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ABSTRACT: The University of Mississippi has a contract with the National Institute on Drug Abuse (NIDA) to carry out a variety of research
activities dealing with cannabis, including the Potency Monitoring (PM) program, which provides analytical potency data on cannabis preparations con-
fiscated in the United States. This report provides data on 46,211 samples seized and analyzed by gas chromatography-flame ionization detection
(GC-FID) during 1993–2008. The data showed an upward trend in the mean D9-tetrahydrocannabinol (D9-THC) content of all confiscated cannabis
preparations, which increased from 3.4% in 1993 to 8.8% in 2008. Hashish potencies did not increase consistently during this period; however, the mean
yearly potency varied from 2.5–9.2% (1993–2003) to 12.0–29.3% (2004–2008). Hash oil potencies also varied considerably during this period
(16.8 € 16.3%). The increase in cannabis preparation potency is mainly due to the increase in the potency of nondomestic versus domestic samples.
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Marijuana, the crude drug derived from Cannabis sativa L. pistil-
late inflorescence, is the most widely cultivated and consumed illicit
drug in the world despite being under international control for eight
decades (1,2). The reason for this is mainly attributed to two factors;
namely, relaxation of cannabis law enforcement relative to other illi-
cit drugs and the enormous extent of cannabis production and con-
sumption. Furthermore, cannabis is cultivated both indoors and
outdoors, often on a small scale, facilitating inconspicuous trading.
Hashish (hash) and hash oil are two preparations designed to mini-
mize the volume of the drug, thereby minimizing confiscation.

The D9-tetrahydrocannabinol (D9-THC) potency (concentration
or content) of cannabis depends on soil and climate conditions,
variety (phenotype), and cultivation techniques, with different parts
of the plant having varying concentrations of the drug (3–6). The
total number of identified cannabis constituents has increased from
489 in 2005 (7) to 537 in 2009, while the number of cannabinoids
has increased from 70 to 109 (8–13). The main psychoactive

ingredient in cannabis is D9-THC (14,15); however, other cannabi-
noids have also demonstrated pharmacological activities, e.g., the
nonpsychotropic cannabinoid cannabidiol (CBD) displays antipsy-
chotic, antihyperalgesic, anticonvulsant, neuroprotective, and anti-
emetic properties (16–18).

The complex political, medical, cultural, and socioeconomic
issues associated with cannabis necessitates not only public and
governmental scrutiny, but especially scientific inquiry (1,2,19–24).
The National Institute on Drug Abuse (NIDA) Potency Monitoring
(PM) program at the National Center for Natural Products
Research, University of Mississippi, provides analytical potency
data on cannabis preparations seized in the United States, including
both domestic and nondomestic material (25–28). A survey of the
literature reporting similar programs in other countries revealed a
number of comprehensive studies, e.g., England (2004–2005) (29),
Brazil (2006–2007) (30), Netherlands (1999–2007) (31–34), Italy
(1997–2004) (35), New Zealand (1976–1996) (36), and Australia
(37), as well as a number of general reviews pertaining to cannabis
potency trends (1,2,21,22,32,38,39).

This report covers 46,211 cannabis preparations confiscated and
analyzed by gas chromatography-flame ionization detection (GC-
FID) in the United States during 1993–2008, following on previous
reports covering 1972–1997 (36,297 samples) (25–28). The total
number of samples received during this period (1993–2008) was
47,583 as of 30 March 2009. The number of samples analyzed was
46,211, with 1,372 samples not analyzed for a variety of reasons,
including insufficient material, wet material, and material contain-
ing only seeds and stems. Statistical analysis on the mean yearly
D9-THC concentration is included to establish the potency trend
over time. Data on hashish, hash oil, and the potencies of
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cannabichromene (CBC), cannabidiol (CBD), cannabinol (CBN),
cannabigerol (CBG), and tetrahydrocannabivarin (THCV) are also
presented.

