
components in a mixture is contained in the complete spec- 
tra and (b) the ability to maximize the sensitivity for all 
components by obtaining chromatographic data a t  the op- 
timum wavelengths from a 3-D chromatogram. An implica- 
tion of the second advantage is that  the selection of optical 
conditions can compensate for poor chromatographic reso- 
lution. 
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Analysis of Marijuana Samples from Different Origins by High- 
Resolution Gas-Liquid Chromatography for Forensic Application 

Milos Novotny," M. L. Lee, Chow-Eng Low, and Alain Raymond' 

Department of Chemistry, Indiana University, Bloomington, Ind. 4740 7 

A highly specific procedure for "fingerprinting" marijuana 
samples has been developed. The method consists of ex- 
traction of a marijuana sample, a single partition step, and 
the use of a precoiumn concentration technique prior to gas 
chromatography. The high resolving power of glass capillary 
columns is essential for developing complex chromato- 
graphic profiles that are unique for a given sample. Charac- 
teristic profiles of nonpolar marijuana constituents are 
shown for selected samples from different geographical orl- 
gins. Considerably higher specificity of this profile method 
over the conventional measurement of the relative concen- 
trations of major cannabinoids is demonstrated. Thirty-eight 
profile constituents have been identified by combined gas 
chromatography-mass spectrometry. 

Chromatographic methods have been implicated in a t  
least three forensic applications concerning abuse of mari- 
juana: (a) determination of whether an unknown sample of 
plant material contains marijuana; (b) determination of 
whether cannabis samples confiscated a t  different locations 
originate from a common lot; and (c) tracing of illicit mari- 
juana samples to their geographical origin. 

Generally, the first case is the most straightforward one 
and does not require sophisticated separation methods. 
Even when marijuana is blended with non-cannabis plants 
used as adulterants, combination of a simple histological 

Present address, Intersmat Instruments, 5 and 7 Allee Jean de 
la Fontaine, Pavillons-sous-Bois 93320, France. 

technique with thin-layer chromatography appears to be 
sufficient ( I  ) for positive identification. Tracing of illicit 
marijuana samples to their origin has been a considerably 
more complicated task; the literature concerning this prob- 
lem is indeed abundant with many attempts to correlate 
sample composition with its origin. 

I t  has been well-established that the various types of cul- 
tivated and wild marijuana or hemp differ considerably in 
their respective cannabinoid content. Cannabis plants from 
different parts of the world may vary from those producing 
almost exclusively cannabidiol to those producing predomi- 
nantly A9-tetrahydrocannabinoL Consequently, several 
workers (2-6) used the measurement of the relative con- 
centrations of cannabidiol, A9-tetrahydrocannabinol, and 
cannabinol (so-called "main cannabinoids") with the objec- 
tive in mind of determining from which country each sam- 
ple originates. In the course of such studies, several prob- 
lems have become apparent that seriously limit this analyt- 
ical approach: 1) I t  has been determined that,  a t  least for 
the first several generations, the content of major cannabi- 
noids produced by the plant is dependent upon the inherit- 
ed properties of the seed, and that the genotype appears to 
be far more important than the influence of immediate 
geographical location and climate. Consequently, it has 
been suggested ( 3 )  tha t  if cannabis seeds are shipped from 
one country to another for illegal cultivation, there is little 
valid basis for attempts to correlate the cannabinoid con- 
tent with the place of origin. 2 )  Phillips et  al. ( 7 )  have fur- 
ther observed a cyclic variation of cannabidiol and A9-te- 
trahydrocannabinol during the growing season of an  Indi- 
ana variety. The variation in cannabidiol content ranged 
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from 0 to almost 70 mg/g of dry plant material within the 
period of 1 month. The  variation in A9-tetrahydrocannabi- 
no1 was not as great, but ranged from 0 to 15 mg/g during a 
different period. Another trend observed was tha t  A9-te- 
trahydrocannabinol content was usually low on the same 
day tha t  cannabidiol was high, and vice versa. I t  is obvious 
that,  with such seasonal variations, the evaluation task be- 
comes even more complicated. 3) Although the effects of 
plant processing and storage have not been investigated in 
great detail, they cannot be overlooked. Chemical changes 
of some cannabinoids with time have been observed (4 ,  8, 
9) .  

While there seems to be a general agreement on the in- 
herited composition of major cannabinoids, stronger envi- 
ronmental effects on minor cannabinoids or noncannabi- 
noid constituents of the plant have never been ruled out. In 
fact, Turner et  al. (10)  pointed out tha t  the propyl homo- 
logues of major cannabinoids might be more indicative of 
some geographical differences, and Stromberg (11) and de  
Zeeuw et al. (12)  suggest tha t  other constituents should 
also be considered for analysis. 

