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Abstract
Evaluation of cannabinoid stability in authentic oral fluid (OF) is critical, as most OF stability 
studies employed fortified or synthetic OF. Participants (n=16) smoked a 6.8% delta-9-
tetrahydrocannabinol (THC) cigarette, and baseline concentrations of THC, 11-nor-9-carboxy-
THC (THCCOOH), cannabidiol (CBD), and cannabinol (CBN) were determined within 24h in 16 
separate pooled samples (collected 1h before to 10.5 or 13h after smoking). OF was collected with 
the StatSure Saliva Sampler™ and Oral-Eze® devices. Oral-Eze samples were re-analyzed after 
room temperature (RT) storage for 1 week, and for both devices after 4°C for 1 and 4 weeks, and –
20°C for 4 and 24 weeks. Concentrations ±20% from initial concentrations were considered stable. 
With the StatSure device, all cannabinoids were within 80-120% median %baseline for all storage 
conditions. Individual THC, CBD, CBN and THCCOOH pool concentrations were stable in 
100%, 100%, 80-94% and >85%, respectively, across storage conditions. With the Oral-Eze 
device, at RT or refrigerated storage (for 1 and 4 weeks), THC, CBD and THCCOOH were stable 
in 94-100%, 78-89% and 93-100% of samples, respectively, while CBN concentrations were 53–
79% stable. However, after 24 weeks at -20°C, stability decreased, especially for CBD, with a 
median of 56% stability. Overall, the collection devices’ elution/stabilizing buffers provided good 
stability for OF cannabinoids, with the exception of the more labile CBN. To ensure OF 
cannabinoid concentration accuracy, these data suggest analysis within 4 weeks at 4°C storage for 
Oral-Eze collection and within 4 weeks at 4°C or 24 weeks at -20°C for StatSure collection.
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Introduction
More individuals use cannabis than any other illicit drug worldwide [1]. Oral fluid (OF) is 
advantageous over other biological matrixes (e.g. blood, urine, plasma) for drug testing in 
workplace, drug treatment, forensic, and driving under influence of drugs (DUID) testing 
programs for several reasons: sample collection is simple and noninvasive; infection risk is 
reduced compared to blood; OF concentrations may reflect recent drug use better than urine; 
special collection facilities and same-sex collectors are not required; and specimen 
adulteration is more difficult [2; 3; 4]. OF testing often requires specialized collection 
devices and specific legislation for screening and confirmatory cut-off concentrations. The 
U.S. Substance Abuse and Mental Health Services Administration (SAMHSA) and the 
European initiative, Driving Under the Influence of Drugs, Alcohol, and Medicines 
(DRUID), [5; 6] proposed specific OF cannabinoids cut-off concentrations for screening and 
confirmation. Currently, THC is the only confirmation analyte monitored in the SAMHSA 
(2 ng/mL) and DRUID (1 ng/mL) proposals. Understanding analyte stability during 
specimen storage is critical to ensure accurate result interpretation for clinical and forensic 
purposes.

The main psychoactive cannabis constituent, delta-9-tetrahydrocannabinol (THC), is 
sensitive to several factors during storage: air oxidation [7]; degradation when exposed to 
light [7; 8], acids [9], high temperatures [10]; and adsorption to materials such as glass, 
plastic, and precipitant material [11; 12]. OF collection devices with elution/stabilization 
buffers are preferred over expectorated samples due to increased analyte stability during 
storage and improved analytical precision [13] [14]; however, most stability studies [15; 16; 
17; 18] focused on fortified authentic or synthetic oral fluid. Moore et al. [16; 17] showed 
that THC, cannabidiol (CBD), cannabinol (CBN) and 11-nor-9-carboxy-THC (THCCOOH) 
concentrations were stable in fortified synthetic OF collected with the Quantisal device 
when refrigerated for 10 days; instability occurred when cannabinoids were stored at room 
temperature (RT) for the same period. Only one study evaluated cannabinoid stability from 
authentic OF collected with the Quantisal device and by expectoration [14]. THC, 
THCCOOH, CBN, and CBD concentrations in OF collected with the Quantisal device were 
stable for at least 4 weeks at 4°C, while significant degradation of THCCOOH, CBD, and 
CBN was observed after 24 weeks at -20°C. In expectorated authentic OF, cannabinoids 
concentrations were less stable than specimens collected with Quantisal under all storage 
conditions, demonstrating that cannabinoid stability varies by collection method and storage 
conditions.

