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ABSTRACT.  The products of the Cannabis sativa L. plant are the most widely used type of 
illegal drugs. In addition to growing under natural conditions, illegal breeders tend to produce, 
under artificial conditions, a plant with a high psychoactive potential i.e. high content of the 
psychoactive ingredient tetrahydrocannabinol. This paper includes the analyses results of the 
content of tetrahydrocannabinol in cannabis plant samples seized in the Republic of Srpska from 
1999 to 2008 and from 2011 to 2016, in order to monitor the psychoactive potential of the samples 
available on the illegal market and the assessment trends in the future. The analyses of 
tetrahydrocannabinol content conducted for 3.718 samples was performed by gas chromatography 
with flame ionization detector according to the method of external standard. The results showed 
that the illegal market has samples of cannabis plant material with a noticeable difference in 
psychoactive ingredient content, with an increase in the number of high-potent samples. Besides 
the high-potent samples, health risks are caused by a great variety and sudden changes in potential 
of illegal drug samples, as it is necessary to continue to monitor the psychoactive potential of 
cannabis plants samples on the illegal market. 
 
Keywords: Cannabis sativa L., psychoactive potential, tetrahydrocannabinol, gas chromatogra-
phy. 

 
 
 

INTRODUCTION 
 

The products of the cannabis plant (lat. Cannabis sativa L.) are traditionally used as 
the most widespread illegal drug in the world. In the Republic of Srpska, cannabis plant 
material in different forms also comprises over 90% of confiscated drugs. This plant can be 
grown on every continent and almost in every country, whereas indoor growing, which has 
recently become more popular, also contributes to its expansion.  In the last decades, there has 
been an increase of indoor growing of cannabis plant in many countries, which, apart from 
resulting in the greater yield, also has a significant effect on the chemical composition of the 
plant (TOONEN et al., 2006). The main psychoactive component of C. sativa is 7, 8, 9, 10-
tetrahydro-6, 6, 9-trimethyl-3-pentyl-6H-dibenzo (b, d) pyran-1-ol, also known in forensic 
literature as (-)-trans-Δ9tetrahydrocannabinol, or simply tetrahydrocannabinol (THC) 
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(BRENNEISEN, 2007). Various researches conducted in many countries have shown that the 
psychoactive potential (content of the psychoactive component THC) is on the rise in the 
cannabis plant, particularly in plants grown indoors, in artificial conditions. This form of 
growing is also present in this region (DRAGOLJIĆ and VASIĆ-DAKIĆ, 2013) but there has not 
been a comprehensive research into the tendencies and trends of the psychoactive potential of 
cannabis plant.  

The psychoactive potential of illegal samples of cannabis products has been monitored 
in many countries for a long period of time, with the purpose of estimating its effect on 
people's health (CASCINI et al., 2012; ELSOHLY et al., 1984, 2000, 2016; KING et al., 2004; 
MEHMEDIĆ et al. 2010, POTTER et al. 2008). While consuming drugs, users adjust the dosage 
to the potency of the sample, which means that not only the highly potent samples are 
dangerous. The health risk also lies in sudden changes of potential of certain drugs present on 
the market or in great mutual differences in the psychoactive potential of illegal samples. 
Therefore, the aim of the research in this paper is monitoring the psychoactive potential of the 
samples available on the illegal market in Republic of Srpska and assessment trends in the 
future. 
 
 

MATERIALS AND METHODS 
 

Data on the concentrations of the psychoactive component tetrahydrocannabinol, 
processed in this paper, were obtained through the analysis of the samples of cannabis plant 
material in the chemical laboratory of the Forensic Unit, as a part of the Ministry of Interior of 
Republic of Srpska, in Banja Luka. The total of 3.718 plant samples, analyzed in the periods 
1999-2008 and 2011-2016, were processed in this paper. Quantitative analysis of a sufficient 
number of samples was not carried out in 2009 and 2010, so those years did not cover by this 
study. 

The analysis included the samples of Cannabis sativa L. in different forms: dried plant 
tops, dried and fragmented plant material (the form known as marijuana) in smaller or larger 
packages, improvised cigarettes (“joint”) with a content of dried and fragmented plant 
material (the cannabis plant material alone or mixed with tobacco), fresh plant stems. 