Materials and Methods

Sample Acquisition

All samples analyzed in this investigation were confiscated dur-
ing 1993 through 2008 by United States Federal and State law
enforcement agencies.

Sample Identification

Sample classification is based on physical characteristics accord-
ing to the following guidelines:

Cannabis Samples—All samples were received as raw plant
material. These samples were further categorized as follows:

• Marijuana (known as herbal cannabis in Europe): usually found
in four forms: (i) loose material - loose cannabis plant material
with leaves, stems, and seeds; (ii) leaves - cannabis plant mat-
erial consisting primarily of leaves; (iii) kilo bricks - compressed
cannabis with leaves, stems, and seeds (typical Mexican packag-
ing); and (iv) buds - flowering tops of female plants with seeds.

• Sinsemilla: flowering tops of unfertilized female plants with no
seeds (subdivided as for marijuana with most samples being
classified as buds).

• Thai sticks: leafy material tied around a small stem (typical
Thailand packaging).

• Ditchweed: fiber type wild cannabis found in the Midwestern
region of the United States (subdivided as for marijuana).

Hashish Samples—Hashish (known as cannabis resin in Europe)
is composed of the resinous parts of the flowering tops of cannabis,
mixed with some plant particles and shaped into a variety of forms,
e.g., balls, sticks, or slabs. It is generally very hard with a dark
green or brownish color.

Hash Oil Samples—Hash oil is a liquid or semi-solid concen-
trated extract of cannabis plant material. Depending on the process
used to prepare hash oil, it is usually dark green, amber, or
brownish.

Sample Storage

All samples are stored in a vault at controlled room temperature
(17 € 4�C).

Domestically Cultivated Cannabis

Cannabis preparations that have been verified as being produced
from plants grown in the United States are classified as domestic
samples, whereas all other samples are classified as nondomestic.

Sample Preparation

Cannabis—The samples were manicured in a 14 mesh metal sieve
to remove seeds and stems. Duplicate samples (2 · 0.1 g) were
extracted with internal standard solution (ISTD) [3 mL, 4–andro-
stene-3,17-dione (100 mg) (Sigma Aldrich, St. Louis, MO) in chloro-
form ⁄ methanol (100 mL, 1:9, v ⁄ v), 1 mg ⁄mL] at room temperature

for 1 h. The extracts were transferred to GC vials via filtration
through sterile cotton plugs, followed by capping of the vials (25).

Hashish—Samples were powdered using a mortar and pestle or
an electric blender. Duplicate samples (2 · 0.1 g) were extracted
following the procedure outlined for cannabis samples (vide supra).

Hash Oil—Duplicate samples (2 · 0.1 g) were extracted with
ISTD [4 mL, 4-androstene-3,17-dione (50 mg) in absolute ethanol
(50 mL), 1 mg ⁄mL] as follows: maceration at room temperature
for 2–4 h, sonication for 5 min, addition of absolute ethanol
(20 mL), and sonication for 5 min. The extracts were transferred to
GC vials as described earlier.

Chromatographic Analysis

GC analyses were performed using Varian CP-3380 gas chroma-
tographs, equipped with Varian CP-8400 automatic liquid samplers,
capillary injectors, dual flame ionization detectors, and DB-1MS
columns (15 m · 0.25 mm · 0.25 lm) (J&W Scientific, Folsom,
CA). Data were recorded using a Dell Optiplex GX1 computer and
Varian Star workstation software (version 6.1). Helium was used as
carrier and detector makeup gas with an upstream indicating mois-
ture trap and a downstream indicating oxygen trap. Hydrogen and
compressed air were used as the combustion gases. The following
instrument parameters were employed: air, 30 psi (300 mL ⁄ min);
hydrogen, 30 psi (30 mL ⁄ min); column head pressure, 14 psi
(1.0 mL ⁄ min); split flow rate, 100 mL ⁄min; split ratio, 50:1; sep-
tum purge flow rate: 5 mL ⁄min; makeup gas pressure, 20 psi
(30 mL ⁄ min); injector temperature, 240�C; detector temperature,
270�C; oven program, 170�C (hold 1 min) to 250�C at 10�C ⁄ min
(hold 3 min); run time, 12 min; injection volume, 1 lL. The instru-
ments are daily maintained and calibrated to ensure a D9-
THC ⁄ internal standard response factor ratio of one.

