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1. Introduction  

 

1.1. Background  

Drugs of abuse constitutes a historic problem that continues to worsen inexorably from year 

to year. Indeed, according to the 2018 World drug report, the number of people using illicit 

drugs is still increasing, and international drugs cartels are becoming more aggressive and 

more expansionist. Nowadays, new record levels on drug production and consumption are 

evidencing the growing trend of this alarming issue. The most tragic result of this situation is 

the fact that deaths directly caused by the use of drugs are raising globally by 60 % from 2000 

to 2015, and this issue exhibits an ever-increasing rate. In 2016, the United States reported 

more than 10,000 drugs -related deaths. Although many of those deaths involved synthetic 

opioids and cannot be attributed exclusively to higher levels of consumption, the increase is 

nonetheless a strong indicator of increasing levels of harmful drugs use (Drug Overdose 

Deaths in the United States, 1999–2016, NCHS, No 294).  In this regard, a notable increase has 

been perceived in cocaine and heroin production. Indeed, global cocaine manufacture 

reached its highest level ever in 2016, exhibiting an increase rate of 25 % from 2015. Another 

evidence of this, is the fact that the total global production of opium increased by 65 % from 

2016 to 2017, the highest rise ever reported by United Nations Office on Drugs and Crime 

(UNODC), since started monitoring the global production (World Drug Report 2018). 

Accordingly, can be concluded that this scenario will imply huge volumes of drugs trafficking. 

Despite the fact that the main drugs used are still the classic drugs such as cocaine, marijuana, 

heroin, methamphetamine, MDMA and ketamine, the growth in the complexity and diversity 

of the synthetic drug market is raising concerns about the future situation. Reported and 

monitored by UNODC, in recent years, hundreds of new psychoactive substances (NPS) have 

been synthesized and added to the established synthetic drug market. NPSs are mainly 

grouped according to their pharmacological effect, and the largest portion of NPSs are the 

amphetamine-type substances. However, one of the most important and concerning example 

of this increasing trend are synthetic cannabinoids (SC), which are increasing their chemical 

diversity and the speed of their emergence. This event makes this group of compounds 

particularly challenging in terms of detection, monitoring, and response.  
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Currently, there is a large list of SCs developed to date, in essence, SCs simply aim to mimic 

the effects of THC (i.e. cannabis). The motivation for mentioned large variety of SCs is to 

provide a constant replacement for the market.  In other words, when one SC is, or is about 

to be legally controlled, manufacturers can have one or more replacement substance ready 

for sale. This makes each synthetic cannabinoid disposable. SC products are often chosen by 

the users due to their low cost and their ability to avoid drug tests. For that reason, Synthetic 

cannabinoids are the largest group of new psychoactive substances monitored by the 

European Monitoring Centre for Drugs and Drug Addiction (EMCDDA).  

In pursuit of keeping drugs, and drug dealers off the streets, law enforcement officials need 

to have access to a quick method to identify suspected narcotics ‘in the field’ (i.e. portable). 

This is motivating M.M.C. International to focus efforts on creating new technologies aimed 

to detect and qualify narcotics, in a fast, safe, selective and reliable way. 

1.2. Limitations of the colorimetric tests 

Nowadays, presumptive analysis of drugs is commonly performed via colorimetric tests such 

as provided by M.M.C. International. Even though these tests are fast and simple, colour is not 

always a reliable way for analysis interpretation. One of the most evident limitation of this 

methodology, is that the interpretation of these tests may be subjective (i.e. depends on the 

police officer reading), which may lead to false positives and false negatives. While a false 

negative is undesired and should be avoided, a false positive may imply serious consequences 

that may result in an individual wrongfully charged and prosecuted. For this reason, is 

recommended a specialized laboratory confirmation. Another issue related to this 

methodology, is the fact that most of the tests contain pollutants and dangerous chemicals, 

constituting a risk for the final user and during the manufacturing process. 

1.2. Basics of The Narco-Sens® 

Developed by M.M.C. International, the Narco-Sens®  unit is a device able to detect, qualify, 

and in some cases, quantify a large number of psychoactive compounds. This determination 

is based on an electrochemical technique called Voltammetry. The Narco-Sens®  unit includes 

the following components: a commercially available potentiostat, a small-size computer 

system, and self-developed procedures contained within a self-programmed software.  
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Electrochemical analysers like Narco-Sens®  are devices aimed to provide information about 

the composition of a sample in real time, this is accomplished by coupling a unit that provides 

stimulation over the analyte into an electrochemical transducer. In this way, and thanks to the 

interaction between the analyte and the sensor, the electrochemical variations can be 

detected and transduced into an analytically useful signal (Figure 1).  

During a electrochemical analysis the current can both be measured at a constant potential, 

referred to as amperometry, or with controlled variations of potential, referred as 

voltammetry. Voltammetry may be considered a direct application of the kinetic molecular 

theory, which stands that by applying a certain energy to a molecule it’s energy level can 

change. This is achieved at an specific voltage, when the 'excited molecule' will ascend into 

another energy level which is called oxidation. In turn, this process releases a certain amount 

of energy, and this energy is then measured as a fluctuation in the current. It is important to 

emphasize that under the influence of an electron transfer (i.e. voltage), each functional group 

of the molecule will be oxidized/reduced at a certain potential. Therefore, voltammetry may 

be used as a selective and sensitive technique for the qualification of organic compounds.  

Consequently, it is expected that Narco-Sens® will reduce significantly false positive/negatives 

responses compared to the currently used colour tests.  

