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1. Introduction

Despite that the narcotics had generated a regrettable stigma for Colombia, our country
does not have a deep knowledge about the narcotic chemistry. In this study it is show the
analysis of cannabinoids in the Colombian illicit crops of Cannabis sativa L. using Gas
Chromatography (GC), Figure 1. The main important cannabinoids from C. sativa were
identified by Gas Chromatography-Mass Spectrometry (GC-MS). The conditions for
extraction and quantification of these cannabinoids (cannabidiol (CBD), A9-
tetrahydrocannabinol (THC) and cannabinol (CBN)) from C. sativa leaves were optimized by
the response surface analysis-RSA, using as variables the extraction time and the extraction
numbers. Then, the better sample amount and the best detection method were determined,
after the validation of the GC analytic method was made. Additionally, the cannabinoids of
samples of different Colombian geographic regions were analyzed, determining that the
THC content vs THC/CBN content can serve as a discriminating factor to distinguish the
geographic origin of the samples studied. Finally, it was showed that the GC is a good
analytic tool for forensic chemistry in Colombia.

The study of extraction process was carried out using RSA, the best response and the less
variability for the cannabinoids was obtained with three extraction steps, each one of 7.5
minutes with ethanol as solvent. The quantitative analysis was made by Gas
Chromatography-Flame Ionization Detector (GC-FID) with diphenhydramine (DPH) as
surrogate standard. In the GC method for quantification of CBD, THC and CBN were
assessed their chromatographic parameters; selectivity, linearity, precision, accuracy, Limit
of Detection (LOD) and Limit of Quantification (LOQ).

The cannabinoids samples from four different Colombian regions (North region (NR), at
Magdalena department, South region (SR) at Cauca department, East region (ER) at Meta
department and Central region (CR), at Caldas department) were determined. The content
average THC in samples of the NR was 2.81% * 1.72, in the SR was 10.98% + 6.70, in the ER
was 15.74% + 2.92 and at the CR was 1.87% + 1.25. The higher content of THC at cannabis
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196 Gas Chromatography — Biochemicals, Narcotics and Essential Oils

plants of the ER and SR could be indicative of the use of improved varieties, which creates a
major concern in potential effects around of the health of drug consumers.

Fig. 1. Cannabis leave sample and a sample gas chromatogram of its extract.

It was established that the value of the Waller phenotype (Turner et al., 1979, 1980), equation
1, did not serve as a differentiation criterion on the geographical origin of the Colombian
samples, due to overlapping ranges for three of the regions studied (NR, SR and ER). In
order to establish a criterion to discriminate the geographic origin of the Colombian
marijuana, different types of correlation among the CBD, THC and CBN were tested,
finding that for the four groups of studied samples the ratio THC vs THC/CBN could be
used.

Waller phenotype = (THC + CBN) / CBD 1)

2. Forensic chemistry of cannabinoids

GC analysis is a primary analytical technique. It is used in every forensic lab. GC is widely
used by forensic scientists, from analysis of body fluids for the presence of illegal
substances, for testing of fiber and blood from a crime scene, and to detect residue from
explosives (Miiller et al., 1999). In the next parts of the chapter cannabinoids works would
be reference as well as some aspects of Colombian cannabis.

2.1 Cannabinoids analysis by chromatography techniques

Regarding on the cannabinoids analysis by chromatographic methods, it is worth to
mention the following works:

Davis & Farmilo performed an analysis of cannabinoids in leaves and flowering of cannabis
by thin layer chromatography and GC. From this analysis it was proposed that the
relationship of the THC and CBN content based on the CBD content allowed cannabis
differentiation of samples by geographical origin (1963).
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Hemphill et al. analyzed the cannabinoids content in different organs of cannabis plants
selected from geographical regions by gas-liquid chromatography. The results showed
quantitative variations in cannabinoid content in different parts of the plants belonging to
the selected varieties. However, each part of the plant presented a profile of cannabinoids
that characterized the phenotype of which it comes from chemical, in addition, the
accumulation of a specific cannabinoid variety was not found and it was observed that
factors such as degree of maturity of body, sex plant, the location of the organ in the plant
and the sampling procedures influence the concentration of cannabinoids. Finally,
cannabinoids were not detected in pollen grains and seeds (1980).

