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A B S T R A C T   

The fast blue BB test (FBBB) colorimetric test has been previously validated for the differentiation between 
marijuana-type and hemp-type cannabis plants. Individuals under the influence of delta-9-tetrahydrocannabinol 
(Δ9-THC) may be impaired to perform activities such as driving and the rapid, on-site detection of recent use of 
Δ9-THC could help to prevent traffic accidents. The current study describes, for the first time, the optimization 
and validation of the FBBB color test from oral fluid (OF) for field use. The FBBB reaction with Δ9-THC forms a 
red chromophore and a bright red fluorophore that is visualized with a portable fluorescence reader under UV 
light. The test was optimized for a miniaturized reaction on a 6.3 mm diameter glass fiber filter spot. The limit of 
detection (LOD) was established as 0.5 µg/mL or 500 ng/mL of Δ9-THC in OF (5 ng of Δ9-THC on the spot) by 
fluorescence detection. Other figures of merit include linearity in the 0.5–10 µg/mL range, acceptable precision 
(9.6–28% RSD) and an accuracy of ± 23.2–56.2%. Results from interference studies using different OF collection 
devices and substances are reported. Interferences might also occur when minor cannabinoids (CBD, CBN, CBG, 
and Δ8-THC) and Δ9-THC metabolites (THC-COOH and THC-OH) are also present in the matrix. Pre-loaded 
FBBB reagent is stable on the substrate when stored below 4 ◦C for 15 days and the color and fluorescence 
persist on the spot for at least 30 days post reaction. Future studies include development of an OF extraction 
procedure coupled to a prototype device for field application.   

Introduction 

According to the most recent World Drug Report [1] in 2019 the 
global number of cannabis users was estimated at >200 million. While 
there has been the legalization or decriminalization of the recreational 
use of marijuana in different countries such as Canada, Uruguay, and 
many states in the United States [1], marijuana remains illegal in most 
countries in the world and is considered a schedule I drug at the federal 
level in the USA. Cannabis plants are classified as marijuana-type, 
containing ≥ 0.3% w/w of delta-9-tetrahydrocannabinol (Δ9-THC) - 
the main psychoactive compound in the plant, or as hemp-type, con
taining mainly cannabidiol (CBD), and < 0.3% w/w of Δ9-THC [2]. 
Thus, there is an increase of commercial hemp-type cannabis consum
ables [3,4] that undergo regulation and require a quality control process 
in terms of the Δ9-THC content in the plants. 

Individuals under the influence of Δ9-THC may be impaired for 
driving [5], working [6], or participating in sports competitions [7]. The 
screening of individuals under possible drug influence in those situa
tions requires a reliable and low-cost field test that allows for the 

detection of recent intoxication. Oral fluid (OF) is a biological matrix 
that can be sampled for this purpose as it can reflect very recent (minutes 
to hours) drug use [8] unlike urine or blood. In addition, OF collection 
can be easily performed in the field in a non-intrusive manner, 
dispensing with the need for a trained technician required for blood 
collection, for example [9]. Immunoassay-based field detection tests are 
used in some countries for the identification of Δ9-THC in OF [10–14]. 
However, drawbacks have been reported with these tests including 
variability between different brands on the market for detection cut-offs, 
sensitivity, specificity, and accuracy, interferents and device usability 
including testing time and reading failures [15]. This study aims to 
demonstrate the utility of an alternative fluorometric-based reaction 
previously reported by our research group for the rapid, sensitive, and 
cost-effective detection of Δ9-THC in OF at concentrations that are 
indicative of recent drug use. 

The fast blue BB (FBBB) test is a presumptive test that has been 
recently validated for the differentiation of marijuana-type and hemp- 
type cannabis in plant extracts on a miniaturized substrate [16]. Due 
to the extended conjugation of π-bonds in the reaction between FBBB 
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and Δ9-THC in marijuana-type cannabis samples, a visible red chro
mophore can be observed [16,17]. Additionally, the reaction also pro
duces a fluorophore [16] that enhances the selectivity and sensitivity of 
the test. The reaction between FBBB and CBD from hemp-type cannabis 
samples produces a visible orange color but no fluorescence [16]. 

The goal of this research was to optimize and to validate the FBBB 
test for the analysis of OF samples using a miniaturized substrate for Δ9- 
THC detection. The OF matrix presents some challenges when compared 
to cannabis plant extracts using organic solvents. OF composition (e.g., 
water, proteins, electrolytes, cells, and oral cavity bacteria) makes it a 
viscous and complex matrix [18] that could interfere with the chemical 
reaction between Δ9-THC and FBBB. OF collection can be performed 
either by passive drooling or using a commercial collection device [19]. 
Those devices include a swab-based pad that it is placed in the mouth, 
and then the pad is placed into a tube containing a buffer that helps with 
OF viscosity and preservation [18,19]. Many different OF collection 
devices are available in the market for drugs of abuse detection [20,21] 
and different buffers composition should be studied as possible inter
ferants to the FBBB reaction. Another challenge to the translation of the 
FBBB test to the OF matrix is the Δ9-THC concentration. Cannabis plant 
extracts contain high concentrations of Δ9-THC, while in OF Δ9-THC 
concentrations can be as high as 1000 ng/mL after recent smoking of a 
marijuana cigarette and it can be as low as 1 ng/mL after a short period 
of time [22,23]. These scenarios were considered when the analytical 
parameters are optimized for the FBBB test application in OF. 

The FBBB test optimization in OF included the choice of an adequate 
substrate for the reaction, determination of a limit of detection (LOD), 
evaluation of potential interferences, and stability studies. The semi- 
quantitative analysis of Δ9-THC in OF using the fluorescence gener
ated in the reaction with FBBB was explored using a portable fluores
cence reader. A calibration model, linearity, precision, and accuracy 
were evaluated as figure of merit for this instrument. 

Materials and methods 

Materials 

Methanol (MeOH), Fast Blue BB (FBBB) Salt hemi (zinc chloride), 
and caffeine standard were purchased from Sigma Aldrich (St. Louis, 
Missouri, United States). Sodium hydroxide (NaOH) was purchased from 
Macron Fine Chemicals (Radnor Township, Pennsylvania, United 
States). Glass fiber filter G6 circles, Cytiva Whatman™ 1PS Disposable 
Phase Separating Paper (silicon treated filter paper), and Cytiva What
man™ Grade 3 Qualitative Filter Paper Standard Grade were purchased 
from Fisher Scientific (Hampton, New Hampshire, United States). 
Methanolic solutions (1 mg/mL) of Δ9-THC, CBD, cannabinol (CBN), 
cannabigerol (CBG), delta-8-tetrahydrocannabinol (Δ8-THC), 11-nor-9- 
carboxy-delta-9-tetrahydrocannabinol (THC-COOH), and 11-hydroxy- 
delta-9-tetrahydrocannabinol (THC-OH) were purchased from Ceril
liant Corporation (Round Rock, Texas, USA). Synthetic OF (OraFlx®) 
was purchased from Dyna-Tech Industries (Lenexa, Kansas, USA). 
QuantisalTM and Intercept® OF collection devices were purchased from 
Immunalysis Corporation (Pomona, CA, USA) and OraSure Technologies 
(Bethlehem, PA, USA), respectively. Pure liquid nicotine (99.99%) was 
purchased from Freedom Smoke USA (Tucson, AZ, USA). Sodas, juices, 
teas, and beer were purchased in local stores in Miami, FL, USA. Guarana 
powder was purchased in Sao Paulo, Brazil. 

Reagent preparation 

The FBBB solution (1 mg/mL) was prepared by dissolving 10 mg of 
FBBB salt into 10 mL of MeOH. Since the solution of FBBB is sensitive to 
light [16] it was kept in the freezer (-20 ◦C) in an amber vial covered in 
aluminum foil for no longer than 40 days. The NaOH 0.1 N solution was 
prepared by dissolving 0.4 g of NaOH into a 100 mL of MeOH. The so
lution was kept in the refrigerator (4 ◦C) for no longer than 40 days. 

Oral fluid collection and sample preparation 

A commercial synthetic OF (OraFlx®) was tested as a potential ma
trix for this research. However, the results from Δ9-THC diluted in 
OraFlx® and FBBB reaction were not satisfactory. Instead, an Institu
tional Review Board (IRB) was obtained from Florida International 
University (IRB-22–0189) for human OF collection. All participants 
signed a consent form to donate OF as a blank matrix for this study, but 
no other personal information was collected. All participants were 
requested to not eat or drink anything for at least one hour prior to the 
collection. 