The samples were prepared appropriately, depending on their form (LABORATORY 

AND SCIENTIFIC SECTION of UNITED NATIONS OFFICE ON DRUGS AND CRIME, 2009). Dried 
plant material was used for analysis, from which seeds and bits of stem were removed. Where 
possible, the tops of the plant were selected as representative for analysis of the psychoactive 
ingredient tetrahydrocannabinol. Before the sample was taken, the fragmented plant material 
was homogenized. Fresh plants were dried at room temperature for 2 or 3 days, until the 
leaves became brittle. When taking samples for the analysis from improvised cigarettes the 
tobacco was removed, if it was present. 

Chloroform (99–99.4% purity) was used for the extraction of the sample. The 
extraction was carried out on a horizontal shaker Promax 1020, Heidolph (Schwabach, 
Germany) for 30 minutes, or in an ultrasonic bath Ultrasonic 475H, Langford Sonomatic 
(Bromsgrove, UK) for 15 minutes.  

The reference standards of tetrahydrocannabinol (solutions in methanol, concentration 
1 mg/ml) used for the quantitative analysis were Alltech® -  now Grace (Maryland, USA) and 
Lipomed AG® (Arlesheim, Switzerland). 

The analyses were conducted using gas chromatograph with flame ionization detector. 
The instrument used from 1999 to 2008 was the model GC-17A, Shimadzu (Kyoto, Japan), 
and from 2011 to 2016 was the model GC Trace, Thermo Scientific (Waltham, USA).  

The operating conditions for the instruments were: injector temperature: 280°C, 
constant carrier gas flow (N2): 2 ml/min, temperature of the chromatographic oven: 260°C 
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(isothermally). A volume of 1 μl of sample extract was injected. During a long period of time, 
the capillary columns by different manufacturers were used for the process of separation of 
components. The following models of columns were used: HP-5 (Hewlett Packard – now 
Agilent, Santa Clara, USA), SPB-5 (Sigma-Aldrich – now Merck, Darmstadt, Germany) and 
Optima-5 (Macherey-Nagel, Düren, Germany). All thоse columns are with the same 
stationary phase: 5% diphenyl and 95% dimethylpolysiloxane. The elution order of basic 
cannabinoids with all above mentioned columns is as follows: cannabidiol, 
tetrahydrocannabinol and cannabinol. 

The process of identification of the tetrahydrocannabinol in the samples was made 
based on the retention time (Rt) of tetrahydrocannabinol in referent standard solution, 
previously analized.  
The quantitative analyses were conducted based on the external standard method, according 
to the formula: 
 

                                                                                 (1) 

where is: 

cx   – concentration of the tetrahydrocannabinol in the sample [%] 
cR   – concentration of the trahydrocannabinol in reference standard solution [mg/ml], 
cs   – sample concentration [mg/ml],  
As  – area of tetrahydrocannabinol in the chromatogram of the sample,  
AR  – area of tetrahydrocannabinol in the chromatogram of trahydrocannabinol reference 
standard solution. 

 
 

RESULTS AND DISCUSSION 
 

The quantitative analysis of the content of tetrahydrocannabinol in the samples of 
plant material involved the so-called total THC including tetrahydrocannabinol acid (THCA), 
which decarboxylates at high temperature to tetrahydrocannabinol. During the gas 
chromatographic analysis, the decarboxylation process takes place in the injector 
(LABORATORY AND SCIENTIFIC SECTION of UNITED NATIONS OFFICE ON DRUGS AND CRIME, 
2009; THOMAS and ELSOHLY, 2016). The analysis of the total THC (THC + THCA) is very 
common in forensics, because it is evident that even during consummation (most commonly 
through smoking) decarboxylation of THCA occurs under the influence of high temperature, 
so the total THC represents a real potential of the samples aimed for abuse (RYMANOVSKI , 
2014). The content of THC in the samples was expressed as percentage of THC in dry plant 
material, which is also considered as a common method in forensics.  

The results of the analysis shown that the content of the psychoactive component 
tetrahydrocannabinol in the cannabis plant samples confiscated in the Republic of Srpska 
range from 0.01% to 27.48%. This indicates the presence of cannabis plant samples with great 
variations of the psychoactive potential on the illegal market.  
 

