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Abstract

Oral fluid (OF) is a new biological matrix for clinical and forensic drug testing, offering non-

invasive and directly observable sample collection reducing adulteration potential, ease of 

multiple sample collections, lower biohazard risk during collection, recent exposure identification, 

and stronger correlation with blood than urine concentrations. Because cannabinoids are usually 

the most prevalent analytes in illicit drug testing, application of OF drug testing requires sufficient 

scientific data to support sensitive and specific OF cannabinoid detection. This review presents 

current knowledge on OF cannabinoids, evaluating pharmacokinetic properties, detection 

windows, and correlation with other biological matrices and impairment from field applications 

and controlled drug administration studies. In addition, on-site screening technologies, 

confirmatory analytical methods, drug stability, and effects of sample collection procedure, 

adulterants, and passive environmental exposure are reviewed. Delta-9-tetrahydrocannabinol OF 

concentrations could be > 1000 μg/L shortly after smoking, whereas minor cannabinoids are 

detected at 10-fold and metabolites at 1000-fold lower concentrations. OF research over the past 

decade demonstrated that appropriate interpretation of test results requires a comprehensive 

understanding of distinct elimination profiles and detection windows for different cannabinoids, 

which are influenced by administration route, dose, and drug use history. Thus, each drug testing 

program should establish cutoff criteria, collection/analysis procedures, and storage conditions 

tailored to its purposes. Building a scientific basis for OF testing is on-going, with continuing OF 

cannabinoids research on passive environmental exposure, drug use history, donor physiological 

conditions, and oral cavity metabolism needed to better understand mechanisms of cannabinoid 

OF disposition and expand OF drug testing applicability.

Introduction

Psychoactive products derived from Cannabis sativa L. have been consumed for medicinal, 

recreational, and spiritual purposes throughout the world for over 5000 years.[1-2] Cannabis 

remains the most widely abused illicit drug around the globe, with an estimated 119-224 

million cannabis users (2.6-5.0% of the world population) in 2010.[3] The increased 

availability (due to financial affordability, drug-policy changes, cultural tolerance, and/or 

commercial promotion and sale),[4-6] increased medicinal usage,[2, 7] and decrease in 

perceived risk of cannabis use contribute to its continued popularity.[8] Thus, it is not 
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surprising that cannabis is one of the most frequently detected illegal drugs in drivers 

randomly stopped for roadside drug testing,[9-12] drivers involved in road traffic 

accidents,[13-15] chronic pain patients,[16-17] psychiatric patients,[18-19] emergency room 

patients,[20] athletes,[21] and in workplace drug testing.[22-25] Cannabis also accounted for an 

average 64, 38, 11, 20, and 41% of all reported individuals treated for drug abuse in Africa, 

the Americas, Asia, Europe, and Oceania, respectively, in 2001-2010.[26] In the US, 18% of 

admissions to publicly funded substance abuse treatment facilities in 2010 were for cannabis 

abuse, lower only than alcohol and opiates admissions.[27]

Cannabis contains over 500 different chemical compounds, including more than 100 

cannabinoids.[28] Δ9-tetrahydrocannabinol (THC), the primary psychoactive constituent, 

mediates its pharmacological effects mainly through G protein-coupled central cannabinoid 

(CB1) receptors in the brain. Significant binding to the receptors in cerebellum, 

hippocampus, basal ganglia, and cerebral cortex correlates with cannabinoid effects on pain, 

cognition, memory, movement, and endocrine function.[29-30] In addition, CB1 receptors are 

present throughout the periphery including the heart, bladder, lung, thymus, uterus, testis, 

spleen, and gastrointestinal tract, with a wide range of functions associated with cannabinoid 

receptors.[31-32] THC also is a partial agonist of the peripheral cannabinoid (CB2) receptor, 

which modulates immune function[33] and bone mass.[34] There is evidence that THC acts as 

a dopamine reuptake blocker, indirectly interacts with μ and δ opioid receptors, and 

facilitates brain reward circuitry in the nucleus accumbens and ventral tegmental area.[35]

As a result of complex interactions with many neurological systems, cannabis produces 

multiple behavioral and physiological effects. Cannabis can induce euphoria, alter time 

perception, reduce concentration, sedate, impair cognition and memory, and produce 

dysphoric reactions (e.g., anxiety, psychosis, and panic attacks).[36-37] Common 

physiological effects include tachycardia, conjunctival reddening, dry mouth, appetite 

stimulation, vasodilation, and respiratory depression.[36] Potency and variety of cannabis, 

route of administration, co-administered drugs, users’ expectations of effects and drug intake 

history, and physiological condition can affect the severity and range of outcomes.[38-39] 

Some such effects are exploited for medicinal applications. Synthetic cannabinoids and 

cannabis plant extracts showed varied efficacy in treating cachexia, emesis, cancer and 

rheumatoid arthritis pain, neurological symptoms, neuropathic pain, cancer, glaucoma, and 

cannabis dependence.[40-43] Currently, two oral synthetic cannabinoids, dronabinol or 

synthetic THC, and nabilone are approved by the US Food and Drug Administration to treat 

appetite/weight loss in AIDS patients and nausea and vomiting in chemotherapy patients.[44] 

Sativex®, a whole-plant cannabis extract containing approximately equal proportions of 

THC and cannabidiol (CBD), is an oromucosal spray administered via sublingual and buccal 

mucosal surfaces. Sativex is approved in Canada, the UK, Spain, Germany, Denmark, and 

New Zealand to treat multiple sclerosis-related neuropathic pain and/or cancer pain resistant 

to opioid therapy. In the US, Sativex is in phase III clinical trials for the latter 

indication.[45-46]

Cannabinoid testing can include monitoring for THC, its metabolites [11-hydroxy-THC (11-

OH-THC), 11-nor-9-carboxy-THC (THCCOOH), conjugated cannabinoids], and/or minor 

cannabinoids [CBD and cannabinol (CBN)]. Having different pharmacokinetic 
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characteristics, quantification of multiple cannabinoids provides valuable information for 

interpreting cannabinoid test results in driving under the influence of drugs (DUID), 

workplace, cannabis dependence treatment, criminal justice, and pain management settings.

Because cannabinoids are usually the most prevalent analytes in illicit drug testing, it is 

evident that inclusion of a new alternative matrix, such as oral fluid (OF), demands 

sufficient scientific data to support sensitive and specific OF cannabinoid detection. With 

increasing interest in OF drug testing, research on OF cannabinoids proliferated since the 

1990s. This review covers current knowledge on OF cannabinoids, starting from OF as a 

drug testing matrix to field application and controlled drug administration findings, 

evaluating pharmacokinetic properties, detection windows, and correlation with other 

biological matrices. Other considerations for appropriate OF cannabinoid testing are 

discussed, including on-site screening technologies, confirmatory analytical methods, drug 

stability, and effects of sample collection procedure, adulterants and passive environmental 

exposure.

Oral Fluid Cannabinoid Testing

With advances in analytical technology, OF gained acceptance over the past decade as an 

alternative biological matrix for detecting drugs in forensic and clinical settings.[47-48] OF 

testing offers simple, non-invasive, observed specimen collection, making adulteration more 

difficult and eliminating the need for specialized collection facilities or same sex 

collectors.[25, 49] Other advantages include ease of multiple sample collections, lower 

biohazard risk during collection, identification of recent exposure, and stronger correlation 

with blood than urine concentrations.[50-52] These qualities could potentially be utilized in 

various drug testing programs to improve the public health and safety.

Driving under the Influence of Cannabis

Among randomly stopped, nighttime weekend drivers in the US (2007), 12.4% tested 

positive for illicit drugs in blood and/or OF,[9] whereas an average of 1.9% of drivers were 

estimated to use illicit drugs in 13 European countries (2007-2009)[12]; cannabis was the 

most commonly detected illicit drug in these nationwide roadside surveys with prevalence of 

8.6 and 1.3%, respectively.[9, 12] Thus, cannabinoid testing is particularly important for 

investigating DUID and drug-related accidents. Cannabis-induced driving impairment is 

documented in laboratory investigations, driving simulators, and on-the-road driving 

tests.[53-54] Acute THC/cannabis intoxication impaired driving-related psychomotor/

neurocognitive performance, including time/distance perception,[55] tracking,[56-57] reaction 

time,[58-59] vehicle control (lane-position, speed, and steering variability),[59-61] and 

divided-attention.[55, 58] These data indicate that recent cannabis intake causes impairment 

similar to blood alcohol concentrations (BAC) at or above the legal limit (0.05 and 0.08 

g/dL for many European countries and the US, respectively), contributing to increased risk 

of road traffic accidents. Indeed, cannabis was associated with higher culpability odds ratios 

for accidents, ranging from 1.3-2.7.[62-66] OF cannabinoid testing has advantages over urine 

testing by identifying psychoactive THC with a shorter detection window, and provides 

simpler and safer collection procedures than blood testing. Furthermore, roadside OF testing 
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is increasingly important in regulating DUID (see “OF Cannabinoid Screening 

Techniques”).

