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Abstract: Cannabis sativa is known to be the most abused illegal drug worldwide. To date
it is not only used as a medicine but has been established as a lifestyle product. The most
relevant phytocannabinoids represent the ingredients delta-9-tetrahydrocannabinol (A°-THC)
and cannabidiol (CBD), whereby only A°-THC shows a psychoactive effect. Since 2017, the
so-called CBD-hemp containing CBD as main ingredient is distributed in many countries as a
legal alternative. In these products, A°-THC must not exceed a certain percentage. It is hardly
possible to differentiate between THC-hemp and CBD-hemp presenting a major challenge
for authorities. Therefore, there is the need to develop fast and efficient analysis methods to
distinguish between fibre-type, drug-type and intermediate-type cannabis products. The aim of
this study was to compare two simple and inexpensive HPLC-UV and GC-FID methods for their
ability to quantify phytocannabinoids in dried cannabis plant material. For this purpose, a set
of 37 fresh and dried cannabis samples randomly chosen from seizures of Austrian police was
subject to complementary quantification of A°-THC and CBD. After having taken into account
decomposition of certain phytocannabinoids, the result of this quantitative study showed good
correlation between HPLC-UV and GC-FID regardless of quantifying cannabis leaves or buds.
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1 Introduction

In 2018, Cannabis sativa was named the medicinal plant of the year in Austria by the Herbal
Medicinal Products Platform Austria (HMPPA). Also previously, the plant was extremely
fashionable. Cultivation and use go back thousands of years. At this time, of course, the
ingredients were still unknown. During the past 40 years, Turner et al. and Elsohly et. al.
reported 490 constituents between the years 1980 and 2005 [1, 2].

The most prominent two active ingredients in Cannabis sativa are the phytocannabinoids
delta-9-tetrahydrocannabinol (A°- THC) and cannabidiol (CBD), whereby the latter one still
does not count as an official drug substance. Also, A°-THC leads to a psychoactive effect, CBD
does not. Therefore, drug-type cannabis is also very promizing for illegal use. According to the
European Drug Report 2019, it is estimated that around 96 million people in the European Union
tried out drugs once in their lifetime. Among them, about 91.2 million people once consumed
cannabis [3]. On the other hand, since the year 2018 when the plant has been named the
medicinal plant of the year, fibre-type and intermediate-type cannabis were strongly promoted.
The difference between a THC-containing hemp and a CBD-containing hemp can be neither
distinguished macroscopically, microscopically nor olfactoric. Moreover, legislation is different
in most countries leading to problems, e.g. when consumers import or export cannabis.

As an example, in Austria, cannabis is subject to the Narcotic Substance Act, whereby both in-
gredients A°-THC and tetrahydrocannabinolic acid (THCA) are listed as scheduled compounds.
In plant material, the sum of A°-THC and THCA must not exceed 0.3%. Cultivation for the
purpose of obtaining addictive substances, the acquisition, processing, possession, sale, transfer
and import, export and transit are prohibited by law. However, the legislation on cultivation is
not described clearly. On the one hand, it is allowed to possess cannabis plants as ornamental
plants, on the other hand it must not be brought to flower.

As a consequence, the number of so-called “Hemp shops” not only in Austria but also in
other European countries is strongly increasing. Cannabis plants are traded as cuttings with the
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recommendation that they must only be kept as an ornamental plant. Also dealers and consumers
can always rely on possessing CBD hemp, trusting in a A°-~THC content below 0.3%, but there
is no quality control. The huge number of seized samples is a big challenge for authorities,
because often, it is not clear whether a drug-type, fibre-type and intermediate-type cannabis is
present. Intermediate-type cannabis is a result of crossing drug-type and fibre-type. Moreover,
Hemp shops do not sell cuttings only, they also offer CBD preparations as oils, honeys, flowers
and drops. In all these cases, mostly the content of cannabinoids of these products is unknown.

