
l t 

CBN and ~9-THC concentration ratio as 
an indicator of the age of stored 
marijuana samples* 

S. A. ROSS 

National Center for the Development of Natural Products. Research Institute of 
Pharmaceutical Sciences. Department of Pharmacognosy. School of Pharmacy. 
University of Mississippi. Oxford. Mississippi. United States of America 

M. A. ELSOHL Y 

National Center for the Development of Natural Ptoducts. Research Institute of 
Pharmaceutical Sciences. Department of Pharmaceutics. School of Pharmacy. 
University of Mississippi, Oxford, Mississippi, United States of America 

ABSTRACT 

The concentration of d~-tetrahydrocannabinol (THe) and cannabinol (CBN) in 
cannabis plant material (marijuana) of different varieties stored at room tempera
ture (20-22° Celsius (e)) over a four-year period was detennined. The percentage 
loss of THe was proportional to the storage time. On average, the concentration 
of THe in the plant material decreased by 16.6% ±7.4 of its original value after 
one year and 26.8% ±7.3, 34.5% ±7.6 and 41.4% ±6.5 after two, three and four 
years, respectively. A relationship between the concentration ratio of CBN to 
THC and the storage time was developed and could serve as a guide in deter
mining the approximate age of a given marijuana sample stored at room tem
perature. 

Introduction 

The stability of (-)-~9-tetrahydrocannabinol (~9-THC) has been the subject of 
several investigations (1-13). In 1970. Liskow (I) reponed that marijuana deterio
rates during storage at room temperature because of the loss of ,6.9-THC at a rate of 
3 to 5 per cent a month. Shoyama and others (3) were able to isolate cannabinolic 
acid (CBNA) from stored hemp but not from fresh hemp. and concluded that con
version of tetrahydrocannabinolic acid (THCA) to CBNA was effected by ultraviolet 
light and by storage and heat. The same conclusion was reached by Turner and 
others (4, 5). who reponed that THC disappeared at a rate of 3.83. 5.38 and 6.92 per 
cent per year over two years when stored at _18°, 49

, and 22' C. respectively. The 
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loss of THC was essentially complete at 37" C and 50" C. Fairbairn and others (6) 
reponed that carefully prepared herbal or resin cannabis products are reasonably 
stable for one to two years if stored in the dark at room temperature. 

Razdan and others (2) found thaI b.9-THC is much less stable than b.8-THC and 
is converted mainly to CBN. The degradation of !l9-THC to CBN in the plant 
material on storage was also proposed by Waller and others (7), Razdan and others 
(8), EI-Kheir and others (9), Hanus and others (10) and Yotoriyana and others (II). 
Although CBN is the major observed decomposition product of THC, it could not 
account for the decrease in the concentration of THe over a period of time when the 
latter is kept under conditions suitable for decomposition (12). Turner and EISohly 
(13) addressed this problem and proposed a possible pathway for the decomposition 
of THC to CBN which involves fonnation of epoxy and hydroxylatcd intermediates. 
These include 9,10-dihydroxy-b.6a(lOa)-THC (racemic mixture) and 8,9-dihydroxy
b.6a(lOa)-THC (racemic mixture). They found that these intermediates could be 
detected only by gas chromatography as their trimethyl silyl (TMS) derivatives. 
They also indicated that these compounds were susceptible to heat and acid and that 
the final product was CBN. 

In the present report, the change in the level of THC and CBN in stored 
marijuana was studied over a four-year period. THe and CBN were analysed annu
ally in marijuana stored at room temperature and a correlation was developed 
between the ratio of CBN to THC and the age of the plant material. The empirical 
correlation could be used to estimate the age of a given marijuana sample. 

Experimental basis 

Plant material 

The plant material used in the study was grown at the University of Mississippi 
medicinal plant garden. Mature plants were harvested and dried in a drying barn. 
The temperature was set initially at 50° C and was then increased at 2.5" C per hour 
until 70" C was reached. Under those conditions, dryness was complete within 6-8 
hours. The dried materials were then coarsely manicured, packed in closed barrels 
and stored in an air-conditioned vault. 

Plants used in the study were grown from seeds of Colombian, Jamaican, 
Mexican or hybrid varieties. 

Storage conditions 

The dried plant material was stored in closed barrels in the dark in a secured 
air-conditioned vault. Room temperature fluctuated slightly over time but generally 
remained between 20' and 22' C. Samples were obtained annually from stored 
material for cannabin aid analysis. 

