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INTRODUCTION

recreational users consume smaller quantities of THC and experience

Cannabis is a mixture of plant alkaloids (phytocannabis) also known as

a state of euphoria, alteration of time and space perceptions, and a

marijuana, dagga or tetrahydrocannabinol (THC). Three constituents,

different/confused awareness of their surroundings in ways that can impair

delta-9-tetrahydrocannabinol (Δ⁹-THC), cannabidiol (CBD) and cannabinol

driving.3 With the recent legalisation of cannabis for recreational use in

(CBN), are the most abundant principle constituents. Whilst most of the

South Africa, many questions have been raised, regarding the impact it

phytocannabinoids are not psychoactive, Δ⁹-THC, and 11-hydroxy-THC

will have on the workforce. Some of these include:

are the most psychoactive of all the constituents of marijuana.

• How do we approach the monitoring of workers and the general driving
population?

The two major cannabis plants, Cannabis sativa and Cannabis indica,
grow wild and are illegally harvested or commercially cultivated. Cannabis

• How do we determine the concentration of THC at which employees are

sativa has the highest concentration of the active component, Δ⁹-THC.

considered to be under the influence and a risk to themselves and their

However, this varies in percentage (by ±12%), depending on the demo-

co-workers?

graphics and climate. Cannabis indica has a higher ratio of Δ⁹-THC:CBD

whilst Cannabis sativa has a lower Δ⁹-THC:CBD ratio. Cannabis sativa

It is estimated that workers who recently used cannabis (t½ = 3-13
days for a frequent user) are 1.5-2 times less coherent and a risk to their

has more of a sedative effect,1 whereas cannabis strains with CBD:THC

co-workers),4 whilst a blood alcohol concentration (BAC) of 0.08-0.12%

ratios > 5:2 are more likely to have a relaxing and anxiolytic effect.

(t½ = 3-14 hours) increases the risk of an accident 5-30 fold.

The recent legalisation of dagga has placed it in the spotlight. While
many articles highlight the beneficial and positive effects of cannabis,

Laboratory challenges in testing for cannabis

including treating cancer, providing relief from chronic pain and insomnia,

Whilst point-of-care (POC) strips and laboratory immunoassay-based

and stimulating appetite, we still don’t fully understand the impact of chronic

methods are useful (quick with acceptable turnaround times), metabolites

use on health. The question remains as to whether the effect experienced

of cannabis can remain in the urine for days to weeks after use, making it

by the patient is psychological or whether there is a true clinical benefit.

difficult to distinguish between recent and prolonged use or exposure. With

Figure 1 demonstrates some of the medical benefits associated with

technological advancements and the development of mass spectrometry-

cannabis use.

based methods, we are now able to quantify 15 of the most common phy-

While there are differences in the effects of cannabis for chronic and

tocannabinoids and their metabolites in urine, oral fluid and whole blood.

recreational users, both may pose a risk in the workplace. A chronic user

These can be analysed at very low levels with a high degree of certainty.5-7

of marijuana requires increasing doses to achieve a response, whereas

Some of the common phytocannabinoids screened for and analysed

Table 1. Analytical summary of THC testing in the different matrices
Sample matrix

Active THC compounds

Analytical
calibration range
(ng/ml)
20.0-50.0

Urine

Δ9-THC

Oral fluid

Carboxy-delta-9-THC,

Whole blood

11-nor-9-carboxy-delta9-THC,
Δ9-THC, cannabidiol

Analytical Technique

Comment

Clinical routine screening

2.0-10.0

LC-MS/MS or GC/MS
immunoassay antibody testing
LC-MS/MS or GC/MS

2.0-10.0

LC-MS/MS or GC/MS

Early detection – most recent usage of
cannabis
Routine confirmation of positive screening on whole blood required for positive
oral fluid and urine samples

Table 2. Legal cut-off limits for THC levels in blood and/or oral fluid in different countries
Country
Belgium, Denmark, Ireland, Luxembourg,
The Netherlands
Norway