Calculation of Concentrations

The concentration of a specific cannabinoid is calculated as
follows:

cannabinoid%¼GC area½ �ðcannabinoidÞ
GC area½ �ðISTDÞ � amountðISTDÞ

amountðsampleÞ�100

Statistical Analysis

The mean and standard deviation (SD) of the sample concentra-
tions were calculated for the combined data set, by year and sam-
ple type, and for domestic and nondomestic samples. Normal and
outlier cannabis samples were determined based on the mean and
SD of the D9-THC concentration for each year and sample type
(40). Normal samples are defined as samples with potencies in the
range: mean € 2.5 · SD. Outlier samples are defined as samples
with potencies that fall outside this range. The precision of the
mean was determined through 95% confidence intervals (CIs). The
CI was calculated using the Excel function TINV(probability,
degrees of freedom), which returns the inverse or t-value of the
Student’s t-distribution as a function of the probability associated
with the two-tailed Student’s t-distribution and the degrees of free-
dom [number of samples (n) – 1]. The CI range is subsequently
calculated as the mean € the product of the TINV value and the
standard error of the mean (SEM), i.e., the SD divided by the
square root of the number of samples, thus mean € SEM · TINV
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[SEM ¼ SD=
ffiffiffi

n
p

, TINV = TINV(0.05, n – 1)]. A 95% CI is a
range of values that contains the true mean of the population with
95% certainty. The Pearson product-moment correlation coefficient
(r) was calculated using the Excel PEARSON function, and the
standard error for the predicted mean values for each year in the
regression was calculated using the Excel STEYX function.

Results and Discussion

During the past 16 years (1993–2008), 46,211 samples of canna-
bis preparations confiscated in the United States, representing
c. 8,321 tons, were analyzed at the University of Mississippi PM
laboratory (Table 1). The PM program has analyzed 67,227 sam-
ples to date since 1968 (25–28). Samples classification is performed
by the submitting agency and verified by the PM laboratory. Prior
to 1995, there was no classification in the database for ditchweed;
therefore, all ditchweed samples were classified as marijuana.

However, interest in monitoring ditchweed samples and its effect
on the overall potency of confiscated marijuana necessitated this
category on the sample report form since 1995. The data presented
in this report on ditchweed samples prior to 1995 were generated
by retrospective review of the PM data. Marijuana samples with
D9-THC <1% and CBD > D9-THC were classified as ditchweed.
Cannabis, i.e., marijuana, sinsemilla, Thai sticks, and ditchweed,
represents the overwhelming majority of the samples confiscated in
the United States (98.7%), while the hashish and hash oil combined
contribution is <1.5% (Table 1). Marijuana typically represents at
least 50% of the samples. Sinsemilla samples gradually increased
from 2002, with a concurrent decrease in the number of marijuana
samples.

The yearly arithmetic mean D9-THC concentration for the differ-
ent types of cannabis samples shows large variation within catego-
ries and over time, with only the ditchweed samples being
relatively constant (Table 2). Hashish and hash oil sample potencies

TABLE 1—Number of samples (n) analyzed by type and year.