Analytical procedure 

The method used for analysis has been previously described by Ross and 
others (14). Briefly, each dried sample was manicured by passing through a metal 
sieve (number 14). One hundred milligrams (mg) of each sample was weighed and 
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extracted with 3 millilitres (m!) of extraction solution (internal standard), which was 
a mixture of 100 mg of 4-androstene-3,17-dione, 10 ml of chloroform and 90 ml of 
methanoL After the samples were allowed to stand for one hbur, the extracts were 
separately removed from each flask and transferred into screw-cap vials, from which 
aliquots were transferred into 2-ml gas-chromatography vials. 

Gas-chromatography analysis 

A chromatograph, model 5880A, equipped with an automatic liquid sampler, 
model 7673, was used under the following conditions: (aJ column: DB-I, 
15 m x 0.25 mm, with 0.25 !Lm film thickness; (b) temperature: initial, 170' C for 
I minute then programmed to 250' C at the rate of 10' Clmin; (c) injector tempera
ture: 240"C; (d) detector temperature: 260' C; (e) carrier gas: helium at approxi
mately I ml/min; and (f) detector: flame ionization detector with hydrogen flow rate 
of 30 mllmin and air flow rate of 300 mllmin. Each sample was analysed in duplicate 
and the average percentage for THC and CBN was calculated. The results are sum
marized in tables 1-4. 

Table l. Concentration of THe and CBN in marijuana samples stored 
for one year at room temperature 

Percentage 

Variety and Penod Initial AfWr one year Percenrage 
Bar. year of of iOS.5 of (B.r.,: x 100 
No. cultivation" ~torage THe CBN THe CRN THe THe 

776 CIAP-93 1993-1994 2.51 0.00 2.27 0.05 9.6 2.2 
777 CIAP-93 1993-1994 2.68 0.00 2.27 0.04 15.3 1.8 
780 CIAP-93 1993-1994 2.48 0.00 2.32 0.04 6.5 1.7 
783 CIAP-93 1993-1994 2.43 0.00 1.88 0.03 22.6 1.6 
786 CIAP-93 1993-1994 2.43 0.00 1.92 0.05 21.0 2.6 
787 CIAP-9] 1993-1994 2.49 0.00 2.33 0.06 6.4 2.6 
788 CK1X-9] 1993-1994 3.67 0.00 2.78 0.13 24.3 4.7 
789 CK1X-93 1993-1994 3.04 0.00 2.79 0.15 8.2 5.4 
790 CIAP-9] 1993-1994 2.l8 0.00 1.68 0.04 22.9 2.4 
791 CIAP-93 1993-1994 2.05 0.00 1.66 0.05 19.0 3.0 
792 CIAP-93 1993-1994 2.20 0.00 1.79 0.05 18.6 2.8 
793 CIAF-93 1993-1994 1.95 0.00 1.78 0.06 8.7 3.4 
800 CMEF-93 1993-1994 2.65 0.00 2.39 0.06 9.8 2.5 
801 CMEF-93 1993-1994 2.87 0.00 2.39 0.06 16.7 2.5 
804 CMEF-93 1993-1994 2.30 0.00 1.78 0.04 22.6 2.2 
808 CMEF-93 1993-1994 257 0.00 2.03 0.04 21.0 2.0 
809 CMEF-93 1993-1994 2.63 0.00 2.29 0.05 12.9 2.2 
811 CMEF-93 1993-1994 2.69 0.00 2.20 0.05 18.2 2.3 

814 CMEF-93 1993-1994 3.19 0.00 2.54 0.05 20.4 2.0 
815 CMEF-93 1993-1994 2.64 0.00 2.10 0.04 205 1.9 
816 CMEF-93 1993-1994 2.96 0.00 2.08 0.05 29.7 2.4 
822 CMEF-93 1993-1994 3.10 0.00 2.89 0.06 6.8 2.1 
823 CMEF-93 1993-1994 2.82 0.00 2.65 0.06 6.0 2.3 
824 CMEF-93 1993-1994 3.03 0.00 2.13 0.05 29.7 2.3 
Mean 2.66 0.00 2.21 0.06 16.6 2.5 
Standard 

deviation 0.41 0.00 0.36 0.03 7.4 0.9 

'The varieties and year of cultivation were as follows: C1AF-93: cultivated Jamaican variety, female, 1993; 
CKIX-93: cultivated hybrid, mixture, 1993; and CMEF-93: cultivated Mexican variety, female. 1993. 
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Table 2. Concentration of THe and CBN in marijuana samples stored 
for two years at room temperature 