National forensic analyses of *low-THC’ cannabis herb in Italy, Luxembourg and Austria
revealed that they were indeed low in A°-THC. However, some products sold as “high in
CBD” have been found to contain levels of A°-THC that may cause unexpected intoxication of
users [4].

In order to differ between hemp preparations, the content of A°-THC and CBD can be
determined by various chromatographic methods. In literature, several methods for analysis of
cannabinoids in Cannabis sativa have been published, including high-performance thin-layer
chromatography (HPTLC) [5,6], supercritical fluid chromatography (SFC) [7-9], gas chromatog-
raphy (GC) [9, 10] and high-performance liquid chromatography (HPLC) [11-15]. However,
due to the decarboxylation of cannabidiolic acid (CBDA) and THCA at high temperature, it is
not possible to detect these corresponding acids by GC (Figure 1).

A*-Tetrahydrocannabinolic acid 4%-Tetrahydrocannabinol Cannabinol

AP-THCA A%THC CBN

Cannabidiolic acid Cannabidiol

CBDA CBD

Figure 1 Decarboxylation and oxidation of cannabinoids

Recently, Shimadzu brought up a U-HPLC equipment devoted to separation and quantification
of cannabinoids. The company offers a package named “Hemp Analyzer” along with standards
and the method.

The aim of this research was to circumvent cost intensive detectors such as mass selective
detection and to compare GC-FID and HPLC-UV as two very common techniques to quantify
CBD and A°-THC. Because of produced heat, with GC-FID the sum of A°-THC and THCA as
well as CBD and CBDA is obtained. With HPLC, no heat is produced while measurement, this is
why CBD and A°-THC and their corresponding acids can be quantified separately. Occasionally
it is important to know the average proportion of A°-THC and CBD to their corresponding acids,
since the acids do not decompose following a strict rule rather than influence by temperature,
light and surface. According earlier findings, for THCA and A°-THC this proportion has been
found 92:8 [15]. However, for CBD and CBDA, no data were found.

2 Material and methods

2.1 Chemicals and solutions

Phosphoric acid (85%), n-hexane, ethyl acetate, acetonitrile (ACN) (VWR, Darmstadt,
Germany), triethylamine (Sigma-Aldrich, St. Louis, MO, USA) and triphenylamine (Alfa Aesar,
Karlsruhe, Germany), were of analytical grade. Dronabinol (A°-THC), THCA and CBDA
standards were obtained from THC Pharm GmbH (Frankfurt/Main, Germany). CBD standard
was a generous gift from G.L. Pharma (Lannach, Austria). Millipore water was bought from
Fisher Scientific (Loughborough, UK). All cannabis samples were seized by Austrian Police in
fresh and dry condition.
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2.2 Chromatographic conditions
2.2.1 Chromatographic conditions for HPLC analysis

An Agilent 1100 Series Liquid Chromatograph equipped with an autosampler, diode array
detector and column oven was used. HPLC analysis were performed on a LiChrospher® 100
RP-18 (5 zm) LiChroCART® 125-4 column from Merck KGaA (Darmstadt, Germany). Sample
determination and measurements were performed at a flow rate of 2 ml/min and an injection
volume of 25 ul. Column oven was set to 40°C. The UV detection was set to 210 nm. Data were
evaluated with Chemstation Rev. B. 04.03 [16] (Agilent Technologies, Waldbronn, Germany)
software.

Mobile phase was prepared by mixing triethylammoniumphosphate buffer pH 2.66 and ACN
in the required ratios. Afterwards the solution was degassed in the ultrasonic bath (Vevor, CA,
United States) for 5 min.

2.2.2 Chromatographic Conditions for GC analysis

An Agilent 7890B Gas Chromatograph was used for GC-FID analysis. Separation was
carried out on a HP 5 (0.32 mm x 30 m; 0.25 pm film thickness) column. Helium was used as a
carrier gas (1.0 ml/min flow rate).