Gambaro et al. determined THC, CBD and CBN in cannabis preparations by GC-FID and
High Performance Liquid Chromatography-Ultraviolet (HPLC-UV) (2002). De Meijer et al.
studied the inheritance of chemical phenotype in cannabis varieties, for it they made four
crosses between plants of C. sativa with CBDs and THCs pure chemotypes (2003).

Mechtler et al. analyzed the variation in the distribution of a population of THC in hemp, for
it a number of plants from five well-known populations of hemp grown in regions of
Austria and Hungary were sampled (2004). ElSohly & Slade reported the composition of the
complex mixture of natural cannabinoids from cannabis (2005).

Pellegrini et al. developed a simple and rapid procedure for the determination of cannabinoids
in hemp food products derived by GC-MS (2005). Lewis et al. determined the relative amounts
of the three most abundant cannabinoids (THC, CBN and CBD) and other abundant
compounds present in six compressed bars of cannabis resin by GC-MS analysis (2005).

A global scientific community has recently expressed concern over the detection in the illicit
market in cannabis varieties with high content of THC. According to the National
Coordination of Drug Policy, which is headquartered in Sweden, in 1961 the levels of THC,
the more important psychoactive component, did not exceed 5%, today this number is
above 20%.

Recently, De Backer et al. developed an High Performance Liquid Chromatography-Diode
Array Detector (HPLC-DAD) method for the qualitative and quantitative determination of
major cannabinoids in plant material of cannabis (2009). Then, the solubilities of some
cannabinoids in supercritical carbon dioxide were determined (Perrotin-Brunel et al. 2010).

Milman et al. reported simultaneous quantification of cannabinoids in oral fluid by two
dimensional GC-MS (2010). Tipparat et al. studied the cannabinoids composition of
cannabis plants grown in Northern Thailand and its forensic application (2011).

2.2 Cannabis in Colombia

In Colombia, the introduction of marijuana in the Sierra Nevada de Santa Marta was
conducted in the early seventeenth century, the use of hemp was quickly displaced by the
twine. It is recognizes the uses as intoxicants of this plant since 1927, used by laborers and
sailors from the Colombian Caribbean Coast. However, it was until 1945 went it was saw
the first illegal cultivation of marijuana in this region.

With the completion of the Vietham War in 1975, there was an increased cultivation of
marijuana encouraged by the intoxicating veterans. Moreover marijuana was used until the
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mid-twentieth century by the popular classes to relieve the pain associated with arthritis. It
was common that the local police take a jar of alcohol and added seized marijuana to
produce a medicinal poultice. Then the habit of smoking marijuana as a pain medication
was spread, but this was a practice of alternative medicine without scientific studies and
without institutional control (Fernandez-Alonso et al, 2007).

Currently the forensic study over confiscated samples of C. sativa L., is based on the
qualitative determination of THC, present in extracts obtained from plant samples, without
performing an quantitative level analysis of that component and some other cannabinoids
present in seized samples. As a result of the above at present there is no systematic
information to determine the content of THC present in plant samples of C. sativa illicitly
traded in Colombia, there is just an essential information for monitoring the potential levels
of THC present in plant samples who smoke marijuana consumers.

The Direccién Nacional de Estupefacientes (DNE) of Colombian government has reported
about the results achieved in Colombia in the fight against drug trafficking (2002, 2007).
Florian et al. reported higher content of THC in vegetable samples of Colombian cannabis
(2009).