Percentage 

Vanny and Penod Initial A/kr one J'car Percenrage 
BitJ year of or /0<;<; of C'BN x 100 
No. cuJlj~-aljon" ,wrage THe CBI'i me CBN THe THe 

732 ClAF-91 1991-1993 2.93 0.00 2.15 0.37 19.7 17.2 
733 ClAF-91 1991-1993 3.51 0.00 2.70 0.19 23.1 7.0 
734 ClAF-91 1991-1993 3.25 0.00 2.44 0.19 24.9 7.8 
735 ClAF-91 1991-1993 3.47 0.00 2.85 0.25 17.9 8.8 
738 CMEF-91 1991-1993 2.46 0.00 1.82 0.10 26.0 5.5 
740 CMEF-91 1991-1993 2.90 0.00 2.48 0.15 14.5 6.1 
742 CMEF-91 1991-1993 2.90 0.00 2.03 0.14 30.0 6.9 
746 CMEF-91 1991-1993 2.61 0.00 1.87 0.14 28.4 7.5 
749 CMEF-91 1991-1993 2.36 0.00 1.69 0.15 28.4 8.9 
751 CMEF-91 1991-1993 2.71 0.00 2.03 0.21 25.1 10.3 
752 CMEF-91 1991-1993 3.59 0.00 3.05 0.22 15.0 7.2 
753 CMEF-91 1991-1993 3.46 0.00 2.42 0.16 30.1 6.6 
758 CCOF-91 1991-1993 3.53 0.00 2.74 0.21 22.4 7.7 
759 CCOF-91 1991-1993 3.52 0.00 2.55 0.09 27.6 3.5 
761 CMEF-91 1991-1993 2.89 0.00 2.40 0.13 17.0 5.4 
776 C1AF-93 1993-1995 2.51 0.00 1.79 0.11 28.7 6.2 
777 ClAF-93 1993-1995 2.68 0.00 2.09 0.13 22.0 6.2 
783 ClAF-93 1993-1995 2.43 0.00 1.58 0.09 35.0 5.7 
785 CMEF-93 1993-1995 2.98 0.00 2.18 0.14 26.9 6.4 
786 ClAF-93 1993-1995 2.43 0.00 1.77 0.12 27.2 6.8 
788 CK1X-93 1993-1995 3.67 0.00 2.74 0.23 25.3 8.4 
789 CKIX-93 1993-1995 3.04 0.00 2.37 0.20 22.0 8.4 
790 ClAF-93 1993-1995 2.18 0.00 1.47 0.12 32.6 8.2 
791 ClAF-93 1993-1995 2.05 0.00 1.27 0.10 38.1 7.9 
793 ClAF-93 1993-1995 1.95 0.00 1.28 0.10 34.4 7.8 
797 CMEF-93 1993-1995 3.65 0.00 2.05 0.13 43.8 6.3 
800 CMEF-93 1993-1995 2.65 0.00 2.10 0.14 20.8 6.7 
802 CMEF-93 1993-1995 2.75 0.00 1.73 0.10 37.1 5.8 
804 CMEF-93 1993-1995 2.30 0.00 1.77 0.09 27.4 5.1 
811 CMEF-93 1993-1995 2.69 0.00 2.23 0.12 17.1 5.4 
816 CMEF-93 1993-1995 2.96 0.00 1.88 0.10 36.5 5.3 
818 CMEF-93 1993-1995 2.87 0.00 1.91 0.11 33.5 5.8 
822 CMEF-93 1993-1995 3.10 0.00 1.91 0.12 38.4 6.3 
824 CMEF-93 1993-1995 3.03 0.00 2.22 0.12 26.7 5.4 
825 CMEF-93 1993-1995 2.85 0.00 2.39 0.12 16.1 5.0 
Mean 2.88 0.00 2.11 0.15 26.8 6.7 
Standard 

deviation 0.47 0.00 0.43 0.06 7.3 1.4 

"The varieties and years of cultivation were as follows: CJAF-91: cultivated Jamaican variety, female, 1991; 
CMEF-91: cultivated Mexican variety, female, 1991; CCOF-91: cultivated Colombian variety, female, 1991; CKIX-93: 
cultivated hybrid, mixture, 1993. 