The oven program starts at a temperature of 160°C and remains at this temperature for 30
sec. The temperature ramps at a rate of 10°C/min to 280°C, then temperature rises again within
1.5 min to a final maximum of 300°C. The post run lasts 2 min. The total run time is 14 min.
Data were evaluated with Agilent ChemStation software Rev.B.04.03-SP2.

2.3 Sample preparation
2.3.1 Sample preparation for HPLC analysis

Air-dried cannabis samples were grounded with a Bosch® MKM6003 coffee grinder (Bosch,
Stuttgart, Germany). 50 mg of the grounded samples were extracted in 25 ml solvent (n-
hexane/ethyl acetate (9:1) for 20 min in ultrasonic bath. The solution was filtered and 2 ml
were transferred into a 10 ml volumetric flask. Solvent was vaporized under nitrogen steam.
Afterwards the dry residues were dissolved in mobile phase (10 ml). Warming up the samples
was avoided in any step.

2.3.2 Sample preparation for GC analysis

The samples were ground in the same procedure as for HPLC preparation. 50 mg of the
grounded samples were extracted in 50 ml mixture of n-hexane/ethyl acetate (9:1) for 40 min in
the ultrasonic bath. After filtration, 9 ml were mixed with 1 ml triphenylamine being used as an
internal standard. The mixture was finally transferred into a vial.

2.4 Content calculation
2.4.1 Calculation of CBDA, CBD, THCA and A°-THC content for HPLC analysis

Calibration curves of CBDA, CBD, THCA and A°-THC were prepared by diluting appropri-
ate stock solutions. 1 mg of each compound was diluted in 10 ml mobile phase (=100 pg/ml).
Calibration points in intervals of ten from 70 pg/ml to 10 pg/ml were chosen, and three points
(5 pg/ml, 3 pg/ml and 1 pg/ml) were added. The regression equations are shown in Table 1.

2.4.2 Calculation of CBD and A°-THC content for GC analysis

10 mg of each compound were diluted in 50 ml n-hexane/ethyl acetate (9:1). Calibration
points from 180 pg/ml to 2 pg/ml were made (180; 120; 100; 60; 20; 18; 12; 10; 6; 2 pg/ml).
The regression equations are shown in Table 1.

3 Results and discussion

In preliminary experiments, different mobile phases were applied in HPLC to separate and
quantify cannabinoids. The first mobile phase consisted of triethylammonium phosphate 25mM
(pH = 3.0) and ACN with a ratio of 45:55.
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Table1 Regression equation, correlation coefficient (r2) of A°-THC, THCA, CBD and CBDA

Compound name Calibration curve 12 Linearity range (pg/ml)
A®-THC y =108.26x — 26.831 0.9991 1.0-70
A9-THC* y =0.0155x - 0.035 0.9993 2.0-180
THCA y =45.346x — 43.644 0.9992 1.0-70

CBD y =50.984x + 7.565 0.9999 1.0-70

CBD* y=0.014x + 0.011 0.9854 2.0-180
CBDA y =57.241x + 9.846 0.9999 1.0-70

Notes: *GC

A°-THC, THCA, CBD and CBDA standards were measured. The goal was an identification
within 14 minutes, which was not possible with this mobile phase. Various changes in pH
were not successful. By changing the ratio from 45:55 to 36:64, as Taschwer et al. described,
retention times higher than 15 minutes were achieved [11]. In order to accomplish identification
within 14 minutes, pH-value was reduced from 3.0 to 2.7.

A total of 36 different fresh cannabis samples were analyzed. All of them were seized by
police, whereby it was unclear whether they represent CBD-, or THC-hemp. A comparison
between HPLC-UV and GC-FID analysis was accomplished as follows: Samples were measured
with both devices. Results are shown in Table 2.