 

Figure 1. Schematic representation of the electrooxidation performed by the Narco-Sens®  to identify  Δ9-THC.  
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The methodology contained within the Narcosens unit, is applied via screen printed 

electrodes, small disposable sensors. As stated before, in voltammetry the current is 

measured as the potential is varied. This is commonly done by using the three electrode 

system consisting of a working electrode (WE), reference electrode (RE) and counter electrode 

(CE), (Figure 2).  

 

Figure 2. Printed electro used by Narco-Sens® with the three electrode system comprising of a working 
electrode, reference electrode, and counter electrode. 

The potential is applied to the WE in contact with the electrolyte, that facilitates the charge 

to and from the electrolyte. The RE has a fixed potential and acts as a reference in measuring 

and controlling the WE’s potential, then any changes in the cell can be ascribable to the WE. 

To complete the circuit CE is connected to the WE balancing the charge added or removed 

from the electrolyte. During the analysis, the potentiostat modulates the voltage across the 

WE and CE and it adjusts this voltage to maintain constant the chosen potential difference 

between the WE and the RE.   

1.3. Previous limitations on the voltammetric determination of drugs of abuse 

The electrochemical oxidation of most common drugs such as cocaine, heroin, 

methamphetamine, MDMA and cannabis, have been studied by a large number of studies and 

experiments. As an example, for the electrochemical oxidation of cocaine, the tertiary amine 

group of cocaine is irreversibly oxidized to an iminium cation, when the iminium cation is 

formed, a strong oxidation signal is emitted, and this signal can be easily measured. 

Nevertheless, this only signal might be not sufficient to procure the substance identity (i.e. 

cocaine). Indeed, the gained electrochemical signal might be masked by cutting agents, and 

what is more, the same signal may be induced by other compounds containing the same 

tertiary amine group, producing a false positive. 

Reference electrode (RE) 

Working electrode (WE) 

Counter electrode (CE) 



7 
 

Currently, we can find a large number of works aimed to gain selectivity to address this issue 

(i.e. interfering adulterants that have a redox potential close to the analytes overlapping the 

signal). Many of them are limited to altering certain parameters such as the pH of the sample 

solution or performing pre-treatments of the electrode, with a few substantial results 

achieved. Additionally, there are many other efforts focused on the modification of the 

electrodes. With respect to this, different strategies have been employed, including the 

addition of a rage of molecules aimed to bind a specific target analyte to the electrode surface, 

with the intention of increase the selectivity the analysis. One example is found in Asturias-

Arribas et al., (2014), in this research, the surface of screen printed carbon electrodes was 

modified with multi-walled carbon nanotubes in order to achieve the detection of cocaine in 

the presence of paracetamol, caffeine and codeine.  

The Narco-Sens® solved these limitations (i.e. specific identification of narcotics) based on 

the interpretation of a linear sequence of consecutive positive and/or negative potential 

pulses over the analyte using a specific protocol (patent pending).  

2. Operating the Narco-Sens® 

In order to perform the analysis (Figure 3), first is required to add the samples to a specially 

buffered solution (step 1), this solution aims to dissolve the analyte while providing 

electrolytes, which is essential for the transfer of electrons (i.e. conductivity). This solution 

may be or may be not involved in a chemical reaction for the sample preparation.  Then, the 

sample is located on a screen printed electrode (Step 2), and finally is necessary to push the 

‘start button’ (step 3) allowing the analysis via electrical-stimulation to occur. The required 

material for the analysis is included within the test kits, see Figure 4. 

 

Figure 3. Schematic representation of the Narco-Sens® operation procedure. 
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    Spatula (solid samples)         Pipette (liquid samples)          Narcosens® buffer solutions 

Sensors                           Narcosens® unit 

Figure 4. Material required for the analysis with the Narco-Sens®. 

After analysis, there are two possible results (Figure 5), a positive identification (red) and a 

negative identification (green). Besides, the Narco-Sens® may presents a not conclusive 

positive result (yellow), this event is generally related to substances that may cause an 

analytical distortion such as paracetamol.  

   

 

 

 

 

 

 

 

 

 

Figure 5. Possible screen results of the Narco-Sens®  after the analysis. 

Finally, on the ‘result screen’, we can also find a graph intimately bound to the sample 

analysed. This graph is aimed to support the analysis by helping to avoid false results or even 

identify specific samples. For example, two different drugs will show totally different shapes, 

while two samples of MDMA may slightly differ. Therefore, constituting a distinctive 

fingerprint for each substance.  
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2.1. List of drugs detected by the Narco-Sens® version  1 
 

Narco-Sens® contained methodology and protocols are focused on the 

determination/identification of specific compounds such as illegal drugs, narcotics and most 

common cutting agents. For practical reasons, Narco-Sens®  output (i.e. analysis result) may 

provide with the specific identity of the substance analysed, or the group that the substance 

belongs to (e.g. Cannabis, that includes Marijuana and Hashish). Additionally and uniquely, 

Narcosens is able to identify the groups of the Synthetic Cannabinoids to which the sample 

belongs.  

The main advantage of providing the identity of the group that a substance belongs to, is 

possibility of detecting new compounds never analysed. For example, certain groups of drugs 

of abuse such as Ecstasy are in constant development, and a large number of new derivates 

are continuously appearing into the ‘market’. Due to the fact that Narcosens is able to identify 

the molecular basis of ecstasy, this open the possibility of detecting a new derivative 

successfully. 