There is a strong need to determine cannabinoid stability in authentic OF collected with 
commercial OF collection devices after cannabis smoking, as stability in fortified authentic 
or synthetic OF may not be the same. In this study, after controlled smoked cannabis 
administration, cannabinoid stability in authentic OF collected with StatSure Saliva 
Sampler™ and the Oral-Eze® collection devices were characterized after storage at RT, 4°C, 
and -20°C for 1-24 weeks. We provide stability data for THC, THCCOOH, CBN, and CBD, 
due to the importance all these cannabinoids have in improving interpretation of OF results.
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Materials and Methods
Participants

Frequent and occasional cannabis smokers were recruited from the community by print, 
radio, internet and television advertisements. Subjects were required to be 18-45 years old 
and physically and psychologically healthy based on comprehensive medical and 
psychological evaluation. Self-reported cannabis smoking at least four times per week 
(frequent cannabis smokers) or less than twice per week (occasional cannabis smokers) in 
the 3 months prior to study entry, and for frequent smokers, a positive urine cannabinoid 
screen (Iscreen™ >50 μg/L, Alere, Waltham, MA) was required for inclusion. Exclusion 
criteria included clinically significant illness or adverse event associated with cannabis 
intoxication, more than 450 mL blood donation within the previous 30 days, participation in 
drug abuse treatment within the previous 60 days, or interest in treatment at any time, and 
pregnant or nursing women.

All subjects provided written informed consent to participate in this National Institute on 
Drug Abuse Institutional Review Board-approved study and were remunerated for their 
participation. Participants resided on a secure clinical research unit the nights before and 
after drug administration.

Oral Fluid Stability Sample Collection

OF was collected with the StatSure Saliva Sampler™ (StatSure Diagnostic Systems, Inc., 
Brookline, MA) and Oral-Eze® (Quest Diagnostics, Madison, NJ) devices upon admission 
to the clinical unit (approximately -19 h) and -1.0, 0.5, 1, 2, 3, 4, 4.5, 5, 6, 8, 10.5, 13.5, 21, 
24, 26, 28, and 30 h post dose. Cannabis cigarettes were obtained through the NIDA 
Chemistry and Physiological Systems Research Branch. Participants smoked one (mean
±SD) 6.8±0.2% THC (54mg), 0.25±0.08% CBD (2mg), and 0.21±0.02% CBN (1.6mg) 
cannabis cigarette ad libitum within 10min. OF was collected first with the StatSure and 
then with the Oral-Eze device. Both collection devices contain an indicator that turns blue 
when 1mL OF is collected. Specimens were processed according to manufacturers’ 
recommendations. StatSure collection pads were placed into tubes containing 1mL elution/
stabilization buffer (yielding a 1:2 v/v OF dilution) and stored at 4°C. Oral-Eze pads were 
stored in 2mL buffer (1:3 v/v OF dilution) at RT. OF/buffer mixtures were transferred to 3.6 
mL Nunc cryotubes (Thomas Scientific, Swedesboro, NJ) 12h later. These OF samples were 
originally used for pharmacokinetic analyses [19; 20]. Aliquots from each time point sample 
except those at 4.5 h (from -1 to 10.5 h for StatSure and from -1 to 13h for Oral-Eze) from 
each participant were combined to create individual StatSure and Oral-Eze stability pools 
with enough volume for analysis at multiple storage conditions. After vortexing, each pool 
was divided into 5 and 6 aliquots for StatSure and Oral-Eze specimens, respectively, and one 
aliquot was assayed immediately to establish baseline concentrations. Two of four StatSure 
aliquots were stored at 4°C and analyzed after 7 days and 1 month. The other StatSure 
aliquots were stored at -20°C and analyzed after 4 and 24±2 weeks. Oral-Eze aliquots were 
refrigerated for analysis after 7 days and 1 month, and frozen for analysis after 4 and 24 ± 2 
weeks. One additional Oral-Eze aliquot remained at room temperature for 7 days prior to 
analysis (Figure 1A).
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In order to compare manufacturers’ recommended storage temperatures and to evaluate 
potential changes during different shipping conditions, specimens collected 4.5 h post dose 
were not included in the stability pool and were analyzed only within the initial 24h 
(baseline concentration) and again after 7 days storage at RT for StatSure and 4°C for Oral-
Eze samples (Figure 1B). This allowed us to evaluate the robustness of these collection 
devices in samples that were not processed according to the recommendations of the 
manufacturer.

