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Quality control of CBD oils on the Belgium market showed that the CBD content not always corresponds to
the label claim. There is a pressing need to develop new analytical methods specifically developed to the
assay of such oily samples. Analytical issues are, however, encountered for routine analyses due to the
matrix complexity, high cost of cannabinoid standards and low A9-THC concentrations. An oily matrix could
cause technical damages to analytical instruments and reduce the lifetime of the chromatographic columns.
This paper proposes a procedure combining a sample cleanup by QUEChERS, removing the oily matrix,
followed by a validated MRM GC-MS/MS method for the routine analysis of CBD oil samples. Eighteen CBD
samples were selected on the Belgium market for analysis. This method allows the quantification of CBD,
the legality check for the A9-THC content by a CBN standard and the screening of seven other cannabinoids
namely CBN, CBDV, CBT, CBC, A8-THC, THCV and CBG. The method was validated at three concentration
levels (0.5-1-2% (w/v)) for CBD and (0.05-0.1-0.2% (w/v)) for CBN. The detection limits for CBT, CBD, CBC,
A8-THC, CBN and for the other cannabinoids of interest, were 10 and 14 ng/mL respectively. The accuracy
profile values for CBD and CBN showed that the p-expectation tolerance intervals did not exceed the ac-
ceptance limits of + 20%, meaning that 90% of future measurements will be included within this error range.
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1. Introduction

The growing number of cannabis-based products like hemp
seeds and more specifically the cannabidiol (CBD) oils and other
cannabinoid oils, calls for the establishment of a legal framework
specifically for the determination of the permissible residual content
of A9-tetrahydrocannabinol (A9-THC) and the assay of the labeled
amount of cannabinoid. For these applications, most European
Union countries authorize a maximum concentration of 0.2 (w/w) or
0.3% (w/w) of A9-THC in the dried cannabis plant [1]. Since CBD is
not controlled in the European Union, there is a lack of specific
regulations and analytical controls and no guarantee of the com-
position and quality of the products [2].
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Many analytical methods are described in the literature to
quantify the CBD content in oil. The most common cannabinoid
quantification techniques for this matrix include gas chromato-
graphy (GC) coupled to mass spectrometry (MS) [3,4] and liquid
chromatography (LC) coupled to an UV or MS detector [5,6]. One of
the important differences between LC and GC is the high column
temperature required in GC, which produces a decarboxylation of
the acidic form of CBD, cannabidiolic acid (CBDA) [7]. Since the total
quantity of CBD is often mentioned on the packaging, GC is the first
choice technique. Moreover, it allows the use of only one reference
standard, namely CBD. All the published papers, however, do not
take into account the negative effects of the oily matrix on the
chromatographic columns and the instrument and therefore are not
suited for daily routine use for quality control and surveillance of a
high number of samples. In addition to the reduced lifetime of the
chromatographic column and the increased cleaning frequency ne-
cessary, other analytical problems are encountered due to the
complexity of the matrix, the high cost of cannabinoid standards and
the low concentration levels of A9-THC. In the literature often a
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direct injection method is used with different split ratios after di-
lution of the sample in a suitable solvent, though this implies in-
jection of an oily matrix with all negative effects mentioned above.
In this paper a QUEChERS (Quick, Easy, Cheap, Efficient, Rugged, Safe)
procedure based on the Enhanced Matrix Removal (EMR)-lipid was
used for sample clean-up. This technique permits to remove enough
fat for the analysis of a great number of samples in one run. High-
boiling materials can cause adsorption of analyte in the injection
port or in front of a GC column [8]. Furthermore, the small number of
sample preparation steps reduces the time and effort and decreases
the possible errors by the analyst.