• List of compounds specifically identified by Narco-Sens®: 

Cocaine, ecgonine, methamphetamine, amphetamine, γ-Hydroxybutyric acid (GHB), 

methiopropamine, ketamine, lysergic acid diethylamide (LSD), 

methylenedioxypyrovalerone (MDPV), oxycodone, fentanyl, phenylcyclohexylpiperidine 

(PCP), Levamisole, Procaine, Benzocaine, Phenacetine, Lidocaine. 

• List of compounds identified by groups: 

Marijuana and Hashish as ‘Cannabis’; Heroin, Opium, and Morphine  as ‘Opiates’; 

Ethcathinione, 4 chloro-methcathinone, Dimethyl-methcathinone, Mephedrone and 4-

methylethyl-cathinone, etc. as ‘Synthetic Cathinone’; 3,4-Methylenedioxy

methamphetamine (MDMA) and derivatives such as MDAI, MDA, MBDB, etc. as ‘Designer 

drugs (ecstasy)’. 

• List of Synthetic Cannabinoids groups identify by Narco-Sens® : 

Naphthoylindoles, Naphthylmethylindoles, Naphthoylpyrroles, Naphthylmethylindenes, 

Phenylacetylindoles, benzoylindoles, Cyclohexylphenols, Gamma-Carbolines, 

Tetramethylcyclopropylindols, Adamantoylindoles, Indazole carboxamides, Quinolinyl 

esters, Aminoalkylindoles and others cannabinoids such as HU-210,5F-PCN.  
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2.2. Test Kits and requirements for the assessments   

Due to the fact that some drugs requires specific conditions and/or a preparatory reaction for 

the analysis, Narco-Sens®  utilises a number of 4 possible kits and a number of 4 evaluation 

buttons. Below the different kits and buttons of initiation are presented and explained. 

• ‘Multi-Drugs button’ 

This button allows to identify a large number of narcotics, including most common drugs using 

the same buffer to this end (i.e. Multi-drugs buffer). However, GHB requires a ‘special buffer’. 

Samples can be directly added to the buffer solutions. Before performing the analysis, 

dissolutions must be mixed vigorously for a period of 3-5 seconds.  

Multi-Drugs button  
 
   

List of substances evaluated via Multi-Drug Kit 
Specific identification of narcotics 

Cocaine/Crack/Free-base Ecgonine 

Methamphetamine PCP 

Methiopropamine Ketamine 

LSD MDPV 

Cannabis group  
Marihuana (herbal cannabis) Hashish (cannabis resin) 

Opiates group   
Heroin Oxycodone 

Morphine Opium 

Synthetic Cathinone’s group   
Mephedrone 4 chloro-methcathinone 

Dimethyl-methcathinone 4-methylethyl-cathinone 

Ethcathinione  

Designer drugs (Ecstasy) group  
MDMA  MBDB 

MDAI MDA 

Specific identification of cutting agents  
Levamisole Procaine 

Benzocaine Phenacetine 

Lidocaine Fentanyl 

List of substances evaluated via GHB Kit  
γ-Hydroxybutyric acid (GHB) 

 

GHB kit 

Multi-drugs kit 

Positive 
identification 

Negative 
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In addition to provide the identity of the drug analysed, the Narco-Sens® is able to quantify 

the active compound within cocaine and cannabis samples. Regarding cocaine, the possible 

responses may incorporate high, medium and low (i.e. referred to the sample purity). Cocaine 

can also include the determination of certain cutting agents. Cannabis quantification is 

restricted to the enunciation of ‘high’ only in samples with large quantities of THC. 

• ‘Amphetamines /   Phenethylamines Verif  button’  

Due to the fact that amphetamine and some of its derivatives (e.g. 4-FA) cannot be detected 

using the multidrug kit and button, it may be required the utilization of the 

Amphetamine/Phenethylamines Verif kit and button. From the practical point of view, this kit 

and button may be applied after receiving an unsatisfactory response from the Narcosens 

evaluation. For example, if a suspicious substance is obtaining a negative response. 

Furthermore, this kit and button is able to detect a large number of amphetamine analogues, 

constituting a valuable verification action for such as narcotics (i.e. phenethylamines).  

The application of the buffer consists of two steps:  

1. First, the substance need to be added to a buffer solution contained in  ‘Amphetamines 

1 ‘ bottle (orange cap), and be shake for a short period of time.  
 

2. Then, this dissolution must be transferred into the ‘Amphetamines 2 ‘ bottle (red cap), 

this dissolution must be mixed again vigorously for a period of 30 seconds, and wait 

for a period of 5 mins before performing the analysis.  

Amphetamines /   Phenethylamines Verif  button 
 

 
 

List of substances evaluated via Amphetamine Kit 

Amphetamines / Substituted amphetamines (e.g. 4-FA) 

Phenethylamines (e.g. Methamphetamine, MDMA, MDEA, MDA, MBDB, 2C-B,2C-C, 25-NBOMe)                           

 

 

Amphetamine kit 

Positive 
identification 

Negative 
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• ‘Synthetic Cannabinoids button’ 

As stated before, the Narco-Sens® is able to detect and identify most of the Synthetic 

cannabinoids groups existing to date, this is achieved via specific kit and button.  

The application of the buffer consist of two steps:  

1. First, the suspect substance need to be added to the solution contained in  ‘Synthetic 

cannabinoids 1 ‘ bottle (Light green cap), is recommended the addition of 0.05 - 0.1 g 

of sample to this end, then the bottle must be shake for a short period of time.  

 

2. Afterwards, 4-6 drops of this dissolution contained in ‘Synthetic cannabinoids 1 ‘ bottle 

(Light green cap),  should be transferred into the ‘Synthetic cannabinoids 2 ‘ bottle 

(dark green cap), this dissolution must be mixed before performing the analysis. Of 

note, at this point a solution containing Synthetic cannabinoids usually presents a 

‘milky aspect’. 