Workplace Safety

In the workplace environment, Macdonald et al. reported that acute intoxication from 

cannabis smoking may impair employees’ performance for approximately 4 h, 

compromising workplace safety.[67] Drug testing is utilized for pre-employment screening 

and as a deterrent to drug use among employees.[68] The odds ratio of accident involvement 

for US aviation employees testing positive for drugs was 2.9, compared to those who tested 

negative; cannabis accounted for 67.3% of the illicit drug use episodes.[24] Cannabis was the 

most frequently detected drug (52-67% of positive urine/oral fluid results) among workers in 

the US, UK, Italy, and Brazil.[22-23, 25, 69] Impairment from acute cannabis intoxication 

leads to increased risks of driving and work-related accidents.[53, 67] Depending on cutoff 

criteria, OF cannabinoid testing may offer short detection windows reflecting the acute 

impairment window for accident investigations and also long detection windows for pre-

employment screening and drug use prevention over the course of employment.

Public Health

Testing for cannabis is equally important in clinical practice, where cannabis is one of the 

most frequently detected illicit drugs in patients.[16] A high prevalence of cannabis 

consumption (6.2-59%) occurs in patients with chronic pain, multiple sclerosis, and HIV/

AIDS, largely for pain relief and/or sleep improvement.[16, 70-74] Concurrent use of non-

prescribed drugs can interfere with proper treatment; patients may develop a substance 

dependence disorder or tolerance, or experience adverse events due to interaction with 

prescribed drugs. Presence of unauthorized drugs also can indicate substitution for the 

prescribed drugs that may be diverted to illegal markets, or self-medication for an 

unidentified disorder.[75-76] Higher rates of illicit drug use (determined by urine drug testing 

for THCCOOH, benzoylecgonine, 6-acetylmorphine, MDMA, methamphetamine, and 

phencyclidine) were significantly associated with lower compliance with prescription 

medications for chronic pain.[77] Repeated drug testing reduced illicit drug use in chronic 

pain patients[17, 76]; cannabis use declined from 16 to 9%.[17] Self-reported drug use history 

may be unreliable,[78-81] making toxicological analysis essential for effective patient 

management. Cannabis dependence programs may utilize OF drug testing to monitor 

abstinence from cannabis and identify cannabis relapse.[82-83] In the case of cannabinoid 

pharmacotherapy, OF toxicology results can monitor patient compliance (see “Controlled 

Cannabis Administration”).

Athletic Performance

The World Anti-Doping Agency (WADA) prohibited cannabinoid use in-competition across 

all sports in 2004 when cannabinoids accounted for 15.7% of the adverse analytical findings 

reported by the WADA accredited anti-doping laboratories.[84] The prevalence decreased to 

7.9% in 2011, possibly owing to a deterrent effect of testing under the 2004 WADA 

code.[85] In France, 42.4% of young athletes self-reported smoking cannabis several times in 

their lives and 12.5% used at least once to enhance athletic performance.[86] Athletes 

reported cannabis intake to relieve anxiety and stress associated with competition, to reduce 
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pain, and to promote sleep quality and relaxation.[84, 86-87] The WADA International 

Standard for Laboratories currently states that results obtained from other biological 

matrices such as OF cannot counter adverse analytical findings from urine or blood.[88] OF 

can be a valid alternative matrix, particularly for cannabinoids as the agency prohibits 

cannabis use in-competition but not out of competition, necessitating short detection 

windows.

Oral Fluid as a Matrix for Drug Testing

OF plays an important role in maintaining tooth integrity, protecting against microorganisms 

and toxins, lubricating and cleaning oral tissues, and initiating digestion.[89] OF consists of 

more than 97% water, and electrolytes, immunoglobulins, enzymes and other proteins, such 

as glycoproteins, mucin, amylase, lipase, peroxidase and dehydrogenase.[89-90] Three major 

salivary glands (parotid, sublingual and submandibular), the gingival fold, oral mucosa 

transudate, minor accessory salivary glands, and secretions from the nasal cavity and 

pharynx contribute to OF composition. OF also contains bacteria, epithelial cells, 

erythrocytes, leukocytes, and food debris.[91-93] Many hormones and enzymes in plasma are 

present in OF, albeit in lower concentrations, as compounds are transferred via the mucosal 

and gingival crevices from blood capillaries.[91, 94] Expression of cytochrome P450 

enzymes, potentially involved in cannabinoid metabolism, also was identified in human oral 

tissue cells.[95-98]

THC undergoes extensive hepatic cytochrome P450 metabolism, producing more than 100 

metabolites.[99] CYP2C9 primarily oxidizes THC to psychoactive 11-OH-THC, while other 

cytochrome P450 enzymes (e.g., CYP2C19 and CYP3A4) are involved in additional THC 

oxidation.[100] 11-OH-THC is further oxidized by microsomal alcohol dehydrogenase and 

aldehyde oxygenase (CYP2C subfamily) to produce the non-psychoactive metabolite, 

THCCOOH.[101-102] Phase II conjugation with glucuronic acid and less commonly, 

glutathione, sulfate, and others to the carboxyl group of THCCOOH increases water 

solubility, facilitating urinary excretion.[99, 101] Extra hepatic tissues such as heart, lung, 

brain, and intestine also metabolize cannabinoids, although to a much lower degree.[103-106] 

Whether oral tissue similarly metabolizes cannabinoids is an important question for OF 

cannabinoid research as it could affect OF cannabinoids’ pharmacokinetic properties, 

correlation with blood concentrations, and inter-subject variability.

Healthy adults produce approximately 0.5-1.5 L of OF per day.[89] OF pH ranged from 6.2 

to7.4; OF becomes more basic when stimulated owing to the loss of dissolved carbon 

dioxide.[89, 107-108] OF composition and flow rate are influenced by the circadian cycle, 

sensory stimuli, hormonal changes, mechanical stimulation, psychological status (e.g. anger, 

fear, and depression), genetics, oral hygiene, sympathomimetic and parasympatholytic 

(anticholinergic) drugs, and systemic diseases (e.g. diabetes, kidney dysfunction, anorexia, 

cystic fibrosis).[91, 109] In turn, drug transfer into OF is affected by OF composition, flow 

rate, and pH, the drug’s pKa, protein binding, lipophilicity, spatial configuration, and 

molecular weight and blood pH.[50, 108] Creatinine is widely utilized to normalize urine 

sample volume.[110-111] Evaluation of potential biomarkers to indicate collection of 

representative (as opposed to diluted) OF sample volume has so far met with less success. 
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OF creatinine concentrations showed large intra- and inter-subject variation; CV over 10-

weeks was 141% (range 39-225).[112-113] OF IgG concentrations ≥0.1-1.0 mg/L were 

suggested, but even after a second rinse of the mouth with tap water, IgG concentrations still 

exceeded this criterion.[108]

When cannabis is smoked, inhaled, or sprayed into the mouth, the oral mucosa is extensively 

contaminated for a short time after intake.[114-115] Contamination increases OF THC 

detection, but reduces correlation with blood concentrations.[51] Contribution of 

cannabinoids from blood is minimal; depots in the oral cavity from external exposure are the 

primary source of THC OF concentrations.[114, 116] CBD is not psychoactive but has 

potential therapeutic applications[117]; some investigators suggest that CBD may have 

anxiolytic[118] and anti-psychotic[119] properties and possibly attenuates THC-induced 

effects.[120-121] CBN, a degradation product of THC oxidation, is approximately 10% as 

potent as THC, and increases as cannabis plant material ages.[122-123] Like THC, the source 

of these minor cannabinoids in OF is primarily from cannabis smoke.[124-125] In contrast, 

THCCOOH results from THC hepatic metabolism and is not present in cannabis 

smoke. [124, 126-127] THCCOOH also was not produced from THC incubated in OF at 37°C 

for 24 h.[126] Thus, metabolite concentrations in OF are influenced by blood concentrations 

and factors affecting analyte passage from blood into OF. No study, of which we are aware, 

documented cannabinoid metabolism in the oral mucosa. However, enzyme hydrolysis by β-

glucuronidase or sulfatase produced mean 48.2% and 8.1 % increases, respectively, in OF 

THCCOOH (n = 1 in 4 sessions).[128] Mean OF conjugated to free THCCOOH ratio was 1.9 

(CV 22.6%). Some glycoproteins and enzymes that could be involved in cannabinoid 

metabolism were identified in human saliva.[109, 129] UDP-glucuronosyltransferase has yet 

to be detected in OF, so whether Phase II metabolites are transferred from blood and/or 

metabolized in OF remains unclear.

Effects of cannabis smoking on oral physiology could be an additional factor. Cannabis 

reduces activity of the parasympathetic nervous system, inducing dry mouth 

(xerostomia).[130] This creates difficulty collecting a sufficient volume of OF, particularly 

within the initial hour after cannabis smoking.[114, 130-131] Another common oral condition 

associated with cannabis smoking is leukoedema (developmental alteration of the oral 

mucosa),[130, 132] but its effect on cannabinoid OF disposition is unknown. Blood in the oral 

cavity from infection, traumatic damage, stomatitis or other causes can also affect 

cannabinoid OF concentrations.[114, 131-132]

Regulatory Status of Cannabinoid OF Testing

DUID laws in the US differ by state. The type of biological matrix that law enforcement 

officers are authorized to collect also varies, but generally includes blood and/or urine. As of 

December 2008, 6 states (Colorado, Missouri, New York, North Dakota, Oklahoma, and 

Utah) permit OF testing as well.[133] “Other bodily substances” are allowed in 9 additional 

states (Alabama, Arizona, Georgia, Indiana, Kansas, Louisiana, North Carolina, Ohio, and 

South Dakota) and Puerto Rico.[133] In Canada, the federal Criminal Code stipulates OF 

collection to evaluate the presence of drugs in a person’s body while operating a vehicle/

vessel/aircraft/railway equipment.[134] Several other countries permit either OF screening 
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and confirmation (Belgium, Australia, and Spain) or OF screening and blood confirmation 

(France, Germany) or have such laws pending (Norway) for DUID investigations.[10]

For the US federal workplace, OF drug testing is not authorized, but has been proposed in 

the Mandatory Guidelines since 2004[135] and is increasingly utilized in state and private 

sector workplaces.[136-137] In Australia, the Australian Standard AS4760 was developed in 

2006, specifying OF collection and analysis procedures for workplace drug testing.[138] OF 

also is incorporated in some Canadian workplace drug testing programs[139] and is proposed 

by the European Workplace Drug Testing Society.[140] THC OF cutoffs specified or 

proposed by countries and organizations for DUID and workplace drug testing programs are 

listed in Table 1.