In this work, a MRM GC-MS/MS method was developed and va-
lidated to determine the quantity of CBD and A9-THC in oily sam-
ples. For the latter, cannabinol (CBN) reference standards were used.
The method was also evaluated for screening of seven other can-
nabinoids namely CBN, cannabichromene (CBC), cannabicitran
(CBT), delta-8-tetrahydrocannabinol (A8-THC), tetra-
hydrocannabivarin (THCV), cannabidivarin (CBDV) and cannabigerol
(CBG). These cannabinoids were selected based on their biosynthesis
pathway [9,10] and their medical and pharmaceutical in-
terest [11,12].

2. Materials and methods
2.1. Materials

2.1.1. Instrumentation

GC-MS/MS analyses were performed on an Agilent 7890B gas
chromatograph coupled to an Agilent 7000C triple quadrupole de-
tector (Agilent Technologies, Santa Clara, CA, USA). Data acquisition
and analysis were performed using MassHunter Workstation 10.0
(Agilent Technologies, Santa Clara, CA, USA).

2.1.2. Reagents, chemicals and extraction material

The extraction solvents n-hexane and ethanol absolute (dehy-
drated) AR were purchased from Biosolve BV (purity > 99.0%,
Valkenswaard,The Netherlands). Ultrapure water was obtained using
a milliQ-Gradient A 10 system (Millipore, Billerica, USA). Methyl-
arachidate, a fatty acid methyl ester used as internal standard, was
purchased from Sigma-Aldrich (purity 99.4%, Saint-Louis, USA).
Blank olive oils used during method development and validation
were purchased from a local retail shop.

2.1.3. Extraction Kit

The extraction kit was composed of Bond Elut EMR-Lipid dis-
persive solid phase extraction (p-SPE) and Bond Elut EMR-Lipid
Polish Pouch anhydrous MgSO, sticks (3.5 g) (Agilent Technologies,
Santa Clara, CA, USA). After activation of the p-SPE with water, lipids
can be extracted selectively from fat samples by the preweighed
sorbent. A final cleaning step removes the excess of water, which
was necessary to activate the p-SPE. The kit was purchased from
Agilent (Diegem, Belgium).

2.1.4. Standards

The standard cannabidiol (100.0% purity) was purchased from
Fagron (Nazareth, Belgium). The standard solutions of tetra-
hydrocannabivarin in methanol (0.9986 mg/mL + 0.8% (total un-
certainty) purity), cannabigerol (97.9% + 0.2% purity), cannabinol
(99.427% + 0.004% purity), (-)-trans-delta-9-tetrahydrocannabinol
(100.9 mg/mL +0.9%(total uncertainty purity)), (-)-delta-8-tetra-
hydrocannabinol in ethanol (9 mg/mL + 2% (total uncertainty purity)
and the standard of cannabidivarin (99.45% +0.02% purity) were
purchased from Lipomed AG (Arlesheim, Switzerland). The standard
solution of cannabicitran in methanol (99.3% + 0.6% purity) and
(+)-cannabichromene in acetonitrile (100.0% purity) were purchased
from LGC standards (Molsheim Cedex, France).
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2.1.5. CBD oils samples

Eighteen CBD oils were taken by inspectors affiliated with the
Belgian Federal Public Service “Animal, Plant and Food Directorate-
General” (DG4) and the Belgian Federal Agency for Medicinal and
Health Products (FAMHP).

2.2. Solutions preparation

All solutions were prepared and stored in brown glass volumetric
flasks and stored at —20 °C up to 2 weeks [13].

2.2.1. Preparation of CBD and CBN standard solutions

A stock solution of 2 mg/mL in ethanol was prepared for CBD and
stored in a dark flask at -20 °C.

Five CBD standard solutions were prepared in n-hexane from the
stock solution. Solutions of 0, 30, 60, 90 and 120 pg/mL in n-hexane
were made. These standard solutions were further used to create a
standard addition procedure to create a standard addition calibra-
tion curve.

The CBN standard solutions were prepared in the same way with
a concentration of stock solution of 100 pg/mL. Solutions of 0, 1.25,
2.5, 3.75, and 5 pg/mL were prepared.

