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A rapid method is described for the analysis of Cannabis 
products by supercritical fluid chromatography (SFC) 
coupled to atmospheric pressure chemical ionization-mass 
spectroscopic (APCI-MS) detection. The method had a 
shorter analysis time than GC-MS methods, without the need 
for derivatization prior to analysis. It was also faster than 
HPLC methods, with better resolution and definitive 
identification. Linearity of detector response to cannabidiol, 
A8-tetrahydrocannabinol, A9-tetrahydrocannabinol and 
cannabinol was established, the detection limits for mass on 
column being 0.55 ng, 1.20 ng, 0.69 ng and 2.10 ng 
respectively. The technique offers a means by which 
Cannabis products can be definitively identified in a single 
chromatographic run. Application to casework samples is 
described. 

Une mtthode rapide d'analyse des produits du Cannabis par 
chromatographie supercritique fluide couplte B une dttection 
par spectroscopic de masse de ionisation chimique B pression 
atrnosphtrique est dtcrite. La mtthode est plus rapide que les 
mCthodes de GC-MS sans les besoins de dtrivatisation. Elle 
est Cgalement plus rapide que les mtthodes HPLC, avec une 
meilleure rtsolution et une identification dtfinitive. La 
rtponse du dttecteur au cannabidiol, au A8- 
tttrahydrocannabinol, au A9-tttrahydrocannabinol et au 
cannabinol ttait lintaire et les limites de dttections pour la 
masse en colonne ttait de 0.55 ng, 1.20 ng, 0.69 ng et 2.10 ng 
respectivement. La technique offre un moyen qui permet 
d'identifier dtfinitivement les produits du Cannabis en une 
seule analyse chromatographique. L'application B des 
Cchantillons rtels est dtcrite. 

Es wird eine schnelle Methode zur Analyse von Cannabis 
Produkten mittels superkritischer Flussigkeits- 
chromatographie gekoppelt mit der chemischen 
Ionisationsmassenspektroskopie bei atmospharischem Druck 
(APCI-MS) beschrieben. Mit der Methode werden gegenuber 
der GC-MS die Analysezeiten verkurzt, ohne daB die Proben 
vorher derivatisiert werden mussen. Das Verfahren ist auch 
schneller als die HPLC-Methoden. AuBerdem werden die 
Phasen besser aufgelijst und eindeutig identifiziert. Die 
Liniaritat der Detektorempfindlichkeit wurde gegenuber 
Cannabidiol, As-Tetrahydrocannabinol, A9-Tetrahydro- 
cannabinol und Cannabinol gepriift. Die Nachweisgrenzen 
liegen bei 0.55 ng, 1.20 ng, 0,69 ng bzw. 2.10 ng. Das 
Verfahren bietet die Moglichkeit Cannabis Produkte in einem 
einzigen Analysenlauf eindeutig zu identifizieren. Die 
Anwendung in der Fallarbeit wird beschrieben. 

Se describe un mttodo rapid0 de analisis de derivados del 
Cannabis por cromatografia de fluidos supercriticos (SFC) 
ligada a espectrometria de masas con detecci6n de ionizaci6n 
quimica a presi6n atmosftrica (APCI-MS). El mttodo tiene 
unos tiempos de analisis mas cortos que 10s de GC-MS, sin 
necesidad de derivatizaci6n previa. Es tambitn mas rapido 
que 10s mttodos de HPLC, con mejor resoluci6n e 
identificaci6n definitiva. Se estableci6 la linealidad de la 
respuesta del detector para el cannabidiol, A9 
tetrahidrocannabinol, A9 tetrahidrocannabinol y Cannabinol; 
10s limites de detecci6n en columna fueron de 0,55 ng, 1,20 
ng, 0,69 ng y 2,10 ng respectivamente. La ttcnica ofrece 10s 
medios para identificar con seguridad 10s derivados 
cannabicos de un solo cromatograma. Se describe la 
aplicaci6n en las muestras de rutina. 
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Analysis of Cannabis by SFC with APCI-MS detection 

Introduction fication of the analytes (Carrott M, Jones DC, Davidson G, 
The products of Cannabis sativa L. account for the majori- unpublished data and [12-141). 
ty of the forensic casework samples received into forensic 
science laboratories for examination and analysis [I]. Their 
definitive identification can be achieved through the com- 
bined use of light microscopy andor the Duquenois-Levine 