Insufficient resolution of the many compounds present 
in a marijuana extract has been a serious drawback in the 
hitherto used methods; spectral methods, thin-layer chro- 
matography, and conventional gas chromatography may 
give information on only several more abundant com- 
pounds. In fact, even gas-chromatographic separations of 
cannabinoid constituents with packed columns have been 
less than satisfactory. 

High-resolution (glass) capillary GLC techniques, devel- 
oped in our laboratory primarily for biochemical analyses, 
have also been used in two applications of forensic interest 
(13, 14). The degree of resolution and the limit of detection 
are often critical parameters in many forensic applications 
which involve chromatographic “fingerprinting”. The lat- 
ter problem is conveniently overcome by use of a pre- 
column sampling procedure (15)  which permits reproduc- 
ible and quantitative enrichment of trace organics. Such a 
step is essential in the development of meaningful profile 
comparisons. 

Preliminary analyses of the extracts of marijuana sam- 
ples from different origins performed in our laboratory in- 
dicated their high complexity. Their respective chromato- 
grams appeared always different in certain details. Conse- 
quently, we have now developed a highly reproducible pro- 
cedure with the specific objective to fingerprint marijuana 
samples. This method consists of Soxhlet extraction of 
marijuana with cyclohexane, partition of the extract be- 
tween cyclohexane and nitromethane, and subsequent cap- 
illary gas chromatography of the cyclohexane fraction. 
Chromatographic profiles obtained by this method contain 
over 70 constituents (including cannabinoids) of which 38 
were identified by combined gas chromatography-mass 
spectrometry in this work. 

Although extensive correlation studies concerning geo- 
graphical, genetic, and other factors were outside the scope 
of this study, there is significant evidence tha t  complex 
chromatographic profiles are highly diagnostic for a given 
sample. I t  is demonstrated here with selected examples 
that this method is useful in cases where the conventional 
methods fail. Simplicity and reproducibility of this chro- 
matographic profile procedure make i t  attractive for both 
forensic applications and chemotaxonomical studies of can- 
nabis plants. In addition, the high resolving power of glass 
capillary columns combined with mass-spectral informa- 
tion may provide quite uniquely pharmaceutically impor- 
tan t  structural information on both unconventional canna- 
binoids and other biosynthetically related plant constitu- 
ents. 

EXPERIMENTAL 
Sample Preparation. One-half gram of each marijuana sample 

(obtained in different batches from the National Institute of Men- 
tal Health, Rockville, Md.) were extracted with 100 ml of cyclohex- 
ane in a Soxhlet apparatus for 3 hr and then washed with 100 ml of 
nitromethane in a separatory funnel. The cyclohexane fractions 
were further evaporated to dryness in vacuo and re-dissolved in 7.6 
ml of methylene chloride, from which 4 pl aliquots were used for 
analysis. All reagents were spectroquality solvents that were fur- 
ther checked prior to use for organic impurities that would inter- 
fere with the analyses. 

Gas-Chromatographic Profiles. Four-pl aliquots of the meth- 
ylene chloride solution were transferred by means of a 10-pl sy- 
ringe to a concentration precolumn containing 2 mg of a highly 
deactivated support (15). The solvent was flushed out of the pre- 
column with helium gas at room temperature for 5 min. The pre- 
column was transferred to the injection port (15) of a Varian 1400 
gas chromatograph which was modified to accommodate the pre- 
column. Concentration of the sample into the first part of the ana- 
lytical column (kept at room temperature) was accomplished by 
thermal stripping of organics from the precolumn held at 250 O C .  

Sample trapping time of 20 min was found sufficient for reproduc- 
ible and quantitative sample transfer into the capillary column. 
The oven temperature was subsequently increased to 70 “C and 
programmed to 240 “C at 2 OC/min for recording the gas-chroma- 
tographic profiles. 

The column used in this study was an 11 m X 0.26-mm id., glass 
capillary column coated with SE-52 methylphenylsilicone station- 
ary phase. 

Gas Chromatography-Mass Spectrometry. The glass capil- 
lary column was directly connected to the ion source of a Hewlett- 
Packard Model 5980 A combined gas chromatograph/dodecapole 
mass spectrometer. The gas chromatograph was again modified for 
the use of a precolumn. Electron-impact ionization spectra were 
obtained with an electron energy of 70 eV. Perfluorotributylamine 
(PFTBA) was used for adjustment of relative intensities of m/e ra- 
tios over the used mass range. Spectra from capillary-column frac- 
tions were recorded on oscillographic paper. Rapid scanning times 
necessary to record representative spectra from sharp capillary- 
column peaks (16) allowed only nominal-mass spectral resolution. 