2.2.2. Selection and preparation of the diluent solution

The diluent solution consisted of n-hexane containing 0.4 mg/mL
of internal standard (methyl-arachidate). Different solvents were
tested as diluent solution: acetonitrile, n-hexane, methanol, iso-
propanol and mixtures of varying proportions of solvents as acet-
onitrile/methanol, n-hexane/isopropanol. The selection of n-hexane
is in agreement with literature, since n-hexane is generally chosen as
the non-polar extraction solvent for vegetable oils for its lipid dis-
solving properties [14].

2.2.3. Preparation of spiked matrix validation samples

A stock solution of 10 mg/mL CBD in ethanol was prepared from
which three levels of CBD concentration were prepared for valida-
tion: 0.5% (w/v), 1% (w/v) and 2% (w/v). For preparing these valida-
tion samples, 500 uL of a blank olive oil samples were spiked with an
aliquot of the stock solution of 250 uL, 500 pL and 1 mL respectively.

In analogy, a stock solution of 1 mg/mL CBN in ethanol was
prepared to create the three levels of CBN concentration for vali-
dation: 0.05% (w/v), 0.1% (w/v) and 0.2% (w/v). For preparing these
validation samples, 500 uL of blank olive oil samples were spiked
with an aliquot of the stock solution of 250 L, 500 uL and 1 mlL,
respectively.

2.3. Development of the extraction procedure and cleanup

A sample of 500 pL oil was diluted to 10.0 mL with the diluent
solution in a brown glass volumetric flask and placed in an ultra-
sonic bath for 5 min. Different times for the sonication step were
tested (5 min, 10 min and 20 min). A volume of 3.0 mL of the pre-
vious solution was diluted with the diluent solution to 10.0 mL in a
brown glass volumetric flask followed by sonication for 5 min

Two sorbents were tested for sample preparation: Bond Elut
EMR-Lipid and the Captiva EMR-Lipid [15]. The latter was rejected
because no analyte of interest was detected after the extraction
procedure and the cleaning step. Even by using a higher amount of
extraction solvent to elute the analytes, they remained on the
column.

The sorbent contained in the Bond Elut EMR-Lipid was trans-
ferred in a polypropylene tube of 50 mL and activated for optimum
performance with 5mL purified water and homogenized by vor-
texing for 30s

The first step of the QUEChERS approach was performed by
transferring the sample solution to the polypropylene tube
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Table 1

Relative retention time and optimized MRM conditions and transitions for cannabinoids and IS.
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N° Compounds Relative retention time Quantifier Qualifier Dwell time (min)
Transition CE (eV) Transition Precursor ion Product ion CE (eV)

1 CBDV 0.914 202.8 -> 174.1 20 217.8 -> 203.0 217.8 203.0 20 241
2 CBT 0.992 231.0 -> 174.0 30 314.0 -> 231.0 314.0 231.0 30 241
3 IS 1 238.0 -> 101.0 10 326.0 -> 185.0 326.0 185.0 10 241
4 THCV 1.029 203.0 -> 174.0 15 286.0 -> 271.0 286.0 271.0 9 241
6 CBD 1120 231.0 -> 174.0 18 231.0 -> 145.0 231.0 145.0 30 241
5 CBC 1143 231.0 -> 174.0 21 231.0 -> 1740 231.0 173.0 33 241
7 D8-THC 1.204 231.0 -> 174.0 21 314.0 -> 231.0 314.0 231.0 18 241
8 D9-THC 1.247 231.0 -> 174.0 24 231.0 -> 145.0 231.0 145.0 33 241
9 CBG 1.302 193.0 -> 123.0 12 231.0 -> 1740 231.0 174.0 15 241

10 CBN 1.304 295.0 -> 238.0 21 295.0 -> 223.0 295.0 223.0 33 241

containing the activated sorbent. The tube was vortexed for 3 min
followed by centrifugation for 5 min at 5000 rpm. The optimal stir-
ring device was selected comparing horizontal, oscillating and vi-
brational (vortex) shakers for different times (3 min, 5min and
10 min). The second step was made by transferring the supernatant
to another 50 mL polypropylene tube together with 1.75 g of anhy-
drous Polish Poush. The latter contains anhydrous magnesium sul-
fate which eliminates water.The tube was vortexed for 3 min and
centrifugated for 5 min. Half the stick was sufficient because the
extraction solvent used in this procedure was highly hydrophobic.