This paper describes the use of an SFC-APCI-MS method 
for the analysis of cannabis products and the application of 
the method to a casework sample. 

colour test followed by gas chromatography-mass spec- Experimental 
troscopy (GC-MS) [2]. However, the former methods alone Materials 
are insufficient for the unambiguous identification of the Cannabinoid standards were purchased from Sigma 
drug. Whilst GC-MS offers definitive identification, it suf- Chemical Co., [Poole, Dorset, UK] as ethanol solutions at 
fers from long analysis times (circa 35 minutes) and the 10 mglml. All other chemicals and gases were of analytical 
need to derivatize the sample prior to analysis [3]. reagent grade or better. Herbal drug material was chosen at 

The relationship of street samples of cannabis can be estab- 
lished using HPLC [I-41 where the quantitative ratios of the 
major analytes (cannabidiol, As- and A9-tetrahydrocannabi- 
no1 and cannabinol) (Figure 1) are all significant. However, 
HPLC alone does not offer definitive identification of the 
drug; it requires long analysis times [3,4] and suffers from 
short analytical column life. Gas chromatographic analysis 
is also employed (Alm, personal communication), but suf- 
fers from the thermal decomposition of the cannabinolic 
acids into their respective breakdown products [I], which, 
at best, can only be described as 'almost complete' [5]. This 
can be avoided by the use of derivatization [5], but this car- 
ries the risk of sample contamination. 

Given that cannabis products form such a high percentage 
of the drug samples received into forensic science laborato- 
ries, a rapid, definitive, quantitative method is required for 
their analysis. Supercritical fluid chromatography (SFC) 
offers an analytical technique with high resolution and rapid 
analysis times due to the properties of supercritical fluids 
[6]. It has previously been employed for the analysis of only 
a limited range of drugs of abuse, including barbiturates [7], 
benzodiazepines [8], opiates [9], cocaine [lo] and cannabi- 
noid metabolites [ l l ] .  Interfaced with ultraviolet detection 
and atmospheric pressure chemical ionisation-mass spec- 
trometry (APCI-MS), the technique offers definitive identi- 

cannabidiol As-tetrahydrocannabidiol 

A9-tetrahydrocannabidiol cannabinol 

FIGURE 1 Major analytes of Cannabis. 

random from casework samples. It was prepared for analy- 
sis by extracting the drug at 10 mglml in ethanol for 30 min- 
utes at room temperature, followed by centrifuging at 
4000 g for five minutes. The supernatant was subsequently 
analysed by GC-MS, HPLC, and SFC-APCI-MS. The same 
extract was used for each of the analytical methods, allow- 
ing direct comparison of the data obtained. 

Prior to GC-MS analysis, the cannabinoids in the standard 
and sample solutions were derivatized with N,O- 
bistrimethylsilylacetamide (BSA). The drug standards were 
diluted to a concentration of 100 pglml in ethanol. Aliquots 
(100 p1) of the standard solution, or the ethanol extract of 
the drug material as prepared above, were dried under nitro- 
gen in a derivatization vial. After BSA (50 p1) was added, 
the vial was immediately sealed and shaken, and the drug 
was derivatized at room temperature for five minutes. The 
derivatives were chromatographed directly. 

Methods 
Gas chromatography-mass spectroscopy (GC-MS) was car- 
ried out on a Perkin Elmer 8500 series gas chromatograph 
coupled to a Perkin Elmer Ion Trap Detector. 
Chromatography was performed [2] on a capillary BP-5 
column (25 m, 0.22 rnm id., 0.5 pm layer thickness). The 
injection temperature was 300°C and the transfer line tem- 
perature 290°C. The column temperature was programmed 
as follows: 170°C for 2 minutes, rising to 280°C at 6"C/min, 
holding at 280°C for 5 mins. The split ratio was 12: 1 and the 
injection volume 1 p1. The ion trap detector scan rate was 
1 scan/second, monitoring between m/z = 45 and m/z = 450, 
at an electronmultiplier voltage of 1700 V. Between each 
sample analysis, a solvent blank analysis was performed. 
Data was collected using Finnigan MAT ITDS software, 
v 4.10. 