Field Application of OF Testing

The high prevalence of cannabinoids detected in OF during roadside, clinical, and 

workplace drug testing (Table 2) emphasizes the importance of building a scientific basis for 

OF cannabinoid testing. Cannabis frequently accounted for a major portion of OF samples 

positive for illicit drugs during random roadside (27.8-77.3%),[5, 9, 11, 141-143] clinical 

(11.5-46.3%),[144-145] and workplace (23.8-63.6%)[25, 146] drug testing studies. THC, CBD, 

and CBN concentrations in those OF samples were as high as 6484, 115, and 124 μg/L, 

respectively, whereas THCCOOH and 11-OH-THC were ≤400 ng/L and 12.3 μg/L, 

respectively (Table 2). Thus, a linear dynamic range tailored to each analyte is needed. 

Dilution integrity and carryover experiments during method validation should also be 

performed over a wide concentration range. Assessing sample collection procedures, 

evaluating performance of screening techniques, and validating confirmatory methods are 

essential for accurate cannabinoid quantification in OF samples collected in practice.

Controlled Cannabis Administration

Controlled drug administration studies provide rigorous scientific data to aid in interpreting 

OF test results. Research findings must be interpreted in the context of study design; 

cannabinoid OF disposition is influenced not only by pharmacokinetic properties, but also 

by administered dose, participants’ cannabis use history, and efficiency of collection and 

quantification procedures. Controlled cannabis administration studies are summarized in 

Table 3. OF collection methods are described in detail in the later section “OF Collection.”

Smoked Cannabis Administration

Maximum THC concentrations generally occur in the first OF sample collected following 

smoked cannabis with concentrations often > 1000 μg/L (Table 3; Figure 1). Multiple 

factors contribute to the wide THC concentration range within and between studies: 1) 

Higher potency cannabis led to higher initial concentrations due to more extensive oral 

cavity contamination. Fifteen min after smoking 13.8-22.3 and 27.5-44.5 mg THC 

cigarettes, mean THC concentrations were 900 and 1041 μg/L in Intercept® OF samples, 

respectively.[116] 2) Chronic cannabis smokers may have higher initial concentrations than 

occasional smokers due to more efficient smoking topography and/or tolerance 

development. Toennes et al. reported that chronic cannabis smokers had significantly higher 
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Intercept® OF THC maximum concentrations (mean 12457 ng/g) than occasional smokers 

(1715 ng/g) despite body weight normalized doses (500 μg/kg THC cigarettes).[147] After 

smoking a 54 mg THC cigarette, maximum Quantisal™ OF sample concentrations were 

higher in individuals who smoked ≥10 years (mean 3122 μg/L) than in those who smoked 

<10 years (344 μg/L). On the other hand, Niedbala et al. reported no significant difference in 

Intercept® OF THC initial concentrations (mean 27.8 vs. 23.3 μg/L) between chronic and 

occasional smokers.[148] However, first collection was 1 h after smoking. Concentration 

differences between chronic and occasional smokers rapidly diminished after the initial 

elimination phase.[147] 3) OF collection method could affect cannabinoid quantification. 

With 54 mg THC cigarettes, 1733 and 4577 μg/L mean maximum THC concentrations were 

found in concurrently collected Quantisal™ and expectorated OF samples, 

respectively.[131, 149] Higher concentrations in expectorated OF could be due to 

cannabinoids trapped in mucus/pellet; the analytical method included addition of water and 

cold acetonitrile and then vortexing and centrifugation which could release analytes prior to 

SPE.[150] When OF samples were concurrently collected from 40 volunteers by 

expectoration and with the Salivette® device 10-25 min after smoking, expectorated OF 

samples had higher THC concentrations (51-6552 vs. 8-134 μg/L) and detection rate (100 

vs. 47%).[151] The researchers subsequently observed significant THC adsorption to the 

Salivette® cotton roll.[151] Conversely, when specimens were collected by expectoration, it 

was more difficult to collect sufficient sample volume,[114, 131] analytes were less 

stable [149] and there was greater variability in quantification.[131] 4) Cannabinoid 

concentrations show large inter-subject variability. Standard deviations in these studies were 

comparable or higher than mean values.[57, 114, 116, 147] Participants had THC concentrations 

0.25 h post smoking as low as 248, 265, and 68 μg/L and as high as 2544, 22370, and 10284 

μg/L in Intercept® (27.5-44.5 mg THC), expectorated (54), and Quantisal™ (54) OF 

samples, respectively.[114, 116, 131]

The THC elimination profile is biphasic; concentrations rapidly decrease within the first 1-2 

h post smoking, and then decline more gradually, with low concentrations detectable for 

days in chronic smokers.[51, 116, 152-153] THC concentrations above 1000 μg/L generally 

decreased below 50 μg/L by 6 h [114, 116, 131] and < 10 μg/L within 22-24 h post 

smoking.[114, 128, 131, 148] Last THC detection times up to 72 h were reported with 

concentrations ≤1.3 μg/L[148]; however, in this outpatient study, participants’ cannabis 

abstinence was not monitored after 4 h post smoking.[148] In chronic cannabis smokers 

during extended, monitored abstinence, median THC detection window was 24 h (95% CI 

4.8-43.2 h), but occasional positives occurred for up to 28 days, with concentrations ≤3 

ng/mL.[153] Dose and cannabis smoking history had much less influence on concentrations 

after the initial ≤0.5 h collection; similar mean THC elimination half-lives of 1.5-1.6 (range 

0.8-3) h were observed after 2 different smoked doses[116] and in chronic vs. occasional 

smokers.[147] Mean THC concentration 8 h post smoking was non-significantly higher in 

chronic smokers than occasional smokers (16.1 vs. 8.0 ng/g).[147] However, the initial 

amount of THC deposited in the oral cavity can influence THC’s detection windows. For 

example, in Quantisal™ OF samples, 2 of 3 participants reporting cannabis intake <10 years 

had THC < LOQ 22 h post smoking, whereas all 3 participants reporting cannabis intake 

≥10 years were still THC-positive.[114]

Lee and Huestis Page 8

Drug Test Anal. Author manuscript; available in PMC 2015 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Minor cannabinoids are present in lower concentrations in cannabis smoke, and thus, 

achieve lower maximum concentrations and shorter detection windows than THC. After 

smoking a cannabis cigarette containing approximately 2.0 mg CBD and 1.7 mg CBN, OF 

CBD and CBN concentrations were about 10-fold lower than THC, with mean maximum 

concentrations of 89.1-204 and 218-425 μg/L in Quantisal™ and expectorated OF samples, 

respectively.[114, 131] As the source of CBD and CBN in OF is the same as THC, CBD and 

CBN concentrations were strongly correlated with those of THC over time. No OF samples 

were positive for CBD or CBN beyond 6 h except 1 expectorated OF sample with CBD 

concentration at 0.3 μg/L 22 h post smoking.[114, 131] During up to 33 days of abstinence 

with OF collection every 24 h, CBD and CBN were detected only at admission.[153] Moore 

et al. reported maximum CBN and Δ9-tetrahydrocannabinolic acid (THCAA) concentrations 

of ≤4.1 and 20 μg/L, respectively, lower than THC concentrations (≤93 μg/L) after smoking 

a single cannabis cigarette.[154] Last detection times of CBN and THCAA were ≤2 and 8 h, 

respectively.[154] CBD was not detected in any OF samples, likely due to low content in 

cannabis cigarettes.[154]

OF THCCOOH increases were not as rapid as parent cannabinoids after smoking and 

showed a more delayed elimination time-course.[114, 131] In controlled smoked cannabis 

administration studies, OF THCCOOH concentrations were significantly confounded by 

baseline concentrations in chronic frequent cannabis smokers, interfering with accurate 

evaluation of the elimination time course.[114, 131, 155] As expected, THC and THCCOOH 

concentrations were not significantly correlated from 0.25 to 6 h after smoking because of 

different mechanisms of entry into OF.[114] During monitored abstinence from chronic 

frequent cannabis smoking, THC concentrations also were not significantly correlated to 

THCCOOH concentrations on admission; however, after 24 h, OF THC and THCCOOH 

concentrations were significantly correlated (r = 0.428; P = 0.023), possibly due to 

dissipation of oral cavity contamination.[153] THCCOOH detection window was often 

longer than THC’s in chronic cannabis smokers, due to its lower limit of quantification 