Table 2 Cannabinoids quantities (%w/w) for the 37 samples investigated

Sample THCHPLC THCAHPLC THC+THCAHPLC THCGC CBDHPLC CBDAHPLC CBD+CBDAHPLC CBDGC
1 0.37 1.12 1.49 1.35 0.15 0.00 0.15 0.14
2 0.65 17.17 17.82 16.20 0.13 0.08 0.21 0.19
3 0.53 6.16 6.69 6.08 0.00 0.29 0.29 0.26
4 0.65 12.17 12.82 11.65 0.16 0.01 0.17 0.15
5 0.82 9.45 10.27 9.34 0.14 0.04 0.19 0.17
6 5.06 2.54 7.60 6.91 1.67 0.81 1.43 1.30
7 0.75 4.50 5.25 4.77 0.09 0.05 0.28 0.25
8 1.99 11.12 13.11 11.92 0.25 0.10 0.44 0.40
9 1.07 5.56 6.63 6.03 0.04 0.02 0.34 0.31
10 0.48 591 6.39 5.81 0.00 0.09 0.09 0.00
11 7.83 1.20 9.03 8.21 0.19 0.04 0.23 0.21
12 1.17 5.50 6.67 6.06 0.06 0.11 0.17 0.15
13 2.95 4.86 7.81 7.10 0.09 0.06 0.15 0.14
14 1.30 15.76 17.06 15.51 0.13 0.07 0.20 0.18
15 0.09 1.46 1.55 1.41 0.00 0.08 0.08 0.07
16 0.42 7.81 8.23 7.48 0.00 0.18 0.18 0.16
17 0.61 1.65 2.26 2.05 0.21 0.01 0.22 0.20
18 1.98 10.49 12.47 11.34 0.31 0.17 0.48 0.44
19 0.98 12.03 13.01 11.83 0.12 0.11 0.23 0.21
20 221 7.29 9.50 8.64 0.84 1.79 2.63 2.39
21 2.00 13.28 15.28 13.89 1.61 1.12 2.73 2.48
22 0.76 4.49 5.25 4.77 0.23 0.05 0.28 0.25
23 1.96 8.80 10.76 9.78 0.26 0.13 0.39 0.35
24 0.74 4.87 5.61 5.10 0.04 0.35 0.39 0.35
25 0.10 0.58 0.68 0.62 0.54 6.39 6.93 6.30
26 0.10 1.12 1.22 1.11 1.22 5.85 7.07 6.43
27 0.14 1.38 1.52 1.38 1.87 6.60 8.47 7.70
28 0.12 1.09 1.21 1.10 1.60 6.89 8.49 7.72
29 0.13 1.43 1.56 1.42 1.19 10.04 11.23 10.21
30 0.06 1.55 1.61 1.46 0.07 1.01 1.08 0.98
31 0.07 2.06 2.13 1.94 0.19 1.78 1.97 1.79
32 0.09 1.68 1.77 1.61 0.08 8.07 8.15 7.41
33 0.09 2.34 2.43 2.21 0.35 6.89 7.24 6.58
34 0.15 7.24 7.39 6.72 0.08 1.19 1.27 1.15
35 0.52 0.91 1.43 1.30 2.41 3.82 6.23 5.66
36 0.08 0.93 1.01 0.92 1.45 4.00 5.45 4.95
37 0.05 0.07 0.12 0.11 0.42 0.69 1.11 1.01

For HPLC, percentages of CBD and A°-THC and their corresponding acids were additionally
displayed. Since a low CBD content is not relevant for prosecution, percentages below one
percent were not shown. The A°-THC content was shown for each sample, because the A°-
THC limit of 0.3% must not be exceeded in Austria. Sample #25 was declared as CBD hemp,
but it could be demonstrated with both HPLC and GC that the limit of 0.3% was exceeded. The
corresponding chromatograms are shown in Figure 2.
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Figure 2 Chromatograms of Sample 25 by GC-FID (a) and HPLC-UV (b)
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Figure 3 Comparison of A°-THC content between HPLC-UV and GC-FID
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Figure 4 Comparison of CBD content between HPLC-UV and GC-FID