Oral Fluid Cannabinoid Analysis

OF THC, CBD, CBN, 11-Hydroxy-THC (11-OH-THC), and THCCOOH were quantified by 
a fully validated 2-dimensional gas chromatography-mass spectrometry (2D-GC-MS) 
method with minor modifications [21]. The electron ionization chromatographic system 
included a DB- 1MS (Agilent Technologies) as the primary and ZB-50 (Phenomenex) as the 
secondary column, and an oven temperature program utilized in our plasma method [22]. 
Minor sample preparation modifications also were required to process Oral-Eze and 
StatSure specimens. During solid phase extraction, 0.4 mL methanol (StatSure) or hexane 
(Oral-Eze) was added to the column prior to the elution solvent for THC, CBD and CBN in 
order to reduce baseline interferences and improve chromatography. StatSure calibrators and 
quality controls were prepared in 0.25 mL blank OF and 0.25 mL StatSure buffer; linear 
ranges were 0.5–50 μg/L for THC, CBD, CBN and 11-OH-THC; and 15–500 ng/L for 
THCCOOH; intra- and inter-assay imprecision were ≤ 7.7%, and analytical bias was within 
97.1-107%. To account for specimen dilution, Oral-Eze calibrators and quality controls were 
prepared in 0.25 mL blank OF and 0.50 mL Oral-Eze buffer; linear ranges were 0.5–50 µg/L 
for THC and 11-OH-THC, 1.0–50 μg/L for CBD and CBN, and 15–500 ng/L for 
THCCOOH; while intra- and inter-assay imprecision were ≤ 7.6%, and analytical bias was 
88.2-110%.

Data analysis

Baseline cannabinoid concentrations were established within 24h of collection. 
Concentration changes are reported as %baseline and calculated as (stored sample 
concentration / baseline concentration × 100%). Concentration changes within ±20% of 
baseline were considered stable. Specimens for which %baseline could not be determined 
due to concentrations < limit of quantification (LOQ) at baseline, insufficient OF volume or 
chromatographic interferences were excluded from calculations. Samples with initial 
concentrations <20% above the LOQ and then falling below LOQ were excluded from 
stability comparisons, while analyte concentrations falling below LOQ were considered 
unstable only if initial baseline concentrations were >20% above the LOQ.

Results
THC, CBD, CBN, 11-OH-THC and THCCOOH concentrations were quantified in 16 pools 
(one for each of 16 participants) to investigate inter-individual differences in stability from 
authentic OF collected with StatSure and Oral-Eze devices. All specimens collected with 
StatSure (n=80) and Oral-Eze (n=96) devices were analyzed; 11-OH-THC was not detected 
in any specimen; therefore, no stability data were available. Cannabinoid concentration 
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changes from baseline at each storage condition are displayed in Figure 2 and Table 1. 
Percent differences from baseline concentrations of specimens collected 4.5 h post dose and 
stored for one week at RT (StatSure) and one week at 4°C (Oral-Eze) are shown in Table 2.