This paper shows the GC as an important tool in the analysis of forensic samples,
specifically in the determination of cannabinoids. Leaf samples of C. sativa L. in four regions
of Colombia were analyzed by GC. The analyzed region were (i) Northern region (NR) at
Magdalena department, (ii) Southern region (SR) at Cauca department, (iii) Eastern region
(ER) at Meta department and (iv) Central region (CR) at Caldas department, see Figure 2.
The analysis revealed differences in the cannabinoid content of the samples under study
according to their origin region.
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Fig. 2. Geographic origin of the C. sativa L. samples.
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3. Optimization of the cannabinoids analysis conditions

To optimize the analytic method cannabis leaves from NR were used. The first objective was
the optimization of the extraction method and the selection of the analysis method. Then,
the sample quantity and quantification method were defined. After, the analytic method
was validated.

3.1 Optimization of the extraction method and the selection of the analysis method

In order to obtain extracts of cannabinoids from plant material samples, De Meijer et al.
method was taken as a based because of its quickness, efficiency and reproducibility, this
method use extraction with ethylalcohol (EtOH), ultrasound and centrifugation at 4000 rpm
(2003). The extraction time (t= 5, 10 and 15 min) and the number of extractions with EtOH
(n=1, 3 and 5) were considered as factors; for each extraction 750 pL were used and
graduated to 5.00 mL. Using a 32 factorial model, cannabis leaves were subjected to each one
of the extraction conditions, in triplicate, and at the central point (t= 10 min, n= 3) there were
done five triplicates. The extracts obtained were analyzed by GC with different forms of
detection: GC-FID, GC-MS scan mode and GC-MS Selected Ion Monitoring (SIM) mode. In
all cases the response variable was the chromatographic area corresponding to each of the
cannabinoids detected.

By comparing the coefficients of variation (C.V.) of the response surfaces for each analyte,
based on the detection methods considered, we observed that the detection by GC-FID
showed the lowest variation, see Table 1. Therefore, it was decided to use this method for
quantitative analysis of cannabinoids, the GC-MS analysis was used for the qualitative
identification of cannabinoids in the extracts.

Method CBD C.V. (%) THC C.V. (%)

GC-FID 9.36 7.89
GC-MS Scan 27.33 17.14
GC-MS SIM 15,51 11.58

Table 1. Coefficient of variation of the response surface for CBD and THC.

Based on the response obtained by GC-FID, the ANOVA for the quadratic regression model
for each analyte, indicated that the difference was significant with a low probability value to
a level of 0.05 (for the CBD pmodel = 0.0003 < a and the THC pmodel = 0.0105 < a). In that
way, the models generated by the equations 2 and 3 explained satisfactorily the response in
terms of the considered factors (time (t), number of extractions (n)), n being the most
significant factor for the models.

Figure 3a shows the generated response surface to optimize the extraction conditions of
THC, in it is observed that the response increased with the extraction time and the number
of extractions. On the other hand, Figure 3b shows that the standard error associated with
the analysis model, increased in the extreme values.

CBD area= 9050 + 169*t + 1944*n ()

THC area= 31518 - 2200*t + 10177*n + 123*t2 - 1008*n2 - 35*t*n 3)
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(a) Optimizing the extraction of THC, (b) Standard error associated with the THC RSA.
Fig. 3. Response surface analysis (RSA)

To maximize the response of each analyte with the lowest associated error, the model
suggested ten solutions, which found that the optimum conditions for extraction suggested
by the quadratic model based on response time (t) and the number of extractions (n) for the
analysis of CBD and THC by GC-FID were three extractions with ethanol for a period of 7.5
minutes, see Table 2. These conditions suggested by the model were experimentally verified

for ensuring that a fourth extraction does not provides betters detectable levels of CBD and
THC.

Solutions CBD THC
t n t n
1 7.53 2.83 6.42 4.16
2 6.21 1.71 7.48 3.01
3 13.45 1.76 9.25 2.99
4 9.83 1.99 12.68 2.18
5 12.29 3.52 14.94 1.93
6 10.05 3.46 8.03 4.41
7 5.50 2.90 5.60 1.91
8 12.83 3.24 7.26 4.27
9 11.11 1.08 8.43 3.26
10 5.55 1.71 9.38 1.03

Table 2. Solutions suggested by the model for the CBD and THC extractions.