Year

All Marijuana* Sinsemilla* Thai sticks* Ditchweed* Hashish� Hash oil�

n n % n % n % n % n % n %

1993 3412 3033 88.9 123 3.6 0 0.0 200 5.9 39 1.1 17 0.5
1994 3327 3032 91.1 104 3.1 0 0.0 148 4.4 29 0.9 14 0.4
1995 4791 4430 92.5 164 3.4 2 0.04 163 3.4 19 0.4 13 0.3
1996 2455 2148 87.5 169 6.9 0 0.0 118 4.8 12 0.5 8 0.3
1997 2495 2273 91.1 121 4.8 0 0.0 60 2.4 31 1.2 10 0.4
1998 2283 2075 90.9 101 4.4 0 0.0 87 3.8 15 0.7 5 0.2
1999 2692 2450 91.0 136 5.1 0 0.0 72 2.7 23 0.9 11 0.4
2000 3148 2928 93.0 113 3.6 0 0.0 73 2.3 27 0.9 7 0.2
2001 2716 2398 88.3 235 8.7 0 0.0 63 2.3 13 0.5 7 0.3
2002 2413 1789 74.1 528 21.9 0 0.0 75 3.1 16 0.7 5 0.2
2003 2517 1893 75.2 538 21.4 0 0.0 66 2.6 16 0.6 4 0.2
2004 2637 1815 68.8 731 27.7 0 0.0 62 2.4 25 0.9 4 0.2
2005 3004 1964 65.4 931 31.0 0 0.0 56 1.9 47 1.6 6 0.2
2006 2890 1770 61.2 1032 35.7 0 0.0 53 1.8 32 1.1 3 0.1
2007 3097 1635 52.8 1327 42.8 0 0.0 47 1.5 70 2.3 18 0.6
2008 2334 1151 49.3 1093 46.8 0 0.0 28 1.2 50 2.1 12 0.5
1993–2008 46,211 36,784 79.6 7446 16.1 2 0.0 1371 3.0 464 1.0 144 0.3

*Total cannabis: 45,603 samples (98.7%).
�Total hashish + hash oil: 608 samples (1.3%).

TABLE 2—Mean and SD D9-THC concentration by type of sample and year.

Year

All Marijuana Sinsemilla Thai sticks Ditchweed Hashish Hash oil

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

1993 3.4 2.9 3.4 2.4 5.8 3.8 0.0 0.0 0.4 0.3 6.6 6.7 16.5 11.7
1994 3.5 2.5 3.5 2.1 7.5 4.8 0.0 0.0 0.4 0.3 4.6 3.6 11.6 7.9
1995 3.8 2.3 3.7 1.8 7.5 4.4 4.5 0.8 0.4 0.4 3.6 3.7 13.2 8.9
1996 4.1 3.0 3.9 2.2 9.2 4.7 0.0 0.0 0.4 0.3 2.5 1.4 12.8 9.5
1997 4.6 3.7 4.3 2.7 11.6 5.9 0.0 0.0 0.5 0.3 8.9 9.3 18.2 9.0
1998 4.5 3.6 4.2 2.9 12.3 5.2 0.0 0.0 0.4 0.3 5.9 5.2 15.8 9.9
1999 4.6 4.0 4.2 3.2 13.4 4.7 0.0 0.0 0.4 0.3 4.9 4.2 16.2 10.7
2000 4.9 4.0 4.7 3.4 12.8 4.4 0.0 0.0 0.4 0.3 4.2 4.2 28.6 11.6
2001 5.4 4.1 5.0 3.5 9.6 5.4 0.0 0.0 0.4 0.3 8.5 5.9 19.4 8.1
2002 6.4 5.1 5.1 3.4 11.4 5.7 0.0 0.0 0.4 0.3 9.1 8.5 22.5 28.3
2003 6.3 4.8 5.0 3.1 11.6 5.7 0.0 0.0 0.3 0.3 9.2 7.6 15.5 6.9
2004 7.2 5.8 5.4 3.6 11.9 6.0 0.0 0.0 0.4 0.3 18.9 15.1 31.3 34.6
2005 7.2 5.3 5.2 3.2 11.6 5.7 0.0 0.0 0.4 0.3 12.0 10.3 6.4 2.8
2006 7.8 6.5 5.6 4.0 11.2 6.5 0.0 0.0 0.3 0.2 29.3 19.7 18.7 26.1
2007 8.8 7.4 6.1 3.7 11.1 6.6 0.0 0.0 0.4 0.3 27.7 18.4 24.9 29.6
2008 8.8 6.9 5.8 3.9 11.5 6.2 0.0 0.0 0.4 0.3 23.1 19.6 6.5 9.7
1993–2008 5.6 5.0 4.5 3.1 11.1 6.1 4.5 0.8 0.4 0.3 14.1 15.7 16.8 16.3
95% CI range* 5.53–5.62 4.46–4.53 11.01–11.28 0.00–11.69 0.37–0.40 12.69–15.56 14.07–19.45