(LOQ) and metabolism of residual THC released from body stores; median THCCOOH 

detection window was 13 days (95% CI 6.4-19.4 days), with occasional positives up to 29 

days.[153] THCCOOH concentrations never exceeded 320 ng/L after smoking a single 

cannabis cigarette, except for one participant who had blood in his OF samples. THCCOOH 

concentrations in those bloody OF samples were up to 763 and 3519 ng/L in Quantisal™ 

and expectorated OF samples, respectively.[114, 131] OF specimens contaminated with blood 

should not be used for cannabinoid quantification, particularly for THCCOOH because of 

large differences in THCCOOH concentrations between OF and blood.[114, 156] Mean OF 

glucuronide and sulfate THCCOOH conjugates are estimated at 48.2 and 8.1% of free 

THCCOOH, respectively, suggesting that hydrolysis of OF samples would increase 

THCCOOH detection rate.[128]

With a 0.5 μg/L LOQ, 11-OH-THC was not detected in any Quantisal samples after 

smoking,[114] but 4 expectorated OF samples were positive for 11-OH-THC at an LOQ of 

0.25 μg/L; concentrations were 0.3-1.3 μg/L, occurring within 2 h post smoking.[131] Cone 

et al. found THCCOOH and 11-OH-THC in 10.8 and 5.7% of 725 cannabinoid-positive OF 

samples collected in treatment/workplace drug testing programs, respectively[157]. 
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Concentration ranges were 30-400 ng/L for THCCOOH and 10-12300 ng/L for 11-OH-

THC. These findings imply the potential for 11-OH-THC as another valuable analyte to 

monitor in OF.

Oral THC Administration

Oral mucosal contamination by encapsulated oral THC and orally ingested cannabis was 

minimal (Figure 2).[148, 158] Cannabis-laced (20-25 mg THC) brownies produced ≤7.1 μg/L 

peak OF THC concentrations 1-2 h after intake.[148] THC concentrations decreased over 8 

days following a total of 37 oral 20 mg THC doses and were never above 8.0 μg/L in 

Quantisal OF samples.[158] In concurrent expectorated OF samples, mean THC 

concentrations decreased 92.4% from admission to the first dose; THC was ≤10.3 μg/L after 

the first THC dose.[150] Similarly, after single 5 and 15 mg oral THC doses in less than daily 

cannabis smokers, THC OF concentrations significantly decreased over time, co-varied with 

baseline concentrations, and were not significantly different from those after placebo 

doses.[115] Detection rates of CBD and CBN were even lower; positives were due to 

previously self-administered smoked cannabis and generally occurred before dosing, with 

concentrations ≤0.8 μg/L after dosing.[115, 150, 158]

THCCOOH, on the other hand, significantly increased over time during around-the-clock 

oral THC administration (Figure 2),[158] although concentrations never exceeded 1118 and 

1390 ng/L in Quantisal™ and expectorated OF samples, respectively.[150, 158] OF 

THCCOOH was the primary analyte detected during around-the-clock oral THC dosing, 

with most samples positive throughout the study.[150, 158] However, after single 5 and 15 mg 

oral THC doses, THCCOOH concentrations were not significantly different over time, likely 

due to the low dose and large contribution from baseline THCCOOH concentrations.[115] 

THCCOOH OF concentrations were nonetheless significantly higher after 15 than 5 mg oral 

THC and placebo doses, indicating oral THC contribution to THCCOOH OF 

concentrations.[115] THCCOOH concentrations were lower in less than daily cannabis 

smokers than in daily smokers. In fact, in some occasional smokers OF was never positive 

for THCCOOH throughout the study.[115] 11-OH-THC was not detected in any Quantisal™ 

sample after around-the-clock 20 mg oral THC for 8-days or single 5 and 15 mg oral THC 

dosing.[115, 158] Interestingly, one expectorated OF sample was positive for 11-OH-THC 

(0.5 μg/L), 161 h after the first THC dose, the time of the highest THCCOOH 

concentrations.[150]

Such lack of measurable OF parent cannabinoids implies that sudden increase in OF parent 

cannabinoids might be employed to identify relapse to smoked cannabis intake during oral 

THC treatment. To monitor compliance, OF THCCOOH would be a better marker than OF 

parent cannabinoids; however, concentrations will be influenced by cannabis use history and 

dosing regimen.

Sativex® Administration

Following administration of 2 (low dose; 5.4 mg THC and 5.0 mg CBD) and 6 (high dose; 

16.2 mg THC and 15.0 mg CBD) Sativex actuations, THC and CBD OF concentrations 

were highly increased, along with 10-fold lower CBN concentrations (Figure 3).[115] 
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Elimination profiles were similar to those after cannabis smoking except that CBD 

concentrations were as high as THC. Median THC, CBD, and CBN peak concentrations 

after low-dose Sativex were 1815, 1975, and 140 μg/L, respectively, whereas high-dose 

Sativex produced higher medians of 7853, 7129, and 414 μg/L, respectively. Maximum 

concentrations generally occurred in the first OF samples, 15 min post-dose.[115] These 

results reflect approximately equal proportions of THC and CBD in Sativex. After Sativex 

dosing, THC and CBD were detected until 10.5 h, the last collection time, while CBN last 

detection times were 4.5-10.5 h.[115] THCCOOH OF concentrations increased over time 

only after high-dose Sativex and were significantly confounded by baseline concentrations, 

as with other routes of administration (Figure 3).[115] 11-OH-THC was detected in only 4 

Quantisal™ OF samples collected within 1 h post-dose, with concentrations ≤2.8 μg/L.[115] 

High CBD concentrations after Sativex led to median OF CBD/THC ratios of 0.82-1.34 over 

the collection period, much higher than those after smoked cannabis, 0.04-0.06.[115] This 

difference could be useful for documenting compliance during Sativex pharmacotherapy. 

Conversely, the high CBD/THC ratio would not be altered sufficiently to identify single 

smoked cannabis relapses for more than a short time. Cannabis strains with high CBD 

content [28] might also produce higher CBD/THC ratios.

Correlation with Other Biological Matrices and Impairment

An advantage of OF drug testing is greater correlation with blood concentrations compared 

to urine, suggesting that OF concentrations may better reflect the impairment window.[49]

OF and Blood Cannabinoids

After smoking a cannabis cigarette (6.8% THC), median whole blood (plasma) maximum 

concentrations were 50 (76), 1.3 (2.0), and 2.4 (3.6) μg/L for THC, CBD, and CBN, 

respectively[156] These cannabinoids maximum concentrations were much higher in 

simultaneously collected Quantisal™ OF specimens (644, 30.4, and 49.0 μg/L, respectively) 

although Tmax was 0.25 h post smoking initiation (the first collection) in both matrices.[114] 

In contrast, metabolite concentrations were more than 1000-fold higher in blood than OF; 

median whole blood (plasma) maximum concentrations were 6.4 (10) and 41 (67) μg/L for 

11-OH-THC and THCCOOH, respectively,[156] compared to < 0.5 μg/L and 115 ng/L, 

respectively, in OF.[114] Compared to OF, median detection windows of THC and 

THCCOOH in whole blood were longer in chronic smokers; 22 and 30 days[159] vs. 24 h 

and 13 days.[153] However, it should be noted that these detection windows were calculated 

with low LOQs. Perhaps the most important advantage of monitoring blood/plasma THC is 

its correlation with psychomotor performance[57-58], cognitive functions,[160] and subjective 

and physiological drug effects.[161] Further research on possible temporal relationships 

between cannabinoid OF concentrations and pharmacological effects would increase 

applicability of OF testing.

THC OF concentrations showed a strong linear relationship with serum concentrations in a 

controlled smoked cannabis administration study (r = 0.84; P < 0.001).[57] Correlations were 

lower in field OF and blood samples from the Roadside Testing Assessment (ROSITA)-2 

project (r = 0.46),[162] psychiatric patients and suspected DUID drivers (r = 0.15),[163] and 

Norwegian suspected DUID drivers (r = 0.35).[164] As contamination of the oral cavity 
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during cannabis intake, rather than transfer from blood, primarily determines THC OF 

concentrations, smoked dose and time since last smoking significantly contribute to the OF/

blood concentration relationship. This, along with differences in collection and analytical 

methods, likely explains the wide variation in OF/blood THC concentration ratios among 

studies, ranging from 0.2-3.1 in 6 drivers suspected of DUID[165] and 0.5-2.2 (mean 1.2) 

within 0.3-4.0 h after controlled cannabis smoking (n = 6),[51] to later roadside studies which 

found mean (range; n) ratios of 8.2 (0.4-41.5; 11)[163] and 15.4 (0.01-568.9; 277).[162] After 

administration of a single smoked cannabis cigarette (low dose, 18.2 ± 2.8 mg; high dose 

36.5 ± 5.6 mg THC), mean (SD) OF/serum THC ratios over 0-6 h were 46.2 (27.0) and 35.8 

(20.3), respectively.[116] Median (range) OF/serum THC ratio over 0.5-8 h post single 

smoking (22.5-47.5 mg THC) was 16.5 (0.3-425) with no significant difference between 

occasional and chronic cannabis smokers.[147] Additionally, median (range) OF/plasma 

THC ratio of 0.3 (0.03-12.0) and THCCOOH ratio of 0.7 (0.05-8.7) ng/μg were reported 

during around-the-clock controlled oral THC administration (Figure 2).[166] All those 

studies observed a large inter-subject variability in cannabinoid concentrations, precluding 

direct prediction of blood concentrations from OF concentrations. Alternatively, Gjerde and 

Verstraete proposed quadratic and power regression models to determine equivalent THC 

cutoff concentrations in blood and OF so that detection window and prevalence of positive 

results could be better compared across matrices.[167] With 80 paired OF and blood 

concentrations, accuracy was 100±20% compared to actual prevalence in blood.[167] This 

approach might be useful when drug policy allows both OF and blood for establishing 

presence of drugs in the body or when results of case-control/drug prevalence studies using 

different matrices are compared.