Synthetic Cannabinoids button   
 

 
 

   

List of substances evaluated via Synthetic Cannabinoids Kit 

Naphthoyl indoles (JWH-018, JWH-073, AM2201, JWH-398, etc.) 
 Naphthylmethyl indoles (JWH-175, JWH-184, JWH-185, JWH-194, JWH-194-197, JWH-199, etc.) 
 Naphthoylpyrroles (JWH-363-373, JWH-307) 
 Naphthylmethylindenes (JWH-176) 
 Phenylacetyl indoles (benzoyl indoles, JWH-250) 
 Cyclohexylphenols (CP 47,497 and homologues) 
 Gamma-Carbolines (CUMYL-PEGACLONE, SGT-151) 
 Tetramethylcyclopropylindols (UR-144, XLR-11, Xlr-12) 

Adamantoylindoles (Am-1248) 

Indazole carboxamides (CUMYL-5F-P7AICA or SGT-263, MDMB-CHMCZCA, 5F-AKB48, etc.) 

Quinolinyl esters (PB-22) 

Aminoalkylindoles (JWH-200) 

Others cannabinoids (HU-210, 5F-PCN, SGT-P) 

 

Positive 
identification 

Negative Synthetic Cannabinoids kit 
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• ‘Cocaine dissolved button’ 

Due to the fact that cocaine is commonly added to a large range of substances by Smugglers 

and drug traffickers to move this drug across borders. The Narco-Sens® presents a button   

specialised on the detection of low quantities of cocaine, recognising this drug when mixed 

with a variety of compounds and solvents (i.e. cocaine dissolved in shampoo). This button 

utilizes the multidrug buffer, and its procedure consist of the simple addition of the suspicious 

substance directly to the solution provided (i.e. multi-drug buffer bottle). This button outputs 

comprised three possible results: 

1. Positive identification (conclusive), cocaine has been detected. 

2. Positive identification (not conclusive), cocaine is possibly present in the sample, but 

its detection may be interfered due to the nature of the matrix or to low quantities. In 

this case, we advise to repeat the analysis after adding more sample to the buffer. If 

the same response is reached, is recommended specialised laboratory confirmation. 

3. Negative identification (conclusive), the sample is free of cocaine. 

Dissolved Cocaine Button 
 
 
 
 

List of substances evaluated via Multi-Drug Kit 

This method is able to detect low quantities of cocaine and dissolved cocaine (e.g. Shampoo, Gel, Liquids, etc.)   

 

• ‘Precursors button’ 

The R&D laboratory at MMC international recently developed this new function for the Narco-

Sens®, a button for the qualification of precursors. This new function will allow the effective 

detection of the precursors involved in the production of illicit drugs, including the substances 

contained in the Table I and Table II as defined by the United Nations (Vienna Convention, 

1988). 

 

Multi-drugs kit 

Negative 

Positive  
Not conclusive  

Positive 
identification 
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This button utilizes the multidrug buffer, and its procedure consist of the simple addition of 

the suspicious substance directly to the solution provided (i.e. multi-drug buffer bottle). 

Before performing the analysis, dissolutions must be mixed for a limited period of 3-5 seconds 

and wait for a period of 5 mins before continuing the analysis. 

Precursors button    

 

UN classification  

Table I 
Acetic anhydride Phenylacetic acid  

Piperonal alpha-phenylacetoacetonitrile  

Ephedrine  1-Phenyl-2-propanone  

Ergometrine  N-Acetylanthranilic acid 

Ergotamine  Potassium permanganate 

Isosafrole Pseudoephedrine  

Lysergic acid 4-Anilino-N-phenethylpiperidine  

Safrole 3,4-methylenedioxyphenyl 2-propanone 

Norephedrine N-Phenethyl-4-piperidone  

Table II 
Acetone  

Anthranilic acid  

Ethyl ether  

Hydrochloric acid 

Methyl ethyl ketone  

Piperidine  

Sulphuric acid  

Toluene 

Other precursors 
GBL 
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2. Internal evaluation of the Narco-Sens®  unit 

This work aims to evaluate the Narco-Sens® unit to determine its ability to identify many 

narcotic samples in a variety of conditions. The samples assessed during this study were 

previously analysed by GC-MS at the R&D laboratory in MMC international.  In order to 

determine reproducibility and sensibility, the samples, which included main drugs of abuse, 

were scanned in triplicate at different concentrations, ratios, and circumstances.  

The recommended weight of sample for the analysis is 3-5 mg (i.e. one blue spatula) 

3.1. Sensibility-saturation test (Multi-drug kit and Multi-drug button)  

The sensitivity and saturation study were conducted by using high purity street sample at 

different concentrations ranges between 10-0.5 mg/ml, by weighing selected concentrations 

and performing the scan in triplicate. The samples selected for this work comprises Cocaine, 

Heroin, MDMA, Methamphetamine (Meth) and MDPV, samples were directly added to the 

solution provided (i.e. multi-drug buffer bottle), and the results are presented in tables 1 to 5 

below. Despite the good accuracy of the device, we can see a saturation level above 5 mg/ml 

for MDMA, and MDPV samples. In turn, the limit of the detection was only reached with Meth 

samples at the lowest concentration of 0.5mg/ml. 