3.2 Sample quantity and quantification method

Once the method of analysis, time and number of extractions were defined, we proceeded to
determine the mass of sample and the quantification method that would be used. For this
there was prepared by triplicate, two extract sets: i) internal standard and ii) surrogate
standard, using in each case 25.0, 50.0, 100.0 and 200.0 mg of vegetal material. For this series
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of experiments DPH at 100 ppm was used as internal and surrogate standards. In the
method of internal standard DPH was added to the extract obtained, while in the surrogate
standard method DPH was added to the vegetal sample.

The results were analyzed by ANOVA, evaluating for each of the quantifying methods the
confidence interval and the response factor for each of the cannabinoids depending on the
amount of sample, the results obtained for CBD and THC are presented in Figure 4.

The linear fit showed that there was a greater linearity in the results obtained by the method
of surrogate standard, Figures 4b and 4d (R2cgp = 0.9934; R2ryc = 0.9941) compared against
the internal standard method, Figures 4a and 4c (R2cpp = 0.9843; R2rpc = 0.8562). In addition,
the surrogate standard method for both CBD and THC showed less dispersion in the
response.

From this it could be concluded that the method of surrogate standard allows more accurate
answers because it offers a lower confidence interval. Regarding the amount of sample to be
extracted, it was found that using 100 mg of vegetal material minimized the error in the
response for CBD and THC, as is evidenced in Figures 4b and 4d.

Internal standard (CBD) Subrogate standard (CBD)
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© | ,
(1h] 14000 4 18000 ]
— 1 .
© 1, 2000 “ ’i e /
1 ¢ 14000 3
E 10000 - : . /”
Q 93000 100000 %/
3 - oeen | e
o ;
- 1 a 0 6000 Y b
I 0.4000 1 ] =
i ©.4000 :
Q 930003 02000 1 I
—(E oomo | e . o000
c o 0 100 150 20 =0 [ L3 100 150 20 =0
Sample (mg) Sample (my)
Internal standard (THC) | Subro gate standard (THC)

2 | 5 3

15000 4 - - C 1.5000 =
10000 1,0000 Z
a%800 1 08000 i

00000 + . 0,0000 F—vr—r

o o 100 150 A0 =0 o 0 00 150 200 =0

Sample (mg) Salpplé (mg)

Analite area/DPH area
PEd

a) CBD internal standard method, b) CBD surrogate standard method, c) THC internal standard
method, d) THC surrogate standard method.

Fig. 4. Linear fit for the chromatographic response depending on the quantity method of
sample
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Based on these arguments it was determined that the amount of sample to be used was of
100 mg and for quantification of cannabinoids by GC-FID was convenient to use the method
of surrogate standard.

3.3 Validation of analytic method

Regarding the validation of CBD, THC and CBN determination method by GC-FID: (i) it
was determined the repeatability of the retention times of the analytes and the standard, (ii)
there was calculated the chromatographic parameters (iii) the linearity was established for
each analyte, (iv) precision, (v) accuracy, (vi), Limit of Detection (LOD) and Limit of
Quantification (LOQ).

Retention times (tr) of DPH (compound used as surrogate standard) and the cannabinoids
CBD, THC and CBN, showed an excellent repeatability, the tr of these had C.V. less than
1%, see Table 3.

Replicas of tr (min C.V.
TT 7] 3 4( ! 5 6 | A8 | SD | ()
DPH 2.04 | 2.02 2.04 2.05 2.03 2.04 2.04 0.010 0.507
CBD 3.93 | 391 3.90 3.95 3.91 3.93 3.92 0.018 0.468
THC 4.60 | 4.59 4.62 4.60 4.61 4.63 4.61 0.015 0.319
CBN 525 | 5.25 5.23 5.24 5.26 5.25 5.25 0.010 0.197

Table 3. Characterization of the retention time for DPH, CBD, THC and CBN injected into
the mixture.

Compound

Table 4 shows the chromatographic parameters of the cannabinoids by GC-FID. The relative
tr (trr) were calculated regarding on the tr of THC.