Results and discussion 

Detennination of the age of a marijuana sample is often required in forensic 
work, and to date there is no reported method to estimate it. Since C19_THC is known 
to oxidize to CBN over time, the presence of CBN in a marijuana sample indicates 
that the sample is not fresh. It is presumed that the higher the amount of CBN, the 
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Table 3. Concentration of THC and CBN in marijuana samples stored for three 
years at room temperature 

Percentage 

Variety and Period Initial After onc )'car Pen'en/age 
Bal year of d' 10,5 of CB}"./ x 100 
l'.io. culti~atjort' storage lHe CBN THC CBN me THe 

729 ClAF-91 1991-1994 5.25 0.00 3.11 0.46 40.8 14.8 
732 ClAF-91 1991-1994 3.20 0.00 2.19 0.22 31.6 10.0 
733 ClAF-91 1991-1994 3.51 0.00 2.18 0.22 37.9 10.1 
734 ClAF-91 1991-1994 3.25 0.00 1.94 0.19 40.3 9.8 
735 ClAF-91 1991-1994 3.47 0.00 2.51 0.29 28.0 11.6 
736 ClAF-91 1991-1994 2.55 0.00 1.87 0.18 26.7 96 
737 ClAF-91 1991-1994 2.91 0.00 1.76 0.18 39.5 10.2 
738 CMEF-91 1991-1994 2.46 0.00 1.49 0.13 39.4 8.7 
739 CMEF-91 1991-1994 2.88 0.00 1.60 0.16 44.4 10.0 
740 CMEF-91 1991-1994 2.90 0.00 1.91 0.18 34.1 9.4 
742 CMEF-91 1991-1994 2.90 0.00 1.71 0.16 41.0 9.4 
744 CMEF-91 1991-1994 2.62 0.00 1.81 0.16 30.9 8.8 
746 CMEF-91 1991-1994 2.61 0.00 1.73 0.20 33.7 11.6 
747 CMEF-91 1991-1994 2.55 0.00 1.70 0.15 33.3 8.8 
749 CMEF-91 1991-1994 2.36 0.00 1.53 0.15 35.2 9.8 
751 CMEF-91 1991-1994 2.71 0.00 1.94 0.17 28.4 8.8 
752 CMEF-91 1991-1994 3.59 0.00 2.12 0.21 40.9 9.g-
753 CMEF-91 1991-1994 3.46 0.00 1.81 0.16 47.7 8.8 
754 CMEF-91 1991-1994 2.88 0.00 1.52 0.15 47.2 9.9 
755 CCOF-91 1991-1994 2.62 0.00 2.06 0.15 21.4 7.3 
756 CCOF-91 1991-1994 3.06 0.00 2.06 0.13 32.6 6.3 
757 CCOF-91 1991-1994 2.53 0.00 1.97 0.14 22.1 7.1 
758 CCOF-91 1991-1994 3.53 0.00 2.04 0.18 42.2 8.8 
759 CCOF-91 1991-1994 3.52 0.00 2.50 0.17 29.0 6.8 
760 CMEF-91 1991-1994 2.43 0.00 1.78 0.17 26.7 9.6 
761 CMEF-91 1991-1994 2.89 0.00 2.26 0.20 21.8 8.8 
Mean 3.04 0.00 1.97 0.19 34.5 9.4 
Standard 

deviation 0.60 0.00 0.36 0.Q7 7.6 1.7 

'The varieties and year~ of wltivation were as fu!1uw~: CJAF-91: cultivated Jamaican variety, female, 1991: 
CMEF-91: cultivated Mexican variety, female. 1991; CCOF-91: cultivated Culombian variety. female. 1991. 

older the sample. In an effort to correlate between the amount of CBN and THC as 
they relate to the age of marijuana samples, the present study was canied out. 

The dried marijuana samples produced from different cannabis crops of differ-
ent varieties were stored at room temperature and were analysed shortly after har-
vesting (time 0) and yearly thereafter for up to four years. Tables 1-4 show the 
concentration of both THC and CBN at time 0 and after one, two, three and four 
years of storage, respectively. The percentage loss of THC in each case is also 
presented along with the amount of CBN relative to THC (percentage) after each 
storage period. 

Figure I shows the relationship between the percentage loss of THC and the 
storage time. Although it is clear that there was a wide variation in the percentage 
loss at each data point (standard deviation of 6.5-7.6 per cent), the percentage loss 
of THe was proportional to the storage time. On the average, the concentration of 
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Table 4. Concentration of THe and CBN in marijuana samples 
stored for four years at room temperature 

Percentage 

VaneI}' and Period Initial ARcr one year Percenrage 
Bar year of uf I()s~ of em.,' 