Table 1. Cocaine sample analysed by Narco-sens at different concentrations. 
Scans Sample * Concentration Narco-sens output Result 

1-1 Cocaine 10 mg/ml Cocaine - High Positive identification 

1-2 Cocaine 10 mg/ml Cocaine - High Positive identification 

1-3 Cocaine 10 mg/ml Cocaine - High Positive identification 

2-1 Cocaine 5 mg/ml Cocaine - High Positive identification 

2-2 Cocaine 5 mg/ml Cocaine - High Positive identification 

2-3 Cocaine 5 mg/ml Cocaine - High Positive identification 

3-1 Cocaine 2.5 mg/ml Cocaine - High Positive identification 

3-2 Cocaine 2.5 mg/ml Cocaine - High Positive identification 

3-3 Cocaine 2.5 mg/ml Cocaine - High Positive identification 

4-1 Cocaine 1 mg/ml Cocaine - High Positive identification 

4-2 Cocaine 1 mg/ml Cocaine - High Positive identification 

4-3 Cocaine 1 mg/ml Cocaine - High Positive identification 

5-1 Cocaine 0.5 mg/ml Cocaine - High Positive identification 

5-2 Cocaine 0.5 mg/ml Cocaine - High Positive identification 

5-3 Cocaine 0.5 mg/ml Cocaine - High Positive identification      

Results 
Positive identification Misidentification False negative Accuracy 

15 0 0 100% 

*cocaine high purity street sample  
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Table 2. MDMA sample analysed by Narco-sens at different concentrations. 

Scans Sample*   Concentration  Narco-sens output Result  

1-1 MDMA  10 mg/ml Methamphetamine Misidentification 

1-2 MDMA  10 mg/ml Negative False negative 

1-3 MDMA  10 mg/ml Designer drugs (ecstasy) Positive identification 

2-1 MDMA  5 mg/ml Designer drugs (ecstasy) Positive identification 

2-2 MDMA  5 mg/ml Designer drugs (ecstasy) Positive identification 

2-3 MDMA  5 mg/ml Designer drugs (ecstasy) Positive identification 

3-1 MDMA  2.5 mg/ml Designer drugs (ecstasy) Positive identification 

3-2 MDMA  2.5 mg/ml Designer drugs (ecstasy) Positive identification 

3-3 MDMA  2.5 mg/ml Designer drugs (ecstasy) Positive identification 

4-1 MDMA  1 mg/ml Designer drugs (ecstasy) Positive identification 

4-2 MDMA  1 mg/ml Designer drugs (ecstasy) Positive identification 

4-3 MDMA  1 mg/ml Designer drugs (ecstasy) Positive identification 

5-1 MDMA  0.5 mg/ml Designer drugs (ecstasy) Positive identification 

5-2 MDMA  0.5 mg/ml Designer drugs (ecstasy) Positive identification 

5-3 MDMA  0.5 mg/ml Designer drugs (ecstasy) Positive identification 

     

Results  
Positive identification Misidentification False negative Accuracy 

13 1 1 86.7% 

*MDMA high purity street sample 

 

Table 3. MDPV sample analysed by Narco-sens at different concentrations. 

Scans Sample *   Concentration  Narco-sens output Result  

1-1 MDPV 10 mg/ml Cocaine Misidentification 

1-2 MDPV 10 mg/ml Negative False negative 

1-3 MDPV 10 mg/ml Cocaine Misidentification 

2-1 MDPV 5 mg/ml MDPV Positive identification 

2-2 MDPV 5 mg/ml MDPV Positive identification 

2-3 MDPV 5 mg/ml MDPV Positive identification 

3-1 MDPV 2.5 mg/ml MDPV Positive identification 

3-2 MDPV 2.5 mg/ml MDPV Positive identification 

3-3 MDPV 2.5 mg/ml MDPV Positive identification 

4-1 MDPV 1 mg/ml MDPV Positive identification 

4-2 MDPV 1 mg/ml MDPV Positive identification 

4-3 MDPV 1 mg/ml MDPV Positive identification 

5-1 MDPV 0.5 mg/ml MDPV Positive identification 

5-2 MDPV 0.5 mg/ml MDPV Positive identification 

5-3 MDPV 0.5 mg/ml MDPV Positive identification 

     

Results 
Positive identification Misidentification False negative Accuracy 

12 2 1 80% 

*MDPV high purity street sample 
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Table 4. Heroin sample analysed by Narco-sens at different concentrations. 

Scans Sample *   Concentration  Narco-sens output Result  

1-1 Heroin 10 mg/ml Opiates Positive identification 

1-2 Heroin 10 mg/ml Opiates Positive identification 

1-3 Heroin 10 mg/ml Opiates Positive identification 

2-1 Heroin 5 mg/ml Opiates Positive identification 

2-2 Heroin 5 mg/ml Opiates Positive identification 

2-3 Heroin 5 mg/ml Opiates Positive identification 

3-1 Heroin 2.5 mg/ml Opiates Positive identification 

3-2 Heroin 2.5 mg/ml Opiates Positive identification 

3-3 Heroin 2.5 mg/ml Opiates Positive identification 

4-1 Heroin 1 mg/ml Opiates Positive identification 

4-2 Heroin 1 mg/ml Opiates Positive identification 

4-3 Heroin 1 mg/ml Opiates Positive identification 

5-1 Heroin 0.5 mg/ml Opiates Positive identification 

5-2 Heroin 0.5 mg/ml Opiates Positive identification 

5-3 Heroin 0.5 mg/ml Opiates Positive identification 

     

Results  
Positive identification Misidentification False negative Accuracy 

15 0 0 100% 

*Heroin street sample mixed with 6-mono-acetyl-morfine (MAM)  

 

Table 5. Methamphetamine sample analysed by Narco-sens at different concentrations. 

