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ABSTRACT

M AT E R I A L S A N D M E T H O D S

There are over 60 cannabinoids found in marijuana
(dried Cannabis). Among these cannabinoids, Δ9tetrahydrocannabinol (Δ9-THC) is known as the
primary psychoactive cannabinoid. Other important
cannabinoids for medical purposes in states with
legalized marijuana include cannabidiol (CBD) and
cannabinol (CBN). Most analytical methods for the
extraction of cannabinoids from marijuana samples
include destructive solvent extractions, which
destroy and consume marijuana samples, thereby
increasing the cost associated with each analysis of
marijuana. Multiple sampling of marijuana for the
purpose of quality control testing is discouraged
due to its destructive nature. In this research, heated
headspace solid phase microextraction (HHSSPME) is adopted for headspace extraction of
cannabinoids in marijuana samples to eliminate
such limitations and leave the marijuana sample
almost intact after extraction and chemical analysis.

Materials
Twenty-five samples were analyzed. An automated sampler was used for SPME extraction.
SPME extraction was carried out with 23 ga 100 µm polydimethylsiloxane (PDMS) coated
fibers and 20 mL vials with PTFE/silicone septa screw caps. A GC system coupled to dual
detectors, flame ionization (FID) and mass selective (MS) detectors, was used for the
separation and detection of cannabinoids. A 15 m fused silica mid-polar column was used.

Reanalysis (10 times) - Sample 115
Run 10 (Ground)

Sample Extraction
HHS-SPME
10 mg of marijuana was analyzed. 25 µg of internal standard was added into the sample vial
and dried off under an airstream. The vial was placed in the sampler and heated to 140°C for
5 minutes with agitation. A SPME fiber was inserted into the vial for 5 minutes. The fiber
was then exposed to the GC inlet at 250°C for 30 seconds.
Method
GC-MS/FID
Carrier gas flow: 1.2 mL/min, initial oven temperature: 170°C held 1 minute, 1st ramp:
15°C/min to 250°C, 2nd ramp: 5°C/min to 270 °C, 1.4 minute hold at 270°C, Detectors: MS
scanned 40-450 amu; FID at 250°C.

Ground
Whole Bud

Run 10 (Whole Bud)

Δ9-THC Peak Area Average
1.65E+09
2.18E+09

STD (N=10)
1.35E+08
2.42E+08

%RSD
8.2%
11.1%

Whole Bud – After Analysis

Whole Bud – Before Analysis
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HHS-SPME-GC/MS analysis of Certified Reference Standards
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Internal Standard – Anthracene (25 µg)
Cannabidiol (100 µg)
Δ8-Tetrahydrocannabinol (100 µg)
Δ9-Tetrahydrocannabinol (100 µg)
Cannabinol (100 µg)

Construction of Calibration Curves
External Calibration
Standard Addition Calibration
1

Δ9-THC/I.S. Area
Ratio

Δ9-THC/I.S. Peak
Area Ratio

Marijuana is a plant material that is heterogeneous
in nature. Reliable potency testing of marijuana
requires the strategy of multiple samplings of
testing materials from a marijuana lot. As defined
in Chapter 314-55 of the Washington
Administrative Code, a “lot" of marijuana means
either “(a) The flowers from one or more marijuana
plants of the same strain. A single lot of flowers
cannot weigh more than five pounds; or (b) The
trim, leaves, or other plant matter from one or more
marijuana plants. A single lot of trim, leaves, or
other plant matter cannot weigh more than fifteen
pounds.” In this work, a HHS-SPME method was
developed and coupled with GC/MS to analyze the
cannabinoid profile of marijuana samples. HHSSPME is advantageous over traditional liquid
extraction because it is nearly nondestructive, can
extract major cannabinoids from complex matrices,
and is sensitive enough to detect trace amounts of
target compounds [1,2,3].
Under our optimal conditions, the HHS-SPME was
capable of extracting Δ9-THC, CBD, CBN from the
headspace of 10 mg marijuana in a 20 mL vial.
After HHS-SPME extraction, the original sample
remained intact, with some discoloration. We
believe that the lack of consumption of marijuana
samples using this HHS-SPME extraction process
can encourage more marijuana testing for the
purpose of quality control and chemical profiling.
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Comparison of Total Ion Chromatograms for Marijuana Samples – Sample 115
Whole Bud (314 mg)
Ground sample (10 mg)

DISCUSSION & CONCLUSIONS
Two different sample preparations were tested for this nearly non-destructive HHS-SPME-GC/MS approach for the
detection of cannabinoids from marijuana samples: (1) marijuana plant material was ground and sieved according to
UNDOC methodology, and 10 mg was weighed out into sample vials; (2) whole bud marijuana pieces approximately 1 cm
long were selected and placed in sample vials. The optimized extraction temperature for both ground marijuana and whole
bud marijuana was found to be 140°C with an optimal extraction time of 5 minutes. The peak area of Δ9-THC remained the
same with a relative standard deviation of 8.2% for ground samples and 11.1% for whole bud samples, suggesting that
HHS-SPME is nearly non-destructive for cannabinoid extraction from marijuana samples. A consistent fraction of
cannabinoids in the headspace of marijuana sample was found even after 10 extractions of the same marijuana sample.
When HHS-SPME-GC/MS was used to construct a calibration curve for Δ9-THC, the calibration curve showed a R2 value
of 0.986 using external calibration and 0.968 using standard addition. We believe this HHS-SPME-GC/MS approach is
capable of determining the potency of marijuana samples and provides a new way to non-destructively profile marijuana
samples. In further work, known sources of marijuana with known cannabinoid concentrations will be tested in order to
determine the accuracy of this HHS-SPME-GC/MS method.
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