The OF collection was performed by simply spitting (1–2 mL) into 
unidentified sterilized containers, involving at least eight different do
nors (males and females individuals above 18 years old) as needed. All 
samples were mixed, and the OF mix was kept frozen (-20 ◦C) in 2 mL 
aliquots until use. Prior to analysis, the OF was thawed and cen
trifugated at 3200 rpm for 5 min (Clay Adams® Brand Compact II 
Centrifuge, model 420225). 

OF collection was also performed using QuantisalTM and Intercept® 
commercial collection devices. The QuantisalTM device provides a pad to 
be placed inside the mouth with a blue indicator when the pad absorbs 1 
mL of OF. After the collection, the pad containing the OF was placed 
inside a tube containing 3 mL of buffer. The Intercept® device also 
provides a pad, with the recommendation of placing it on the cheek for 
5 min. After collection, the pad is placed inside a tube containing 2 mL of 
buffer. For each device, samples from 9 different donors were mixed and 
kept frozen (-20 ◦C) in 2 mL aliquots until use. Since the collection de
vices buffers help with OF viscosity and debris, no centrifugation was 
performed in these samples. 

The OF mix or the OF in buffer mix were submitted for the reaction 
with FBBB and NaOH on the miniaturized substrate. After confirming 
that no color or fluorescence was observed in the mix, standard working 
solutions of Δ9-THC and other cannabinoids/metabolites were prepared 
from 1 mg/mL stock solutions at different concentrations for the 
experiments. 

Fast blue BB testing procedure 

The FBBB testing procedure was optimized from the procedure pre
viously described for cannabis plant extracts [16]. 

A 6.3 mm square spot of glass fiber filter was cut with a paper hole 
puncher and placed inside aluminum covered wells in a plastic tray. This 
procedure allowed for each sample to accommodate the reagents in a 
spot and to dry without cross contamination. The glass fiber filter spots 
were pre-loaded with 10 µL of FBBB 1 mg/mL and they were allowed to 
dry for 10 min. Then, 10 µL of blank or spiked OF sample was pipetted on 
the substrate, followed by 10 µL of the NaOH 0.1 N solution. It is possible 
to observe color from the reaction between FBBB and the cannabinoids/ 
metabolites within 1–5 min, even before adding the NaOH. However, 
adding the NaOH was necessary to observe the fluorescence from the 
FBBB and Δ9-THC reaction. The spots were allowed to dry overnight, 
covered from light exposure. All the FBBB tests were performed on five 
replicates of OF and the experiments were performed at least twice over 
two different days. 

Color and fluorescence analysis 

The spots color was photographed using a Dino-Lite® AM4115ZT 
(R9) digital microscope (Dunwell Tech, Torrence, CA). The spots fluo
rescence intensity was captured and photographed using a Dino-Lite® 
AM4115T-GRFBY Digital Microscope (Dunwell Tech, Torrence, CA), 
which uses a 480 nm excitation light source, and emission filters of 510 
nm and 610 nm. The software ImageJ [24] was used to collect the red, 
green, and blue (RGB) scores from fluorescence images. 

A portable fluorescence reader device (Dianulox®, Stockach, Ger
many) was used to capture fluorescence from the spots, using a 365 nm 
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excitation filter with detection at 625 nm. The instrument was optimized 
to perform four readings (of 1 mm each) in different positions of the 
spot, with a LED current of 45/65. An intensity peak is generated from 
the average of the four readings for each sample (Fig. 1). The highest 
absolute height peak was considered as the fluorescence intensity for 
each sample. 

A Visual Spectral Comparator 2000 (VSC2000) (Foster-Freeman, 
England) was used to confirm the LOD obtained by the fluorescence 
analysis with the Dianulox® portable fluorescence reader device. A spot 
filter was used on the sample spots to irradiate light with excitation 
filters between 400 nm and 540 nm. The long pass filter was set at 590 
nm. The samples were scanned from 590 nm to 1000 nm for 0.2 s for 
fluorescence emission. 

Method optimization and validation 

Initially, the substrate optimization was performed for the OF matrix 
by testing different materials as a support for the FBBB reaction, eval
uating color and fluorescence visualization. 

With reference to the Standard Practices for Method Validation in 
Forensic Toxicology [25], the limit of detection (LOD), interference, and 
stability studies were performed as figures of merit to validate the FBBB 
test as a screening test for the detection of Δ9-THC in OF. These pa
rameters were validated for the fluorescence captured from the reaction 
between Δ9-THC and FBBB using the Dianulox® portable fluorescence 
reader. The results were confirmed by the Dino-Lite® digital microscope 
with imaging and RGB scores. Additionally, a calibration model, line
arity, precision, and accuracy were also evaluated for the fluorescence 
captured with the Dianulox® portable fluorescence reader for a semi- 
quantitative method validation using this instrument. 

Different concentrations of Δ9-THC (100 µg/mL, 50 µg/mL, 20 µg/ 
mL, 15 µg/mL, 10 µg/mL, 5 µg/mL, 3 µg/mL, 1 µg/mL, and 0.5 µg/mL) 
were diluted in OF and then tested using the FBBB reaction. Considering 
that 10 µL of the OF solution containing Δ9-THC were applied on the 
spot, these concentrations represent in total mass on the spot 1000 ng, 
500 ng, 200 ng, 150 ng, 100 ng, 50 ng, 30 ng, 10 ng, and 5 ng of Δ9-THC, 
respectively. The LOD was defined as the lowest concentration of Δ9- 
THC in OF that would show fluorescence distinguishable from the blank. 
Using this experiment, a calibration curve model was built using the 
average of absolute height peaks for fluorescence captured with the 
Dianulox® portable fluorescence reader with ten replicates of each Δ9- 
THC concentration. The instrument‘s accuracy was calculated using the 
linear regression equation from the calibration curve, and the results 
were considered adequate within values ≤ 20%. 

Intra and inter-day precision were evaluated by testing low, medium, 
and high concentrations of Δ9-THC (3 µg/mL, 20 µg/mL, and 50 µg/mL) 
in OF, subjected to the FBBB reaction. Five replicates of each concen
tration were used to calculate intra-day precision. This experiment was 

conducted over five different days to allow inter-day precision estima
tion. The results were considered adequate within a relative standard 
deviation (%RSD) of ≤ 20% at each level. 

Interferences studies were performed by testing different cannabi
noids (CBD, CBN, CBG, Δ8-THC), metabolites (THC-COOH and THC- 
OH), and different substances that could be possibly present in the 
oral cavity of individuals subjected to the FBBB test, such as caffeine, 
nicotine, sodas (Coca-Cola®, Guarana Antarctica®), teas (green tea and 
black tea), orange juice, and alcoholic drinks (Corona® beer, Absolut® 
Vodka, and Jack Daniels® Whiskey). Previously, guarana powder, a 
Brazilian fruit extract, was described as an interferent to the FBBB test in 
cannabis plant extracts, for producing a red color [26]. For this reason, 
both guarana powder and guarana Antarctica® soda were tested as 
possible interferents to Δ9-THC and FBBB reaction in OF. 

All minor cannabinoids and metabolites standards were prepared 
individually in high concentrations (25 µg/mL solution in OF) and in a 
mix containing a high concentration (25 µg/mL) of each cannabinoid/ 
metabolite and a high concentration (25 µg/mL) of Δ9-THC. All com
mercial beverages were diluted in OF (50:50, beverage: OF). The teas 
were prepared as recommended in the package, brewing the tea bag into 
a 200 mL cup of hot water. After cooling, the teas were also diluted in OF 
(50:50, tea: OF). Caffeine, nicotine, and guarana powder were prepared 
as a 25 µg/mL solution and then diluted in OF (50/50). Additionally, a 
high concentration (25 µg/mL) of Δ9-THC was also prepared by diluting 
it into solutions containing each substance previously diluted in OF (50/ 
50). Using this strategy, we could identify if the substances would 
interfere by providing red color and/or fluorescence in the reaction with 
FBBB and if they could prevent the Δ9-THC reaction with FBBB. The 
interference studies were evaluated with the Dianulox® portable fluo
rescence reader and by analyzing the visual color and the fluorescence 
intensity captured with the Dino-Lite® digital microscopes. 