Scans Sample*   Concentration  Narco-sens output** Result  

1-1 Methamphetamine 10 mg/ml Methamphetamine Positive identification 

1-2 Methamphetamine 10 mg/ml Methamphetamine Positive identification 

1-3 Methamphetamine 10 mg/ml Methamphetamine Positive identification 

2-1 Methamphetamine 5 mg/ml Negative False negative 

2-2 Methamphetamine 5 mg/ml Methamphetamine Positive identification 

2-3 Methamphetamine 5 mg/ml Methamphetamine Positive identification 

3-1 Methamphetamine 2.5 mg/ml Methamphetamine Positive identification 

3-2 Methamphetamine 2.5 mg/ml Methamphetamine Positive identification 

3-3 Methamphetamine 2.5 mg/ml Methamphetamine Positive identification 

4-1 Methamphetamine 1 mg/ml Negative False negative 

4-2 Methamphetamine 1 mg/ml Negative False negative 

4-3 Methamphetamine 1 mg/ml Methamphetamine Positive identification 

     

  Results  
Positive identification Misidentification False negative Accuracy 

9 0 3 75% 

*Methamphetamine high purity street sample 

** Narco-sens results includes Methamphetamine/ecgonidine/Methiopropamine 
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3.2.  Analysis of cocaine mixtures with cutting agents (Multi-drug button and kit) 

One of the main challenges of a device like Narco-Sens®, it is the capacity of detecting and 

identify cocaine when mixed with a variety of compounds, which is typically found in cocaine 

‘street samples’. In order to evaluate mentioned capability, cocaine mixtures with common 

cutting agents were analysed by the Narcosens at different ratios of cocaine: cutting agents 

as described below:  

- 2:1 (66% cocaine 33% cutting agent approx.);  

- 1:1 (50% cocaine 50% cutting agent);  

- 1:2 (33% cocaine 66% cutting agent approx.); 

- 1:4 (20% cocaine 80% cutting agent);  

- 1:8 (12% cocaine 88% cutting agent approx.); 

The cutting agents used included levamisole, lidocaine, benzocaine and phenacetine. Results 

presented in the tables 6-9 below, are showing a remarkable sensibility and accuracy in the 

samples that contains amounts of cocaine above the 33%. This ability for detecting cocaine 

was also exhibited by the samples that included cutting agents, including the samples of 

cocaine mixed with compounds that presents well known interfering effects on its detection 

(e.g. levamisole). Regarding the identification of the cutting agent, results are showing a more 

limited accuracy, with the cutting agents lidocaine and phenacetine.  

Table 6. Narco-sens analytical output for cocaine mixed with levamisole at different ratios.   
Scans Sample*  Ratio  Narco-sens output Result  

1-1 Cocaine - levamisole 2:1 cocaine with levamisole Positive identification 

1-2 Cocaine - levamisole 2:1 cocaine with levamisole Positive identification 

1-3 Cocaine - levamisole 2:1 cocaine with levamisole Positive identification 

2-1 Cocaine - levamisole 1:1 cocaine with levamisole Positive identification 

2-2 Cocaine - levamisole 1:1 cocaine with levamisole Positive identification 

2-3 Cocaine - levamisole 1:1 cocaine with levamisole Positive identification 

3-1 Cocaine - levamisole 1:2 cocaine with levamisole Positive identification 

3-2 Cocaine - levamisole 1:2 levamisole False negative 

3-3 Cocaine - levamisole 1:2 cocaine with levamisole Positive identification 

4-1 Cocaine - levamisole 1:4 levamisole False negative 

4-2 Cocaine - levamisole 1:4 cocaine with levamisole Positive identification 

4-3 Cocaine - levamisole 1:4 levamisole False negative 

5-1 Cocaine - levamisole 1:8 cocaine with levamisole Positive identification 

5-2 Cocaine - levamisole 1:8 cocaine with levamisole Positive identification 
5-3 Cocaine - levamisole 1:8 Negative False negative 
     

  Results  
Positive identification Misidentification False negative 

11 0 4 

* Total concentration of the samples (i.e. active compound and cutting agent) =  5 mg/ml 
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Table 7. Narco-sens analytical output for cocaine mixed with benzocaine at different ratios.   

Scans Sample*  Ratio  Narco-sens output Result  

1-1 Cocaine - benzocaine 2:1 cocaine-Medium Positive identification 

1-2 Cocaine - benzocaine 2:1 cocaine-Medium Positive identification 

1-3 Cocaine - benzocaine 2:1 cocaine-Medium Positive identification 

2-1 Cocaine - benzocaine 1:1 cocaine-Low with benzocaine Positive identification 

2-2 Cocaine - benzocaine 1:1 cocaine-Low with benzocaine Positive identification 

2-3 Cocaine - benzocaine 1:1 cocaine-Low with benzocaine Positive identification 

3-1 Cocaine - benzocaine 1:2 cocaine -High Positive identification 

3-2 Cocaine - benzocaine 1:2 cocaine -High Positive identification 

3-3 Cocaine - benzocaine 1:2 cocaine-Medium Positive identification 

4-1 Cocaine - benzocaine 1:4 Negative False negative 

4-2 Cocaine - benzocaine 1:4 Designer drugs Misidentification 

4-3 Cocaine - benzocaine 1:4 Designer drugs Misidentification 

5-1 Cocaine - benzocaine 1:8 Negative False negative 

5-2 Cocaine - benzocaine 1:8 Designer drugs Misidentification 

5-3 Cocaine - benzocaine 1:8 Designer drugs Misidentification 
 

  Results  
Positive identification Misidentification False negative 

9 4 2 

* Total concentration of the samples (i.e. active compound and cutting agent) =  5 mg/ml 

 

Table 8. Narco-sens analytical output for cocaine mixed with lidocaine at different ratios.   