High performance liquid chromatography (HPLC) was 
carried out using a Perkin Elmer LC-250 solvent pump, 
coupled to a Perkin Elmer LC-235 diode array detector. The 
drug standards were diluted to a concentration of 100 yglml 
in ethanol. Chromatography was carried out directly on the 
diluted standard solutions [2], or the ethanol extracts of the 
drug, on a Spherisorb ODs-2 column (12.5 cm x 4.6 mm 
i.d., 5 pm particle size), in a solvent system of 
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methanoltacetic acidwater 85114.210.8 vlvlv, pumped at a 
flow rate of 1.5 mllmin. The injection volume was 6 p1, the 
column temperature ambient, and the column eluate moni- 
tored at 230 nm. Between each sample analysis, a solvent 
blank analysis was performed. Data was recorded using PE 
Nelson Chromatography Software, v 5.1. 

Supercritical fluid chromatography (SFC) coupled to 
atmospheric pressure chemical ionization-mass spectro- 
scopic (APCI-MS) was performed using a Gilson packed 
column SFC system (Anachem, Luton) coupled to the APCI 
source of a Trio 2000 quadrupole mass spectrometer (VG 
Biotech, Altrincham). The SFC mobile phase was delivered 
using two Gilson piston pumps. A microprocessor-con- 
trolled Gilson 308 pump, fitted with a chiller (Anachem, 
Luton) to cool the pump head to -1O0C, was used for deliv- 
ery of SFC grade C02 (99.99%, BOC), and a Gilson 306 
pump was used for the addition of organic modifiers to the 

TABLE 1 APCI-MS conditions employed for SFC 
APCI-MS analysis of cannabinoids. 

Discharge voltage 3.0 kV 
Source temperature 120°C 
Probe temperature 300°C 
Bath gas 150 lhr-' N2 
Cone voltage 30,40, 50 V as applied 
Full scan mode 50 to 400 m u  in 1.5 sec 
Single ion monitoring 
Standard compound rn/z retention time window (mins) 

Start End 
CBDITHC 315 0 5.5 
CBN 311 5.5 10 
d3-THC 318 0 5.5 
Dwell time 0.3 seconds 

span 0.4 m u  

mobile phase. Both pumps were connected to a Gilson 
311C dynamic mixer to ensure homogeneity of the mobile (t=O), increasing the methanol to 7% in 15 minutes. 
phase- Samples were introduced using a Rheod~ne 7125 Detection was performed using a Trio 2000 mass spectrom- 
injection valve fitted with a 5p1 loop, and separation of the eter fitted with an APCI source. The mass spectrometer was 
cannabinoids achieved using a 25 cm x 4.6 mm i.d. operated in positive ion mode with both full scan and single 
cyanopropyl silica packed column. The solvent was deliv- ion monitoring, as detailed in Table 1. Data collection was 
ered at a flow rate of 2 mllrnin, as 2% methanol in C02 performed using LabBase Software v 2.1 (VG Biotech). 

Scan Number and Retention Time (min) 

FIGURE 2 GC-MS separation of (a) cannabinoid standards 
and (b) components of an ethanol extract of Cannabis, each 

derivatised with N,O-bistrimethylsilylacetamide. 
1. cannabidiol(1281 seconds); 2. As-tetrahydrocannabinol 

(1413 seconds); 3. A9-tetrahydrocannabinol (1440 seconds); 4. 
cannabiiol(1554 seconds). 
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FIGURE 3 Mass spectra of derivatized 
(a) A9-tetrahydrocannabinol standard and 
(b) A9-tetrahydrocannabinol in cannabis. 
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Analysis of Cannabis by SFC with APC1-MS detection 

0 5 10 15 20 25 
Retention time (mins) 

FIGURE 4 HPLC separation of (a) cannabinoid standards 
and (b) ethanolic extract of herbal Cannabis sativa. 

1. cannabidiol. 2. cannabinol. 3. An-tetrahydrocannabinol. 

-- -. 
4. A9-tetrahydrocannabinol. 