OF and Urine Cannabinoids

Urine cannabinoid detection rates were generally lower than those in OF over the first 16 h 

after smoking a single cannabis cigarette.[148] At 1 h post smoking, all participants were 

THC-positive in OF, whereas only 22% were THCCOOH-positive in urine.[148] In samples 

from chronic pain clinics; however, urine THCCOOH was detected 54% more often than 

OF THC.[168] This is due to the primary analyte in urine being a metabolite (THCCOOH), 

with delayed Tmax and a longer detection window than the parent compound (THC). Urine 

THCCOOH detection window may range from several days in occasional smokers[169] to 

weeks in chronic smokers.[170-171] THC and 11-OH-THC in urine after a tandem β-

glucuronidase/base hydrolysis were detected for 24 days in chronic smokers.[170] 

Mathematical models were developed to identify new cannabis intake with urine creatinine-

normalized THCCOOH concentrations for occasional[169] and chronic cannabis users.[172] 

However, more than one specimen collection would be needed, which may not be practical 

for DUID investigations. Moreover, Toennes et al. reported that while detection rate 

exhibited good agreement between OF THC and serum THC (accuracy 90.8%), it was less 

accurate between urine THCCOOH and OF THC (66.4%) or serum THC (71.0%).[173] 

Thus, while urine testing is useful for long-term drug monitoring such as in workplace 

settings, OF testing would be preferable to identify recent drug intake in DUID settings.
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Acute Cannabis Impairment

OF THC concentrations were significantly correlated with subjective intoxication (within-

subject r = 0.71; P = 0.026; between-subject r = 0.05, P = NS) and heart rate elevation (r = 

0.55; P > 0.1; r = 0.69, P = 0.013) over 4 h post smoking[152] and with performance on the 

Tower of London task (r = -0.35, P = 0.006), but not on the Critical Tracking task over 6 h 

after smoking.[57] Considering the significant influence of oral cavity contamination on 

THC OF concentrations, correlation between OF THC after smoking and impairment is due 

to comparable detection windows rather than a causal relationship. Even so, the temporal 

association could be useful in DUID and post-accident investigations, where determining 

recent drug exposure is an important factor. Impairment determined by police observations 

and medical examinations led to positive drug results in similar 72-76% of serum, OF, and 

urine samples, but there were more false positive urine results (37%) than for serum (18%) 

or OF (17%).[173] These findings support the value of OF as a matrix for DUID cannabinoid 

testing. Further research is needed to fully elucidate the relationship between OF 

cannabinoids and impairment and to determine accurate OF cutoff concentrations that reflect 

duration of impairment.

Long-Term Effects of Cannabis

Lipophilic THC is initially absorbed into highly perfused organs such as the lungs, heart, 

brain, and liver.[99] THC’s Vd is approximately 3.4 L/kg, with 95-99% bound to plasma 

proteins, mainly lipoproteins.[174] With prolonged cannabis exposure, THC accumulates in 

adipose tissue, which slowly releases THC back into the circulation over time, leading to a 

long elimination half-life.[175-176] In chronic cannabis smokers during abstinence, low THC 

concentrations were detected in blood for up to 30 days,[159] and psychomotor performance 

in tasks validated to predict on-the-road impairment remained impaired compared to 

occasional smokers for 21 days.[177] In other studies, neurocognitive performance improved 

over 30 days in chronic frequent cannabis smokers, but was still impaired compared to 

occasional smokers for 7-28 days.[178-179] Hirvonen et al. reported significant brain CB1 

receptor down-regulation (P < 0.05) in cortical brain regions known to be important to 

cannabis’ effects in chronic daily smokers that was reversed after 28 days of abstinence.[180] 

It is highly unlikely that OF THC concentrations play a role in long-term effects of cannabis. 

OF THC and THCCOOH were detected for up to 28 and 29 days in chronic daily cannabis 

smokers, most likely due to release of THC stored in fat.[153] Including THCCOOH, CBD, 

and CBN, as well as THC results may eliminate positive OF tests due to residual 

cannabinoid excretion in chronic frequent cannabis smokers (Figure 4).[153]

OF Collection

For laboratory-based cannabinoid immunoassay screening or chromatographic confirmation, 

OF can be collected by passive drool, expectoration, or commercial collection devices. Each 

collection technique has advantages and limitations.

Passive Drool

Passive drool drug concentrations may be closest to concentrations excreted from salivary 

glands, because mechanical stimulation by expectoration or even insertion of a collection 
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device into the mouth can increase salivary excretion to a small extent.[49] However, passive 

drool collection is unpleasant for donors and collectors.[49]

Expectoration

Expectoration offers drug concentration measurement in neat OF without buffer dilution, 

increasing assay sensitivity. The process is more cost-efficient than for collection devices; 

however, expectorated OF is viscous and contains mucus, food particles, and/or other mouth 

debris. Samples that are spun to remove precipitant material may yield lower concentrations 

due drug loss in the pellet, and drug adsorption to the tube during storage. In fortified 

expectorated OF samples centrifuged for 10 min, only 28.8% THC was recovered from 

supernatant; 51.7% was recovered from protein pellet and 14.7% from the polypropylene 

tube after addition of surfactant Triton® X-100.[181] Mucus in neat OF prevented good 

interaction with sorbent material during solid phase extraction, reducing drug concentrations 

and increasing imprecision.[150] Dry mouth following cannabis smoking also makes 

expectoration difficult and often yields low sample volumes.[131] Cannabinoids in 

expectorated OF showed poorer stability than those in OF collected with the Quantisal™ 

collection devices, likely due to lack of the stabilizing buffer, varied pH, and presence of 

enzymes that can bind or degrade analytes.[149] Stimulation of OF with paraffin, citric acid, 

chewing gum, and lozenges increased salivary flow rate, but also increased pH due to higher 

bicarbonate concentration, thereby lowering basic drug concentrations.[182-183]

OF Collection Devices

Commercial OF collection devices generally include a pad or sponge to absorb OF and a 

buffer to better stabilize drugs and extract them from the collection pad. Collection takes a 

few minutes, varying by device and amount of OF collected.[184] The absorbent pad also 

filters OF, reducing collection of extraneous materials. The buffer reduces OF viscosity and 

adsorption of lipophilic cannabinoids onto container surfaces.[150] These advantages make 

OF collection with a device preferable to expectoration. Amount of OF collected is 

determined by volume-adequacy indicators (Quantisal™, Saliva-Sampler™, Oral-Eze®), 

marking on the vial (Salicule™), dilution of a dye in the extraction solution (Greiner), or 

weighing the device before and after OF collection.

Variability in OF and buffer volumes between devices makes comparison among studies 

using different devices problematic due to varied dilution factors. Reporting concentrations 

in terms of neat OF rather than OF/buffer mixture is essential for comparing results. There 

can be additional variability in OF volume within a device; OF amount collected by the 

older OraSure Intercept® device ranged from 0.38-1.53 g.[185] Newer devices demonstrated 

narrower within-device variability of < 10% for Quantisal™ devices and < 5% for the 

Cozart® and Saliva-Sampler™ devices.[184] Another limitation with OF collection devices is 

adsorption of drugs onto the pad that may lead to false-negative results. THC loss in 

polypropylene tubes ranged from 22.8-29.3%.[181] The elution buffer reduces OF viscosity, 

but also dilutes analyte concentrations. Preservatives, stabilizing salts, and surfactants in 

buffer increased matrix effects in LC-MS methods, necessitating an extraction step prior to 

instrument analysis. Ion enhancement of 35% was observed for THCCOOH and suppression 

of 65% for THC.[186] Collecting OF from the left and right sides of the mouth showed no 
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significant concentration difference for THC in Intercept® samples after smoking,[148] and 

for THC and THCCOOH in Quantisal™ samples during multiple 20 mg oral THC 

doses.[158] OF collection devices are described in Table 4.