After the extraction procedure and clean-up step, 500 pL of su-
pernatant was transferred in five brown glass vials of 2mL and
500 uL of each of the calibration standards was added. Vials were
vortexed for 5s. The procedure to create a standard addition cali-
bration is described in Section 2.2.1.

2.4. GC-MS/MS conditions

GC-MS/MS analyses were performed on a fused silica capillary
column (VF-5ms, 30m x250um inner diameter x 0.25um film
thickness). The oven temperature was programmed at 200 °C for
2 min, increased to 280 °C at 6 °C/min and held for 2 min at 280 °C.
Total run time was 17.3 min. Injection was performed in split mode
(10:1) with an inlet temperature of 250 °C and a transfer line tem-
perature of 280 °C. Helium gas, with a flow rate of 1.5 mL/min was
used as carrier gas.

The mass spectrometer operated in electron impact mode at
70eV and the temperature of the ion source was 230 °C.

CBD,
CBC

. CBDV CBT

To analyze the cannabinoids, targeted in this study using GC-MS/
MS in MRM mode, it was necessary to optimize quantification and
qualification precursor to product ion transitions.

The increased selectivity with the use of MRM transitions en-
hanced the differentiation among partially co-eluting cannabinoids,
such as CBD/CBC and CBG/CBN.

The relative retention times, transitions for quantification and
qualification, collision energy and dwell time are shown in Table 1.
The first ion mentioned for each compound was used for quantifi-
cation and the second ion as a qualifier ion.

3. Results and discussion
3.1. Method validation

The validation of the method was performed according to the
guidelines of the Food and Drug Administration [16] using accuracy
profiles. All parameters were established using CBD and CBN spiked
in olive oil.

3.1.1. Selectivity

To test the selectivity of the method, the oil matrix was injected
to proof the absence of interference. No peaks were seen in the
chromatogram. The target analytes were clearly, though not com-
pletely, separated. Chromatograms for the blank matrix and the
target analytes in MRM mode are shown in Fig. 1.

CBN
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Fig. 1. Total ion chromatogram recorded in MRM mode (a) containing (1) CBDV, (2) CBT, (3) THCV, (4) CBD, (5) CBC, (6) A8-THC, (7) A9-THC, (8) CBG and (9) CBN and (b) of the

blanc matrix.
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Table 2

Trueness, precision, accuracy, uncertainty of the method for CBD and CBN.

Uncertainty

Accuracy

Precision

Trueness

Compound

o
o

Relative expanded uncertainty (%)

B expectation limits (%)

0.5

Intermediate precision (RSD%)

Repeatability (RSD %)

Relative bias (%)

0.5
13.30

0.5

0.5

0.5

Concentration level (mg/mL)

CBD

D.

10.57

13.52

[-2.14;18.40]

[-11.50; 14.77]
[-19.57;- 12.55]

[-10.29;18.07]

55
05

4,

6.19
1.60

5.89
2.16

2.72
2.05

3.68
1.26

211
2.16

8.13
-15.81

1.63

-16.06

3.89
-15.44

Bart et al.

2.98 3.73

3.94

[-19.79;- 11.83]

[-19.64;- 11.24]

CBN
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3.1.2. Limit of detection (LOD)

The LOD was established as the minimum concentration of
analyte that the method can detect with a signal-to-noise ratio of 3.
The LOD values were 10 ng/mL for CBT, CBD, CBC, A8-THC and CBN
and were 14 ng/mL for CBG, THCV and CBDV.

