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INTRODUCTION
Currently, liquid-liquid extraction (LLE) is the preferred
method to extract cannabinoids from marijuana samples for
instrumental analysis. However, we found that heated solid
phase
microextraction
coupled
with
gas
chromatography/mass spectrometry (HHS-SPME) can be
automated to capture headspace cannabinoid profiles from
small amounts of marijuana plant material without any use
of organic solvent. HHS-SPME is relatively non-destructive
and sensitive enough to detect trace amounts of certain
compounds from sample headspace [1]. It has been
previously used in the analysis of cannabinoids from the
headspace of hair, urine, and blood [1,2].
We have integrated headspace cannabinoid analysis and
machine learning approach to differentiating hemp and nonhemp Cannabis [3]. Computer algorithms were generated
by using authentic Cannabis with known levels of THC and
cannabidiol (CBD). HHS-SPME-GC/MS was used to collect
chemical signatures of cannabinoids.
This analytical
platform allowed the collection of headspace cannabinoids
features from 10 mg of sample. With feature selection of
chemical signals, variations of chemical data collected from
different botanical structures in the same group of Cannabis
was minimized before the machine learning process.
Comparing to other chemical analysis methods, our
approach provided a nearly non-destructive way to
intelligently differentiate hemp and non-hemp Cannabis
without an analyst’s interpretation of chemical data. Our
experimental results demonstrated that the headspace
cannabinoids analysis approach is a promising analytical
platform for hemp analysis. The combination of headspace
cannabinoids analysis and machine learning can offer a
new way to improve the scope of current forensic analysis
of Cannabis evidence.
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Table 1: List of standard marijuana samples with known
levels of THC and CBD in this work.
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Materials
Fourteen marijuana standard samples with different levels of THC and CBD
were provided by the National Institute on Drug Abuse (NIDA) Drug Supply
Program (DSP) and were analyzed at the Southwest Regional Science Center
(U.S Customs and Border Protection). Different botanical structures in each
standard marijuana were first separated under a microscope. Each sample (10
mg) was weighed and placed in a 20 mL vial for HS-SPME.

Figure 4. A comparison of TICs obtained by HHS-SPME-GC/MS
from marijuana sample 1 to 7. Ten mg of leaf structure from each
marijuana samples were analyzed and used in this comparison.
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Figure 1: a. Different botanical structures observed in a
typical marijuana sample. b. Typical floral structures
(Calyx). c. typical stem structures. d. typical leave
structures. All images were taken under x20
magnification.
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Table 2: Mean testing accuracy (100 time of learning model
development) for distinguishing placebo marijuana and other
marijuana varieties.
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The inclusion of hemp in the 2018 Farm Bill has created
some potential market for this relatively new agricultural
product in the United States. The regulated threshold level
of allowable tetrahydrocannabinol (THC) for industrial
hemp is 0.3% on a dry weight basis. Producing a plant
with higher than 0.3% THC content would be considered
violations of the law. Therefore, this new bill may create
some challenges in forensic determination between hemp
and non-hemp Cannabis during the growing and
production process, because THC is not homogeneous in
the plant.
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Figure 3. A typical total ion chromatogram (TIC) obtained by
HHS-SPME-GC/MS from 10 mg of marijuana sample. This
standard marijuana sample contains 8.9% THC and 9.3% CBD.
Four features were selected based on retention time zones.

Figure 5. Confusion matrix values of the average testing results
using support vector machine (SVM) with a linear kernel for all
standard marijuana varieties in this study.

REFERENCES
1. Lai, H., Corbin, I., Almirall, J. Headspace sampling and detection of cocaine, MDMA, and marijuana via volatile
.
markers in the presence of potential interferences by solid phase microextraction-ion mobility spectrometry (SPMEIMS). Analytical and Bioanalytical Chemistry, 2008, 392(1-2), 105-113.
2. Ilias, Y., Rudaz, S., Mathieu, P., Christen, P., Veuthey, J. Extraction and analysis of different Cannabis samples by
headspace solid-phase microextraction combined with gas chromatography-mass spectrometry. Journal of
Separation Science, 2005, 28(17), 2293-2300.
3. McDaniel, A., Perry, L., Liu, Q., Shih, W., Yu, J., Toward the identification of marijuana varieties by headspace
chemical forensics. Forensic Chemistry. 2018;11:23-31.

Instrumentation
An Agilent 7890B system coupled to dual detectors, 5977A mass selective
detector and flame ionization detector (MSD/FID), was used for GC/MS
analysis. The column was Restek Rxi 35Sil-M3 [Length: 15m, Inner Diameter:
0.25 mm, Film Thickness: 0.25 µm].
HS-SPME Sampling
Polydimethylsiloxane (PDMS) SPME fiber (23 gauge, 100 µm coating) was
installed on an Agilent GC Sampler 120 for HS-SPME automation. Vials were
placed in the GC Sampler 120 and heated to 150°C for 5 minutes with
agitation before HS-SPME. After 5 minutes of heating, HS-SPME was
performed by inserting the SPME fiber into the headspace of the vial. After
HS-SPME, the extracts from the sample headspace was then injected to the
GC/MS by thermal desorption at 250°C for 30 seconds.

CONCLUSIONS
• This new extraction and data analysis process for marijuana samples is
solvent-free and can nearly non-destructively capture chemical signatures
from 10 mg of marijuana sample. No sample preparation is required and the
entire artificial intelligence for marijuana production can be automated
without human intervention.
• Headspace chemical analysis using HHS-SPME-GC/MS can produce
sufficient and relevant chemical features for identification of marijuana
varieties in chemical forensics. Moreover, the feature extraction strategy in
our model establishment has great potential for inter-laboratory
collaborations.
• We envision the HHS-SPME-GC/MS analytical testing platform combining
with the new data sciences will offer a way for the intelligent differentiation
of hemp and non-hemp Cannabis.
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