THC Stability

In pooled OF collected with the StatSure device, all 16 participants’ samples were stable 
under all conditions tested. Median %baseline concentrations (range) after 1 week at 4°C 
were 92.6% (85.6-111%), after 4 weeks 92.4% (82.3-111%). Median %baseline 
concentrations after 4 weeks at –20°C were 96.6% (89.7-117%), and after 24 weeks 96.7% 
(84.6-110%). In OF collected with the StatSure device 4.5 h after smoking following 1 week 
storage at RT, all participants’ samples (n=16) were stable, with median %baseline 
concentrations of 90.1% (80.7-107%).

In pooled OF collected with the Oral-Eze device, all 16 participants’ samples were stable at 
4°C for 1 and 4 weeks, with median %baseline concentrations of 93.7% (80.0-119%) and 
93.3% (80.1-119%), respectively. However, during frozen storage (–20°C), THC in one 
sample decreased to 46.4% of baseline after 4 weeks, and 3 of 16 samples’ THC 
concentrations decreased to 60.5-75.1% of baseline after 24 weeks. THC was stable in all 
but one pool after RT storage for 1 week. Median %baseline concentrations at RT were 
83.8%, including OF from the one participant where THC concentration decreased to 70.7% 
of baseline. All individual OF specimens collected with the Oral-Eze device 4.5 h after 
smoking and stored for 1 week at 4°C also were stable with median %baseline 
concentrations of 97.3% (80.7–119%).

THCCOOH Stability

In StatSure pooled OF, all THCCOOH concentrations (n=12) were stable at 4°C for 1 week, 
but 3 weeks later, only 11 of 13 were stable, with one pool increasing (141.9% baseline) and 
one decreasing (68.4% baseline) concentration. These same 2 samples were the only 
unstable samples after 4 weeks at -20°C. After 24 weeks at -20°C, 100% of samples (n=13) 
were stable, with median %baseline concentrations of 104% (88.3-118%). In OF collected 
4.5 h after smoking with the StatSure device and stored for 1 week at RT, 12 of 13 
participants’ samples had stable THCCOOH concentrations, with one sample's THCCOOH 
decreasing to 60.0% of baseline.

In pooled OF collected with the Oral-Eze device, all samples (n=13) were stable when 
refrigerated for one and 4 weeks. After 4 weeks at -20°C, concentrations from one sample 
decreased to 60.8% baseline. This sample was also unstable for THC under the same storage 
condition (4 weeks at -20°C). After 24 weeks at -20°C, this sample's THCCOOH 
concentration remained unstable (75.1% baseline), with 2 additional samples’ concentrations 
increasing to 127 and 139%. In OF collected 4.5 h after smoking with the Oral-Eze device, 
11 of 12 participants’ samples were stable after 1 week at 4°C with median %baseline 
concentrations of 91.4%, including OF from one participant where THCCOOH 
concentrations decreased to 77.4% of baseline.
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CBD Stability

In pooled OF samples collected with the StatSure device, 100% were stable under all tested 
conditions, with median %baseline concentrations of 97.6, 96.5, 100 and 97.8% after 1 and 
4 weeks storage at 4°C (n= 11 and 10) and 4 and 24 weeks at -20°C (n=9 and 9), 
respectively. In OF collected with StatSure device 4.5 h after smoking, 6 of 7 samples were 
stable after one week storage at RT. Oral fluid from one participant decreased to 50.8% of 
baseline.

In pooled OF samples collected with the Oral-Eze device, 7 participants’ samples were 
stable after 1 week at RT with median %baseline of 84.1%, with only 1 sample decreased to 
75.1%. Similar results were obtained at lower temperatures for storage times up to 4 weeks; 
78, 89 and 78% of participants’ CBD concentrations were stable at 4°C for 1 and 4 weeks 
(n=9) and at -20°C for 4 weeks (n=9), respectively. Longer storage (24 weeks) at -20°C 
increased CBD instability; 44% of participants’ samples were unstable with %baseline 
between 31.9 and 77.1%. In OF collected with the Oral-Eze device 4.5 h after smoking, only 
1 participant had a CBD concentration above the LOQ and after 1 week at 4°C, however, the 
CBD concentration was 162% of baseline.