Based on the results of the analyses, the samples were classified into six groups 
depending on the content of THC: 

− group I – THC ≤ 0.2% (not considered as drugs),  
− group II – THC is 0.2 – 0.5% (effects of consummation are minimal),  
− group III – THC is 0.5 – 2% (low-potency samples),  
− group IV – THC is 2 – 5% (medium-potency samples),  
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− group V – THC is 5 – 10% (medium-to-high-potency samples) and   
− group VI – THC > 10% (high-potency samples). 

 
Tables 1 and 2 show a share for each group of samples according to the content of THC. 

 
 

Table 1. Percentage share of individual groups of samples according to the content of THC  
for the period 1999-2008. 

 

 
Year 

Percentage of particular groups according to the THC content   
I  II  III  IV  V  VI 

(≤ 0.2%) (0.2-0.5%) (0.5-2%) (2-5%) (5-10%) (>10%) 
1999 5.22 11.30 42.61 28.70 12.18 - 
2000 5.23 8.50 30.72 36.60 15.68 3.27 
2001 5.24 1.57 19.90 48.69 19.37 5.24 
2002 0.98 3.90 25.36 37.07 21.95 10.73 
2003 1.42 5.21 21.33 42.18 22.75 7.11 
2004 5.00 7.14 53.57 24.29 7.14 2.86 
2005 4.65 8.72 32.56 29.07 15.70 9.30 
2006 1.96 5.88 35.30 41.67 13.72 1.47 
2007 3.20 10.05 30.13 33.79 17.35 5.48 
2008 3.43 6.29 25.15 29.71 25.72 9.71 

 

 
Table 2. Percentage share of individual groups of samples according to the content of THC  

for the period 2011-2016. 
 

 
Year 

Percentage of particular groups according to the THC content   
I II  III IV V  VI  

(≤ 0.2%) (0.2-05%) (0.5-2%) (2-5%) (5-10%) (>10%) 
2011 9.87 7.89 33.55 33.55 13.82 1.32 
2012 2.89 7.85 26.03 42.56 18.60 2.07 
2013 1.50 4.50 17.42 26.73 30.93 18.92 
2014 2.60 5.41 18.18 37.01 31.60 5.19 
2015 4.11 5.57 25.81 25.81 27.86 10.85 
2016 2.04 6.12 19.90 31.12 29.34 11.48 

 
 

The average amount of the samples with the content of THC ˃ 0.2% (the so-called 
drug-type samples) is 96.18%, ranges from 90.13% (2011) to 99.02% (2002). The most 
common are the samples belonging to group IV (2–5% of THC) and III (0.5–2% of THC) 
which together make more than 60% of the total number of samples. 

The percentage share of samples with a lower content of THC (groups I, II and III) 
shows a tendency of decrease during the years, whereas that of the groups with a high THC 
content (groups V and VI), apart from occasional deviation in certain years, shows a tendency 
of increase. Thus, up to the year 2012, the most common samples were those of groups III and 
IV, whereas after 2012, there was a significant rise in the percentage share of the group V 
samples. In 2013, it represented 30.93% of the total number of samples, which is a significant 
increase compared to the 7.14–25.72% in the earlier period. In the same year, maximum share 
of highly potent samples (group VI) was recorded.  
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The decrease of the number of low-potency samples and the increase of the number of 
high-potency samples correlates with the average annual potential (the average value of THC 
content in the samples), shown in diagram (Fig. 1). This was particularly evident in the 
following years: 2002, 2003, 2008, and from 2013 to 2016, in which the average annual 
potentials have high values. 

 

 
 

Figure 1. Diagram representing potential of cannabis plant samples  
for the period 1999-2008 and 2011-2016. 

 
Table 3 shows the average annual potential as well as corresponding values of 

standard deviation, and minimum and maximum values of THC content. Based on the 
average annual psychoactive potential of the analyzed samples, shown in the diagram (Fig. 1) 
and Table 3, it becomes evident that, apart from occasional decrease (years 2004, 2006, 
2011), the average annual psychoactive potentials are generally increasing. An occasional 
drop in the potential could be associated with police operations aimed at discovering and 
bringing organized criminal groups to justice, which resulted in a lower total supply of drugs 
on the illegal market at least temporarily (GOVERNMENT OF REPUBLIC OF SRPSKA, 2016).  