3.1.3. Linearity of the standard addition curves

The linearity of the standard calibration curves was evaluated
through the coefficient of determination (R?) and the quality coef-
ficient (QC) [17]. The R? values were above 0.999 and the QC value
was maximum 0.24 for CBD curves. The R? values were above 0.999
and the QC value was maximum 2.7 for CBN curves.

3.14. Accuracy profile

Accuracy profiles are based on the p-expectation tolerance in-
terval and the concept of total error. Equations and theoretical aspect
are described in [16,18].

The accuracy estimates the systematic error and the random
error in order to determine the differences between observed and
true values and is used in various application fields [19-21]. Three
concentrations levels (0.5-1-2% (w/v)) for CBD and (0.05 - 0.1 - 0.2%
(w/v)) CBN were used to build the accuracy profiles. Concentrations
of the validation samples were calculated with the standard addition
curves and used to calculate the trueness, the precision and the
accuracy. The results are given in Table 2 for the CBD and CBN va-
lidation.

Trueness is defined as the closeness of agreement between the
mean of a number of test results and the true value. It is an estimate
of the systematic error of the method and is calculated as relative
bias [22]. In this study, the trueness is acceptable, the highest value
was 8.1% for the highest CBD concentration and 16.1% for the middle
level concentration of CBN.

Precision is defined by FDA as the closeness of agreement be-
tween measurements obtained from multiple samplings of the same
homogenous sample under the prescribed conditions. The repeat-
ability (intra-day precision) was estimated by the RSD values of the
triplicate injections at each concentration level. The intermediate
precision (inter-day precision) was evaluated by the RSD values
calculated on the results obtained on four different days. The RSD for
CBD was below 3.7% for repeatability and below 6.2% for inter-
mediate precision. The RSD for CBN was below 2.05% for repeat-
ability and below 2.2 for intermediate precision. This was considered
acceptable.

The accuracy profile for CBD is shown in Fig. 2. The p-expecta-
tion tolerance interval was set at 90% and the acceptance limits at
20%. These settings were acceptable considering the complexity of
the matrix. The accuracy profiles showed that the B-expectation
tolerance interval did not exceed the acceptance limits of + 20%.

The measurement uncertainty is a parameter describing the
dispersion of the values that could reasonably be ascribed to the
measurement. The expanded uncertainty is determined with a 95%
confidence level, representing an interval in which the unknown
true value can be situated. The maximum value obtained was 13.5%
for the middle concentration level for CBD and 3.9% for the low
concentration level for CBN, which was considered acceptable.

3.2. A9-THC response factor

A9-THC reference standard is expensive and often only available
in solution. In this study, the response factor of A9-THC was com-
pared with the response factor of CBN since this crystalline com-
pound was not subjected to many restrictions and was available in
high purity. Additionally, the use of CBN as reference standard to
determine the THC concentration was already investigated using
other detectors as for example FID [23]. CBN has the advantage that
it is normally less present as CBD, which can be present in very high
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concentration in the sample. Different approaches exist for the cal-
culation of the response factor. The slope method (Eq. (1)) was
chosen in this study [24].

RF = Slopecgy/Slope,g_tyc (1)

To determine the response factor, the method was validated for
CBN according to the same procedure as described above for CBD at
the levels 0.05% (w/w), 0.1% (w/w) and 0.2% (w/w) to show that CBN
can be used as reference standard. Cosmetics do not contain more
than 0.05% of A9-THC in The Netherlands [25]. The higher level of
concentration was chosen because of the only and currently hemp
flowers legislation in most European countries. The A9-THC slope
was (0.03 + 0.01) and the CBN slope was (0.08 +0.01). The obtained
response factor was equal to 2.75. This response factor was specific
to our laboratory and instruments because the RF determined with
this detector and this mode depends on several factors such as the

Table 3

Analysis of 18 CBD-containing oils products: label strength, strength obtained by MS. Agreement between label strength and label measured, manufacturer, batch, oil matrix,

country of manufacturing, supplementary comments on the packaging.

gain. It should be determined for each instrument and can not be
transferred from one instrument to another.