CBN Stability

In pooled OF collected with the Statsure device, 15 of 16 samples were stable for 1 week at 
RT, with one increasing to 167% of baseline. After 4 weeks, 87 and 80% of samples were 
stable at 4°C (n=15) and -20°C (n=15), respectively. Statsure OF from the same 2 
participants were unstable at both temperatures exhibiting %baseline increases of up to 
166%. Similarly, 13 of 15 samples were stable after 24 weeks at -20°C (n=15) with median 
%baseline of 95.9% (90.3 – 106%). As expected, the 2 unstable samples increasing to 133 
and 183% baseline were from the same participants. In OF collected 4.5 h after smoking 
with the StatSure device, 100% of participants’ samples (n=12) were stable, with %baseline 
concentrations ranging between 83.3 and 111%.

In pooled OF collected with the Oral-Eze device, only 53% of samples (n=15) were stable 
after 1 week at RT; concentrations in 2 unstable samples increased up to 155% baseline, 
while concentrations from 5 other samples decreased to 70.2 and 78.4% of baseline. For the 
same storage duration, decreasing temperature to 4°C did not increase CBN stability. Longer 
storage at the same temperature (4°C or -20°C) sometimes appeared to increase stability. 
Indeed, at 4°C, %stable samples increased from 60% for 1 week (n=15) to 79% for 4 weeks 
(n=14) storage; at -20°C, %stable samples increased from 64% for 1 week (n=14) to 86% 
for 4 weeks (n=14). In OF collected 4.5 h after smoking with the Oral-Eze device, 4 of 6 
participants’ samples were stable with median %baseline 93.5% (82-109%), with 2 
increasing to 137 and 145%.

Discussion
We present cannabinoid stability in authentic OF specimens collected with the StatSure and 
Oral-Eze OF collection devices after controlled smoking of a 6.8% THC cigarette. This 
study included the sequential collection of authentic OF (StatSure Saliva Sampler followed 
by Oral-Eze) to evaluate cannabinoid stability. Evaluation of stability was performed on 
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pooled participant samples and the order of collection did not affect these calculations. No 
significant differences were observed between baseline concentrations collected with either 
device (p>0.05), and stability was calculated as change from baseline. The strengths of this 
study include the variety of storage conditions evaluated and baseline specimen analysis 
within 24h of collection after controlled cannabis smoking, allowing precise determination 
of authentic OF concentrations. In addition, individually prepared pools for all 16 
participants allowed evaluation of inter-subject variability. However, there were limitations 
to using authentic specimens, as some analyte baseline concentrations quantified <LOQ and 
could not be included in stability calculations. Forty percent of all specimens had CBD 
<LOQ at baseline.

In pooled OF collected with the Statsure device, all analytes were stable (median %baseline 
between 80-120%) and were, most of the time, not affected by temperature or duration of 
storage. THC and CBD were the most stable analytes with concentrations at all stability 
conditions 82.3–117% of baseline (100% stable). THCCOOH, an important analyte that may 
help discriminate passive environmental contamination from active cannabis smoking [23] 
was also highly stable under all storage conditions. THCCOOH concentrations were always 
stable with the exception of 2 of 13 samples stored for 4 weeks at 4°C. The same 2 samples 
also were unstable when stored for 4 weeks at -20°C. The few unstable samples for CBN 
were always the consequence of an increase compared to the baseline concentration. In our 
previous stability study with authentic OF collected by expectoration or with the Quantisal 
device, a similar phenomenon was observed with CBN concentrations [24]. This may be 
explained by the conversion during storage of THC to CBN [8; 25; 26; 27]. These results 
indicated that OF collected with the StatSure device for cannabinoid quantification should 
be stored for 4 weeks at 4°C or 24 weeks at -20°C before analysis without significantly 
affecting THC, CBD and THCCOOH concentrations. However, the best storage condition 
for CBN was 1 week at 4°C (94% of specimens stable.)