OF Cannabinoid Screening Techniques

Cannabinoid prevalence and concentrations vary across biological fluids and tissues; these 

differences must be taken into account when modifying cannabinoid screening assays for 

OF. Challenges include simultaneously extracting parent and metabolite cannabinoids that 

have different physicochemical characteristics, low OF volume, achieving ng/L limits of 

detection for metabolites, linear ranges encompassing the wide concentration ranges in 

parent compounds immediately after smoking and following oral THC, and validating 

carryover/dilution procedures to account for high THC concentrations found following 

smoked cannabis.[49]

Laboratory-Based OF Screening Methods

For laboratory-based screening, THC was identified in OF by thin layer chromatography and 

colorimetric development in early reports.[187-188] Enzyme immunoassay and 

radioimmunoassay methods to monitor OF THC first appeared in the 1970-80s.[187, 189] 

Schwope et al. comprehensively validated the Immunalysis Sweat/OF THC Direct ELISA 

method (THC cutoff = 4 μg/L), confirming OF cannabinoids by 2-dimensional GC-MS with 

a THC cutoff of 1 μg/L.[190] Diagnostic sensitivity, specificity, and efficiency were 85.5, 

92.0, and 91.0%, respectively. When proficiency testing OF samples were screened by the 

OraSure micro-plate Intercept enzyme immunoassay kit (THC cutoff = 1 μg/L) and 

confirmed by GC/LC-MSMS, sensitivity and specificity were 73 and 100%, 

respectively.[191] Recent advances in analytical technology allow LC-MS to screen for THC 

along with multiple other drugs of abuse in OF.[192] Additionally, there is one immunoassay 

developed by Immunalysis (Ultra-sensitive Cannabinoids ELISA kit) intended for hair 

analysis that targets low THCCOOH concentrations with a cutoff of 20 ng/L neat OF.[128]

On-Site OF Screening Devices

The feasibility of utilizing OF for on-site screening was one of main advantages of OF 

compared to other matrices, particularly for DUID testing. OF on-site screening devices are 

continually evolving and frequently modified to improve performance, especially for 

cannabinoid detection; thus, evaluations summarized in Table 5 are limited to those reported 

since 2007. The ROSITA project supported by the European Commission (Directorate-

General Transport) from 1999-2005 first evaluated device performance.[193] Initially, 3 on-

site OF screening devices (DrugWipe®, ORALscreen™, and RapiScan™) were evaluated, 

comparing results with confirmatory blood concentrations and OF collected with the 

Intercept® device. The reference methods utilized GC-MS and, in some cases, HPLC-DAD 

or GC-ECD.[194] Although drivers and police preferred OF over urine or blood in most 

countries, no on-site OF screening device was sufficiently accurate for cannabinoid roadside 

drug testing.[194] Specificity of the ORALscreen™ and RapiScan™ ranged from 84-94%, 

but sensitivity was low (16-50%), producing a high rate of false negative results; no 

cannabis-positive results were obtained with DrugWipe®.[194]
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The ROSITA-2 project (2003-2005) further evaluated nine on-site OF drug testing devices 

including DrugWipe® (Securetec Detektions-Systeme AG), Impact® (Lifepoint Inc.), 

OraLab® (Varian Inc.), OraLine® (Sun Biomedical Laboratories), OralStat® (American Bio 

Medica Corp.), Oratect™ II (Branan Medical Corp.), RapiScan™ (Cozart Bioscience Ltd.), 

SalivaScreen™ 5 (Ulti Med Products GmbH), and Dräger/OraSure DrugTest®/Uplink®. 

THC cutoffs ranged from 2 to 150 μg/L. More than 25% of devices failed due to low sample 

volume, high OF viscosity, or device malfunction; DrugWipe®, OralStat®, RapiScan™, and 

Dräger® had failure rates of < 5-10%.[195] On-site testing for cannabis exhibited sensitivity 

ranging from 0 to 74% and specificity between 70-100%, with OF collected with the 

Intercept® and analyzed by GC/LC-MS methods for confirmation.[195] DrugWipe® 

produced negative results when up to 205 μg/L THC was confirmed by GC-MS analysis of 

Intercept® collected OF samples.[196] Low sensitivity could be attributed to low cross-

reactivity with THC when on-site immunoassays were modified from assays designed to 

identify urine THCCOOH. Additional possibilities included high limits of detection, 

adsorption to the device, and/or poor drug recovery from the collection pad.[196-197] The 

ROSITA project proposed criteria for sensitivity and specificity of > 90%, efficiency of > 

95%, and device failure rate of 5-10% for acceptable on-site OF screening devices,[195] but 

no device met these criteria in 2005.

In 2006, a new EU project, Driving under the Influence of Drugs, Alcohol and Medicine 

(DRUID), was initiated to continue evaluation of on-site OF screening devices. DRUID 

recommended sensitivity, specificity, and efficiency ≥80%. Eight devices were evaluated 

with OF samples obtained from drivers suspected of DUI, patients at drug treatment 

facilities, and patrons at Dutch coffee shops, including BIOSENS® Dynamic (Biosensor 

Applications Sweden AB), Cozart® DDS 806 (Cozart Bioscience Ltd.), DrugWipe® 5+ 

(Securetec Detektions-Systeme AG), Dräger DrugTest® 5000 (Dräger Safety AC&CO.) 

OraLab® 6 (Varian Inc.), OrAlert™ (Innovacon Inc.), Oratect® III (Branan Medical Corp.), 

and RapidSTAT® (Mavand Solutions GmbH).[198] Compared with ROSITA results, 

specificity remained acceptable (90-100%) for all devices, but sensitivity was still low 

(11-59%), which reduced efficiency (41-88%).[198] A large difference in cutoff 

concentrations between the confirmatory LC-MSMS/GC-MS methods (THC 1 μg/L) and 

on-site screening devices (average 39 μg/L; range 5-100 μg/L) decreased sensitivity.[198] 

Although high after smoking cannabis, OF THC concentrations rapidly decrease within a 

few hours after smoking, creating the potential for false negative results if a cutoff is too 

high.[114, 116] When OF samples were obtained near Dutch coffee shops where individuals 

likely smoked cannabis recently, sensitivity of the DrugTest® 5000 for cannabis was much 

higher (76%), even with the older version of the device, compared to results from OF 

samples collected at the roadside (53%).[198]

In the ROSITA and DRUID projects, device-specific limitations were documented by 

operators: long collection time (Oratect® III, OraLine®), insufficient sample volume 

(Impact®, SalivaScreen™, OraLab®), frequent device failure (OraLab®, Oratect®), 

difficulty in transferring OF to the test device (ORALscreen™), reading results 

(ORALscreen™, DrugWipe®, OralStat®, OraLine®, OraLab®) and transporting the device 

(RapiScan™), poor performance in cold/rainy weather (DrugWipe®, OraLine®), and 

complex sample-preparation procedure (RapiScan™, Dräger DrugTest®/OraSure 
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Uplink®).[194-195, 198] Thus, high sensitivity for detecting cannabis intake, a short and 

simple collection procedure, easily distinguishable outcome, and convenient device 

transportation are important considerations when developing on-site OF screening devices. 

Among currently available on-site drug testing devices, the new version of the Dräger 

DrugTest® 5000 performed well following controlled cannabis smoking as compared to 2D-

GC-MS confirmation with the Quantisal™ OF collection device.[199] Diagnostic sensitivity, 

specificity, and efficiency at DrugTest® 5000’s 5 μg/L screening cutoff and 0.5-2 μg/L THC 

confirmatory cutoffs were 86.2-90.7, 75.0-77.8, and 84.8-87.9%, respectively; however, 

owing to few true negative samples, specificity was inadequately evaluated.[200] Ease of use 

and automated result reading were additional advantages of this device.[199]

Confirmatory Methods

Early chromatographic assays published in the 1970-80s employed GC-ECD,[201] GC-

MS,[202] HPLC-MS,[203] and HPLC-ED[204] to detect THC at limits of detection (LOD) of 

1-2 μg/L. As analytical technologies improved, OF methods to identify THC simultaneously 

with other drugs of abuse and/or multiple cannabinoids were developed. A method using 

HPLC-UV detector coupled with immunoaffinity chromatography for sample clean-up 

detected THC, CBD, and CBN at LODs of 2, 1, and 0.8 μg/L, respectively.[205] A more 

sensitive assay with solid-phase microextraction (SPME) and quadrupole ion trap GC-MS 

identified THC, Δ8-THC, CBD, and CBN with a 1 μg/L LOD.[206] In the 2000s, methods for 

OF THC and 4-9 other common drugs of abuse with (LOD = 20 μg/L)[207] or without (LOQ 

= 5 μg/L)[208] CBD and CBN were published, utilizing SPME and GC-MS.