RESULTS AND DISCUSSION 
Selection of extraction and partition solvents for ob- 

taining representative profiles, tha t  are essential for com- 
parisons, was of fundamental importance in this study. Al- 
though other solvents (e.g., dichloromethane used in the 
previous development of the precolumn concentration 
technique (15 ) )  were found suitable for more exhaustive 
extraction of the plant constituents and resulted in more 
complex chromatograms, the cyclohexane-nitromethane 
system was chosen for different reasons. First, a great ma- 
jority of more polar plant constituents are not initially ex- 
tracted into cyclohexane. Consequently, relatively nonpo- 
lar marijuana constituents can be more easily chromato- 
graphed without thermal decomposition or eventual need 
for sample derivatization, making i t  easier to maintain ana- 
lytical reproducibility for comparative purposes. The  great- 
er percentage of cannabinoids are further extracted into 
the nitromethane fraction, leaving the cyclohexane fraction 
much less dominated by overwhelming concentrations of 
these compounds and more useful for development of pro- 
files. This partition step is highly reproducible. Nitrometh- 
ane extracts were also investigated, but found of little value 
for fingerprinting purposes. 

While the repetitive runs of identical samples were found 
to be highly reproducible, both qualitative and quantitative 
differences were found with numerous marijuana samples 
of different origin. Figure 1 demonstrates tha t  differences 
can be observed with samples from different plants. As ex- 
pected, the Turkish variety (low Ag-tetrahydrocannabinol 
content) is significantly different from the Mexican mari- 
juana (chromatogram A vs. B, respectively). However, cer- 
tain obvious differences appear to exist in the profiles of 
Mexican marijuana grown under different geographical 
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Figure 1. Capillary gas chromatograms of the cyclohexane fraction of three different marijuana samples 
(A) Turkish marijuana, (B) Mexican marijuana, and (C) Indiana-grown Mexican marijuana. Column: 11 m X 0.26-mm i.d., glass capillary column coated with 
SE-52 methylphenylsilicone stationary phase. For peak identifications, see Table I 

conditions (B vs. C, respectively) that  could hardly be 
traced by conventional methods. Figure 2 shows subse- 
quent analyses of two aliquots of the same material that  
were separately extracted, partitioned, and chromato- 
graphed, indicating good reproducibility. 

The greater degree of resolution within the cannabinoid 
region (central part of the chromatograms) is a distinct ad- 
vantage of glass capillary columns over conventional 
packed columns. Because of the considerably lower resolv- 
ing power of the latter, it is very likely tha t  the major can- 
nabinoids quantitated in many previously reported com- 
munications as single peaks are indeed mixtures. This fact 
may, perhaps, be partly responsible for numerous dis- 

crepancies and controversies on correlations of marijuana 
composition with various factors that appear throughout 
the literature. Certain problems with limited chromato- 
graphic resolution of marijuana components were already 
pointed out (12, 17). 

The method of comparing relative concentrations of the 
three major cannabinoids for tracing illicit samples to their 
origin, proposed originally by Davis et  al. ( Z ) ,  is apparently 
used extensively in routine forensic work (18). We would 
like to point out, with the aid of Figures 3 and 4, that  this 
approach can easily lead to wrong conclusions. Figure 3 
compares chromatograms of the three major cannabinoids 
obtained from the extracts of Colombian (A) and Mexican 
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Table I .  Analytical Data and Structure Identification 

Peak 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

1 2  

13 

1 4  

1 5  

16  

17 

18 

19  

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33  

34 

35 

36 

37 

38 

Mol  
wt 

96  

204 

202 

220 

222 

220 

220 

202 

202 

250 

250 

278 

278 

262 

256 

286 

314 

328 

314 

312 

314 

282 

314 

314 

310 

380 

394 

402 

408 

408 

422 

436 

424 

426 

466 

468 

468 

426 

Formula 

C6H80 

‘1 5 ” 2 ,  

ClSH22 

Cl SH24O 

C,2H1404  

C15H240  

C 1 5 H 2 4 0  

Cl ,HZ2 

C 1 5 H 2 2  

C 1 5 H 2 2 0 3  

Cl,H,OO 

C 2 0 H 3 8  

“ 2 0 H 3 8  

C18H300 

C 1 6 H 3 2 0 2  

C 1 9 H 2 6 0 2  

C 2 1 H 3 0 0 2  

‘2 1 H 2 8 ° 3  

C 2 1 H 3 0 0 2  

C 1 7 H 1 6 0 4  

C 2 1 H 3 0 0 2  

C19H2202 

C 2 1 H 3 0 0 2  

C 2 1 H 3 0 0 2  

c2 lH2.5 0 2  

C 2 7 H 5 6  

C 2 8 H 5 8  

‘2 ,H,602 

C 2 9 H 6 0  

C 2 9 H 6 0  

‘30H62 

‘31H64 

‘,OH, 8’ 