In OF collected with the Oral-Eze device, changes in temperature and storage conditions 
adversely affected analyte stability. At RT all analytes except CBN (only 53% stable) had at 
least 88% of samples stable for 1 week. As previously discussed, CBN instability may be 
due to concentration increases from baseline, as also observed with other collection devices. 
Decreasing temperature from RT to 4°C resulted in slightly better stability for all analytes, 
including CBN. CBN stability increased from 53% after 1 week of storage at RT to 79% 
after 4 weeks of storage at 4°C. All THC and THCCOOH samples were stable at 4°C for 1 
and 4 weeks. After 4 weeks, all analytes were more stable at 4°C than -20°C. This trend of 
decreasing stability was amplified after 24 weeks of storage at -20°C for all analytes except 
CBN. In order to accurately determine THC, CBN, CBD and THCCOOH concentrations in 
Oral-Eze collected OF specimens, we suggest storage at 4°C and analysis within 4 weeks.

As expected, baseline concentration ranges were similar for each device, and overall, there 
were few stability differences between StatSure and Oral-Eze collections. THC and CBD 
were the most stable analytes collected by each device, and CBN the least. With the StatSure 
collection device all THC (n=64) and CBD (n=39) stability samples were stable. In 
comparison, for pooled samples collected with the Oral-Eze device, 75 of 80 (93.8%) and 34 
of 44 (77.3%) were stable for THC and CBD, respectively. Similar results were observed for 
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THCCOOH, as 47 of 51 (92.2%) and 62 of 67 (92.5%) samples were stable when collected 
with the StatSure or Oral-Eze device, respectively. For similar storage conditions, OF 
StatSure specimens were slightly more stable than Oral-Eze OF specimens, suggesting that 
cannabinoids were better preserved in the StatSure buffer. Our previous study evaluated 
cannabinoid stability in authentic expectorated OF and in authentic OF collected with the 
Quantisal device [24]. Specimens collected with a device showed improved stability over 
expectorated OF specimens. In that previous study, less than 50% of expectorated OF 
specimens remained stable 4 weeks after collection with storage at 4°C or -20°C. Stability of 
cannabinoids in OF collected with the Quantisal device was similar to the stability observed 
in this study with Oral-Eze, in that specimens were generally less stable when stored for 
longer periods of time at lower temperatures (-20°C). The differences in stability between 
devices are most likely due to the proprietary buffer composition and OF/buffer volume 
ratio that is unique for each manufacturer. Although each device collects 1 mL OF, the total 
OF/buffer mixture volume varied for each device. The buffer volumes for StatSure (1 mL), 
Oral-Eze (2 mL), and Quantisal (3 mL) help to stabilize drugs but yield dramatically 
different dilutions for each device. The most diluted OF (Quantisal) had the lowest 
cannabinoid stability, whereas the least diluted OF (StatSure) exhibited the greatest stability. 
However, less device buffer results in lower total sample volume; which may be problematic 
in workplace, clinical and forensic drug testing settings where screening and multiple drug 
confirmation assays on the same specimen are commonplace. Other studies evaluated THC 
stability in fortified OF [18; 28; 29,30]. Wille et al. [18] documented THC stability in 
fortified OF specimens collected with the StatSure device. Specimens stored for 8 weeks at 
4°C and –20°C displayed similar stability with our results in authentic OF. However, others 
observed a loss of THC in fortified OF specimens collected with the Intercept device and 
stored between 2 and 4 weeks at all conditions (4°C, 21°C or –20°C); or in fortified neat OF 
stored for 24h at RT (>50% loss) and stored for 24h or 2 weeks at 4°C and – 18°C (15-35% 
loss) [28; 29]. Sergi et al, evaluated short (14 days) and long term (2 months) stability in 
fortified OF at -20°C for THC, CBD, CBN and THCCOOH. All analytes were within 
intermediate reproducibility of the method [30]. These results demonstrate the variability 
between authentic and fortified OF, and how OF collection method and device buffer 
composition can affect cannabinoid stability and test result interpretation. It is essential that 
a thorough evaluation of cannabinoid stability be performed for all commercially available 
OF collection devices.