The determination of A9-THC was performed using a CBN stan-
dard addition corrected with the RF on olive oils spiked with A9-THC
at the concentrations 0.05%, 0.1% and 0.2% (w/w) described pre-
viously and the recoveries were respectively (105 + 4) %, (107 + 4) %
and (101 + 4) %. Since these results were within the error limits of +/-
10% they were considered acceptable and they proved that CBN can
be used for A9-THC quantification with MS.

3.3. 0Oil sample analysis

It was found that 45% of the analysed products complied with the
acceptance limits for the content of CBD. The summary of the ana-

lysis is available in Table 3 and Fig. 3.

Samples Label amount Lab results Assay with respect 0il Country/City
(ng/mL) (ng/mL) to label claim (%)

CBD-1-2021 17,000 16,124 94.9 MCT oil /

CBD-2-2021 29,000 27,173 93.7 Hemp seed oil and hemp extract The Netherlands

CBD-3-2021 40,000 25,090 62.7 Hemp seed oil and hemp extract The Netherlands

CBD-4-2021 50,000 59,264 118.5 / /

CBD-5-2021 50,000 53,040 106.1 / /

CBD-6-2021 50,000 83,784 167.6 Hemp seed CBD oil Switzerland

CBD-7-2021 30,000 35,563 118.5 Hemp seed oil and hemp extract The Netherlands

CBD-8-2021 50,000 65,339 130.7 / The Netherlands

CBD-9-2021 40,000 44,731 111.8 Hemp seed CBD oil Switzerland

CBD-15-2021 100,000 47,728 47.7 Hemp seed CBD oil Switzerland

CBD-16-2021 200,000 38,078 19.0 / /

CBD-17-2021 100,000 28,539 285 / /

CBD-18-2021 100,000 27,570 276 /

CBD-19-2021 100,000 31,378 314 Cucurbita pepo, seed oil, Cannabis The Netherlands

sativa leaves extract

CBD-20-2021 50,000 83,777 55.8 / Barcelona

CBD-21-2021 100,000 45,460 455 Hemp seed oils and hemp extract The Netherlands

CBD-22-2021 50,000 216,343 86.5 hemp seed oil /

CBD-23-2021 50,000 242,569 86.5 hemp seed oil /
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Fig. 3. Comparison of CBD determined by MRM GC-MS/MS validated method and CBD label strength for real samples analysis.

CBDV, CBD and CBC were detected in all oil samples. CBT, A8-THC
and A9-THC were not detected and thus all samples complied with
the European legislation. THCV was detected in four samples, CBG in
three samples and CBN in ten samples. CBC was present in all
samples.

4. Conclusion

A procedure combining sample cleanup by a QUEChERS tech-
nique and a validated method by GC-MS/MS was developed. It al-
lowed the quantification of CBD, to check the legality of A9-THC and
to detect the presence of seven other cannabinoids of interest. To the
best of our knowledge this is the first time a validated method of
cannabis oily samples is described that includes the protection of the
GC instrument, allowing routine analysis of a high number of sam-
ples without or with less risk of damaging columns and/or the
chromatographic system.

The developed method permits to quantify CBD thanks to a
method validated for concentrations from 0.5% to 2%. The obtained
accuracy profiles showed that the p-expectation tolerance intervals
did not exceed the acceptance limits of + 20%, meaning that 90% of
future measurements will be included within this error range.

After validation, the method was used to analyse eighteen can-
nabinoid-oil samples. The results showed that 45% of the analysed
products complied with the acceptance limits for the content of CBD.
All complied to the legislation on the A9-THC content. Other can-
nabinoids were detected as well.

A system specific relative response factor of 2.75 was determined
to use a CBN standard instead of A9-THC in order to check the leg-
ality if its concentration if higher than the LOD.
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