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∆8-THC and CBD Vaping Degradant Analysis

Delta-8-Tetrahydrocannabinol
Abstract:
Delta-8 (∆8-THC) is a compound sold at CBD shops and packaged for edible or
inhalable routes of administration. The Strongin Group at Portland State investigated degradant
aerosol emitted from distilled ∆8-THC cartridges. Additionally three grams of Cannabidiol (CBD)
isolate was aerosolized on heated titanium and quartz surfaces. Gas phase samples were
assayed using proton nuclear magnetic resonance (1H-NMR) and automated thermal desorption
gas chromatography mass spectrometry (ATD-GC-MS).
Introduction:
In 2018, the farm bill repealed “hemp, defined as cannabis (Cannabis sativa L.) and
derivatives of cannabis with low concentrations of the psychoactive compound
delta-9-tetrahydrocannabinol (∆9-THC) from the definition of marijuana in the Controlled
Substances Act (CSA)” (Abernethy 2019).Concurrently, the Federal Analogue Act of 1986
restricts any chemical significantly similar to a controlled substance. Cannabidiol (CBD) is a non
psychoactive compound found in hemp and is a constitutional isomer of THC. Consequently,
CBD can be interconverted to THC derivatives and undergo decarboxylation to achieve
psychotropic effects. In fact, the novel THC cannabinoid delta-8-tetrahydrocannabinol is growing
popular across the U.S at this time.
Background:
Cannabis inflorescence biosynthesizes in glandular trichomes secondary plant
metabolites called cannabinoids and terpenoids (Dawson 2021). Cannabinoids are a class of
terpenophenolic biomolecules synthesized in response to predation, pollination, and abiotic
degradation (Roggen 2021). Terpenoids similarly are an aromatic class of compounds that
exhibit antibacterial, antifungal, and UV protective properties. CBD “has a broad range of
therapeutic applications anti-inflammatory, immunomodulatory, antipsychotic, analgesic, and
anti-epileptic” (Larsen 2020). Cultivators now cross breed female drug-types with an aim to
reduce THC and increase levels of novel cannabinoids such as CBD and cannabigerol (CBG) a
precursor to cannabinoids.

Industrial hemp legalization coupled with CBD demand resulted in a market surplus of
bulk material (Peltz 2021). Since cannabis vegetation is highly perishable, extraction of
inflorescence can concentrate valuable essential oil and extend shelf life. Oils can be winterized
to remove undesirable plant waxes and lipids increasing product value. Further, fractional
distillation of oil separates terpenes from cannabinoids and allows adjustment of oil viscosity
during packaging of cartridges. Targeted analytes can be eluted using high performance liquid
column chromatography (HPLC). Crystallized analytes THC-A and CBD are desirable for their
room temperature stability. Purified compounds are versatile to measure, handle and administer
into topicals, edibles, and aerosolized products.
Delta-8-Tetrahydrocannabinol (∆8-THC) is a minor isomer product in the biosynthesis of
tetrahydrocannabinol (THC). The “delta” prefix references the systematic positioning of the
cyclohexene double bond. Therefore, delta 8 and delta 9 vary in structure by the placement of
one double bond. The highest natural concentrations of THC form in female plants.
Interestingly, ∆8-THC maintains stability longer than ∆9-THC, but it is poorly extracted from
drug-type cannabis plants. In order to achieve marketable quantities of ∆8-THC, CBD is
extracted from female inflorescence containing less than 0.3% ∆9-THC and then catalyzed to
∆8-THC.

Figure 1: Cannabis Plant Anatomy (Left), SEM of Trichome Structure (Right)
Trichome Heads 60 µm in diameter Copyright Ted Kinsman / Science Source Inc.

Methods:
1

H-NMR

Proton nuclear magnetic resonance (1H-NMR) samples were prepared for Bruker
UltraShield™ 400 MHz and 600 MHz then assayed in Mnova. Aerosol was drawn into an
impinger using a Single Cigarette Smoking Machine (SCSM-STEP, CH Technologies).
SCSM-STEP was calibrated using a Ne/Ar flow rate regulator to 1L/min for 3 second draws, 30
second rest, total 10 draws. Multiple samples were impinged into different NMR deuterated

solvents d6-chloroform (CDCl3-d6) and d6-dimethyl sulfoxide (DMSO-d6) 0.05% v/v
tetramethylsilane (99.9%, Cambridge Isotope). Samples were spiked with
2,3,5,6-tetrachloronitrobenzene (TCI Chemicals). In tandem, mass balance was tracked for
cartridge transfer efficiency using Cambridge Cotton Filter Pads.
ATD-GC-MS
A mass spectrometry analysis was conducted analyzing gas phase particles of less than
500 g/mol. Sample cartridges contained 390 mg ∆8-THC and a blend of 110 mg natural terpene
formulation. A 3.6 V Samsung battery was micro-controlled to a constant 10 W output heating
“Ni, Cr, Fe filament” (Wagner 2020) under ceramic heating element. Aerosol samples were
captured in ATD cartridges packed with 35/60 mesh Tenax TA and 60/80 mesh Carbograph 1
TD (Camsco Inc., Houston, Tx).
Results and Discussion:
NMR chromatograms revealed a close match to literature and predicted ∆8-THC.
Although, there is an anomaly in the 9-10 ppm region using deuterated DMSO (dimethyl
sulfoxide-d6). It is suspected to be a hydroxyl proton bonded to the resorcinol ring.

Figure 2: NMR D8 Vaped and Unvaped

Figure 3: delta-8-thc OH proton highlighted
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Similar peaks were observed in d8 trials before and after vaping. The cartridge
aerosolized 1.5 mg per puff +/- 0.20 mg. 88% of aerosol reconstituted onto Cambridge cotton
filter pads.
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819.7
1048412
1 10.58843 10.58672
4 821.26
1.71
1.52
Figure: 4 Tabulated Mass Balance
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Expectedly, when CBD is aerosolized using a high heat applied to quartz surface the
chromatograms are noticeably different to room temperature CBD. Currently, the team is
processing new data and adjusting the experimental design to begin and identify formed
products. The aldehyde region is of concern when studying the degradation of cannabinoids
and terpenoids. “Aldehydes are reactive species, therefore, they are generally toxic to the body”
(Laskar 2018). The region is characterized by 9-10 ppm in NMR signals produced. When CBD
was subjected to extreme heat signals were observed. However, it is imperative to note that the
supplied heat is not customary for users. The experiment was conducted to test the limits of the
material itself.

Figure 5: CBD NMR Chromatogram in DMSO (dimethyl sulfoxide-d6)

Figure 6: CBD Vaporized on Heated Quartz Surface

Conclusion:
Degrandant analysis of delta 8 and CBD are in preliminary stages. Recent results need
more time to be assessed before any conclusions can be made. There is needed effort in
quantifying and identifying degradant profiles of cannabinoids and terpenes. Currently, research
into recreational cannabis remains highly restricted. A proposed amendment to the
infrastructure bill would allow researchers to study recreational cannabis. As wide-spread
legalization of cannabis sweeps across the country it is imperative that research into the harmful
and therapeutics effects of cannabis be understood.
A special thanks to Dr. Strongin for allowing me the privilege to work in his lab, teaching
and funding from Dr. Faaleava and the U.S Department of Education, and in special memory of
Dr. Ronald E. McNair who lived an extraordinary and inspiring life. This work is planned to
continue into next year, and its progress will be shared at Portland State Honors Thesis
Symposium presented in the spring of 2022. The work presented in this article is not the
expressed view or opinion of Dr. Strongin, Dr. Faaleava, U.S. Department of Education, or any
other organization or author mentioned.
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