Using the 4.5h specimen, our evaluation of manufacturers’ recommended storage conditions 
(Table 2) demonstrated that OF collected from either device may be shipped at RT or 
refrigerated to analytical laboratories, as recommended by the collection device 
manufacturer. Acceptable stability results were obtained for StatSure specimens containing 
CBN and CBD. However, Oral-Eze stability results should be qualified as 10/16 (CBN) and 
15/16 (CBD) participants’ OF samples had concentrations <LOQ 4.5 h after dosing and 
were not included in stability calculations.

In summary, these OF cannabinoid stability results obtained after controlled smoked 
cannabis administration and collected with StatSure and Oral-Eze devices, suggest 
performing analyses within 4 weeks of storage at 4°C for Oral-Eze and within 4 weeks at 
4°C or 24 weeks at -20°C for StatSure. These data contribute to the OF cannabinoid 
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scientific database and permit the development of evidence-based OF drug testing policy 
and legislation, and improve interpretation of authentic OF cannabinoid results.
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Figure 1. 
Stability evaluation design. (A) For each participant, one collection with each device at each 
time point (t= -1.0, 0.5, 1, 2, 3, 4, 5, 6, 8, 10.5h ) was performed resulting in 10 different OF 
for each device. After individual analyses for pharmacokinetics purposes, the remaining OF 
from each of 10 OF were pooled in one tube for each device (StatSure=SS and Oral-
Eze=OE) which was analyzed within 24h for baseline concentrations. After baseline 
quantification, different aliquots were stored under different conditions for different 
durations for stability analyses. (B) To evaluate manufacturers’ recommended storage 
conditions, the 4.5h time point was collected with each device and analyzed within 24h for 
baseline concentration. After analysis, the tubes were kept for 1 week at 4° (Oral-Eze) or 
room temperature (StatSure), analyzed and compared to baseline for stability purpose.
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Figure 2. 
Median delta-9-tetrahydrocannabinol (THC), cannabidiol (CBD), cannabinol (CBN) and 11-
nor-9-carboxy-THC (THCCOOH) %baseline concentration after different storage conditions 
for the StatSure (A) and Oral-Eze device pools (B). Each bar represents median data from 
16 individual sample pools (pooling 1h before to 10.5h [StatSure] or 13 h [Oral-Eze] after 
smoking a 6.8% delta-9-tetrahydrocannabinol cigarette) collected from 16 adult cannabis 
smokers. Error bars indicate interquartile ranges. RT is room temperature.
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Table 1

Delta-9-tetrahydrocannabinol (THC), cannabidiol (CBD), cannabinol (CBN), and 11-nor-9-carboxy-THC 
(THCCOOH) concentration changes from baseline for oral fluid specimens collected with the StatSure and 
Oral-Eze devices after being stored at room temperature (RT) for 1 week (Oral-Eze only), 4°C for 1 and 4 
weeks, and –20°C for 4 and 24 weeks (both devices).

Analyte Baseline concentration range 1 Storage condition # Samples with 
analytes >LOQ2