Stability studies were conducted to evaluate for how long the color 
and the fluorescence could be observed on the spots containing the Δ9- 
THC and FBBB chromophore. Three different concentrations of Δ9-THC 
(3 µg/mL, 20 µg/mL, and 50 µg/mL) in OF were prepared for the FBBB 
reaction and dried overnight. Then, the fluorescence intensity was 
measured with the Dianulox® portable fluorescence reader and images 
were taken with the Dino-Lite® digital microscope. The samples were 
then kept in a drawer at room temperature covered in aluminum foil to 
be protected from light. The fluorescence intensity was measured again 
with the portable instrument and new images were taken at 15 and at 30 
days after sample preparation. 

Stability was also evaluated for the pre-loading of FBBB on the 
substrate, prior to the reaction. For this experiment, spots were pre- 
loaded with FBBB and kept under three different conditions: at room 
temperature (25 ◦C), in a refrigerator (4 ◦C), and in a freezer (-20 ◦C). 
After 15 days, three different concentrations of Δ9-THC (3 µg/mL, 20 
µg/mL, and 50 µg/mL) in OF were prepared for the FBBB reaction and 

Fig. 1. Fluorescence intensity peaks captured with the Dianulox® portable fluorescence reader device. Samples: from left to right, one spot containing a blank sample 
of OF and five spots containing 500 ng of Δ9-THC in OF, submitted to the FBBB reaction. The red bar shows the absolute height from one of the peaks. 
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dried overnight. The fluorescence intensity was measured with the 
Dianulox® portable fluorescence reader and images were taken with the 
Dino-Lite® digital microscope. 

Results 

Substrate optimization 

Planar Solid Phase Microextraction (PSPME), where the FBBB test 
was previously described in plant extracts [16], Cytiva Whatman™ 1PS 
Disposable Phase Separating Paper (silicon treated filter paper), Cytiva 
Whatman™ Grade 3 Qualitative Filter Paper Standard Grade, and glass 
fiber filter were evaluated as potential substrates for the FBBB reaction 
in OF. Silicon treated filter paper is a hydrophobic filter paper, Whatman 
filter paper grade 3 is a thick filter paper, and glass fiber filter paper has 
been described as an inert material that is adequate for fluorescence 
assays [27]. 

Table S1 (see supplementary material) shows the substrates perfor
mances as per visual color and fluorescence intensity for OF blank and 
for 15 µg/mL (150 ng) of Δ9-THC in OF on the spot, after the reaction 
with FBBB, captured and photographed with the Dino-Lite® digital 
microscopes. All the reactions were placed onto 3.5 mm circles of each 
substrate as previously described [16]. The only material that provided 
with a non-reactive blank on both color and fluorescence was the glass 
fiber filter (Table S1), while it provided a red color and a bright red color 
for fluorescence when Δ9-THC reacted with FBBB. Although the other 
materials also demonstrated functionality as substrates for the FBBB 
with Δ9-THC reaction in OF, a green fluorescence signal was observed in 
the OF blanks. Thus, glass fiber filter was chosen as the substrate for the 
FBBB reaction in OF. Afterwards, the size of the substrate was optimized 
to 6.3 mm squares, that could better accommodate the reaction for OF 
and it suits the Dianulox® portable fluorescence reader. 

The use of synthetic oral fluid and the fast blue BB test 

The commercial synthetic OF OraFlx® was tested as a potential 
matrix for the FBBB method validation. For this purpose, a comparison 
experiment was conducted involving a blank sample of human OF, a 
blank sample of synthetic OF, a sample of Δ9-THC in a high concen
tration (25 µg/mL) diluted in human OF, and a sample of Δ9-THC in a 
high concentration (25 µg/mL) diluted in synthetic OF, all reacted with 
FBBB in the presence of NaOH. 

The synthetic OF sample containing Δ9-THC did not show a red color 
as it shows for the human OF sample when reacting with FBBB 
(Table S2, see supplementary material). Additionally, it only displayed a 
faded red color for the fluorescence intensity captured with the Dino- 
Lite® digital microscope, compared to the bright red color shown for the 
human OF sample containing Δ9-THC (Table S2). Analyzing the Dia
nulox® portable fluorescence reader data (Table S2), the average fluo
rescence measured from the reaction involving the human OF blank, the 

synthetic OF blank, and the synthetic OF containing Δ9-THC present 
similar results (around 150), which is a much lower number compared 
to the human OF sample containing Δ9-THC (around 430). There is 
indication that the synthetic OF OraFlx® prevented the reaction be
tween Δ9-THC and FBBB and therefore was it not selected as a matrix for 
validation in this research. 

Pre-processing of oral fluid 

Initially, non-processed human OF was tested for the FBBB reaction. 
However, high signals of fluorescence were observed with the reaction 
between OF blank samples and FBBB using the Dianulox® portable 
fluorescence reader (Fig. 2). When analyzing the fluorescence images of 
these spots acquired with the Dino-Lite® digital microscope, it was 
observed that the signals were most likely coming from the debris (e.g., 
proteins, cells, bacteria) present in the OF (Fig. 2a and 2b). To reduce 
these debris, the OF was submitted to centrifugation. Fig. 2d displays the 
reaction of centrifugated OF (Fig. 2c) with FBBB on the spot with no 
observable signal from the debris. Centrifugated OF samples also 
generated significant decreases in the fluorescence signal acquired with 
the Dianulox® portable fluorescence reader. Therefore, centrifugated 
OF was chosen as a matrix for the FBBB method validation. 

Limit of detection (LOD) definition and calibration curve of Δ9-THC in 
oral fluid 

Nine different concentrations of Δ9-THC (from 0.5 µg/mL to a 100 
µg/mL, or 5 to 100 ng) were prepared in OF and then subjected to the 
FBBB reaction. Table 1 shows the visual color and the fluorescence for 
each concentration captured and photographed with Dino-Lite® digital 
microscopes for one replicate of each concentration. Table 2 shows the 
average fluorescence captured with the Dianulox® portable fluores
cence reader for five replicates of each concentration. When analyzing 
the images taken with the Dino-Lite® digital microscopes, the red color 
from the Δ9-THC reaction with FBBB becomes visually distinguishable 
above 5 µg/mL of Δ9-THC (50 ng on the spot) (Table 1). The fluores
cence intensity, however, can be observed starting at 0.5 µg/mL (5 ng of 
Δ9-THC on the spot) (Table 1). With increasing concentrations of Δ9- 
THC, both color and fluorescence intensity from the reaction with FBBB 
increase as well (Table 1). 

When analyzing the fluorescence captured with the Dianulox® 
portable fluorescence reader, the average signal for the reaction be
tween 0.5 µg/mL of Δ9-THC and FBBB was also higher than the average 
signal generated by OF blank samples (Table 2). Comparing increasing 
concentrations of Δ9-THC, it is possible to observe that the signal also 
increases up to 10 µg/mL of Δ9-THC. Higher concentrations (15, 20, and 
50 µg/mL) of Δ9-THC show similar average fluorescence signals, but 
100 µg/mL of Δ9-THC show the highest signal. Comparing the average 
fluorescence signal between replicates prepared in two different days, 
the %RSD is below 20% for all concentrations of Δ9-THC but for 0.5 µg/ 

Fig. 2. Non-processed OF (a, b) versus centrifugated OF (c, d). Visual aspect (a, c) and fluorescence (b, d) captured and photographed with the Dinolite® digi
tal microscope. 
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mL and 5 µg/mL, indicating overall precision for the instrument 
measurements. 

Fig. 3 shows the fluorescence analysis for different concentrations of 
Δ9-THC performed with a VSC2000 instrument to confirm the fluores
cence previously captured with the Dianulox® portable fluorescence. 
The analysis was made using one replicate of each Δ9-THC concentra
tion. Following the same pattern of the portable instrument, the reaction 
between low concentrations (0.5, 1, 3, 5, and 10 µg/mL) of Δ9-THC and 
FBBB showed increasing intensity peaks of fluorescence above the blank 
sample peak. Concentrations above 10 µg/mL of Δ9-THC (15, 20, 50, 
and 100 µg/mL) achieved the maximum intensity peak threshold for the 
VSC2000 instrument. 

The fluorescence analysis using the Dino-Lite® digital microscope, 
the Dianulox® portable fluorescence reader, and the VSC2000 instru
ment confirm that 0.5 µg/mL (5 ng) of Δ9-THC in OF is the minimum 
mass amount necessary for the reaction with FBBB on a miniaturized 
spot of glass fiber filter. Therefore, it was established as the test LOD. 