 
Table 3. Average annual potential (average content of THC), standard deviation,  

lowest and highest THC content. 
 

 
Year 

Mean of THC 
[%] 

SD 
[±] 

Min. THC  
[%] 

Max. THC  
[%] 

1999 1.95 1.81 0.02 8.61 
2000 3.10 2.81 0.06 14.01 
2001 3.80 2.74 ˂ 0.01 17.08 
2002 4.61 3.92 0.02 22.58 
2003 4.35 3.53 0.02 22.63 
2004 2.32 2.71 0.01 22.59 
2005 3.63 3.69 0.01 22.45 
2006 2.89 2.13 0.04 11.88 
2007 3.45 3.14 0.03 17.30 
2008 4.53 3.97 0.08 27.48 
2011 2.51 2.26 0.02 11.00 
2012 3.21 2.37 0.06 12.12 
2013 5.91 4.21 0.10 25.80 
2014 4.41 3.07 0.04 20.80 
2015 4.53 3.79 0.02 18.30 
2016 4.95 3.89 0.04 22.91 
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There are similarities in the tendencies when compared to the available data from 

certain other countries - similar increase in the potential of cannabis was recorded in Europe, 
USA and Australia (NIESNIK et al., 2015; TSUMURA et al. 2012); UNITED NATIONS OFFICE ON 

DRUGS AND CRIME, 2011, 2014, 2015). According to a report of the EUROPEAN MONITORING 

CENTRE FOR DRUGS AND DRUG ADDICTION and EUROPOL (2016), the potential of cannabis 
products has doubled in the last decade. Based on the available statistical data of the 
EUROPEAN MONITORING CENTRE FOR DRUGS AND DRUG ADDICTION (2017), given in Table 4, 
it can be concluded that in the monitoring period (especially since 2003), cannabis plant 
potential in certain European countries (Bulgaria, Czech Republic, Estonia, Hungary, Poland 
and Portugal, for example) has increased significantly, and in Austria it has almost doubled. 
The psychoactive potential increased greatly in France, until 2002, and after that there was a 
period of relative stability. From 2005 to 2010, there some fluctuations were noticed, and in 
2011 again there was a considerable increase. In Italy, the potential was relatively stable up to 
2012, when a significant rise was recorded. Belgium, Germany and Luxemburg, are countries 
with a relatively stable, but traditionally high, cannabis potential. According to the data 
available from the EMCDDA, in Germany it ranged from 8-10, and in Luxemburg from 8-12 
in the period 2002-2014 (http://www.emcdda.europa.en/data/stats, accessed 08 June 2017). 

 
Table 4. Average annual potential of cannabis plant material in some European countries. 
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2000 - 10.4 - - - < 2.0 6.3 - - 0.2 
2001 5.0 6.0 - - - < 2.0 5.8 1.0 - 5.2 
2002 9.0 6.0 - - - 8.0 4.9 0.5 - 3.1 
2003 - 13.8 2.0 9.2 - 8.5 7.9 1.2 - 1.4 
2004 4.8 13.3 - 3.0 - 8.0 5.8 1.7 0.6 3.5 
2005 5.6 - 2.4 3.8 3.3 6.1 - 1.7 1.0 3.0 
2006 7.2 6.7 2.0 4.5 2.0 7.8 5.4 1.8 1.3 6.3 
2007 6.7 9.2 1.5 4.7 - 7.5 2.2 1.2 5.2 3.9 
2008 7.2 9.1 1.6 5.5 6.6 5.8 4.7 1.4 6.9 4.8 
2009 5.9 9.9 2.4 4.2 8.0 8.5 5.9 1.3 7.7 3.8 
2010 7.5 11.1 7.5 7.7 10.0 9.8 7.8 1.3 7.6 5.2 
2011 7.0 10.7 3.7 7.2 11.1 10.6 6.4 1.0 9.6 5.2 
2012 9.7 13.2 3.5 7.1 13.4 10.0 8.5 5.0 8.7 5.4 
2013 9.6 10.4 9.1 10.0 13.4 12.7 12.4 6.5 9.8 6.6 
2014 8.9 13.0 13.1 8.2 12.7 13.0 10.5 7.2 11.0    7.8 
2015 9.8 21.7 12.3 8.3 13.5 11.4 8.9 6.8 10.0 8.3 