The CBN has a response factor (RF) higher compared against the CBD and THC,
compounds that exhibit relatively similar RF. Resolution (Rs) values obtained are higher
than the acceptance criterion of 1.5, so the method can be considered as selective for the
analytes considered. The CBN is the compound most congenial with the stationary phase
and therefore it is more retained in this (K= 4.25) and the DPH has a lower retention (K=
1.04), being the compound with less affinity with the stationary phase. The highest number
of theoretical plates (N) required for the separation correspond to CBN, followed in order by
CBD, THC and DPH.

Compound | tr | Area | RF Area/g ‘?S) trr Rs o K N
DPH 2.04 | 543.6 28810.0 0112 | 044 | 14.06 | 1.54 | 1.04 | 5290.8
CBD 3.92 | 576.2 11019.0 0156 | 0.85 | 3.89 | 260 | 292 | 101114
THC 4.61 | 347.1 12178.9 0197 | 1.00 | 335 | 330 | 3.61 | 8755.4

CBN 5.25 | 897.8 29055.0 0.184 | 1.14 425 | 13009.2
Table 4. Validation of chromatographic parameters for DPH, CBD, THC y CBN.

To assess the linearity in the quantification of cannabinoids of interest, ten calibration curves
in the linear range were prepared (approximately 15 to 300 ppm), each point on the line
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with a concentration of 100.15 ppm of DPH. With linear regression the curves were
evaluated to obtain the correlation coefficient, the slope and the intercept.

For each one of the cannabinoids the slopes or the intercepts does not differ significantly, so
the equations of the curves for CBD, THC and CBN were calculated from average values in
Table 5. To eliminate the possibility of systematic errors the slopes and correlation factors
were compare with those obtained by forcing the calibration curve through the origin, in
both cases we obtain values of slope and correlation factor without significant differences.

To determine the accuracy or the dispersion of measurements around their average value a
series of ten measurements in intermediate precision conditions were made (varying the
scientist) on solutions of cannabinoids of interest with DPH within the linear ranges
established. For the three analytes considered, at all levels, data from the relative standard
deviation are lower than those predicted by the Horwitz equation (PRSD (R) = 2C015),
indicating that the dispersions obtained experimentally are within acceptable ranges for
each concentration. Furthermore the values obtained for HORRAT coefficients vary from
0.26 to 0.68 for CBD, between 0.29 to 1.08 for THC and from 0.32 to 0.72 for CBN, for the
three cannabinoids these ratios are within the recommended range for intra-laboratory
trials; values between 0.3 and 1.3. With this it can be concluded that the method of analysis
has good accuracy for each of the analytes.

Slope Intercept Error Error Xo

(mI; SDm (Yv) P SDb Snyy R SDxo

CBD 0.7480 0.0040 -0.1080 0.0075 0.0318 0.9981 0.1722
THC 0.6000 0.0050 -0.0246 0.0081 0.0376 0.9954 4.2504
CBN 1.0990 0.0053 -0.0577 0.0098 0.0422 0.9984 0.5899

Table 5. Parameters for the linear calibration curves estimation for CBD, THC and CBN
using DPH as surrogate standard.

For the three cannabinoids considered when applying the t-student test, comparing the data
obtained with the tabulated critical value for nine degrees of freedom at a confidence level
of 95%, we can say that the accuracy is acceptable because the three levels of concentration
does not exceeded the tabulated value, as summarized in Table 6.

Analyte Level
Y High Medium Low
CBD texp 1.973 2.046 2.184
t tab 95% 2.262 2.262 2.262
texp 1.304 2.198 1.723
THC t tab 95% 2.262 2.262 2.262
CBN texp 1.113 1.773 0.392
t tab 95% 2.262 2.262 2.262

Table 6. Comparison t-student values for assessment of accuracy for the analysis of CBD,
THC y CBN.