SD, Standard deviation.
*95% CI range: range of values that contains the true mean with 95% certainty.
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showed the most variability over the 16-year period. The mean and
SD for these categories were 14.1% € 15.7% and 16.8% € 16.3%,
respectively. The marijuana D9-THC concentration appeared to
gradually increase from 1993 to 2008, with a Pearson product-
moment correlation coefficient (r) of 0.982 and a standard error for
the predicted mean values of 0.17 (Fig. 1). The mean D9-THC con-
centration for sinsemilla fluctuated considerably, ranging from a
minimum in 1993 (5.8% € 3.8%) to a maximum in 1999
(13.4% € 4.7%) (Table 2, Fig. 1). Other than the expected finding
that the yearly mean potencies of sinsemilla samples were much
higher than that for marijuana samples, there did not appear to be
any meaningful trend in the mean potency of the sinsemilla sam-
ples. The mean D9-THC concentration of sinsemilla samples

between 1993 and 2000 increased from 5.8% to 12.8% (121.8%
increase), dropping slightly in 2001 (9.6%), and stabilizing between
2002 and 2008 (11.5% € 0.3%) (Fig. 1).

The change in cannabis potency over the past 40 years has been
the subject of much debate and controversy. This report investi-
gates the influence of outlier samples on the overall mean concen-
tration of D9-THC for the time period studied in an attempt to
clarify this issue. Normal and outlier cannabis preparations are sam-
ples with D9-THC concentrations that fall within and outside the
range mean € 2.5 · SD, respectively.

The outlier samples for marijuana and sinsemilla represent 2.4%
and 0.5%, respectively, of the total samples for each type (Table 3).
The distribution of D9-THC concentrations is positively skewed,
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FIG. 1—Mean D9-THC concentration with 95% confidence intervals for all samples, marijuana and sinsemilla samples, and marijuana and sinsemilla sam-
ples with outliers excluded.

TABLE 3—Mean and SD D9-THC concentration for marijuana and sinsemilla samples with outliers* excluded.