A calibration curve was also plotted for the fluorescence signals ac
quired with the Dianulox® portable fluorescence reader for the reaction 

Table 1 
Visual color and fluorescence captured and photographed with Dino-Lite® digital microscopes with increasing concentrations of Δ9-THC in OF on the spots, after 
reaction with FBBB.  

Table 2 
Average fluorescence captured with Dianulox® portable fluorescence reader, 
with increasing concentrations of Δ9-THC in OF on the spots, after reaction with 
FBBB.  

Δ9-THC 
Concentration in OF 

Dianulox® Dianulox® Average SD1 % 
RSD  

Day 1* Day 2*    

0 (blank)  118.6  139.0  128.8  14.4  11.1 
0.5 µg/mL (5 ng)  130.8  201.4  166.1  49.4  30.0 
1 µg/mL (10 ng)  178.8  219.6  199.2  28.8  14.4 
3 µg/mL (30 ng)  237.8  301.8  269.8  45.2  16.7 
5 µg/mL (50 ng)  234.0  334.6  284.3  71.1  25.0 
10 µg/mL (100 ng)  418.9  444.0  431.4  17.7  4.1 
15 µg/mL (150 ng)  365.6  437.4  401.5  50.7  12.6 
20 µg/mL (200 ng)  347.4  369.0  358.2  15.2  4.2 
50 µg/mL (500 ng)  374.8  374.4  374.6  0.2  0.07 
100 µg/mL (1000 ng)  462.0  469.8  465.9  5.5  1.1 

*Average of five replicates each day. 
1 SD: standard deviation. 

Fig. 3. VSC2000 analysis for different concentrations of Δ9-THC in OF on the spots, after reaction with FBBB. The graph shows the peak intensity (y) and the 
wavelength in nm (x) for the fluorescence emission. 
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between FBBB and different concentrations of Δ9-THC in OF, using the 
average from ten replicates of each concentration over two different 
days (Table 2). The average of the fluorescence for ten replicates of a 
blank (OF without Δ9-THC) reaction with FBBB was subtracted from the 
average of the fluorescence for ten replicates of each concentration. 
Fig. 4 displays the linear range that was observed for the reactions 
involving low concentrations of Δ9-THC (0.5, 1, 3, 5, and 10 µg/mL, or 
5, 10, 30, 50, and 100 ng). The correlation coefficient was 0.9654. 

For comparison and confirmation, RBG codes were obtained from the 
fluorescence images captured with the Dino-Lite® digital microscope. 
The red scores produced the most variation of color between different 
concentrations of Δ9-THC (Table 1), and a calibration curve model was 
built using the average red scores for five replicates of each concentra
tion (Fig. 5). The average of the fluorescence for five replicates of a blank 
(OF without Δ9-THC) reaction with FBBB was subtracted from the 
average of the fluorescence for five replicates of each concentration. 
Fig. 5 shows the same linear range observed for the reactions involving 
low concentrations of Δ9-THC (0.5, 1, 3, 5, and 10 µg/mL, or 5, 10, 30, 
50, and 100 ng), with a correlation coefficient of 0.919, corroborating 
the findings of the calibration model using the Dianulox® portable 
fluorescence reader. This experiment confirmed that it is possible to 
estimate different concentrations of Δ9-THC in OF using the FBBB test 
using the Dianulox® portable fluorescence reader. 

Accuracy and precision - Dianulox® portable fluorescence reader 

Accuracy, intra, and inter-day precision were evaluated for a semi- 
quantitative analysis of the fluorescence from the Δ9-THC in OF and 
FBBB reaction captured with the Dianulox® portable fluorescence 
reader. To estimate the accuracy of Dianulox® portable fluorescence 
reader measurements, the average fluorescence of ten replicates of each 
Δ9-THC concentration and FBBB reaction was applied in the linear 
regression equation (y = 2.8087x + 26.424) estimated for the calibra
tion curve (Fig. 4) using this instrument. Each of the expected concen
trations (0.5, 1, 3, 5, and 10 µg/mL, or 5, 10, 30, 50, and 100 ng), 
corresponding to the real Δ9-THC concentrations in OF, was estimated. 
Table 3 shows the expected concentrations and the accuracy results from 
the calculations. Only higher concentrations of Δ9-THC (5 and 10 µg/ 
mL) demonstrated excellent accuracy (<20%). 

The precision of the instrument was evaluated at three different 
concentrations of Δ9-THC in OF (low, medium, and high – 3, 20, and 50 
µg/mL, or 30, 200, and 500 ng), submitted to the FBBB reaction in five 
replicates, over five different days. Table 4 shows the results for five 
replicates prepared on day 1 (intra-day) and on five different days (inter- 
day). The averages, the standard deviation, and the %RSD between the 

five replicates were calculated. For intra-day precision, the %RSD below 
20% indicate overall precision for all three concentrations (Table 4). For 
inter-day precision, however, the low concentration (3 µg/mL or 30 ng) 
showed an increased variation (28%) between inter-day replicates 
(Table 4). 

Analysis of oral fluid collection devices buffers for the FBBB test 

QuantisalTM and Intercept® OF collection devices were chosen to be 
tested for the detection of Δ9-THC using the FBBB test. 

Three different concentrations of Δ9-THC (3, 20, and 50 µg/mL, or 
30, 200, and 500 ng) were diluted in OF previously collected in Quan
tisalTM and Intercept® buffers, and then tested for the FBBB test. A blank 
sample containing only the device buffer and a blank sample containing 
human OF mix in the buffer were also tested as negative controls. Δ9- 
THC samples diluted in OF collected by spitting were used as positive 
controls. 

Table S3 (see supplementary material) shows the images from the 
visual color and the fluorescence intensity acquired from the reaction 
between OF in QuantisalTM buffer samples and FBBB (one replicate 
each), compared to the reaction between OF samples and FBBB (one 
replicate each), captured with Dino-Lite® digital microscopes. As ex
pected, blank samples did not show red color and as concentrations of 
Δ9-THC increased, the red color intensity increased for all samples. As 
for the fluorescence intensity, the blank sample of QuantisalTM buffer 
showed a faded red signal, while the blank sample of OF in QuantisalTM 

buffer did not show any color. Increasing concentrations of Δ9-THC 
increased the red color intensity for both OF in QuantisalTM buffer and 
OF samples without buffer. Interestingly, OF in QuantisalTM buffer 
samples showed a stronger color and fluorescence intensity for the lower 

Fig. 4. Linear regression estimated for the fluorescence from the reaction be
tween FBBB and different concentrations of Δ9-THC in OF, captured with the 
Dianulox® portable fluorescence reader. Each point in the curve represents the 
average of ten replicates for the reaction. Errors bars represent the %RSD be
tween the ten measurements. 

Fig. 5. Linear regression estimated for the fluorescence from the reaction be
tween FBBB and different concentrations of Δ9-THC in OF, captured from im
ages and RGB codes taken with a Dino-Lite® digital microscope. Each point in 
the curve represents the average of five replicates for the reaction. Errors bars 
represent the %RSD between the five measurements. 

Table 3 
Accuracy calculated from the linear regression equation (y = 2.8087x + 26.424) 
for the average fluorescence (ten replicates) from the reaction between FBBB 
and each of the concentrations inside the linear range observed between 5 and 
10 µg/mL of Δ9-THC in OF, captured with Dianulox® portable fluorescence 
reader.  

Δ9-THC 
concentration  
in OF 

Expected concentration based on the 
equation 

Accuracy 

0.5 µg/mL (5 ng)  3.8  –23.2 
1 µg/mL (10 ng)  15.6  56.2 
3 µg/mL (30 ng)  40.7  35.8 
5 µg/mL (50 ng)  45.9  −8.1 
10 µg/mL (100 ng)  98.3  −1.6  
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concentration of Δ9-THC (3 µg/mL or 30 ng), when compared to OF 
samples. 