Gas chromatography is the most commonly used technique, which has been used earlier
than HPLC. Regarding hemp analysis due to the high temperatures, However, cannabinoid
acids decarboxylate to their corresponding cannabinoids, which makes detection of THCA and
CBDA impossible. Since the total A°-THC content (higher 0.3%) is relevant under criminal
law only, the GC-FID method can be used successfully to determine the content of A°-THC
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in low A®-THC cannabis samples. In Austria, hemp is legal, if it complies to the European
hempsort catalogue and if its content of THC is below 0.3%. Since CBD is classified as novel
food in the EU, the demand for CBD products is constantly increasing. Even if the content of
CBD is not relevant under criminal law, vendors would like to monitor CBD content of their
products.

Chemically, CBDA and CBD differ in the presence of a carboxyl group (Figure 1). From a
pharmacological point of view, CBDA is considered the inactive form and gets decarboxylated
by heat yielding the active form. To date, there are few publications about CBDA, one dealing
with positive influence of CBDA on nausea and vomiting in rats [16]. Therefore, the ratio of
CBD and CBDA in CBD products as well as the conversion rate of CBDA to CBD are essential.

Total results of HPLC and GC measurements are shown in Table 2. With HPLC, percentages
of THCA and A°-THC as well as CBDA and CBD are displayed. The appropriate sums are
compared to the percentages obtained by GC. For HPLC, percentages of A°-THC ranged
between 0.11% and 15.04%. For GC measurements, the results of the content determinations
were comparable and ranged between 0.62% and 16.20%. The total CBD content ranged from
less than 0.1% to 9.90% for HPLC measurements and from less than 0.1% to 10.21% for GC
experiments. A comparison of the contents of all samples is shown in Figure 3 and 4.

Following the definition of Sutipatanasomboon et al., with regard to the THC/CBD ratio, the
cannabis plant can be divided into three categories, a drug type (ratio greater than 1) (Figure
5), a fiber type (ratio less than 1) (Figure 6) and an intermediate type (ratio close to 1) (Figure
7 [17].

Therefore all 37 measured cannabis samples can be assigned successfully: 26 samples count
to drug type, 9 samples belong to the fiber-type and sample #30 and #31 can be assigned to the
intermediate type. With this HPLC method, the simultaneous content determination of the phy-
tocannabinoids CBD, CBDA, A°-THC and THCA was carried out within 12 minutes. Content
of total A®-THC measured by GC, ranged between 0.11 and 16.20 percent. Mean percentage of
THCA and A°-THC measured by HPLC was 83,35+17,67% and 16,65+17,67%, respectively.
Content of total CBD measured by GC, ranged between 0.00 and 10.21%. Mean percentage of
CBDA and CBD measured by HPLC was 58,31£33,61 % and 39,474-33,92%, respectively.
However, these values are statistical and cannot explain the velocity of decomposition of both
carboxy acids.

Overall, both methods allow an easy comparison and the small differences in percentages
can be attributed to the inhomogeneity of plant materials.

4 Conclusion

Cannabis is not only the most abused, but the drug discussed most intense. There are advo-
cates and opponents worldwide discussing the legalization of A°-THC-containing cannabis.
Regardless of classification, research and development of quick and stable content determina-
tions are essential. Various chromatographic methods such as TLC, GC-FID or HPLC can be
used to separate the most important phytocannabinoids avoiding expensive devices. For this
reason, HPLC and GC have become established rather than TLC; The latter technique only
shows different spots and therefore a content determination is complex. The results of this study
reveiled that identification of the two high abundant phytocannabinoids CBD and A°-THC is
feasible within 14 minutes using GC-FID. Moreover, determination of the content of CBD,
CBDA, A°-THC and THCA by HPLC-UV is possible within 12 minutes.
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