-x 100 
l'io. cultivation' storage THC CBN THC CBN THC THC 

728 CKIF-91 1991-1995 1.64 0.00 0.97 0.14 40.9 14.4 
732 CJAF-9\ 1991-1995 2.93 0.00 1.82 0.28 37.9 15.4 
734 CJAF-91 1991-1995 3.25 0.00 1.58 0.26 51.4 16.5 
736 CJAF-91 1991-1995 2.55 0.00 1.48 0.22 42.0 14.9 
737 CJAF-91 1991-1995 2.91 0.00 1.69 0.27 40.9 16.0 
739 CMEF-91 1991-1995 2.88 0.00 1.67 0.25 42.0 15.0 
740 CMEF-91 1991-1995 2.90 0.00 1.81 0.24 37.6 13.3 
742 CMEF-91 1991-1995 2.90 0.00 lAO 0.21 51.7 15.0 
743 CMEF-91 1991-1995 2.46 0.00 1.57 0.20 36.2 12.7 
744 CMEF-91 1991-1995 2.62 0.00 1.48 0.20 43.5 13.5 
745 CJAF-91 1991-1995 2,45 0.00 1.58 0.24 35.5 15.2 
746 CMEF-91 1991-1995 2.61 0.00 1.56 0.23 40.2 14.7 
747 CMEF-91 1991-1995 2.55 0.00 1.18 0.16 53.7 13.6 
749 CMEF-91 1991-1995 2.36 0.00 1.49 0.21 36.9 14.1 
751 CMEF-91 1991-1995 2.71 0.00 1.74 0.24 35.8 13.8 
752 CMEF-91 1991-1995 3.59 0.00 1.94 0.28 46.0 14.4 
753 CMEF-91 1991-1995 3.46 0.00 2.18 0.30 37.0 13.8 
754 CMEF-91 1991-1995 2.88 0.00 1.28 0.20 55.6 15.6 
756 CCOF-91 1991-1995 3.06 0.00 1.87 0.24 38.9 12.8 
757 CCOF-91 1991-1995 2.53 0.00 1.74 0.20 31.2 11.5 
760 CMEF-91 1991-1995 2.43 0.00 1.48 0.20 39.1 13.5 
761 CMEF-91 1991-1995 2.89 0.00 1.81 0.23 37.4 12.7 
Mean 2.75 0.00 1.61 0.23 41.4 14.2 
Standard 

deviation 0.41 0.00 0.27 0.04 6.5 1.2 

"The varieties and years of cultivation were as follows: CCOF-91: cultivated Colombian variety, female, 1991; 
eMEF-91: cultivated Mexican variety. female, 1991; CKIF-91 cultivated hybrid, female, 1991: C1AF-91: cultivated 
Jamaican variety, female, 1991; CMEF-91: cultivated Mexican variety, female, 1991. 

THC in the plant material decreased by 16.6% ±7A of its original value after one 
year, 26.8% ±7.3 after two years. 34.5% ±7.6 after three years and 41.4% ±6.5 after 
four years. 

Several attempts were made to develop a relationship between the time of 
storage and the concentration of THC and CBN. It was found that the percentage 
ratio of CBN to THC at the time of analysis was most predictive of the age of the 
plant material. Tables 1-4 show the values for all samples stored for one. two. three 
and four years, respectively. On average. the percentage ratio of CBN to THC was 
found to be 2.5 ±D.9. 6.7 ±IA, 9.4 ±1.7 and 14.2 ±1.2 for samples stored for one, 
two, three and four years respectively. as reflected in figure II. 

A number of observations were made. First, not all of the THe converts di
rectly to CBN, suggesting other intennediates in that process as previously described 
by Turner and EISohly (13). Secondly, CBN does not exist in the freshly and care
fully dried marijuana, supporting previous reports (3, 4). Thirdly. the degradation of 
THC appears to proceed at a higher rate for the first year than subsequent years and 
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levels off after two years to a rate of loss of approximately 7 per cent per year. 
Therefore, studies carried out with "old" material could feasibly report a 7 per cent 
loss per year. It is believed that the percentage loss in THe content is also a function 
of the initial THe concentration. The higher the concentration of THe, the faster the 
degradation over the first one or two years. That could account for the high variabil
ity in the percentage loss in THe over time in the samples represented by several 
varieties used in the present study. 

The results reported above show that it is feasible to detennine the age of a 
given marijuana sample on the basis of its THe and eBN contents, assuming that 
storage was carried out at room temperature. It is evident from figure II that samples 
with a ratio of CBN to THC of less than 0.013 are less than six months old. and 
those with a ratio of between 0.04 and 0.08 are between one and two years old. 
Figure II could be used to estimate the age of a given sample on the basis of the 
concentration of CBN and THe. 

It should be emphasized, however, that variations from the experimental con
ditions described in the present report should be considered in the interpretation of 
the analytical results. 
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