Table S4 (see supplementary material) displays the fluorescence 
average intensity of five replicates of both OF in QuantisalTM buffer and 
OF samples without buffer for two experiments conducted in the Dia
nulox® portable fluorescence reader over two different days. The 
average, the standard deviation, and the %RSD between the two ex
periments were evaluated to estimate the instrument‘s precision. The % 
RSD was below 20% for all the reactions presented on Table 9. Overall, 
OF in QuantisalTM buffer samples generated lower fluorescence intensity 
signals for the blanks and for all three different concentrations of Δ9- 
THC, except for the concentration of 30 ng, compared to OF without 
buffer samples. Both the buffer blank sample and the OF in buffer sample 
showed similar average results with the Dianulox® portable fluores
cence reader. Increasing concentrations of Δ9-THC in OF in QuantisalTM 

buffer provided increasing values for fluorescence intensity as well, 
corroborating the visual analysis with the Dino-Lite® digital micro
scopes. These results indicate that the QuantisalTM OF collection device 
can be used with the FBBB test for Δ9-THC detection. 

Table S5 (see supplementary material) shows the images from the 
visual color and the fluorescence intensity acquired from the reaction 
between OF in Intercept® buffer samples and FBBB (one replicate each) 
compared to the reaction between OF without buffer samples and FBBB 
(one replicate each), captured with Dino-Lite® digital microscopes. As 
expected, blank samples did not show red visual color or fluorescence 
intensity and increasing concentrations of Δ9-THC increased the red 
color intensity for both OF in Intercept® buffer and OF samples. OF in 
Intercept® buffer samples showed visual color and fluorescence in
tensity quite similar to OF samples. 

In Table S6 (see supplementary material), the fluorescence intensity 
average of five replicates of both OF in Intercept® buffer and OF samples 
without buffer for two experiments conducted in the Dianulox® 
portable fluorescence reader over two different days. The average, the 
standard deviation, and the %RSD between the two experiments were 
evaluated to estimate the instrument‘s precision. The %RSD was below 
20% for all the reactions. The average fluorescence was similar between 
OF in Intercept® buffer and OF samples, when considering the blank and 
the low concentration of Δ9-THC (3 µg/mL or 30 ng). Higher concen
trations of Δ9-THC (20 and 50 µg/mL, or 200 and 500 ng) showed lower 
fluorescence intensity signals in OF in Intercept® buffer samples 
compared to OF samples. However, like in OF samples without buffer, 
increasing concentrations of Δ9-THC in OF in Intercept® buffer samples 
provided increasing values for fluorescence intensity as well, corrobo
rating the visual analysis with the Dino-Lite® digital microscopes. These 
results indicate that the Intercept® OF collection device can be used 
with the FBBB test for Δ9-THC detection. 

Test interferences 

Cannabinoids interferences 

Four cannabinoids (CBD, CBN, CBG, and Δ8-THC) and two metab
olites (THC-COOH and THC-OH) were tested as possible interferants to 
the detection of Δ9-THC in OF using the FBBB test. 

Table 5 shows the visual color and the fluorescence intensity 
captured with the Dino-Lite® digital microscopes for one replicate of the 
cannabinoid/metabolite reaction with FBBB and for one replicate of the 
cannabinoid/metabolite reaction with FBBB in the presence of Δ9-THC 
(25 µg/mL or 250 ng), compared to a blank sample of OF and to a 
positive control of Δ9-THC (25 µg/mL or 250 ng). As it can be observed, 
individually, CBD and CBG reaction with FBBB provided an orange color 
and absence of fluorescence. CBN provided a light purple color and a 
faded red color for fluorescence. As for the reaction between Δ8-THC or 
the metabolites (THC-COOH and THC-OH) and FBBB, a red color and a 
bright signal for fluorescence was observed, similar to the FBBB reaction 
with Δ9-THC. When a high concentration (25 µg/mL or 250 ng) of Δ9- 
THC was added to a high concentration of each cannabinoid/metabolite 
(25 µg/mL or 250 ng), the color for the reactions involving CBD, CBN, 
and CBG remained different than red, and the fluorescence intensity 
showed a much less bright signal than the positive control of Δ9-THC 
itself (25 µg/mL or 250 ng). Δ8-THC or the metabolites (THC-COOH and 
THC-OH) reaction with FBBB in the presence of Δ9-THC (25 µg/mL or 
250 ng) remained generating a red color and a bright fluorescence 
signal, like the positive control. 

Table 6 shows the fluorescence intensity average of five replicates of 
the cannabinoid/metabolite and for five replicates of the cannabinoid/ 
metabolite in the presence of Δ9-THC (25 µg/mL or 250 ng) for two 
experiments conducted in the Dianulox® portable fluorescence reader 
over two different days. Table 6 also shows the average of five replicates 
for the negative control (OF blank sample) and for the positive control 
(Δ9-THC, 25 µg/mL or 250 ng) of the experiments. The average, the 
standard deviation, and the %RSD between the two experiments were 
evaluated to estimate the instrument‘s precision. The %RSD was below 
20% for all the reactions presented on Table 6. Overall, the results with 
the Dianulox® portable fluorescence reader corroborate with the con
clusions of the experiments with the Dino-Lite® digital microscopes 
(Table 5). Individually, CBD, CBN, and CBG reaction with FBBB showed 
an average fluorescence below the OF blank, while Δ8-THC and the 
metabolites (THC-COOH and THC-OH) reaction with FBBB show an 
average fluorescence similar to the reaction between Δ9-THC and FBBB. 
When mixed with a high concentration of Δ9-THC, CBD, CBN, and CBG 
reaction with FBBB quenched the fluorescence from the reaction be
tween Δ9-THC and FBBB. Δ8-THC and the metabolites (THC-COOH and 
THC-OH) reaction with FBBB, in the presence of Δ9-THC generated an 
average fluorescence similar to the reaction between Δ9-THC and FBBB. 

These results indicate that CBD, CBN, and CBG could potentially 
interfere with the Δ9-THC detection in OF by preventing both color and 

Table 4 
Intra-day precision calculated from five replicates of three different Δ9-THC concentrations (low, medium, high) diluted in OF, after reaction with FBBB (day 1).  

Δ9-THC concentration 
in OF 

Replicate 1 Replicate 2 Replicate 3 Replicate 4 Replicate 5 Intra- 
Day 
Average 

SD1 % 
RSD 

3 µg/mL 161 279 269 237 243 237.8 46.4 19.5 
20 µg/mL 321 337 322 441 316 347.4 52.9 15.2 
50 µg/mL 402 391 374 313 394 374.8 36.0 9.6 
Δ9-THC concentration 

in OF 
Average Intensity 
Day 1* 

Average Intensity 
Day 2* 

Average Intensity 
Day 3* 

Average Intensity 
Day 4* 

Average Intensity 
Day 5* 

Inter- 
Day 
Average 

SD1 % 
RSD 

3 µg/mL 237.8 301.8 344.0 355.2 167.2 281.2 78.6 28.0 
20 µg/mL 347.4 369.0 356.8 434.4 281.0 357.7 54.8 15.3 
50 µg/mL 374.8 374.4 407.8 486.0 396.4 407.8 46.0 11.3 

*Average of five replicates each day. 
1 SD: standard deviation. 
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fluorescence appearance from the Δ9-THC/FBBB reaction, producing 
false negative results. On the other hand, Δ8-THC and the metabolites 
(THC-COOH and THC-OH) could potentially interfere with the Δ9-THC 
detection in OF by producing false positive results with the FBBB test. 

Previous studies [22,23] show that minor cannabinoids (such as CBD 
and CBN) are often detected in OF in much lower concentrations than 

Δ9-THC. For this reason, a new experiment was designed using a low 
concentration of CBD, CBN, and CBG (5 µg/mL or 50 ng) in the presence 
of a high concentration of Δ9-THC (25 µg/mL or 250 ng). Table 7 shows 
the visual color and the fluorescence intensity captured with the Dino- 
Lite® digital microscopes for one replicate of the cannabinoid mixed 
with Δ9-THC reaction with FBBB compared to a blank sample of OF and 
to a positive control of Δ9-THC (25 µg/mL or 250 ng). It also presents the 
fluorescence intensity average of five replicates of the cannabinoid and 
Δ9-THC reaction, for two experiments conducted in the Dianulox® 
portable fluorescence reader over two different days. The average, the 
standard deviation, and the %RSD between the two experiments were 
evaluated to estimate the instrument‘s precision. The %RSD was below 
20% for all the reactions presented on Table 7. The results for color and 
fluorescence intensity using both the Dino-Lite® and the Dianulox® 
instruments show that Δ9-THC could be easily detected in the presence 
of lower concentrations of CBD, CBN, and CBG. The results observed 
with the Dino-Lite® digital microscope show the same red color and 
bright red color for fluorescence for the minor cannabinoids in the 
presence of Δ9-THC and for the positive control of Δ9-THC alone. 
Comparing the average fluorescence intensity captured with the Dia
nulox® portable instrument, the fluorescence for the minor cannabi
noids in the presence of Δ9-THC is lower than the positive control, but it 
is still much higher than the OF blank. 