More recent OF methods had lower LOQs for cannabinoids and/or include more drugs of 

abuse. Moore et al. reported a GC-MS method to quantify THCAA, THC, CBD, and CBN 

with LOQs of 0.5-1 μg/L.[154] Choi et al.[209] employed GC-MS with automated SPE to 

quantify OF THC and THCCOOH (LOQs = 2 μg/L), whereas Sergi et al.[210] utilized LC-

MSMS after sample filtration for OF THC and THCCOOH analysis (LOQs = 3.7 and 3.5 

μg/L) along with 11 other drugs. Another validated method with HPLC and quadrupole-

time-of-flight MS analyzed OF THC and THCCOOH at LOQs of 0.1 and 0.5 μg/L, 

respectively.[211] SPE coupled with LC-MSMS,[212] UPLC-MSMS,[213] and GC-MS[214] 

were utilized to quantify 22, 29, and 30 drugs of abuse including THC at LOQs of 1, 0.5, 

and 2 μg/L, respectively, in OF. The need to minimize positive results from passive 

environmental exposure precipitated development of analytical methods sufficiently 

sensitive to monitor OF THCCOOH. Day et al.[126] developed a GC-MSMS method, while 

Moore et al.[155] used 2-dimensional GC-MS to quantify OF THCCOOH at LOQs of 10 and 

2 ng/L, respectively. Another 2-dimensional GC-MS assay was the first to quantify OF 

THCCOOH (LOQ = 7.5 ng/L) as well as THC, CBD, CBN, and 11-OH-THC (LOQs = 

0.5-1 μg/L).[215] In the past year, LC-MSMS,[186, 216] microflow LC-MSMS,[217-218] and 

isotope dilution LC-MSMS[219] methods to analyze OF for THCCOOH (LOQs = 7.5-15 

ng/L) and THC (0.25-1 μg/L) were published. Chromatographic OF confirmation assays for 

cannabinoids published since 2003 are described in Table 6.
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OF Cannabinoid Stability

Drug stability during storage is an important consideration for accurate understanding of 

drug and metabolites’ pharmacokinetic profile. It is especially important in interpretation of 

drug concentrations for forensic and clinical purposes due to the significant impact of test 

results. Cannabinoid OF stability depends on collection methods, buffer composition in 

commercial collection devices, analytes, storage containers, temperature and storage 

duration. Furthermore, stability in fortified synthetic or authentic OF could differ from 

stability in authentic OF samples collected after controlled cannabis administration. In 

fortified OF collected with the Quantisal™ device, < 20% THC loss occurred after storage 

at 2-8°C for 14 days; the loss increased to over 50% with fluorescent light exposure or 

storing with serum separators.[220] THC, CBD, CBN, and THCAA were stable in fortified 

synthetic OF collected with the Quantisal™ device for 10 days at 4°C; cannabinoids other 

than CBN decreased approximately 50% at room temperature over the same period.[154] 

With the Intercept® OF collection device, 13, 45, and 39% THC losses in fortified OF were 

reported after 2 weeks at -20, 4, and 21°C, respectively; after 6 weeks, there were 21, 87, 

and 86% THC losses.[108]

Langel et al. evaluated cannabinoid stability in fortified OF collected with 9 different 

collection devices (Cozart®, Greiner Bio-One, Intercept®, OraCol, OralTube™, 

Quantisal™, Salicule™, Saliva-Sampler™, and Salivette®), as well as in polypropylene 

tubes; cannabinoid stability was assessed after 0, 14, and 28 days of storage at -18°C for all 

devices except Greiner, which was stored at 4°C.[184] THC loss was < 20% with Cozart®, 

Intercept®, Quantisal™, and polypropylene tubes for 28 days. With Saliva-Sampler™, THC 

was 95.2% of baseline on Day 14 and declined to 78.8% on Day 28; with OraTube™, THC 

was 77.8% on Day 14 increasing to 84.6% on Day 28. Greater than 50% THC loss occurred 

with Greiner and Salicule™, and THC was not detected with OraCol and Salivette® on Day 

14.[184] When THC and THCCOOH stability was evaluated in fortified, expectorated OF 

diluted in 0.1 M phosphate buffer over 6 days, analyte losses were < 10% when stored in 

glass tubes but > 20% in polypropylene tubes at both room temperature and 4°C. THC 

degradation was more significant than THCCOOH (up to 86% after 6 days) and the larger 

polypropylene tubes (diameter 1 vs. 5 cm) led to poorer stability.[209] THC loss 

(22.8-29.3%) from adsorption to polypropylene tubes was similarly observed by Molnar et 

al.; this loss was minimized by addition of surfactant Triton® X-100 with > 96% THC 

recovery.[181] Moreover, fortified OF samples in phosphate buffer with and without 

preservative sodium azide showed a similar THC loss of approximately 25% at 4°C and 

50% at room temperature after 4 weeks, suggesting that oxidative degradation may 

contribute more to OF THC instability than microbial action.[181] The Cozart® fortified OF 

samples had minimal loss even at room temperature over 4 weeks.[181] The researchers 

previously reported that when authentic OF samples (N = 48) collected with Cozart® 

devices were re-analyzed after 13-18 months and 4°C storage, an average THC recovery of 

89% was observed[221]; > 50% THC loss in fortified, expectorated OF at room temperature 

in 1 day; at both 4 and -18°C, THC concentrations decreased to 70-85% and 65% after 1 and 

14 days, respectively.[221] In OF proficiency samples (exact composition of samples 

unknown), THCCOOH was stable for 3 months at 4°C, but showed approximately 50 and 
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100% loss after 6 and 12 months, respectively.[186] These fortified OF stability data 

indicated that 1) THC in OF collected with certain devices (e.g., Cozart®, Intercept®, 

Quantisal™, Saliva-Sampler™) were stable at freezing temperature for 2-4 weeks and 

preferred over expectoration and other collection devices; 2) storage at room temperature 

should be avoided; 3) short-term storage at refrigerated temperature was stable in 

Quantisal™ but not Intercept® collected OF; and 4) addition of surfactant is important for 

THC recovery from collection tubes.

In authentic Quantisal™ OF samples after controlled cannabis smoking (n = 10), 

cannabinoid concentrations were stable (< 20% change from baseline) for 1 week at 4°C; 

after 4 wks at 4°C, as well as 4 and 24 wks at -20°C, THC was stable in 90, 80, and 80% and 

THCCOOH in 89, 40, and 50% of Quantisal™ samples, respectively. CBD showed stability 

similar to THCCOOH, but CBN, unlike other analytes, increased over time, likely due to the 

fact that CBN is a THC degradation product. Cannabinoids in concurrently collected 

expectorated OF were less stable than in Quantisal™ samples when refrigerated or frozen, 

and exhibited instability even after 7 days. Large inter-subject variability in stability results 

also was observed.[149] Overall, these findings highlight the importance of stabilizing/

elution buffer to maintain cannabinoid integrity during storage. Expectorated OF samples 

showed similar cannabinoid stability at 4 or -20°C, but should be analyzed as soon as 

possible. Storage at 4°C and analysis within 4 weeks are recommended for Quantisal™ OF 

samples. Optimal storage conditions could be different with other collection methods.

Adulteration

Because OF collection is directly observable, sample adulteration is much less likely than 

for urine, but exogenous interference experiments with common medicines and drugs of 

abuse are important components in analytical method validation.[154, 186, 215] Two 

commercial OF adulterants, “Clear Choice® Fizzy Flush™” and “Test’in™ Spit n Kleen 

Mouthwash,” did not significantly affect fortified OF THC concentrations analyzed by GC-

MS.[222] For screening assays, common foods, beverages, food ingredients, cosmetics, and 

personal hygiene products produced no false positives with the on-site Oratect® drug 

screening device.[222] Listerine® mouthwash, orange juice, toothpaste, coffee, and soy milk 

also did not interfere with performance of the Immunalysis Sweat/OF THC Direct 

ELISA.[190]

Passive Cannabis Smoke Exposure

False positive results from passive environmental cannabis smoke are a major concern in OF 

drug testing because parent cannabinoids in drug-laden smoke deposit on the oral mucosa. 

Gross et al. conducted a passive inhalation experiment in a closed room (3 × 3 m) in which 

smokers and non-smokers (n = 8) sat alternatively in a circle. After each smoker smoked 1 

cannabis cigarette (27 mg THC), OF samples from non-smokers contained a mean of 18 

μg/L THC at 15 min, which was negative by 30 min.[189] Niedbala et al. initially conducted 

a passive exposure study in a closed room (3 × 4 × 3 m) in which a single cannabis cigarette 

was provided to each of 5 cannabis smokers; 4 non-smokers sat approximately 1.5 m from 

smokers.[223] OF was collected from non-smokers for 4 h. Mean OF THC concentration in 
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non-smokers was 13.4 μg/L immediately after smoking, which decreased to 0.3 μg/L and < 

LOQ 45 and 75 min post smoking, respectively. Because collection was performed inside 

the room, THC concentrations in room air (up to 0.19 μg/L detected in air samples) could 

have contaminated OF collection devices.[223]

In the authors’ second study, passive smoke exposure conditions were created in an 

unventilated 8-passenger van.[224] Four non-smokers sat beside 4 smokers who each smoked 

a cannabis cigarette containing 39.5 mg THC (Session 1) or 83.2 mg THC (Session 2). In 

Session 1, where OF collection occurred inside the van for 1 h post smoking and 

subsequently outside the van for up to 72 h, mean THC concentration was 5.3 μg/L 

immediately after smoking in non-smokers; no one was positive by 6 h. When collected 

outside of the van (Session 2), THC concentrations were ≤1.1 μg/L in non-smokers right 

after smoking; all became negative by 2 h. When OF collection devices were exposed to the 

air during smoking, THC concentrations as high as 14 μg/L were detected within 45 

min.[224] More recently, Moore et al. performed a passive exposure study in which 10 non-

smokers were in one of 2 Dutch coffee-shops for 3 h; OF collection occurred outside the 

shops.[127] At Location 1, 4-16 smokers were present in the 5 × 7 × 3.5 m smoking area. All 

5 non-smokers were THC-positive, with concentrations ranging from 0.5 to 6.8 μg/L over 

0.3-3 h of exposure; 2 were positive (1.0-1.1 μg/L) after 12-22 h post-exposure. Three non-

smokers were CBN-positive (0.5-1.7 μg/L) as well after 2-3 h of exposure. At Location 2, 

0-6 smokers were present in the 2 × 7 × 3 m smoking area. Non-smokers were not THC-

positive until 1 h of exposure, but by 3 h all were positive (1.3-17 μg/L). Three non-smokers 

also were CBN-positive by 3 h (1.1-2.0 μg/L). CBD and THCCOOH were not detected in 

any non-smokers at LOQs of 1 μg/L and 2 ng/L, respectively. Collection pads exposed to the 

air had high THC (212-290 μg/L), CBD (16-38 μg/L), and CBN (40-48 μg/L) 

concentrations, but no THCCOOH.[127] Therefore, OF collection should always take place 

outside the cannabinoid smoke exposure area to avoid environmental contamination of 

collection devices with parent cannabinoids.