C 3 0 H 5 0 0  

C 3 2 H 5 0 0 2  

C3’2H5202 

‘3lH4Bo3 

C 3 0 H 5 0 0  

Significant m/e (rel. int .)  

96(100), 67(54), 95(45), 

69(100), 41(80), 135(42),  

43(100), 134(70),  91(64), 

43(100), 161(70), 187(44), 

149(100), 177(22), 105(8), 

43(100), 91(55), 93(53), 

136(100), 41(96), 79(75), 

43(100), 91(74), 93(73), 

91(100), 131(52),  159(23), 

43(100), 58(87), 95(39), 

43(100), 58(87), 95(31), 

81(100), 95(91), 123(62), 

81(100), 95(85), 68(76), 

43(100), 84(80),  97(59), 

73(100). 129(67),  213(42), 

81(25), 53(22) 

149(21), 163(20) 

69(63), 202(14) 

202(21), 220(4) 

93(4), 222(1) 

136(38),  220(6) 

91(68), 220(18) 

131(37),  202(31) 

187(26),  202(8) 

109(27),  249(8) 

137(7), 250(2) 

278(21), 137(19) 

123(68),  278(26) 

125(42), 262(14) 

256(39), 227(19) 

243(5), 271(3) 

271(101. 246(6) 

203(100), 218(19), 286(10), 

231(100), 314(25), 299(11), 

246(100);’257(80), 300(64), 

231(100), 314(17), 299(6), 
285(60), 328(36) 

271(5), 246(3) 

257(12), 312(6) 
149(100), 91(51), 206(29), 

231(100), 314(8), 299(6) 

267(100), 238(14), 282(11), 

231(100), 246(12), 314(6), 

299(100), 314(79), 231(66), 

295(100), 238(12), 310(10), 

271(2), 245(2) 

223(5), 209(3) 

299(3), 271(3) 

271(46), 258(22) 

239(4), 251(4) 

351(5), 380(3) 
57(100), 71(88), 43(60), 

57( 100);’71( 85); 43( 55), 

296(100), 402(87), 312(76) 

57(100), 71(78), 85(64), 

57(100), 293(19), 218(18), 

57(100), 71(70), 85(62), 

365(4), 394(3) 

231(48), 387(21) 

365(2), 408(2) 

393(17), 408(7) 

295(9), 422(1) 

351(3), 436(2) 
57(100), 71(80), 85(63), 

218(100), 203(63), 295(23), 

218(100), 203(54), 426(6), 

218(100), 203(30), 466(17), 

218(100), 203(43), 295(11), 

218(100), 203(35), 396(27), 

408(100), 393(91), 302(69) 

424(15), 409(11) 

295(5), 365(4) 

295(14), 390(9) 

468(8), 408(6) 

295(20), 468(8) 

218(62), 426(18) 

Compound 

2,4-Dimethylfuran 

6-Methyl-2-( l-methyl-3-cyclohex-l-enyl)hepta-l,5-diene 

3,8,10( 15)Cadinatriene 

12-Hydroxy-2,8-eudesmadiene 

Diethyl phthalate0 

2-Hydroxy-3,7-cadinadiene 

2-Hydroxy-3,7( 11)-cadinadiene 

2-( 3-Methyl-2-butenyl)-p-mentha-2,6-diene 

Eudesma-2,6,8-triene 

5( 9-Ketodecyl)-2-furfuraldehyde 

1-( 2,6-Dimethylheptyl)-p-menthene-8( 9 )  

1-[ 4(~,y,~-trimethyl-y-valerolactonyl)] -p-menthene-8( 9)  

1-( 2,7-Dimethyl-octyl)-p-menthene-8(9) 