Legal cut-off limit (ng/ml)*
1.0-2.0

1.3-9.0

United Kingdom

2.0

United States of America

5.0

Comment
Penalties with increasing blood
concentration
The severity of penalties increases with
increasing blood concentration
Zero-tolerance approach
No significant evidence of impairment
below 5.0 ng/ml

Reference
Hughes, 201711
Ramaekers, 201712
Vindenes, 201713
Hughes, 200711
Wolff et al., 201314
Ramaekers et al., 201715
Compton, 201716

*a high degree of impairment might be expected above the legal cut-off limit
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include: 11-OH-THC, 11-COOH-THC, 11-nor-9-carboxy-delta-9-THCglucuronide, THC, cannabichromene, cannabidiol, cannabidiolic acid,
cannabidivarin, cannabidivarinic acid, cannabigerol, cannabigerolic
acid, cannabinol, cannabinolic acid, tetrahydrocannabinolic acid, and
tetrahydrocannabivarin.
Delta-9-tetrahydrocannabinol is metabolised to the active metabolite,
11-hydroxy-THC (11-OH-THC), and to the inactive metabolite, 11-nor9-carboxy-THC (THCCOOH). The analysis and quantification of these
species, together with a few minor species, in oral fluids, urine and whole
blood, are now possible, utilising liquid chromatory-tandem mass spectrometry (LC-MS/MS) (Table 2). Oral fluid is the least invasive and the
preferred matrix for measurement. LC MS/MS techniques are superior to
other methods (immunoassay-based), as they can accurately quantify and
distinguish the different THC-metabolites, allowing one to estimate the time
of exposure, based on the pharmacokinetics. To put this into perspective,
we are now able to distinguish between an individual who smoked more
than eight hours ago and one who smoked on shift at work, using THC
analytes in oral fluid and whole blood. A positive oral fluid test is usually
followed by a confirmatory blood sample to determine whether the person
is a regular or a recreational user.
It must be noted that, in 32% of cases, a positive oral fluid result does
not correlate with the blood result. It is believed that this finding is made
when the THC analyte is below the detection limit.8 In this case, a negative blood result following a positive oral fluid result indicates a once-off
exposure in an individual. High levels of THC in blood and oral fluid is proof
that an individual has used, or been exposed, to cannabis.
Table 1 summarises the analytical methods used to determine the
important THC metabolites and cut-offs in different matrices.
It must be noted that the amount of THC in oral fluid or blood does not
strongly correlate to driver impairment in the same way that BAC does
for alcohol-impaired driving.3 The first indication of impairment has been
demonstrated at THC blood levels of 2.0-5.0 ng/ml.9 A blood THC concentration of 3.7 ng/ml is comparable to a BAC of 0.05%.10
It is for this reason that there is no defined concentration that correlates
THC levels in the blood with impairment. Impairment levels are also difficult to define in a recreational user compared to a chronic user. Table 2
summarises THC legal limit concentrations in some countries.

CONCLUSION
Alcohol-induced impairment remains a much larger safety and public
health problem than current cannabis-induced impairment. The legalisation
of dagga has changed this dynamic and will require the employment of
stricter monitoring policies to safeguard against misuse. The analysis of
THC metabolites in oral fluid, urine and whole blood by mass spectrometry
will assist occupational health practitioners to make appropriate decisions
regarding the health and safety of employees and their co-workers.
Please contact PathCare Laboratories for more information on THC
and THC metabolite testing on whole blood and oral fluid.

REFERENCES

1. Pivik R, Zarcone V, Dement W, Hollister L. Delta-9-tetrahydrocannabinol and synhexl: effects on human sleep patterns. Clin Pharmacol Therapeut. 1972; 13(3):426-35.
2. Huestis MA. Cannabis (marijuana) – effects on human behavior and performance.
Forensic Sci Rev. 2002; 14(1/2):16-60.
3. Verstraete AG, Legrand S-A. Drug Use, Impaired Driving and Traffic Accidents.
2nd ed. Luxembourg: European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA); 2014. Available from: http://www.emcdda.europa.eu/attachements.cfm/
att_229259_EN_TDXD14016ENN.pdf (accessed 19 Mar 2019).

