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Δ8-Tetrahydrocannabinol: Another Cannabinoid
of Rising Interest and Concern

By one account [1], the term cannabinoid comprises 
all ligands of the cannabinoid receptor and related com-
pounds including endogenous ligands of the receptors 
and a large number of synthetic cannabinoid analogues. 
Usually, the primary psychoactive component of marijuana 
is considered to be Δ9-THC (Δ9-tetrahydrocannabinoid; 
Structure 1). Another psychoactive component, Δ8-THC 
(Δ8-tetrahydrocannabinol; Structure 2), and CBD (can-
nabidiol; Structure 3), which has no psychoactivity, also 
may appear in small amounts in marijuana. The placement 
of Δ9-THC, Δ8-THC, and CBD in the synthetic cascade for 
cannabinoids [2] found in cannabis is shown in Figure 1 [3].

Recently, Δ8-THC is being detected more and more 
in drug testing programs with alarming concerns [4,5]. Its 
occurrences and causes of concern are further elaborated 
in the following sections. 

Hemp and the Hemp Farming Act of 2018

 Hemp, or industrial hemp, is a botanical class of Can-
nabis sativa cultivars grown specifically for industrial or 
medicinal use. Hemp can be used to make a wide range 
of products [6]. The Hemp Farming Act of 2018 [7] le-
galized industrial hemp that contains no more than 0.3% 

Δ9-THC (the major psychoactive component of marijuana 
[8]) by removing it from Schedule I of the Controlled 
Substances Act. Even though industrial hemp contains a 
minimal amount of Δ9-THC, some varieties of hemp also 
can contain small amounts of Δ8-THC, which has about 
50–60% of the psychoactivity of Δ9-THC [9,10], and CBD, 
which has no psychoactivity [11].

Compounds/Market Products of Primary Interest

Δ9-Tetrahydrocannabinol. Δ9-THC is known to be the 
most psychoactive component of marijuana [8]. Amounts 
of Δ9-THC in marijuana can vary from trace to 30% by 
weight. In appropriate oral or smoked doses, the use of 
marijuana can produce temporal distortion, sedation, and 
euphoria. Laboratory analysis can be used to produce a 
known dose of Δ9-THC and eliminate unwanted or un-
desirable contaminants (e.g., pesticides). This compound 
has been one of the most concerning drugs and has been 
extensively studied and reported.

Δ8-Tetrahydrocannabinol. As stated above, Δ8-THC has 
about 50–60% of the psychoactivity of the Δ9-isomer that 
is the principle psychoactive component of marijuana. 
Thus, Δ8-THC can provide most of the desirable effects 
of marijuana simply by adjusting the dose. However, the 
amount of Δ8-THC varies in different species of C. sativa. 
Thus, the starting point at which adjusting dosage begins 
probably will be unknown. The amounts of unknown, 
and possibly undesirable, components also may vary [4]. 
Replacing the illegal Δ9-THC with Δ8-THC makes the 
amount of Δ8-THC in a product such as the one in Figure 
2 still unknown unless proved by a laboratory analysis. 
Additionally, the potentially undesirable components of 
the Δ8-THC product are unknown both qualitatively and 
quantitatively, making product safety difficult to assess.

Figure 1. Natural occurrence of Δ9-THC, Δ8-THC, and CBD (dibenzopyran numbering system) [3].
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Figure 2. Δ8-THC flower.

 A photograph of a marijuana flower that allegedly 
contains Δ8-THC is presented in Figure 2. It is notable that 
the amount of Δ8-THC in the product is not stated on the 
product’s container. 
 It is difficult to ascertain the market and demand for 
Δ8-THC due to purity issues associated with lack of regula-
tion and sale of material that generally has not received a 
laboratory analysis for Δ8-THC. However, a retrospective 
analysis by one large laboratory produced the positive 
trend presented in Table 1 [12].

Cannabidiol. Cannabidiol bears a strong structural resem-
blance to both Δ8- and Δ9-THC. Indeed, by moving the 
proton on the oxygen at position 5 to the carbon at position 
6, Δ8-THC (which can further isomerize to Δ9-THC) is 
created. Transfer of the proton requires heat and acid [13].
 An example of commercial CBD-infused candy is 
shown in Figure 3. It appears that the amount of acid 
required to convert CBD into Δ8-THC at normal body 

Figure 3. Cannabidiol gummies and stated contents.

temperature is insufficient in the human gastrointestinal 
tract. Since it is known that CBD [13] can be converted 
into Δ8-THC and Δ9-THC by subjecting it to heat and acid, 
it might be possible for the same phenomenon to occur 
during the normal transit of CBD through the human gut. 
However, it appears that the normal oral transit of CBD does 
not result in the production of toxic degradation products 
of cannabinol such as Δ8-THC and Δ9-THC [14–18].
 Although it appears to be difficult to assess the Δ8-
THC market, a fair amount of information exists on CBD. 
In the past few years, the CBD industry’s value may be 
visualized as shown in Table 2 [13].