Scans Sample*  Ratio  Narco-sens output Result  

1-1 Cocaine - lidocaine 2:1 cocaine -High Positive identification 
1-2 Cocaine - lidocaine 2:1 cocaine -High Positive identification 
1-3 Cocaine - lidocaine 2:1 cocaine -High Positive identification 

2-1 Cocaine - lidocaine 1:1 Cocaine with Lidocaine Positive identification 

2-2 Cocaine - lidocaine 1:1 cocaine Positive identification 

2-3 Cocaine - lidocaine 1:1 Cocaine with Lidocaine Positive identification 

3-1 Cocaine - lidocaine 1:2 cocaine Positive identification 

3-2 Cocaine - lidocaine 1:2 cocaine Positive identification 

3-3 Cocaine - lidocaine 1:2 Cocaine with Lidocaine Positive identification 

4-1 Cocaine - lidocaine 1:4 Negative False negative 

4-2 Cocaine - lidocaine 1:4 Cocaine with Lidocaine Positive identification 

4-3 Cocaine - lidocaine 1:4 Lidocaine False negative 

5-1 Cocaine - lidocaine 1:8 Lidocaine False negative 

5-2 Cocaine - lidocaine 1:8 Lidocaine False negative 

5-3 Cocaine - lidocaine 1:8 Lidocaine False negative 
 

  Results  
Positive identification Misidentification False negative 

10 0 5 

* Total concentration of the samples (i.e. active compound and cutting agent) =  5 mg/ml 
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Table 9. Narco-sens analytical output for cocaine mixed with phenacetin at different ratios.   

Scans Sample*  Ratio  Narcosens output Result  

1-1 Cocaine - phenacetin 2:1 cocaine -High Positive identification 

1-2 Cocaine - phenacetin 2:1 cocaine -High Positive identification 

1-3 Cocaine - phenacetin 2:1 cocaine -High Positive identification 

2-1 Cocaine - phenacetin 1:1 cocaine with phenacetin Positive identification 

2-2 Cocaine - phenacetin 1:1 cocaine with phenacetin Positive identification 

2-3 Cocaine - phenacetin 1:1 cocaine-Medium Positive identification 

3-1 Cocaine - phenacetin 1:2 cocaine-Medium Positive identification 

3-2 Cocaine - phenacetin 1:2 cocaine-Medium Positive identification 

3-3 Cocaine - phenacetin 1:2 cocaine-Medium Positive identification 

4-1 Cocaine - phenacetin 1:4 cocaine -High Positive identification 

4-2 Cocaine - phenacetin 1:4 cocaine with phenacetin Positive identification 

4-3 Cocaine - phenacetin 1:4 cocaine -High Positive identification 

5-1 Cocaine - phenacetin 1:8 Negative False negative 

5-2 Cocaine - phenacetin 1:8 cocaine -High Positive identification 

5-3 Cocaine - phenacetin 1:8 cocaine -High Positive identification 
 

  Results  
Positive identification Misidentification False negative 

14 0 1 

* Total concentration of the samples (i.e. active compound and cutting agent) =  5 mg/ml 

3.3. Cocaine dissolve test using Narco-Sens®  (Multi-drug kit cocaine dissolve button)  

Due to the large variety of substances in which cocaine may be dissolved, we decided to 

evaluate this additional function of the Narco-Sens® unit, by assessing its sensibility for 

detecting cocaine. Thus, this test was carry out using low quantities of cocaine added to the 

multi-drug buffer. The results obtained demonstrate a positive identification for all cases 

above a concentration of 0.01 mg/ml (10 ppm). 

Table 10. Cocaine analysed by Narco-sens at different concentrations using cocaine dissolve button  

Scans Sample * Concentration Narco-sens output Result 

1-1 Cocaine 0.1 mg/ml Cocaine  Positive identification 
1-2 Cocaine 0.1 mg/ml Cocaine  Positive identification 

1-3 Cocaine 0.1 mg/ml Cocaine  Positive identification 

2-1 Cocaine 0.05 mg/ml Cocaine  Positive identification 
2-2 Cocaine 0.05 mg/ml Cocaine  Positive identification 

2-3 Cocaine 0.05 mg/ml Cocaine not conclusive  Positive identification 

3-1 Cocaine 0.01 mg/ml Negative False negative 
3-2 Cocaine 0.01 mg/ml Negative False negative 

3-3 Cocaine 0.01 mg/ml Negative False negative 
     

  Results  
Positive identification Misidentification False negative 

6 0 3 

*cocaine high purity street sample 
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3.4. Analysis of GHB at different concentrations (Multi-drug button and GHB kit) 

The analysis of GHB is performed by using a special buffer. Table 11, presents the results of 

the assessment performed to a street sample of GHB (liquid). This evaluation was done by the 

addition of different amounts of sample (i.e. drops and approx. volume) to the buffer solution.  

Table 11. Narco-sens analytical output for GBH at different concentrations.   