Year

Marijuana Sinsemilla

Outliers All samples Outliers excluded Outliers All samples Outliers excluded

% Mean SD Mean SD % Mean SD Mean SD

1993 2.9 3.4 2.4 3.1 1.7 2.4 5.8 3.8 5.5 3.4
1994 2.3 3.5 2.1 3.3 1.7 1.9 7.5 4.8 7.2 4.2
1995 2.0 3.7 1.8 3.6 1.5 1.2 7.5 4.4 7.3 4.2
1996 2.3 3.9 2.2 3.7 1.8 1.8 9.2 4.7 9.0 4.4
1997 3.1 4.3 2.7 4.0 2.2 0.8 11.6 5.9 11.4 5.6
1998 2.7 4.2 2.9 3.9 2.3 0.0 12.3 5.2 12.3 5.2
1999 3.5 4.2 3.2 3.8 2.4 1.5 13.4 4.7 13.2 4.4
2000 3.2 4.7 3.4 4.3 2.8 0.0 12.8 4.4 12.8 4.4
2001 3.4 5.0 3.5 4.6 2.8 0.4 9.6 5.4 9.5 5.4
2002 2.5 5.1 3.4 4.8 2.8 0.2 11.4 5.7 11.3 5.7
2003 2.1 5.0 3.1 4.8 2.7 0.4 11.6 5.7 11.5 5.6
2004 2.1 5.4 3.6 5.1 3.1 0.1 11.9 6.0 11.9 6.0
2005 1.5 5.2 3.2 5.1 3.0 0.1 11.6 5.7 11.6 5.7
2006 2.0 5.6 4.0 5.3 3.5 0.8 11.2 6.5 11.1 6.3
2007 0.9 6.1 3.7 6.0 3.5 0.5 11.1 6.6 11.0 6.5
2008 1.1 5.8 3.9 5.7 3.7 0.5 11.5 6.2 11.4 6.1
1993–2008 2.4 4.5 3.1 4.2 2.7 0.5 11.1 6.1 11.1 6.0
95% CI range� – 4.46–4.53 4.22–4.27 – 11.01–11.28 10.92–11.20

SD, Standard deviation.
*Mean – 2.5 · SD > Outlier > Mean + 2.5 · SD.
�95% CI range: range of values that contains the true mean with 95% certainty.

1212 JOURNAL OF FORENSIC SCIENCES



i.e., all outliers are samples with potencies higher than the mean
potency. It is therefore important that the potential effect of the out-
liers is examined to determine whether the apparent trend of
increasing potency is real or simply a statistical artifact. A compari-
son of the mean potency of marijuana and sinsemilla samples cal-
culated for all samples versus for samples with outliers excluded
indicates that the mean D9-THC concentration decreases for each
year when the outliers are excluded (Table 3, Fig. 1). However, the
general pattern of increasing potency of marijuana samples since
1993 appears to exist even when outliers are excluded. The Pearson
product-moment correlation coefficient (r) and standard error for
the predicted mean values after exclusion of marijuana sample out-
liers were 0.981 and 0.18, respectively. Because of the greater vari-
ability found in the potency of sinsemilla samples, fewer cases

were excluded as outliers and thus there was little effect on the
mean potency for each of the years reported (Table 3, Fig. 1). The
mean D9-THC concentration for marijuana and sinsemilla samples
decreased by 0.24% and 0.08%, respectively, after exclusion of the
outliers.

Further evidence that the mean D9-THC concentration for mari-
juana may be increasing is inferred by the analysis of the percent-
age of samples each year with D9-THC concentration more than
3%, 5%, and 9%. Marijuana samples with D9-THC >9% increased
from 3.23% (1993) to a maximum 21.47% (2007). Conversely, the
number of marijuana sample containing D9-THC <3% decreased
between 1993 and 2007, with a slight increase in 2008 (Fig. 2).
The trend for sinsemilla samples with D9-THC >9% followed a
similar pattern to the overall trend for the yearly mean potencies
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FIG. 2—Prevalence of low (<3%) and high (>9%) potency marijuana samples.
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(Figs 1 and 3). Considering the large number of cannabis samples
analyzed each year, it is doubtful that these observations are statisti-
cal artifacts.

The overall number of samples, mean, SD, maximum and mini-
mum concentrations of D9-THC for the different types of samples
categorized by origin, i.e., domestic or nondomestic, indicates that
ditchweed is mainly a domestic product, whereas Thai sticks, hash-
ish, and hash oil are nondomestic products (Table 4). Marijuana
and sinsemilla samples represent more than 95% of all seizures. It
is important to mention that samples are classified as being of
domestic origin only if the seizure is made from a growing opera-
tion (indoor or outdoor) within the United States. All other samples
are classified as being nondomestic, although they could possibly
have been produced in the United States prior to seizure. It is also
important to note that all nondomestic sample seizures made by the

DEA are of final products produced from mature plant material. In
contrast, the domestic samples provided by the state eradication
programs are seized at different stages of plant maturity. Overall,
the number of samples of known domestic origin represents
approximately one-third of all samples confiscated. The number of
nondomestic seizures was consistently higher when compared to
that of domestic seizures (Fig. 4). The mean D9-THC concentration
for nondomestic cannabis samples showed a gradual increase, while
domestic samples had little fluctuation (Fig. 5).