Table 1. Trend of Δ8-THC found in connec-
tion with Δ9-THC-positive urine samples 

 Containing substantial
Time period  Δ8-THC (%)

March 2020      4
September 2020      8
March 2021    18
July 2021 19.9

Table 2. Increasing value of CBD by years 

Year Value (dollars)

2016 170 million
2023 Several billion

Analytical Issues in Forensic Toxicology

 The presence of Δ8-THC might create an interference 
in an analytical mixture that contains both Δ8-THC and Δ9-
THC when it is desirable to quantify either psychoactive 
material or both. If conditions in the analytical mixture 
are such that Δ9-THC can isomerize to Δ8-THC or the 
reverse can occur, an erroneous answer will be obtained 
for both isomers. Likewise, if analytical conditions are 
such that CBD can cyclize to a mixture of Δ8-THC and 
Δ9-THC, then erroneously high answers for Δ8-THC and 
Δ9-THC will be obtained if CBD is present. Strong acid 
and heat can have important effects on reaction mixtures 
containing Δ8-THC and Δ9-THC, especially when CBD 
also is present. Several examples where changing chro-
matographic apparatus/equipment was useful to obtain an 
accurate analytical outcome exist [19].
 The detection of Δ8-THC in a biological fluid such 
as urine should have two phases. In the first or initial 
testing phase, samples that are presumptively positive 
are separated from negative samples. In the second or 
confirmatory phase, samples are determined chemically 
to be either positive or negative. Using 11 urine samples 
spiked with Δ8-THC, Δ9-THC, or both; confirmatory and 
initial testing both were performed on all samples [20]. 
The antibody used for initial testing was essentially 100% 
crossreactive toward Δ8-THC-COOH and Δ9-THC-COOH. 
On the other hand, in almost all cases examined, the de-
rivatized Δ8-isomer could be resolved from the Δ9-isomer, 
resulting in a successful quantification of each isomer.
 It was of paramount importance to develop a method 
for the analysis of cannabinoids in oral fluid that would 
eliminate the potential conversion of CBD to Δ8- and/
or Δ9-THC in silico. Coulter and Wagner [21] did just 
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that by employing a Cerex Polychrom column instead of 
Trace-N. The oral fluid method developed by these authors 
completely eliminated any in silico conversion of CBD 
to Δ8-THC and/or Δ9-THC.
 In a study by Lin et al. [19], confirmatory methodol-
ogy for LC-MS/MS determination, CBD did not convert 
to THC in Quantisal® devices at 22° or 4° C in 14 days. 
CBD, Δ9-THC, and Δ8-THC did not convert to other can-
nabinoids in the study. Based on quantifiable study results, 
the confirmatory method did not allow confusion between 
formed and originally present Δ9-THC, Δ8-THC, and CBD.

Concluding Remarks

 Although it would seem that the Hemp Farming 
Act exempted several key psychoactive components 
of marijuana (Δ8-THC), there are limitations. CBD is 
itself nonpsychoactive. Thus, infusing a gummy candy 
product with CBD as shown above yields a candy that 
is infused with a nonpsychoactive material. It appears 
that the amount of acid required to convert CBD into 
Δ8-THC at normal body temperature is insufficient in the 
human gastrointestinal tract. Thus, oral consumption of 
CBD does not result in the internal production of Δ8- and 
Δ9-THC [14–18]. Likewise, the appearance of Δ8-THC 
in different Cannabis spp is highly variable and may not 
manifest itself at all. The presence of undesirable byprod-
ucts in a product that allegedly contains Δ8-THC is highly 
variable and their effects are (at the time of this writing) 
unknown. Validated analytical methodology that precludes 
in silico conversion of one cannabinoid such as CBD to 
another such as Δ8-THC and/or Δ9-THC is essential for 
unambiguous interpretation of results from material that 
contains Δ8-THC and other materials that may convert to 
other cannabinoids; such methodology is thus essential 
to meet any regulatory requirements.

References

  1. Grotenherman F: Pharmacokinetics and pharmacodynamics 
of cannabinoids; Clin Pharmacokinet 42:327; 2003.

  2. Radwan MM, ElSohly MA, Slade D, Ahmed SA, Khan 
IA, Ross SA: Biologically active cannabinoids from high-
potency Cannabis sativa; J Nat Prod 72:906; 2009.

  3. Lewis MM, Yang Y, Wasilewski E, Clarke HA, Kotra LP: 
Chemical profiling of medical cannabis extracts; ACS 
Omega 2:6091; 2017.

