products spiked with ACBD. Precursor to quantifier ion transition of each cannabinoid is 

listed in Table 1 with 20 ppm mass error (peaks were both color coded and labelled for easy 

distinguish). 
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Supplementary Table S1. Detailed parameters of targeted MS/MS acquisition and 

quantification used in method validation and sample analysis. 

Parameter 
Acquisition Quantification 

Precursor RT RT  CE RT Quantifier Qualifier ISTD 

CBDV 287.2006 3.735 1.0 25 3.735 165.089 231.133 CBD-d3 

CBDA 359.2217 4.124 1.0 15 4.124 341.211 219.102 CBD-d3 

CBG-d9 326.3034 5.352 1.0 15 5.352 202.177 216.194  

CBG 317.2475 5.416 1.0 15 5.416 193.120 207.136 CBG-d9 

CBD-d3 318.2507 5.616 0.9 25 5.616 196.142 262.184  

CBD 315.2319 5.654 0.9 25 5.654 193.120 259.163 CBD-d3 

THCV 287.2006 5.851 1.0 25 5.851 165.089 231.133 CBD-d3 

ACBD-d3 318.2507 6.557 0.9 15 6.557 224.172 262.184  

ACBD 315.2319 6.588 0.9 15 6.588 221.152 259.164 ACBD-d3 

CBN-d3 314.2194 8.006 1.5 25 8.006 223.111 296.207  

CBN 311.2006 8.071 1.5 25 8.071 223.111 293.187 CBN-d3 

9-THCA 359.2217 9.138 1.5 15 9.138 341.211 219.102 9-THC-d9 

9-THC-d9 324.2883 9.821 1.6 25 9.628 202.177 268.220  

9-THC 315.2319 10.021 1.6 25 9.826 193.120 259.163 9-THC-d9 

8-THC-d9 324.2883   25 10.013 202.177 268.220  

8-THC 315.2319   25 10.215 193.120 259.163 8-THC-d9 

CBC-d9 324.2883 11.635 1.5 25 11.635 202.177 268.220  

CBC 315.2319 11.891 1.5 25 11.891 193.120 259.163 CBC-d9 

CBT 315.2319 17.089 2.0 25 17.089 193.120 259.163 CBC-d9 
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Supplementary Table S2. Accuracy of the quality control samples: average recovery values were computed using triplicate 

measurements for both intraday and interday.  

Concentration Accuracy (%) CBDV CBDA CBG CBD THCV CBN 9-THCA 9-THC 8-THC CBC CBT 

0.01 Day 1 91.8 110.9 107.9 105.8 106.5 110.3 112.9 112.6 103.7 111.2 108.3  
Day 2 102.5 103.0 103.1 103.8 98.1 98.0 107.4 101.8 117.7 102.3 102.5  
Day 3 102.6 102.2 106.8 96.2 100.8 98.2 100.7 97.6 118.9 100.5 101.2  
Interday 99.0 105.4 105.9 101.9 101.8 102.2 107.0 104.0 113.4 104.7 104.0 

0.25 Day 1 104.2 90.1 99.2 98.4 105.2 98.6 87.8 104.9 104.0 87.0 97.4  
Day 2 102.6 92.0 96.9 93.9 98.8 96.3 98.6 108.6 97.9 90.8 101.1  
Day 3 111.1 95.5 90.1 95.1 104.1 97.7 91.1 93.8 90.1 87.8 97.1  
Interday 106.0 92.5 95.4 95.8 102.7 97.5 92.5 102.4 97.3 88.5 98.5 

6.25 Day 1 91.3 101.0 97.2 100.4 90.6 98.6 105.8 87.9 91.1 108.6   
Day 2 93.1 98.9 101.7 99.6 98.0 101.2 107.4 103.9 104.8 109.7   
Day 3 97.1 104.3 92.8 95.5 102.1 96.9 101.2 93.3 89.9 108.1  

 
Interday 93.8 101.4 97.2 98.5 96.9 98.9 104.8 95.0 95.3 108.8  
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Supplementary Table S3. Precision of the quality control samples: RSD values were computed using triplicate measurements for 

both intraday and interday.  

Concentration Precision (%) CBDV CBDA CBG CBD THCV CBN 9-THCA 9-THC 8-THC CBC CBT 

0.01 Day 1 2.5 8.2 7.7 17.9 9.0 2.1 5.2 4.7 2.4 13.7 2.3  
Day 2 8.5 7.3 6.2 7.5 9.8 5.7 3.8 6.0 4.7 1.3 5.6  
Day 3 6.6 4.5 5.8 17.4 1.2 6.0 1.5 1.8 6.9 15.4 4.1  
Interday 6.3 4.5 2.4 5.0 4.2 6.9 5.7 7.4 7.4 5.5 3.6 

0.25 Day 1 2.3 2.0 1.1 2.0 1.3 2.3 3.1 3.1 0.5 1.1 0.8  
Day 2 0.6 1.1 3.9 1.4 0.5 2.0 3.5 1.3 1.5 2.1 1.4  
Day 3 0.4 1.2 0.6 1.5 1.7 0.7 1.3 4.2 1.3 4.0 0.9  
Interday 4.3 3.0 4.9 2.5 3.3 1.2 6.0 7.5 7.2 2.2 2.2 

6.25 Day 1 2.5 2.9 0.7 3.3 2.9 1.2 1.5 3.6 2.5 1.6 
 

 
Day 2 2.7 2.8 1.0 1.2 1.9 0.4 2.3 1.6 3.3 1.9 

 

 
Day 3 7.3 6.0 1.0 6.2 6.3 0.7 0.5 4.1 1.0 0.3 

 

 
Interday 3.2 2.7 4.6 2.7 6.0 2.2 3.1 8.6 8.7 0.7 
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Supplementary Table 4. RSD values (%) of cannabinoids in hemp-derived products measured 

in triplicates. 

Sample CBDV CBG CBD CBN 9-THC CBC CBT Total 

D1   2.1  1.8 16.7  2.3 

D2   1.6  7.5 16.2  2.0 

O1  9.2 7.3     8.6 

O2   13.4 4.1    3.8 

T1 7.5 13.8 9.7  4.6 3.3 15.5 9.3 

T2   3.1     3.1 

T3   5.7     5.5 

T4  5.4 0.4  9.2 1.6  0.2 

G1   2.9  7.0  5.2 2.5 

G2  7.0 0.9     4.1 

HC1   11.9     11.9 

C1   3.2     3.2 

S1   12.8     12.8 

S2   2.9   2.6  2.4 

S3   5.6     5.6 

S4   0.6     0.6 

PT1   4.3     4.3 

PT2   3.8     3.8 

 

 

 

 