 
 

 The psychoactive potential of the cannabis plant in the Republic of Srpska is not as 
high as in some European countries (Belgium, Germany, Luxemburg, France, Italy, etc.), but 
it is evidently rising, and so is the number of high-potency cannabis plant samples. Such 
trends can be expected to continue in the future.  

Although comparison of results among different countries, over a long period of time, 
depends on many factors (the type of cannabis product, method of sampling, natural 
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degradation of THC with time, use of different techniques for analysis, etc.), the data given 
are indicative of both present changes in the psychoactive potential and future trends as well 
(TURNER and ELSOHLY, 1979; ROSS and ELSOHLY, 1997; DRAGOLJIĆ et al., 2013). In order to 
obtain reliable results that can be mutually compared, international organizations specializing 
in the problem of illegal drugs, such as UNDOC, ENFSI and SWGDRUG, recommend 
standardized sampling and analyses procedures and organize interlaboratory testing 
(SCIENTIFIC WORKING GROUP FOR THE ANALYSIS OF SEIZED DRUGS, 2003, 2005, 2016; 
EUROPEAN NETWORK OF FORENSIC SCIENCE INSTITUTES and UNITED NATIONS OFFICE ON 

DRUG AND CRIME, 2009).  
 The psychoactive potential and pharmacological action of cannabis are complex issues 
depending on multiple factors. C. sativa L. contains over one hundred cannabinoids, whose 
effects are not entirely known (RADWAN  et al., 2015). However, it is estimated that 
cannabidiol (CBD) reduces psychoactive effects of tetrahydrocannabinol (THC) (UNITED 

NATIONS OFFICE ON DRUGS AND CRIME, 2015), the reason why a more detailed description of 
pharmacological effects of cannabis products should also consider the content of CBD. The 
content of CBD is not frequently monitored, which results in some difficulties in the 
estimation of the effects of cannabis on health.   

Results analyzed for the purpose of this paper revealed an increasing presence of the 
samples with a higher content of THC and a lower content of CBD, unlike before, when the 
content of CBD was present in significant quantities. 

It is clear that the potential of cannabis plant should be further monitored, because 
international organizations specializing in these problems report increasing cases of the users 
of cannabis who need medical treatment (UNITED NATIONS OFFICE ON DRUGS AND CRIME, 
2015). Considering the fact that a potent plant will give a potent product (cannabis resin, 
known as hashish, and cannabis oil, which, depending on the manufacturing procedure, can 
contain up to 90% of THC), the health risks for users can be rather serious. This problem 
should be dealt with much more attention, because, apart from illegal consummation, 
cannabis oil is becoming a common adjuvant therapy in the treatment of certain diseases. 
 
 

CONCLUSION 
 

More than 90% of confiscated samples of C. sativa L. plant material in the Republic 
of Srpska are samples whose content of the psychoactive component tetrahydrocannabinol is 
in excess of 0.2%, the so-called drug-type samples.  

The illegal market of the Republic of Srpska is characterized by the presence of 
cannabis samples with varying content of the psychoactive component, the so-called low-
potency samples, medium-potency, and the high-potency samples. The number of high-
potency samples of cannabis plant is increasing, and so is the average annual potential. The 
lowest average annual psychoactive potential in the period observed, expressed as the 
percentage of THC, was 1.95% (in 1999), and the highest was 5.91% (2013). There is also 
evidence of the increasing number of the samples with a high content of tetrahydrocannabinol 
and a low content of cannabidiol, unlike the situation before, when the samples also contained 
significant amounts of cannabidiol. 

The results obtained suggest the importance of further monitoring of the psychoactive 
potential of the samples of illegal drugs available on the market, because in addition to high-
potency, the health risk lies in great potential differences among the samples, as well as 
sudden changes of psychoactive potential of illegal drugs. 
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