  4. Erickson BE: Δ8-THC craze concerns chemists: Unidentified 
byproducts and lack of regulatory oversight spell trouble for 
cannabis products synthesized from CBD; C&EN 99(31); 
2021; https://cen.acs.org/biological-chemistry/natural-
products/Delta-8-THC-craze-concerns/99/i31 (Accessed 
October 24; 2021).

  5. US Food & Drug Administration: 5 Things to Know About 
Δ8-Tetrahydrocannabinol (Δ8-THC); https://www.fda.gov/
consumers/consumer-updates/5-things-know-about-delta-
8-tetrahydrocannabinol-delta-8-thc#subscribe (Accessed 

October 27, 2021).
  6. Erickson B: USDA releases hemp production requirements; 

C&EN 97(43):17; 2019.
  7. 115th United States Congress, Agriculture Improvement 

Act of 2018, December 20, 2018; https://www.congress.gov/
bill/115th-congress/house-bill/2/text (Accessed October 24; 
2021).

  8. Tetrahydocannabinol; In Baselt RC (Ed): Disposition of 
Toxic Drugs and Chemicals in Man, 12th ed; Biomedical 
Publications: Seal Beach, CA; 2020.

  9. Razdan RK: Chemistry and structure-activity relationships 
of cannabinoids: An overview; In Agurell S, Dewey WL, 
Willette RE (Eds): The Cannabinoids: Chemical, Pharma-
cologic, and Therapeutic Aspects; Academic Press: Orlando, 
FL; 1984.

10. Hollister LE, Gillespie HK: Δ8- and Δ9-tetrahydrocannabinol 
comparison in man by oral and intravenous administration; 
Clin Pharmacol Ther 14:353; 1973.

11. Cannabidiol; In Baselt RC (Ed): Disposition of Toxic Drugs 
and Chemicals in Man, 12th ed; Biomedical Publications: 
Seal Beach, CA; 2020.

12. Kuntz DJ: Impact of CBD and THC Variants on Workplace 
Drug Testing; Clinical Reference Laboratory: Lenexa, KS; 
2021; https://www.crlcorp.com/about/blog/employer/im-
pact-of-cbd-and-thc-variants-on-workplace-drug-testing/ 
(Accessed October 24, 2021).

13. Wiley JL, Gourdet CK, Thomas BF: Cannabidiol: Science, 
Marketing, and Legal Perspectives; RTI Press (Publication 
No. OP-0065-2004): Research Triangle Park, NC; 2020; 
https://doi.org/10.3768/rtipress.2020.op.0065.2004 (Ac-
cessed October 24, 2021).

14. Merrick J, Lane B, Sebree T, Yaksh T, O’Neill C, Banks SL: 
Identification of psychoactive degradants of cannabidiol in 
simulated gastric and physiological fluid; Cann Cann Res 
1(1):102; 2016.

15. Grotenhermen F, Russo E, Zuardi AW: Even high doses of 
oral cannabidiol do not cause THC-like effects in humans: 
Comment on Merrick et al. Cannabis and cannabinoid 
research; Cann Cann Res 1(1):102; 2016 and 2(1):1; 2017.

16. Bonn-Miller M, Banks SL, Sebree T: Conversion of can-
nabidiol following oral administration: Authors’ Response 
to Grotenhermen et al. doi: 10.1089/an.2016.0036; Cann 
Cann Res 2(1):5; 2017. 

17 Nahler G, Grotenhermen F, Zuardi AW, Crippa JAS: A con-
version of oral cannabidiol to Δ9-tetrahydrocannabinol seems 
not to occur in humans; Cann Cann Res 2(1):81; 2017.

18. Crippa JAS, Zuardi AW, Hallak JEC, Miyazawa B, Bernardo 
SA, Donaduzzi CM, Guzzi S, Favreto WAJ, Campos A, 
Queiroz ME, et al.: Oral cannabidiol does not convert to 
Δ8-THC or Δ9-THC in humans: A pharmacokinetic study 
in health subjects; Cann Cann Res 5(1):89; 2020.

19. Lin L, Amaratunga P, Reed J, Huang P, Lemberg BL, 
Lemberg D: Quantitation of Δ8-THC, Δ9-THC, cannabidiol 
and 10 other cannabinoids and metabolites in oral fluid by 
HPLC-MS-MS; J Anal Toxicol in press.

20. Hart D: Effects of Δ8-THCA on initial and confirmatory 
testing for cannabinoids in urine; In National Laboratory 
Certification Program: Drug Testing Matters; RTI Interna-
tional: Research Triangle Park, NC; 2020.

21. Coulter C, Wagner JR: Cannabinoids in oral fluid: Limit-
ing potential sources of cannabidiol conversion to Δ9- and 
Δ8-tetrahydrocannabininol; J Anal Toxicol 45:807; 2021.