# Stable samples 
(%stable)

%Baseline, range

A. StatSure collection device

THC 6.8 – 509 μg/L 1 week, 4°C 16 16 (100) 85.6–111

4 weeks, 4°C 16 16 (100) 82.3–111

4 weeks, –20°C 16 16 (100) 89.7–117

24 weeks, –20°C 16 16 (100) 84.6–110

CBD < LOQ –15.3 μg/L 1 week, 4°C 11 11 (100) 94.3–109

4 weeks, 4°C 10 10 (100) 89.4–108

4 weeks, –20°C 9 9 (100) 88.4–108

24 weeks, –20°C 9 9 (100) 89.1–108

CBN 0.6 – 35.8 μg/L 1 week, 4°C 16 15 (94) 80.4–167

4 weeks, 4°C 15 13 (87) 87.2–166

4 weeks, –20°C 15 12 (80) 91.9–1653

24 weeks, –20°C 15 13 (87) 90.3–183

THCCOOH < LOQ –150 ng/L 1 week, 4°C 12 12 (100) 80.4–115

4 weeks, 4°C 13 11 (85) 68.4–142

4 weeks, –20°C 13 11 (85) 66.7–148

24 weeks, –20°C 13 13 (100) 88.3–118

B. Oral-Eze collection device

THC 6 – 376 μg/L 1 week, RT 16 15 (94) 70.7–108

1 week, 4°C 16 16 (100) 80.0–119

4 weeks, 4°C 16 16 (100) 80.1–119

4 weeks, –20°C 16 15 (94) 46.4–113

24 weeks, –20°C 16 13 (81) 60.5–99.8

CBD < LOQ – 15.1 μg/L 1 week, RT 8 7 (88) 75.1–99.4

1 week, 4°C 9 7 (78) 66.1–111

4 weeks, 4°C 9 8 (89) 80.0–102 3

4 weeks, –20°C 9 7 (78) 40.8–99.8

24 weeks, –20°C 9 5 (56) 31.9–98.7

CBN <LOQ – 16.8 μg/L 1 week, RT 15 8 (53) 70.2–155

1 week, 4°C 15 9 (60) 57.3–163

4 weeks, 4°C 14 11 (79) 20.1–147

4 weeks, –20°C 13 9 (69) 66.4–146
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Analyte Baseline concentration range 1 Storage condition # Samples with 
analytes >LOQ2

# Stable samples 
(%stable)

%Baseline, range

24 weeks, –20°C 14 12 (86) 83.2–129

THCCOOH < LOQ – 327 ng/L 1 week, RT 14 13 (93) 70.1–120

1 week, 4°C 13 13 (100) 81.4–119

4 weeks, 4°C 13 13 (100) 82.4–118

4 weeks, –20°C 13 12 (92) 60.8–104

24 weeks, –20°C 14 11 (79) 75.1–139

1
No significant differences (p>0.05, Mann-Whitney test for median comparison) were observed between baseline concentrations after StatSure or 

Oral-Eze OF collections

2
LOQ: Limit of Quantification

3
1 CBD and 1 CBN sample concentration were quantified at >20% of LOQ at baseline but <LOQ after storage. No %baseline was calculated, but 

the sample was considered unstable.
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Table 2

Delta-9-tetrahydrocannabinol (THC), cannabidiol (CBD), cannabinol (CBN), and 11-nor-9-carboxy-THC 
(THCCOOH) concentration changes from baseline for oral fluid specimens collected 4.5 h after cannabis 
smoking with the StatSure (A) and Oral-Eze (B) devices and stored for 1 week at 4°C (Oral-Eze) and room 
temperature (RT) (StatSure).

Analyte Baseline concentration range 1 Storage condition # Samples with 
determined 
%baseline

# Stable samples 
(%stable)

%Baseline range

A. StatSure collection device

THC 4.4 – 81.4 μg/L 1 week, RT 16 16 (100) 80.7–107

CBD < LOQ – 3.2 μg/L 7 6 (86) 50.8–108

CBN < LOQ – 3.9 μg/L 12 12 (100) 83.3–114

THCCOOH < LOQ – 165 ng/L 13 12 (92) 60.0–119

B. Oral-Eze collection device

THC 2.5 – 49.6 μg/L 1 week, 4°C 16 16 (100) 80.7–119

CBD < LOQ – 2.2 μg/L 1 0 162

CBN < LOQ – 3.5 μg/L 6 4 (67) 82.0–145

THCCOOH < LOQ – 166 ng/L 12 11 (92) 77.4–119

1
No significant differences (p>0.05, Mann-Whitney test for median comparison) were observed between baseline concentrations after StatSure or 

Oral-Eze OF collections
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