Other substances interferences 

A total of eleven substances that could potentially be present in the 
oral cavity of any individual, prior to OF collection, were tested for the 
FBBB test individually and in the presence of a high concentration of Δ9- 
THC (25 µg/mL or 250 ng). Although there are numerous other possi
bilities for drinks and substances that could be also found in OF, 
different types of common drinks, including sodas, juice, teas, and 
alcoholic beverages were tested as a representative group as possible 
interferants to the test (Tables S7 and S8, see supplementary material). 
Standard solutions of caffeine and nicotine were also tested. The inter
ference studies were evaluated using both the Dino-Lite® digital mi
croscopes and the Dianulox® portable fluorescence reader instruments, 

Table 5 
Color and fluorescence captured with Dino-Lite® digital microscopes for the reaction between Δ9-THC, minor cannabinoids (CBD, CBN, CBG, and Δ8-THC), and 
metabolites (THC-COOH and THC-OH). On the right side of the table, the images show the cannabinoids and the metabolites submitted for the reaction individually in 
a high concentration (25 µg/mL); on the left side of the table, the images show the cannabinoids and the metabolites in a high concentration (25 µg/mL) in the presence 
of a high concentration of Δ9-THC (25 µg/mL).  

Table 6 
Fluorescence captured with the Dianulox® portable fluorescence reader for the 
reaction between Δ9-THC, minor cannabinoids (CBD, CBN, CBG, and Δ8-THC), 
and metabolites (THC-COOH and THC-OH). The reaction was performed using a 
high concentration of the cannabinoid/metabolite (25 µg/mL), and then a high 
concentration of the cannabinoid/metabolite 25 µg/mL) in the presence of a 
high concentration of Δ9-THC (25 µg/mL).  

Cannabinoid Day 
1* 

Day 
2* 

Average SD1 % 
RSD 

Blank 142.0 188.6 165.3 32.9 19.9 
Δ9-THC (25 µg/mL) 401.6 413.0 407.3 8.0 1.9 
CBD (25 µg/mL) 95.2 96.6 95.9 0.9 1.0 
CBD (25 µg/mL) +

Δ9-THC (25 µg/mL) 
288.0 286.6 287.3 0.9 0.3 

CBN (25 µg/mL) 154.2 138.4 146.3 11.1 7.6 
CBN (25 µg/mL) +

Δ9-THC (25 µg/mL) 
176.4 232.0 204.2 39.3 19.2 

CBG (25 µg/mL) 94.6 94.6 94.6 0 0 
CBG (25 µg/mL) +

Δ9-THC (25 µg/mL) 
149.2 156.0 152.6 4.8 3.1 

Δ8 THC (25 µg/mL) 489.4 459.8 474.6 20.9 4.4 
Δ8 THC (25 µg/mL) + Δ9-THC 

(25 µg/mL) 
495.6 584.2 539.9 62.6 11.6 

Metabolite Day 1 Day 2 Average SD1 Day 
2 

THC-COOH (25 µg/mL) 457.6 467.0 462.3 6.6 1.4 
THC-COOH (25 µg/mL) + Δ9- 

THC (25 µg/mL) 
422.4 328.4 375.4 66.4 17.7 

THC-OH (25 µg/mL) 456.8 469.0 462.9 8.6 1.8 
THC-OH (25 µg/mL) + Δ9-THC 

(25 µg/mL) 
375.2 358.8 367.0 11.5 3.1 

*Average of five replicates each day. 
1 SD: standard deviation. 
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for imaging and fluorescence signals estimation. 
Table S7 shows the visual color and the fluorescence intensity 

captured with the Dino-Lite® digital microscopes for one replicate of the 
substance and for one replicate of the substance in the presence of Δ9- 
THC (25 µg/mL or 250 ng) after reaction with FBBB. Control samples 
included blank OF as negative control and Δ9-THC (25 µg/mL or 250 ng) 
as a positive control. Of all substances listed on Table S7, only nicotine, 
guarana powder, and the teas (black tea and green tea) showed a red 
color in the reaction with FBBB, that could be mistaken by the red color 
that appears for the reaction between Δ9-THC and FBBB. However, none 
of these substances showed the red fluorescence intensity that we can 
observe in the reaction between Δ9-THC and FBBB. When the sub
stances were mixed with a high concentration of Δ9-THC (25 µg/mL or 
250 ng), a red color could be then observed for all the reactions, except 
for the orange juice. Orange juice showed a mixed color of green and red 
for the fluorescence intensity when mixed with Δ9-THC and FBBB. As 
for the fluorescence, guarana powder and the teas (black tea and green 
tea) quenched the fluorescence of Δ9-THC and FBBB reaction. 

Table S8 shows the fluorescence intensity average of five replicates 
of the substance and for five replicates of the substance in the presence 
of Δ9-THC (25 µg/mL or 250 ng) for two experiments conducted in the 
Dianulox® portable fluorescence reader over two different days. 
Table S8 also shows the average of five replicates for the negative 
control (OF blank sample) and for the positive control (Δ9-THC 25 µg/ 
mL or 250 ng) of the experiments. The average, the standard deviation, 
and the %RSD between the two experiments were evaluated to estimate 
the instrument‘s precision. Coca Cola® soda and black tea showed the 
highest variation between replicates, individually. In the presence of Δ9- 
THC; caffeine and vodka Absolut® showed the highest variation be
tween replicates. 

When analyzed individually, the substances caffeine, nicotine, gua
rana powder, teas (black tea and green tea), and vodka Absolut® 
showed fluorescence scores lower than the negative control and it would 
not be mistaken by the fluorescence of Δ9-THC and FBBB reaction. 
Guarana Antarctica® soda and whiskey Jack Daniels® show slightly 
higher signals than the negative control, but no fluorescence was 
observed with the Dino-Lite® digital microscope for these substances 
(Table S7). Coca Cola® soda, orange juice, and Corona® beer showed 
fluorescence signals even higher than the positive control. However, 
these three beverages show a green signal when the spot is analyzed 

with the Dino-Lite® digital microscope (Table S7), instead of the red 
signal that we observe for Δ9-THC and FBBB reaction. Therefore, these 
substances show a different fluorescence pattern when reacting with 
FBBB. Caffeine, nicotine, guarana powder, and the teas (black tea and 
green tea) seemed to quench the fluorescence from the Δ9-THC and 
FBBB reaction when analyzing it with the Dianulox® portable fluores
cence reader. When comparing it to the Dino-Lite® digital microscope 
imaging analysis (Table S7), only guarana powder and the teas (black 
tea and green tea) did in fact quench the fluorescence of Δ9-THC and 
FBBB reaction. 

Stability studies 

Tables S9 and S10 (see supplementary material) show the results for 
the spots stability over time, kept in the dark under room temperature. 
For a medium concentration (20 µg/mL or 200 ng) and a high (50 µg/mL 
or 500 ng) concentration of Δ9-THC, both color and fluorescence can be 
still observed after 30 days. The fluorescence analysis using both the 
imaging with the Dino-Lite® digital microscope (Table S9) and the 
Dianulox® portable fluorescence reader (Table S10) indicates a little 
decrease in the signal over time, but those concentrations can still be 
easily detected. The low concentration of Δ9-THC (3 µg/mL or 30 ng), 
however, show a similar imaging pattern over time (Table S9), and an 
increasing signal for fluorescence captured with the Dianulox® portable 
fluorescence reader (Table S10). It seems that the chromophore/fluo
rophore formed by Δ9-THC and FBBB is stable, but in a low concen
tration of Δ9-THC, such as 3 µg/mL or 30 ng, the amount of product is 
not enough to be observed over time. In this case, the higher fluores
cence signals that were observed with the Dianulox® instrument could 
be related to OF and/or FBBB degradation over time. 