Scans Sample *   Concentration  Narco-sens output Result  

1-1 GHB 60-80 µl (3 drops) GHB Positive identification 

1-2 GHB 60-80 µl (3 drops) GHB Positive identification 

1-3 GHB 60-80 µl (3 drops) GHB Positive identification 

2-1 GHB 30-40 µl (2 drops) GHB Positive identification 

2-2 GHB 30-40 µl (2 drops) GHB Positive identification 

2-3 GHB 30-40 µl (2 drops) GHB Positive identification 

3-1 GHB 15-20 µl (1 drop) Negative False negative 

3-2 GHB 15-20 µl (1 drop) Negative False negative 

3-3 GHB 15-20 µl (1 drop) Negative False negative 
   

  Results  
Positive identification Misidentification False negative 

6 0 3 

* GHB (liquid) high purity street sample 

3.5. Analysis of Amphetamine at different concentrations (Amphetamines/ 

phenethylamines Verif. button and Amphetamines kit) 

The analysis of amphetamine requires a preparative reaction carry out by a special kit (two 

steps), and this reaction requires a minimal time to be accomplished. Table 12, presents the 

results of the assessment performed to a street sample of amphetamine. This test was done 

by the addition of different amounts of sample to the buffer and after 10 mins of reaction. 

Table 12. Narco-sens analytical output for Amphetamine at different concentrations.   

Scans Sample *   Concentration  
Time of 
reaction 

Narco-sens output Result  

1-1 Amphetamine 10 mg/ml 10 min Amphetamine Positive identification 

1-2 Amphetamine 10 mg/ml 10 min Amphetamine Positive identification 

1-3 Amphetamine 10 mg/ml 10 min Amphetamine Positive identification 

2-1 Amphetamine 5 mg/ml 10 min Amphetamine Positive identification 
2-2 Amphetamine 5 mg/ml 10 min Amphetamine Positive identification 

2-3 Amphetamine 5 mg/ml 10 min Amphetamine Positive identification 

3-1 Amphetamine 2 mg/ml 10 min Negative False negative 

3-2 Amphetamine 2 mg/ml 10 min Negative False negative 

3-3 Amphetamine 2 mg/ml 10 min Negative False negative 
     

  Results  
Positive identification Misidentification False negative 

6 0 3 

*Amphetamine street sample mixed sugar (medium purity)  



22 
 

3.6. Analysis of commercialised Synthetic cannabinoids products  (SC button and kit) 

One of the most unique Narco-Sens® capabilities is the possibility of detect and identify 

Synthetic cannabinoids (SC) and the specific group to which they belong to. This ability was 

tested using samples from 8 commercialised SC products (Figure 6), as pure powder presented 

very high accuracy. As required for the amphetamine testing, this analysis requires the 

application of a specialised kit and button (please see 2.2.Test Kits required for the assessment 

above for details). The results obtained (Table 13) are showing a positive detection for most 

of the SC samples analysed and positive identification of the SC for 5 of the 8 samples analysed.   

 Figure 6. Picture of the samples used for the analysis using Narcosens. 
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Table 13. Narco-sens analytical output for Synthetic cannabinoids 

Scans Sample *   Narcosens output 
Results  

Detection   SC Identity 

1-1 16 (AM2201+RCS-4) Phenyl acetyl Indoles Positive identification Positive 
1-2 16 (AM2201+RCS-4) Naphtoy Indoles Positive identification Positive 
1-3 16 (AM2201+RCS-4) Negative False negative Negative 

2-1 19 (AM2201+RCS-4) Negative False negative Negative 
2-2 19 (AM2201+RCS-4) Indazole carboxamides Positive identification Misidentification 
2-3 19 (AM2201+RCS-4) Naphtoy Indoels Positive identification Positive 

3-1 22 (AM2201+RCS-4) Naphtoy Indoles Positive identification Positive 

3-2 22 (AM2201+RCS-4) Naphtoy Indoles Positive identification Positive 

3-3 22 (AM2201+RCS-4) Naphtoy Indoles Positive identification Positive 

4-1 8 (JWH-18) Naphtoy Indoles Positive identification Positive 

4-2 8 (JWH-18) Naphtoy Indoles Positive identification Positive 

4-3 8 (JWH-18) Naphtoy Indoles Positive identification Positive 

5-1 10 (JWH-18) Negative False negative Negative 
5-2 10 (JWH-18) Quinonyl indoles Positive identification Misidentification 

5-3 10 (JWH-18) Quinonyl indoles Positive identification Misidentification 

6-1 13 (JWH-18) Naphtoy Indoles Positive identification Positive 

6-2 13  (JWH-18) Naphtoy Indoles Positive identification Positive 

6-3 13 (JWH-18) Naphtoy Indoles Positive identification Positive 

7-1 26 (JWH-18+JWH-250) Naphtoy Indoles Positive identification Positive 
7-2 26  (JWH-18+JWH-250) Synthetic cannabinoid Positive identification Misidentification 

7-3 26 (JWH-18+JWH-250) Naphtoy Indoles Positive identification Positive 

8-1 18 (CP47,497) Indazole carboxamides Positive identification Misidentification 

8-2 18  (CP47,497) Naphtoy Indoles Positive identification Misidentification 

8-3 18  (CP47,497) Naphtoy Indoles Positive identification Misidentification 
 

   

  Results  
Positive identification Misidentification of the SC group False negative Accuracy 

21 7 3 87.5% 

*SC Commercial samples (plant material); circa 0.05 g (50 mg) of sample was used for this evaluation 

3. Conclusion  
 

Based on the previous results can be concluded that the integrated and portable unit 

evaluated, the Narco-Sens®, is a device able to detect, qualify, and even quantify a large 

number of drugs in a selective and sensitive way. The Narcosens is presenting a very high 

reliability, sensibility and is capable to identify a large number of compounds also within 

complex mixtures (such as cocaine mixtures with large quantities of levamisole). In addition 

to this, and uniquely, the Narcosens demonstrated being able to detect and even identify most 

of the typical synthetic cannabinoids found in the illegal market.   