Occupational Health Southern Africa

www.occhealth.co.za

Fig 1. Proposed pharmacological actions of the many nonpsychotropic cannabinoids2
4. Schulze H, Schumacher M, Urmeew R, Auerbach K, Alvarez J, Bernhoft IM, et
al. Driving under the influence of drugs, alcohol and medicines in Europe – findings
from the DRUID project. Luxembourg: European Monitoring Centre for Drugs and
Drug Addiction (EMCDDA); 2012. Available from: http://www.emcdda.europa.eu/
system/files/publications/743/TDXA12006ENN_402402.pdf (accessed 19 Mar 2019).
5. Del Mar Ramirez Fernandez M, De Boeck G, Wood M, Lopez-Rivadulla M,
Samyn N. Simultaneous analysis of THC and its metabolites in blood using liquid
chromatography-tandem mass spectrometry. J Chromatogr B Analyt Technol Biomed
Life Sci. 2008; 875(2):465-470.
6. Scheidweiler KB, Desrosiers NA, Huestis MA. Simultaneous quantification of free
and glucuronidated cannabinoids in human urine by liquid chromatography tandem
mass spectrometry. Clin Chim Acta. 2012; 413(23-24):1839-1847.
7. Molnar A, Fu S, Lewis J, Allsop DJ, Copeland J. The detection of THC, CBD and
CBN in the oral fluid of Sativex® patients using two on-site screening tests and
LC-MS/MS. Forensic Sci Int. 2014; 238:113-119.
8. Castillo C. Drink and drug driving policy in the United Kingdom: assessing impact.
Third international symposium on drug-impaired driving. Lisbon, 23 October 2017.
9. Ramaekers JG, Moeller MR, Van Ruitenbeek P, Theunissen EL, Schneider E,
Kauert G. Cognition and motor control as a function of Delta9-THC concentration in
serum and oral fluid: limits of impairment. Drug Alcohol Depend. 2006; 85:114-122.
10. Berghaus G, Sticht G, Grellner W, Lenz D, Naumann T, Wiesenmüller S.
Meta-analysis of empirical studies concerning the effects of medicines and illegal drugs including pharmacokinetics on safe driving. DRUID, 6th Framework
Programme, Deliverable 1.1.2b. Cologne: Bundesanstalt für Strassenwesen;
2010. Available from: https://www.bast.de/Druid/EN/deliverales-list/downloads/
Deliverable_1_1_2_B.pdf;jsessionid=F5F5A9999BA59B73DA904D08F99675BF.
live21301?__blob=publicationFile&v=1 (accessed 19 Mar 2019).
11. Hughes B. Contemporary challenges for regulatory models: which approach to
take? A conceptual overview. Third international symposium on drug-impaired driving. Lisbon, 23 October 2017.
12. Ramaekers J. Dutch policy on cannabis and driving. Third international symposium
on drug-impaired driving. Lisbon, 23 October 2017.
13. Vindenes V. Where should the limit be? Defining per se laws. Third international
symposium on drug-impaired driving. Lisbon, 23 October 2017.
14. Wolff K, Brimblecombe B, Forfar JC, Forrest AR, Gilvarry E, Johnston A, et al.
Driving under the influence of drugs. Report from the expert panel on drug driving.
London: Department of Transport; 2013. Available from: https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/attachment_data/file/167971/
drug-driving-expert-panel-report.pdf (accessed 19 Mar 2019).
15. Ramaekers JG, Berghaus G, Van Laar M, Drummer OH. Dose-related risk of
motor vehicle crashes after cannabis use. Drug Alcohol Depend. 2004; 73:109-119.
16.Compton, R. (2017b). Testing for cannabis impairment in drivers: chemical
and/or behavioural tests.Third international symposium on drug-impaired driving.
Lisbon, 23 October 2017.
17. Cone EJ, Johnson RE, Darwin WD, Yousefnejad D, Mell LD, Paul BD, et al.
Passive inhalation of marijuana smoke: urinalysis and room air levels of delta9-tetrahydrocannabinol. J Anal Tox. 1987; 11:89-96.

Vol 25 No 2   March/April 2019

78