Table S11 (see supplementary material) shows the results for the 
stability of pre-loaded FBBB spots, which were kept at three different 
temperatures for 15 days: at room temperature (25 ◦C), in a refrigerator 
(4 ◦C) and in the freezer (-20 ◦C). At day 15, low, medium, and high 
concentrations (3, 20, and 50 µg/mL or 30, 200, and 500 ng) of Δ9-THC 
in OF were applied on the spots for reaction, and then compared to 
freshly FBBB pre-loaded spots. When kept at room temperature, all the 
pre-loaded FBBB spots turned into a light pink color before reaction and 
did not show significant fluorescence signals for the Dinolite® micro
scope imaging or for the Dianulox® instrument (Table S11). The pre- 

Table 7 
Testing of minor cannabinoids (CBD, CBN, and CBG) in a low concentration (5 µg/mL) in the presence of a high concentration of Δ9-THC (25 µg/mL). Images were 
collected with Dino-Lite® digital microscopes, and the fluorescence intensity was captured with the Dianulox® portable fluorescence reader.  

*Average of five replicates each day. 
1SD: standard deviation. 
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loaded spots that were kept under lower temperatures (4 ◦C and −20 ◦C) 
performed similarly to freshly pre-loaded FBBB spots, providing both 
red color and fluorescence signals that could be observed with the 
Dinolite® microscope imaging and with the Dianulox® instrument 
(Table S11). However, the Dianulox® instrument analysis showed lower 
fluorescence signals for the blank samples and for the three concentra
tions of Δ9-THC applied on those spots. 

Discussion and conclusions 

The FBBB test was previously validated for the differentiation be
tween marijuana-type and hemp-type cannabis [16]. The chemical re
action was optimized for 10 µL of cannabis plants extracts from organic 
solvents (1 mL of a mixture of MeOH and chloroform), 10 µL of FBBB, 
and 10 µL of NaOH, both prepared in methanolic solutions, on top of a 
substrate named PSPME [16]. The volatile small volume of sample and 
reagents (30 µL) is able to dry very quickly on the substrate allowing for 
fast results involving color (red in the presence of Δ9-THC and orange in 
the presence of CBD) and fluorescence (in the presence of Δ9-THC) that 
were captured with Dinolite® digital microscopes. Δ9-THC and CBD 
concentrations in cannabis plant extracts are relatively high and based 
on the red color from the chromophore formed by FBBB and Δ9-THC, or 
the orange color from the chromophore formed by FBBB and CBD, the 
test LOD was defined at 50 µg/mL or 500 ng [16]. The FBBB test in 
cannabis plants extract was subjected to interference studies for 
different cannabinoids (CBN, CBG, delta-9-tetrahydrocannabolic acid 
(THCA), and cannabidiolic acid (CBDA)), herbs, and spices [16]. Sta
bility studies have shown that the FBBB reagent is not stable at room 
temperature and needs to be kept refrigerated while being protected 
from light [16]. 

This current work demonstrates the applicability of the presumptive 
FBBB test for Δ9-THC detection in OF, for the first time. We report the 
test‘s optimization on a different substrate (6.3 mm of glass fiber filter), 
using only 10 µL of OF, and the same small volume (20 µL) of reagents 
(FBBB and NaOH). Different from the cannabis plant extracts, Δ9-THC 
concentrations in OF can be significantly lower and in this matrix the 
fluorescence analysis provided more information about low concentra
tions of Δ9-THC than color. For this purpose, along with the Dinolite® 
digital microscopes spots analysis, we introduce a portable fluorescence 
reader (Dianulox®) for the analysis of the fluorescence between Δ9-THC 
and FBBB reaction. This instrument could demonstrate that different 
concentrations of Δ9-THC can be estimated in OF using the FBBB test. 
The OF matrix, however, is much more complex than cannabis plant 
extracts and issues such as OF collection and sample preparation need to 
be addressed accordingly. 

While OF sample collection presents advantages for field drug 
testing, the matrix complexity is a challenge for method development. 
When OF is collected by simply drooling, the matrix viscosity and the 
presence of debris that are naturally in the oral cavity (e.g., proteins, 
cells, bacteria) are potential interferents to a test and this difficulty was 
observed in the fluorescence analysis from non-processed OF and FBBB 
reaction. Although it is possible to observe the fluorescence from the 
reaction between Δ9-THC and FBBB using non-processed OF, blank 
samples (non-spiked OF) provide a higher fluorescence signal than 
centrifugated OF. Therefore, non-processed OF interferes with the FBBB 
test by reducing its sensitivity. To overcome this issue, we performed OF 
centrifugation before spiking the matrix with Δ9-THC and submitted it 
to the FBBB test. This sample treatment was necessary to demonstrate 
the FBBB test applicability for the detection of Δ9-THC in OF. However, 
this procedure would not be adequate in a real sampling scenario due to 
the possibility that Δ9-THC might be lost along with the OF debris in a 
centrifugation process. 

A different approach of handling OF viscosity and debris is to collect 
OF using a commercial device. However, the impact of devices preser
vation buffers should be evaluated in the method validation of a test for 
drug detection in OF [20,28]. We performed experiments with the 

synthetic OF OraFlx® and according to the manufacturer (Dyna-Tech 
Industries), the buffer solution contains sodium azide 0.1% as a pre
servative. Therefore, our results show that this buffer preservative can 
prevent the reaction between Δ9-THC and FBBB. In the reaction be
tween Δ9-THC and FBBB, the electrons from the phenolate ion in the Δ9- 
THC attack the diazo group on the FBBB compound, forming the red 
chromophore complex [29]. It is suspected that the presence of the so
dium azide preservative interferes with the formation of the chromo
phore complex since the THC interacts with the sodium azide rather 
than the FBBB, resulting in no color formation. Due to this finding, 
collection devices that contain a sodium azide buffer should not be used 
as to not interfere with the FBBB reaction. 

Commercial devices buffers such as OralEzeTM (ThermoFisher Sci
entificTM) or SalivaSamplerTM (StatSureTM Diagnostics Systems) contain 
sodium azide [21] and should be avoided for use with the FBBB test. The 
devices QuantisalTM (Immunalysis Corporation) and Intercept® (Ora
Sure Technologies) contain non-azide buffer preservatives and they 
were chosen to be evaluated in this research with the FBBB test. The OF 
collection process involving the pad and the buffer, for both devices, was 
sufficient to handle the OF debris and no centrifugation was necessary 
prior to FBBB evaluation tests. Overall, the two devices demonstrated an 
adequate performance without interfering in the reaction between 
different concentrations of Δ9-THC (3, 20, and 50 µg/mL or 30, 200, and 
500 ng) and the FBBB reaction. However, while these commercial OF 
collection devices help with providing a clean matrix for analysis, the 
buffer volume standardized for each device adds a critical dilution factor 
to Δ9-THC analysis in OF. Both QuantisalTM and Intercept® devices pads 
collect 1 mL of OF, and then they are diluted into 3 mL and 2 mL of 
buffer, respectively. Low concentrations of Δ9-THC in OF diluted in such 
volumes of buffer would be difficult to detect in a screening test. 

Ultimately, a sample extraction procedure is commonly required in 
quantitative methods for Δ9-THC detection in OF [30] and it focuses on 
improving both the OF viscosity and the concentration for drug recovery 
aspects. Furthermore, an extraction procedure would help reduce the 
water content on the OF samples, allowing the spots to dry faster. The 
development of a sample extraction protocol is the next step for the 
research of Δ9-THC detection in OF using the FBBB test. 

The method validation for the detection of Δ9-THC in OF using the 
FBBB test included the LOD definition, interferences, and stability 
studies. Additionally, a calibration model, linearity, accuracy, and pre
cision were studied for the semi-quantitative evaluation of Δ9-THC in 
OF. 

Sensitivity is the most challenging aspect of a Δ9-THC screening test 
in OF. After around 22 h after smoking [22,31], Δ9-THC concentrations 
in OF can be as low as 1 ng/mL. Because of this, different organizations 
published guidelines recommendations concerning Δ9-THC cut-off 
limits for OF field testing. In 2012, The European project Driving 
Under the Influence of Drugs (DRUID) [32] established the cut-off of 27 
ng/mL for Δ9-THC detection in OF. In 2019, in the United States, the 
Substance Abuse and Mental Health Administration (SAMHSA) pub
lished mandatory guidelines for federal workplace drug testing pro
grams [33], where the cut-off value for Δ9-THC detection in OF was 
established as 2 ng/mL for screening tests and as 1 ng/mL for confir
matory tests. Our experiments show that 500 ng/mL (0.5 µg/mL or 5 ng 
on the spot) of Δ9-THC can be detected in OF using the FBBB test on a 
miniaturized spot based on the fluorescence analysis. To obtain 5 ng of 
Δ9-THC mass on the spot, 10 µL a high concentrated solution of spiked 
Δ9-THC in OF (0.5 µg/mL) was applied. Therefore, a sample extraction 
protocol is still necessary for detecting low concentrations of Δ9-THC in 
OF (<500 ng/mL) so that it can be identified with the FBBB test. 