J 
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FIGURE 5 Separation of cannabinoid standards by SFC- 
UV-APCI-MS: cannabidiol4.19 minutes; A8- 

tetrahydrocannabinol 4.67 minutes; A9-tetrahydrocannabinol 
5.19 minutes: cannabinol6.98 minutes. 

TABLE 2 Retention times of cannabinoid standards 
relative to d3-A9-tetrahydrocannabinol separated by 

SFC-APCI-MS. 

Compound Relative retention time 

cannabidiol 0.80 
A8-tetrahydrocannabinol 0.90 
A9-tetrahydrocannabinol 1 .OO 
cannabinol 1.34 

Interfacing SFC with APCI-MS was achieved using a 

drawn fused silica restrictor (30cm x 75ym id). The posi- 

tions of the restrictor, probe, gas flow rates and probe tem- 

peratures had been optimised previously (Carrott M, Jones 

DC, Davidson G, unpublished data). The restrictor tip was 

drawn in a bunsen flame and cut to give an inlet pressure 
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FIGURE 6 Mass spectra of cannabinoid standards 
separated by the SFC-UV-APCI-MS system. (a) cannabidiol; 
(b) An-tetrahydrocannabinol; (c) A9-tetrahydrocannabinol and 

dl-A9-tetrahvdrocannabinol: (d) cannabinol. 

between 180 and 230 bar at a C02 flow rate of 2 mllmin 
when positioned in the heated probe. The restrictor was 
connected to the outlet of the UV detector, positioned in the 
heated APCI nebuliser probe, and inserted into the APCI 
source. 

Reproducibility and linearity studies were undertaken to 
test whether the system would be suitable for routine analy- 
ses in operational laboratories. For both, a deuterated 
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TABLE 3 Retention time data for cannabinoid standards relative to d3-A9-tetrahydrocannabinol. 

Sample Relative retention time 
1 2 3 4 5 6 7 

Day 1, Restrictor 1 

cannabidiol 
As-tetrahydrocannabinol 
A9-tetrahydrocannabinol 
cannabinol 

Day 2, Restrictor 1 

cannabidiol 
A8-tetrahydrocannabinol 
A9-tetrahydrocannabinol 
cannabinol 

Day 2, Restrictor 1 

cannabidiol 
As-tetrahydrocannabinol 
A9-tetrahydrocannabinol 
cannabinol 

internal standard, d3-A9-tetrahydrocannabinol, was added to 
all samples to a final concentration of 0.05 mglml. During 
the reproducibility studies, the relative retention times of 
the compounds of interest against the internal standard were 
recorded within a day, between days and between pressure 
restrictors. 

In order that the system could be used for quantitative 
analysis and drug quantification, the linearity of detector 
response was established, with the MS operated in single 
ion monitoring mode. The relative peak areas of the proto- 
nated molecular ion of each cannabinoid were calculated 
against the protonated molecular ion of the deuterated inter- 
nal standard, over the drug concentration range 
1.25 pglml-125 pglml. From this data, the theoretical 
detection limit was calculated. 

Application of the methods to a casework sample 
Herbal cannabis material was extracted and analysed as 
described above. For SFC-APCI-MS, the internal standard 
solution was added to give a final concentration of 0.025 
mglml. 

Results and discussion. 
Figure 2 demonstrates the separation by GC-MS of the 
trimethylsilylethers of cannabinoids in a cannabis sample. 
The total analysis time was 35 minutes, with further time 
required for equilibration of the gas chromatograph. Figure 
3 shows the MS of the TMS ether of A9-tetrahydrocannabi- 
no1 in (a) standard solution and (b) cannabis sample. 

Figure 4 shows that separation of the major cannabinoids 
was achieved by HPLC but only partial resolution of the 
two isomers of tetrahydrocannabinol was possible. The 

total analysis time could be up to 40 minutes, depending 
upon the complexity of the sample. Whilst diode array 
detection, which is frequently employed with HPLC analy- 
sis, supports the identification of the cannabis, it cannot be 
used as a definitive identification. 