Moreover, the recoveries percentages and the relative deviation for the analytes, the low,
medium and high, are within the ranges permitted for a nominal component that is greater
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than 10% in a recovery interval from 98 to 102%.These two tests allow us to conclude that
the method has the accuracy required for low, medium and high ranges , for the analysis of
these analytes, without evidence of systematic errors.

For each analyte, the linear range, the calibration curve, the LOD and the LOQ are presented
in Table 7. The detection limits have very similar values for the three cannabinoids,
however the lower sensitivity for the detection of THC is due because this compound has a
higher limit of quantification in relation to the CBD and CBN.

Regarding this part of the work we can conclude: (i) the optimal conditions for extraction
suggested by the quadratic model based on response time (t) and the number of extractions
(n) for the extraction of CBD and THC from a Cannabis plant sample; (ii) the method for
quantification of CBD and THC, using DPH as a surrogate standard, showed an excellent
repeatability (coefficient of variation for the retention time of all substances was less than
1%); (iii) in addition, linear behavior was observed for the quantification of CBD, THC and
CBN using DPH as standard in the following ranges: CBD between 19.6 to 315.2 ppm, THC
between 13.2 to 287.6 ppm and for CBN 16.4 to 313.7 ppm.

Parameter CBD THC CBN
Lineal Range ppm 19.6 - 315.2 13.2 - 287.6 16.4 - 313.7
Number of levels 7 7 7
Calibration curve y=0.7480x-0.1080 y=0.6000x-0.0246 y=1.0990x-0.0577

LOD (ng) 1.02 1.06 1.06

LOQ (ng) 1.68 2.44 1.76

Table 7. Detection and quantification limits for CBD, THC y CBN.

The results experimentally obtained allow to conclude that the analysis method for CBD,
THC and CBN had a very good accuracy and the required exactitude at different
concentration levels, with no systematic error evidence.

Otherwise, the detection limits using DPH as surrogate standard were of 1,02 ng for CBD,
1,06 ng for THC and 1,06 ng for CBN. The quantification limits were of 1,68 ng for CBD, 2,44
ng for THC y 1,76 ng for CBN.

4. Profile analysis of cannabinoids in samples collected in four areas of illicit
cultivation of cannabis

In order to determine the profile of cannabinoids in samples from four different regions of
Colombia, were sampled four regions, in each region thirteen samples were taken, each was
analyzed by triplicate. The areas sampled were: (i) Northern region (NR), (ii) Southern
region (SR), (iii) Eastern region (ER) and (iv) Central region (CR), see Figure 2.

In all samples of the four regions of the cannabinoid THC was the majority (NR 1.89-4.00%
average 2.81%, SR 6.72-15.48% avg 10.98%, ER 13.37-17.63% avg 15.74%, CR 1.11-3.17% avg
1.87%). In regions NR, SR and ER the minor cannabinoid was CBN (NR 0.04-0.06% avg
0.05%, SR 0.05-0.17% avg 0.11%, ER 0.56-0.80% 0.68% avg), with the CBD as the intermediate
(NR 0.29-2.40% avg 0.91%, SR 0.60-4.86% avg 2.52%, ER 0.92-4.14% 1.86% avg). Unlike the
three previous regions, in CR CBD was minority (0.01-0.06% avg 0.02%) and CBN was the
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intermediate cannabinoid (0.83-1.94% 1.36% avg), see Figure 5. In the Table 8 cannabinoid
content averages and phenotype averages of each studied region are shown.
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Fig. 5. Cannabinoids content in samples collected in different areas of Colombia a) NR, b)
SR, ¢) ER, d) CR.