Farnesyl acetone 

Ethyl-3,10-dimethyl-undecanoate 

Cannabidivarin 

A 4(8)-iso-Tetrahydrocannabinol 

2-[ 5-( 2-keto-n-pentyl)resorcinolyl] -p-mentha-1,8( 9)-diene 

Cannabicyclol 

Benzyl butyl phthalate0 

Cannabichromene 

Cannabivarin 

Cannabidiol 

A 9-Tetrahydrocannabinol 

Cannabinol 

Heptacosane 

Octacosane 

1-[ l-Methylcyclohex-3-enyl] -18-methyl-nonadeca-1,5,9- 

Nonacosane 

9-Methyloctacosane 

Triacontane 

Hentriacontane 

6-Keto-A 2 -  or A 3(1a))-oleanene or -ursene 

a-Amyrin 

6-Hydroxy-23-aceto-A 1 2 -  or A ’  3(18))-oleanene or -ursene 

CY-, p - ,  or y-Amyrin acetate 

6-Keto-10-nor-23-aceto-A ’- or A 3(18)-oleanene or -ursene 

p-  or y-Amyrin 

trien-4,j-diol 

QMost likely a contaminant from a plastic container. 
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Figure 2. Chromatograms of two separately processed aliquots of identical material. Column: same as Figure 1 
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Figure 3. Chromatograms of identical injections of extracts of two 
different marijuana samples 

(A) Colombian marijuana, (B) Mexican marijuana (different source than B and 
C of Figure I ) ,  (1) Cannabidiol, (2) A9-Tetrahydrocannabinol, (3) Cannabidiol 
Column same as Figure 1 

(B) marijuana. I t  is obvious tha t  one not knowing the origin 
of these samples could easily mistake them for being the 
same. On the other hand, there can be little doubt tha t  dif- 
ferent samples are dealt with when a more powerful finger- 
printing method is used (Figure 4). 

Many constituents of the recorded chromatographic pro- 
files were identified through combined gas chromatogra- 
phy-mass spectrometry. Table I lists the obtained analyti- 
cal data together with identified structures (see Figure 1 
for peak numbers). The use of combined GC-MS is hardly 

necessary for a more rigorous fingerprinting. However, it is 
of wider interest to related research areas to establish 
which compounds may or may not be typical for various 
types of marijuana. Only cannabinoids can be considered 
truly "characteristic" constituents of the plant; yet, diag- 
nostically important changes (as shown in this work) can be 
observed in lower terpenoids, alkanes, and triterpene re- 
gions of GLC profiles, even when such classes of com- 
pounds are commonly found in higher plants. 

While only peaks 23, 24, and 25 were identified by com- 
paring their respective spectra and retention times with 
those of authentic compounds and published spectra (19, 
20),  the identification of other cannabinoids through the 
similarity of their spectra and published chromatographic 
information (21-24) ,  is considered straightforward. Like- 
wise, peaks 1, 5 ,  20, 26, 27, 29, 31, and 32 provide easily rec- 
ognizable mass-spectral features and their GC behavior 
correlates well with boiling points. 

While it could be expected that 9-methyloctacosane 
should have shorter retention than the normal C29 alkane, 
the effect of branching position on melting point observed 
with Cpj and C30 hydrocarbons (25)  is consistent with the 
reversed order of elution observed in this work. 

I t  should be explained that many structures, including 
some unusual compounds, contained in Table I were iden- 
tified through the ab  initio interpretation of their fragmen- 
tation patterns. Unavailability of both published spectra 
and authentic compounds has been the most serious prob- 
lem. With only nominal-mass resolution available, these 
identifications must still be considered tentative. Unfortu- 
nately, the common identification methods (NMR- and/or 
IR-spectrometry) are presently compatible with neither the 
used concentration range, nor "on-line" investigation of 
capillary column effluents. Yet, we consider these tentative 
identifications important, since the classical approach of 
large-scale fractionation and positive spectral identifica- 
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tion of isolated substances may present years of tedious re- 
search, if fruitful in some instances a t  all. 

CONCLUSION 
The fingerprinting method developed in this work has 

sufficient simplicity and reproducibility to  be used for ap- 
plications of forensic interest. Its specificity has shown a 
distinct advantage over the hitherto used methods. We 
suggest tha t  the possibilities of correlation between chro- 
matographic data and marijuana geographical origin be re- 
considered in view of the presented results. Correlation 
studies may further be facilitated by use of a fully-auto- 
mated gas-chromatographic system and advanced compu- 
tational methods, similar to  those being developed in our 
laboratory for biomedical profile comparisons (26). 

Although the identification of profile constituents has 
not been of primary importance in this application, the 
value of combined capillary gas chromatography/mass 
spectrometry in marijuana-related research is clearly indi- 
cated. 
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