Using the SFC-UV-APCI-MS system described, the 
cannabinoids were separated in less than eight minutes 
(Figure 5). The absolute retention times in minutes of the 
compounds were cannabidiol4.19, As-tetrahydrocannabinol 
4.67, A9-tetrahydrocannabinol 5.19 and cannabinol 6.98. 
Further, definitive identification of the cannabinoids was 
possible through the use of a combination of retention time 
relative to the deuterated internal standard (Tiihlt: 2)  and the 
mass spectra at a cone voltage of 50V (Figure 6). The rela- 
tive retention times of the cannabinoids to the internal stan- 
dard were stable within a day, between days and between 
restrictors (ANOVA, p<0.05) ('1;rhlc 3). 

In terms of resolution of the compounds, the separation was 
not as good as for GC-MS, but was an improvement upon 
that achieved by HPLC. However, the sample derivatization 
required for GC-MS was not required for SFC-APCI-MS. 
The peak symmetries as measured at half height gave val- 
ues of 1.2, 1 .O, 1.0 and 1.2 for cannabidiol, As -tetrahydro- 
cannabinol, A9-tetrahydrocannabinol and cannabinol 
respectively, indicating that symmetrical peaks could be 
achieved using this system. 

The APCI-MS spectra at low cone voltage showed the char- 
acteristic protonated molecular ion expected for each of the 
analytes. Obviously, this does not provide definitive identi- 
fication of these compounds. By increasing the cone volt- 
age, it was possible to produce controllable fragmentation 
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Analysis of Cannabis by SFC with APCI-MS detection 

I 
1 

8 1 .  
*/I 108 IS8 2BO 250 398 358 488 

m/z ratio 

lmi 

m/z ratio 

m/z ratio 

91 mln 2.8 4.0 6.0 e.e 10.0 12.0 ' 14.0 '16:e 

Retention time (mins) 

FIGURE 8 Total ion count analysis by SFC-UV-APCI-MS 
svstem of a herbal cannabis sam~le. 

.- 
m/z ratio 

FIGURE 9 Mass spectrum of A9-tetrahydrocannabinol in 
the presence of d3-A9-tetrahydrocannabinol. 

of cannabinoid on column were calculated as being 0.55 ng, 
1.20 ng, 0.69 ng and 2.10 ng for cannabidiol, A8-tetrahy- 
drocannabinol, A9-tetrahydrocannabinol and cannabinol 
respectively. These detection limits allow analysis of case- 

FIGURE 7 Fragmentation pattern for A9- 
tetrahydrocannabinol and d3d9-tetrahydrocannabinol under work samples and drug profiling materials. 

different applied cone voltages. (a) 30V, (b) 40V; (c) 50V. Application to casework samples 
When applied to casework samples, the SFC-APCI-MS 

and to obtain structural information, as exemplified for A9- technique allowed the definitive identification of the A9- 
tetrahydrocannabinol (Figure 7). Thus a combination of tetrahydrocannabinol (Figures 8 and 9) in the herbal 
retention time data and mass spectrometry can be used to cannabis sample, illustrating that the methods could be 
differentiate between the cannabinoids tested in this study. applied to casework samples. 

Using single ion monitoring, linear responses to the four Conclusions 
cannabinoids over the concentration range tested were The SFC-APCI-MS method offers a rapid, definitive tech- 
obtained (Table 4). The theoretical detection limits for mass nique for the quantitative analysis of cannabis samples. It is 

TABLE 4 Linearity data and detection limits for cannabinoid standards separated by SFC-APCI-MS. 

Compound Regression equation r2 value p value Detection limit (on column) (ng) 

Cannabidiol Y=0.0128 X + 0.039 0.999 <0.05 0.55 

As-tetrahydrocannabinol Y=0.0208 X + 0.079 0.997 <0.05 1.20 

A9-tetrahydrocannabinol Y=0.0208 X + 0.079 0.997 <0.05 0.69 

Cannabinol Y=0.0208 X + 0.079 0.997 <0.05 2.10 
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more rapid than GC-MS, and does not require sample 
derivatization, reducing the risk of sample contamination. It 
is also more rapid than HPLC and offers greater resolution, 
allowing more samples to be analysed per unit time. 
Furthermore, it does not create the large volumes of liquid 
waste that require disposal. The SFC-APCI-MS method can 
be employed on casework samples without difficulty and is 
sufficiently sensitive for the analysis of bulk samples and 
trace analyses. It therefore offers an attractive alternative to 
GC-MS for the analysis of cannabis samples. 
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