These results further confirm that OF THCCOOH was not present in cannabis smoke and 

OF was THCCOOH-negative following passive exposure. 11-OH-THC also could be a 

valuable analyte for identifying active cannabis intake if it is not formed in oral tissue from 

THC deposits. CYP2C9, the primary cytochrome P450 enzyme converting THC to 11-OH-

THC was found in gingival tissue along with CYP1A1, 1A2, 2E1, and 3A4.[98] Whether 

THC that accumulates in oral tissue after active or passive exposure is metabolized to 11-

OH-THC to an extent detectable in OF needs to be investigated. Additional research is 

required to systemically evaluate environmental OF cannabinoid contamination. 

Contamination may vary according to the potency of cannabis cigarettes, proximity to the 

smoker, and duration of exposure. Evaluation of OF cannabinoid concentrations in non-

smoking family members in households where medical marijuana smoking occurs on a 

regular basis also is needed.

Concluding Remarks

Prevalence of OF drug testing grew greatly in recent years. Research on its validity and 

reliability is accordingly proliferating. A simple and observable collection procedure and 
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short detection window to identify recent drug exposure make OF testing increasingly 

popular in DUID, workplace, and clinical drug testing programs. Current knowledge of OF 

cannabinoids presented in this review demonstrates many factors (pharmacokinetic 

properties, collection procedure, analytical method, drug stability, and passive 

environmental exposure) to consider when interpreting OF cannabinoid results. Different 

cannabinoids have distinct elimination profiles and detection windows, which are influenced 

by routes of administration, dose, and drug use history. Thus, each drug testing program 

should establish cutoff criteria, collection/analysis procedures, and storage conditions 

appropriate for its purposes. For instance, because the goals of workplace drug testing are 

pre-employment screening and drug use deterrence over the course of employment, cutoff 

criteria that allow long detection windows would be beneficial. In contrast, it is important 

for DUID and post-accident investigations to identify recent drug intake reflecting 

impairment. For this purpose, our laboratory suggested several OF cutoff criteria to 

eliminate misinterpretation of residual THC excretion, utilizing multiple 

cannabinoids.[114-115, 131, 153] Increasing cutoff concentrations can also shorten detection 

windows. Issues of drug stability and passive environmental exposure are particularly 

important for forensic testing, where test results can have substantial legal or financial 

consequences. Similarly, the shorter detection window with OF testing may be advantageous 

in anti-doping, as WADA prohibits cannabinoids in-competition only; urine THCCOOH 

≥15 μg/L defines an adverse analytical finding.[84] In clinical settings, the absence of OF 

THC, CBD, and CBN can be monitored to identify relapse to cannabis smoking during oral 

THC pharmacotherapy for cannabis dependence. Alternatively, to monitor compliance with 

oral THC treatment, THCCOOH would be a better OF analyte than parent cannabinoids. 

High OF CBD/THC ratios distinguish Sativex intake from cannabis smoking, and thus, 

could document compliance with Sativex pharmacotherapy. However, within the last 2 

years, interest in cannabis plants with high CBD content (> 4%) has grown; smoking CBD-

rich strains (e.g., Harlequin, Jamaican Lion, etc.)[225] also could lead to high OF CBD/THC 

ratios.

Building a scientific basis for OF testing is an on-going process. OF is a relatively new 

biological matrix for cannabinoid testing, with some aspects of OF cannabinoid testing yet 

to be evaluated, e.g., the elimination profile of 11-OH-THC at ng/L OF. There could be 

other OF cannabinoid markers (cannabigerol, tetrahydrocannabivarin, THC-glucuronide, 

etc.) that may identify recent drug intake and/or minimize the possibility of passive 

environmental contamination. Biomarkers to normalize OF volume are yet to be accepted 

due to a lack of scientific data supporting their use. Relationships between cannabinoid OF 

concentrations and pharmacological effects (e.g., impairment, tolerance, and withdrawal) 

have not been fully evaluated. Our laboratory recently completed pharmacokinetic and 

stability analyses on cannabinoids in expectorated OF and OF collected with the Quantisal 

device, and currently are evaluating these parameters for OF collected with Oral-Eze® and 

Saliva-Sampler™ devices. Such assessments are needed for each collection device. Our 

upcoming data comparing OF cannabinoid disposition between occasional and chronic 

cannabis smokers will further improve interpretation of OF test results and establishing 

cutoff criteria. Most clinical studies evaluating OF cannabinoids employed single-dose 

cannabis administration. As many cannabis smokers consume cannabis multiple times a 
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day,[153, 158] it is important to assess OF cannabinoid elimination patterns after multiple 

smoking episodes. Lastly, at least within different drug testing disciplines (e.g., workplace, 

DUID, sports, clinical practice), the effort to standardize OF collection, storage, and analysis 

procedures and to institute quality control systems should continue. The standardization of 

OF testing could be facilitated by involvement of regulatory agencies like EWDTS, 

SAMHSA, and DRUID, accrediting bodies like the American Society of Crime Laboratory 

Directors/Laboratory Accreditation Board, and scientific guidelines committees such as the 

Scientific Working Group for Forensic Toxicology (SWGTOX).

OF clearly offers many advantages as an alternative matrix for monitoring cannabis use. The 

reliability of test results depends on the reliability of the overall testing process from 

collection, transportation/storage, analysis, to data interpretation. We present valuable 

information for establishing appropriate OF testing procedures. This scientific foundation is 

essential for incorporating OF testing into drug monitoring for DUID, criminal justice, 

sports, and workplace settings and the development/management of cannabinoid 

pharmacotherapy. Continuing research on OF cannabinoids, particularly in relation to 

passive environmental exposure, drug use history, donor physiological conditions, and 

metabolism in the oral cavity is needed to better understand mechanisms of cannabinoid OF 

disposition and expand applicability of OF drug testing.
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Table 1

Cutoff concentrations for Δ9-tetrahydrocannabinol in oral fluid as specified or proposed for driving under the 

influence of drugs (DUID) and workplace drug testing programs.

Agency Purpose Screening Cutoff, µg/L Confirmatory Cutoff, µg/L Ref.

Australia DUID 30 (DrugWipe®) 2 [141]

50 (RapiScan™)

Belgium DUID 25 10 [10]

DRUID DUID 1 [12]

Francea DUID 15 [10]

Talloires DUID 2 [226]

AS4760 Workplace 25 10 [138]

EWDTS Workplace 10 2 [140]

SAMHSA Workplace 4 2 [135]

AS4760 – Australian Standard 4760-2006; DRUID – Driving under the Influence of Drugs, Alcohol and Medicines; EWDTS – European 

Workplace Drug Testing Society; SAMHSA – Substance Abuse and Mental Health Services Administration

a
blood samples are utilized for confirmation
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Table 4

Description of oral fluid collection devicesa

Device (manufacturer) Components OF volume 
collected, mL

THC recovery, %b Ref.

Certus (Concateno) Pad, container, buffer (3mL), volume 
adequacy indicator

1 37-44 (71-85) [232]

Cozart (Cozart Bioscience) Pad, container, buffer (2mL), volume 
adequacy indicator

1 75.9 (6.2) [184, 233-234]

94.5 (0.02)

67.4

Greiner (Greiner Bio-One GmbH) Rinsing solution (6mL), OF 
extraction solution (4mL), collection 
beaker, 2 OF vacuum transfer tubes

Determined 
spectro-

photometrically 
w/dye in extraction 

solution

73.6 (4.3) [184]

Intercept (OraSure Technologies) Cotton fiber pad, plastic container, 
buffer (0.8mL)

37.6 (9.0) [184-185, 234]

37.8 (9.4)

39.2

Quantisal (Immunalysis) Cellulose pad, plastic container, 
buffer (3mL), volume adequacy 

indicator

1 ± 0.1c 55.8 (12.0) [184, 232, 235]

81.3-94.4 (4.8-12.1)

74-80 (12-16)

OraCol (Malvern Medical 
Developments)

Foam swab, centrifuge tube 1 < 12.5 [184]

OraTube (Varian) Pad, plastic container, expresser 47.5 (8.0) [184]

Salicule (Acro Biotech) Expectoration straw, container 
marked w/scale

45.9 (10.9) [184]

Saliva-Sampler (Statsure Diagnostic 
Systems)

Cellulose pad, plastic container, 
buffer (1 mL), volume adequacy 

indicator

1 85.4 (7.0) [184, 232]

100-106 (5-6)

Salivette (Sarstedt AG & Co.) Cotton swab, plastic container < 12.5 [184]

OF – oral fluid; THC – Δ9-tetrahydrocannabinol

a
This table covers only the devices reviewed between 2006-2013. OF collection devices are rapidly changed and new devices are continually 

developed. Device performance of different versions may differ.

b
values are mean (SD) unless otherwise specified

c
SD reported by the manufacturer
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