NR SR ER CR
Cannabinoid |Avg. |SD |C.V.|Avg. |SD |C.V.|Avg. |SD |[C.V.|Avg. |SD C.V.
CBD 0.91 |0.550(60.6 {2.52 |1.441|57.2 |1.86 |1.166|62.8 [0.02 [0.020 |108.9
THC 2.81 |0.792(28.2 (10.98 |3.075|28.0 {15.74|1.340|8.5 |1.87 |0.574 |30.7
CBN 0.05 |0.005|10.3 {0.11 |0.040|36.2 |0.68 |0.080|11.8 |1.36 [0.366 (27.0
Phenotype |4.14 [2.233(53.9 |7.41 |7.035(94.9 |11.82|5.504 [46.5 |414.52|354.087 |85.4

Table 8. Cannabinoids content in samples collected in different areas of Colombia.
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With respect to THC, the substance which presents psychoactive effects and potentially can
generate dependence in consumers, samples from ER and SR showed the highest content
(15.74% and 10.98%, respectively), much higher than those reported for THC in samples
from Colombia (Baker et al., 1980). The NR (2.81%) and CR (1.87%) showed lower values of
THC.

The high content of THC in samples ER and SR regions could indicate the use of improved
varieties of cannabis, whereas worldwide are certified varieties without genetic
manipulation with less than 7% THC (Montero 2008), which comes great concern about the
higher drug potential effects among consumers (Licata et al., 2005).

Phenotype values calculated according to Waller for each group of samples were found
within a given range for different regions, see Figure 6. These results are consistent with
data published by Turner et al. (1979), who noted that the variability in the content of
cannabinoids in plant samples difficult phenotypic classification based on the result of a
single analysis, and additionally Mechtler et al. (2004) found that THC may have an erratic
and in some plants with hemp can be outside of the characteristic values for the population
farmed.

400 600 800 1000 1200

Fig. 6. Variation ranges of the phenotype for the analyzed samples of North region (NR),
South region (SR), East region (ER) and Central region (CR).

The results of the minimum and maximum phenotype values calculated according to
Waller relationship, show that the ranges obtained overlap for three of the considered
regions, this is NR (1.72-7.68), SR (1.39-23.08) and ER (3.56-19.54). As a criterion for
differentiating the only group whose phenotype was different correspond to samples
collected in the CR (40.09- 1094.50), see Figure 6.

Given the above, the Waller relationship is not useful for defining geographical origin of the
samples under study. In contrast, when considering the relationship THC vs THC/CBN,
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this could have a greater discriminatory power as the criterion of origin of the samples
under study. Through this relationship we obtain four distinct groups being the most
appropriate criteria and discriminate source for the region of origin of the analyzed samples,
this relationship is shown in Figure 7.
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Fig. 7. THC vs THC/CBN diagram for the four analyzed regions.

By the way the ratio THC vs THC / CBN is obtain this could be an appropriate tool to
discriminate between the studied samples. SR was the most dispersed group, CR was the
less dispersed group, these samples had antagonistic behavior. NR and ER had antagonistic
behavior too, these were the medium dispersed groups. Through this relationship we obtain
four sample distinct groups, it could be the most appropriate criteria and discriminate
source of the region of origin of the samples analyzed.

5. Conclusions

The present study analyzed the cannabinoids content in samples of Cannabis sativa L.
cultivated illicitly in Colombia. The physicochemical conditions were optimized for the
extraction and quantification of cannabidiol (CBD), A9-tetrahidrocannabinol (THC) and
cannabinol (CBN) starting from a vegetable sample using gas chromatography with flame
ionization detector GC-FID, validating the respective analytic method.
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The THC average content (% dry basis) in the East region (ER) and South region (SR)
samples showed very high concentrations of THC, 15.74% and 10.98%, respectively. The
higher content of THC in vegetable samples of cannabis from the ER and SR could be
indicative of the employment of improved varieties. This fact generates a great concern
about the potential effects produced by the drug in consumers.

Additionally, variation in the contents of CBD, THC and CBN in the thirteen samples
collected in each region implies that the value of the Waller phenotype for each group of
samples was not found around a value but becomes an interval for each source. The
numerical value of this phenotype, by itself, did not serve as a criterion for differentiation on
the geographical origin of the samples, due to overlapping ranges for three of the regions
concerned, this is North region (NR), SR and ER. The most appropriate criteria and
discriminate source for the region of origin of the four groups of samples analyzed was
plotting the ratio THC vs THC / CBN, as this allows to distinguish four distinct groups.
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