Interference studies were evaluated for different cannabinoids (CBD, 
CBN, CBG, Δ8-THC), for Δ9-THC metabolites (THC-COOH and THC- 
OH), and for different substances that could be present in the oral cav
ity of individuals prior to the test. The cannabinoids CBD, CBN, and CBG 
had been previously tested, individually, for the FBBB in plant extracts 
[16], providing a different color and fluorescence patterns than Δ9-THC. 
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In this study, it was observed that these cannabinoids, when added in 
high concentrations in the presence of Δ9-THC, could prevent or 
decrease the color and fluorescence intensity from the reaction between 
Δ9-THC and FBBB. Nevertheless, these cannabinoids can only be found 
in OF in much lower concentrations than Δ9-THC [22,23,31]. When a 
new experiment was conducted using low concentrations of CBD, CBN, 
and CBG in the presence of a higher concentration of Δ9-THC, the red 
color and the fluorescence from the reaction between Δ9-THC and FBBB 
could be easily observed. Therefore, the presence of low concentrations 
of CBD, CBN, or CBG in OF should not interfere with higher concen
trations of Δ9-THC and FBBB reaction. 

Δ8-THC and the metabolites THC-COOH and THC-OH in reaction 
with FBBB demonstrated similar results than Δ9-THC for both color and 
fluorescence. However, the metabolites concentrations in OF are very 
low and should reflect the previous presence of Δ9-THC in the body 
[23]. As for Δ8-THC, this minor cannabinoid is also known for having 
psychoactive properties and it has been under investigation and dis
cussion about its regulation [34–36]. In this scenario, the detection of 
Δ8-THC in OF samples, along with Δ9-THC, might add an extra value for 
the FBBB test in the field testing. 

Of all substances tested as possible interferents to the FBBB in OF, 
Coca Cola® soda, orange juice, and Corona® beer, individually, have 
shown a fluorescence pattern that could be mistaken with the Δ9-THC 
pattern, using the Dianulox® portable fluorescence reader. Those could 
not be mistaken with Δ9-THC analyzing the images captured with the 
Dinolite® digital microscope. On the other hand, caffeine, nicotine, 
guarana powder, and the teas (black tea and green tea) seemed to 
quench the Δ9-THC reaction with FBBB using the Dianulox® portable 
fluorescence reader. When analyzed with the Dinolite® digital micro
scope only guarana powder and both black and green teas in fact 
quenched the reaction. It is important to highlight that these substances 
were all tested in relatively high concentrations (50/50 dilutions with 
OF). In a real OF sampling scenario for screening tests, there is a 
recommendation to wait at least 10 min prior to OF collection [37] that 
will reduce the possibility of interference contamination and this pro
cedure should be also followed for OF sampling prior to the FBBB test. 
No medications or other drugs of abuse were tested for the FBBB test as 
possible interferents to Δ9-THC detection for this study. Future work 
will include additional interference studies, as it is recognized that many 
different substances could also be present in oral fluid. 

Stability studies were performed to evaluate how long the reaction 
could still be observed, and if the FBBB reagent could be pre-loaded on 
the spots to facilitate field applicability. Both color and fluorescence of 
the Δ9-THC reaction with FBBB are stable for at least 30 days, allowing 
the test results to be kept as proof. Pre-loaded FBBB spots were only 
stable over time (15 days) when kept at lower temperatures, which 
could be a test limitation as it demands on-site refrigeration. 

Calibration curves for different Δ9-THC concentrations in OF were 
plotted, based on the fluorescence analysis of Δ9-THC and FBBB reac
tion, captured with both the Dianulox® portable fluorescence reader 
and the Dinolite® digital microscope instruments. However, the fluo
rescence analysis using the RGB scores from images captured with the 
Dinolite® digital microscope does not allow for inter-day precision 
evaluation, as the imaging conditions (position, environment light), and 
consequently the RGB scores, may vary throughout different days. For 
this reason, the semi-quantitative analysis of Δ9-THC in OF samples was 
evaluated for the Dianulox® instrument. The figures of merit evaluated 
the quantitative analysis were linearity, precision, and accuracy. The 
linearity range observed for the fluorescence intensity from the Δ9-THC 
and FBBB reaction involved lower concentrations of Δ9-THC (from 0.5 
µg/mL to 10 µg/mL, or 5 to 100 ng) with a correlation coefficient of 
0.9654. This is an interesting finding as higher concentrations of Δ9- 
THC produce both red color and increased fluorescence intensity signals 
when reacting with FBBB and a positive test can be easily identified. The 
instrument‘s accuracy was tested for all the for all the Δ9-THC con
centrations from the calibration curve (0.5, 1, 3, 5, and 10 µg/mL, or 5, 

10, 30, 50, and 100 ng) using the linear regression equation. Higher 
accuracy values were found for the highest concentrations (5 and 10 µg/ 
mL, or 50 and 100 ng) and similar results were obtained for intra and 
inter-day precision studies. The instrument demonstrated overall 
adequate precision results (<20%) for medium (20 µg/mL or 200 ng) 
and high (50 µg/mL or 500 ng) concentrations of Δ9-THC, while it was 
higher (>20%) for the low concentration of Δ9-THC (3 µg/mL or 30 ng). 
Even though the Dianulox® instrument did not fulfill all the re
quirements for a quantitative method validation recommended by the 
Standard Practices for Method Validation in Forensic Toxicology [25], 
these results show that the Dianulox® portable fluorescence reader 
demonstrates satisfactory performance to fit the purpose for a semi- 
quantitative analysis of Δ9-THC in OF using the FBBB test. Consid
ering the simplicity of the Dianulox® instrument, it would not be ex
pected that linearity, accuracy, and precision could reproduce the 
quantitative analysis performed by a mass spectrometry instrument. 
Therefore, a confirmatory test is still necessary after the initial identi
fication of Δ9-THC in OF with the FBBB test. 

Immunoassays are currently the screening method of choice for on- 
site drug detection in OF [37] but there are relatively high costs asso
ciated to this test. Most immunoassay devices available in the market 
require an OF collection device, often coupled to the test strip and a 
portable test reader [37]. Specifically for Δ9-THC detection, there are 
several issues reported with these devices [15]. Most studies involving 
immunoassays evaluate false positive and false negative tests rates by 
studying sensitivity, specificity, and accuracy [15,37]. Sensitivity, 
however, present values below expected (>90%) for some devices 
brands [15,37]. The cutoffs for Δ9-THC detection in OF vary between 4 
and 100 ng/mL throughout different immunoassays in the market 
[15,37], and some of these values are considered high. Additionally, the 
overall testing time for immunoassays ranges from 2 to 30 min between 
brands [15]. Inadequate OF collection volume, failure tests, and insta
bility to cold weather have been also reported for immunoassays 
involving Δ9-THC detection in OF [15]. 

The final goal of this research is to develop an OF collection and 
sample extraction system coupled to a prototype that can be used in the 
field and improve Δ9-THC detection in roadsides, workplace, or anti- 
doping programs. An ideal field test for the detection of Δ9-THC in OF 
would be low-cost, sensitive, and provide fast results. 

The miniaturized substrate herein described, and the small volume of 
reagents required for the FBBB test make it a very affordable technique. 
The fluorescence measurements, however, would demand an initial in
vestment to acquire a portable device and a computer for data analysis, 
which is not different than most of the immunoassays available in the 
market. The FBBB test sensitivity and the analysis time are expected to 
be improved with the development of an OF extraction method protocol. 
An OF sample extraction should allow higher Δ9-THC concentrations 
into smaller volumes of organic solvents, speeding up the chemical re
action with FBBB allowing for the spots to dry immediately for analysis. 
The FBBB test is a promising opportunity to improve Δ9-THC detection 
in OF in the field. 

Future work will include further optimization of the FBBB test in 
accordance with the development of a prototype for field detection of 
Δ9-THC in OF. This device should be validated for field usage, including 
not only an OF collection and sample extraction protocols and new LOD 
definition, but the testing of real OF samples from marijuana users, and 
the assessment for the test‘s sensitivity, specificity, and accuracy, in 
comparison with an immunoassay. Additionally, different environ
mental situations (e.g., temperature, humidity) should be also studied 
for the prototype. 
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