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ABSTRACT 

The design of a swab-based detector was 

developed for the detection of 
tetrahydrocannabinol (THC) in saliva. A gas 

sensor was used to differentiate among 

different concentrations of THC in water. The 
results show the initial proof of concept in 

detecting the presence of the THC. Further 
development is required to differentiate THC 

from other volatile organic compounds (VOC). 
Recommendations moving forward include 

integrating a microchannel and VOC filtering 
systems into the design to obtain a more 

selective device. 

Keywords: Tetrahydrocannabinol; saliva-
based detection; gas sensor  

INTRODUCTION 

With the impending legalization of 

marijuana by the Government of Canada in July 
2018, onsite testing devices for determining the 

impairment from tetrahydrocannabinol (THC) 
are needed. THC is the active ingredient in 

marijuana that causes impairment, euphoria, 

and anxiety [1]. The impairment from THC 
must be monitored by law enforcement to keep 

the public safe from reckless driving. Current 
THC level testing methods consist of blood 

sampling which requires a user to be taken to a 
lab [2, 3] and THC breathalyzers [4] which are 

undergoing extensive research and 
development. 

A possible solution for determining THC 

impairment includes a measuring device, which 
analyzes saliva to determine the user’s THC 

level of toxicity using mouth swabs. The THC 
concentration of the sample taken from the 

user is evaluated by determining the 
cannabinoid vapor pressure [4]. If the vapor 

pressure exceeds the legal level set by the 

Canadian government, the individual would be 
considered as impaired. 

In this work, a low cost portable system 
was developed for detection of THC in Saliva. 

The gas sensing device is used to determine 
the concentration of THC present in saliva.  

METHODOLOGY 

The device utilizes a gas sensor to measure 

the concentration of THC in the vapor emitted 

from a saliva sample that is collected using a 
cotton swab. The sensing element uses a metal 

oxide semiconductor layer formed on an 
alumina substrate of a sensing chip with an 

integrated heater for the detection of solvent 
vapors. As the sensor is exposed to THC, the 

resistance of the sensor decreases based on the 
THC concentration (see Figure 1). 

 As gas passes through the sensor, the 

resistivity of the sensor changes. This change 
creates a variation in the current passing 

through the circuit; and hence, the voltage 
across the load resistor RL is measured and 

determines the concentration of THC present 
[4]. The legal limit of THC concentration can be 

set on the sensing device to determine the 
impairment of the individual [5, 6]. 

Figure 2 shows the CAD design of the 

detector prototype. The components used 
within the case are a gas sensor (Figaro, 

TGS2620), an Arduino Uno REV 3 SMD 
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microcontroller and LCD screen, 12-V battery, 

breadboard-friendly SPDT slide switch, Piezo 
buzzer, three LED’s (green, blue and red), and 

a 3D printed polycarbonate enclosure with the 
testing channel attached to the bottom section 

of the device. The testing utilized a Δ9-
Tetrahydrocannabinol solution at 1.0 mg/mL in 

methanol (Sigma AldricH) to simulate saliva 
containing THC. The total cost of the prototype 

was $70.98 (see Table 1). 

 

 

Figure 1: THC sensor electric circuit schematic 
[7]. 

 

Table 1: The price list of all the parts.  

Part Price  

ARDUINO UNO REV3 SMD $20.90 

ARDUINO LCD SCREEN $20.90 

9V battery clip with 5.5mm/2.1mm plug $2.95 

Potentiometer Knob - Soft Touch T18 - 
Red 

$0.50 

Piezo Buzzer - PS1240 $1.50 

Breadboard-friendly SPDT Slide Switch $0.95 

Gas Sensor $15 

LED $8.28 

Total $70.98 

 

Figure 2: The CAD design of THC detector 
components.   

RESULTS AND DISCUSSION 

THC concentration testing was carried out 

using a swab. The loaded swab was present 5 
mm from the sensor in the testing channel (see 

Figure 3). The swab was held at the inlet and 

then removed. Different concentrations of 
ethanol and THC dissolved in water were 

tested. Baseline trials were carried out to show 
the effect of sensor readings when a dry swab 

and a wet swab soaked in pure water 
approached the sensor. Next, the THC trials 

were performed for different concentrations of 
THC: i) 100% w/v THC, ii) 2% w/v THC, iii) 4% 

w/v THC and 8% w/v THC. Ethanol trial was 

carried out with rubbing ethanol at 10% w/v 
concentration.  

Figure 4 shows that the prototype 
successfully differentiates among THC, ethanol, 

wet and dry swab. For this test, the swab was 
removed from the inlet after 40 s. Figure 5 

shows that the detector can differentiate 
among different concentrations of THC. Further 

testing is required to securely identify the 

relationships between THC concentrations and 

 
Figure 1: Breathalyzer Components and Enclosure 

 

 

Figure 3: Sensor Schematic 
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solutions. For this test, the swab was removed 

from the inlet after 100 s. 

 

Figure 3: THC swab sampling process. 

 

Figure 4: Sensor response to THC, ethanol, 
water and air. 

 

Figure 5: Sensor response to various 

concentrations of THC. 

CONCLUSION 

The current design demonstrates the ability 
to detect various volatile compounds through 

swab/saliva testing using the proposed 

prototype. At this stage, the device is unable to 

differentiate the compounds that are being 
detected but can determine the concentration 

of the gas at low concentrations. 

Moving forward, the team will optimize the 

device capabilities to differentiate between 
different particles and fumes (ethanol and 

THC). Further analysis will be conducted on 
integrating microfluidic channels and THC filters 

in order to enhance the selectively. 
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Figure 4: Testing Setup 
 

http://www.idmu.co.uk/pdfs/drugtest.pdf