The mean concentration of the minor cannabinoids CBC, CBD,
CBN, CBG, and THCV were also monitored (Table 5). CBD is
the major cannabinoid found in ditchweed and is present in ele-
vated amounts in intermediate type cannabis (moderate levels of
both D9-THC and CBD) used to make hashish. The cannabinoid
content of hashish and hash oil samples shows that, while hashish

TABLE 4—Number of samples (n), mean, SD, maximum and minimum D9-THC concentration by origin and type of sample.

Origin Type n Mean SD Maximum Minimum

Domestic Marijuana 10,308 3.0 2.8 24.7 <0.01
Sinsemilla 3067 7.9 5.5 33.1 0.1
Thai sticks 0 – – – –
Ditchweed 1257 0.4 0.3 2.4 <0.01

Hashish 3 34.0 25.4 52.9 5.1
Hash oil 2 0.2 0.01 0.23 0.21

1993–2008 14,637 3.8 4.1 52.9 <0.01
Nondomestic Marijuana 26,476 5.1 3.0 37.2 <0.01

Sinsemilla 4379 13.4 5.4 32.3 0.5
Thai sticks 2 4.5 0.8 5.1 4.0
Ditchweed 114 0.4 0.3 1.2 0.1

Hashish 461 14.0 15.6 66.3 <0.01
Hash oil 142 17.0 16.3 81.7 <0.01

1993–2008 31,574 6.4 5.1 81.7 <0.01
All Samples Marijuana 36,784 4.5 3.1 37.2 <0.01

Sinsemilla 7446 11.1 6.1 33.1 0.1
Thai sticks 2 4.5 0.8 5.1 4.0
Ditchweed 1371 0.4 0.3 2.4 <0.01

Hashish 464 14.1 15.7 66.3 <0.01
Hash oil 144 16.8 16.3 81.7 <0.01

1993–2008 46,211 5.6 5.0 81.7 <0.01

SD, Standard deviation.
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FIG. 5—D9-THC concentration of domestic and nondomestic samples with 95% confidence intervals.

TABLE 5—Mean concentration of minor cannabinoids by type and year.

Year

All Marijuana Sinsemilla

THC CBC CBD CBN CBG THCV THC CBC CBD CBN CBG THCV THC CBC CBD CBN CBG THCV

1993 3.4 0.2 0.3 0.3 0.0 0.0 3.4 0.2 0.2 0.3 0.0 0.0 5.8 0.2 0.2 0.0 0.1 0.0
1994 3.5 0.2 0.4 0.2 0.1 0.1 3.5 0.2 0.3 0.2 0.1 0.1 7.5 0.2 0.5 0.1 0.3 0.1
1995 3.8 0.2 0.3 0.3 0.1 0.0 3.7 0.2 0.3 0.3 0.1 0.0 7.5 0.3 0.3 0.1 0.3 0.1
1996 4.1 0.2 0.4 0.3 0.2 0.1 3.9 0.2 0.3 0.2 0.1 0.1 9.2 0.3 0.5 0.1 0.4 0.1
1997 4.6 0.3 0.4 0.2 0.2 0.1 4.3 0.3 0.4 0.2 0.2 0.1 11.6 0.3 0.4 0.1 0.5 0.1
1998 4.5 0.2 0.4 0.3 0.2 0.1 4.2 0.2 0.3 0.2 0.1 0.1 12.3 0.4 0.4 0.2 0.5 0.1
1999 4.6 0.2 0.4 0.4 0.2 0.0 4.2 0.2 0.4 0.4 0.2 0.0 13.4 0.3 0.3 0.2 0.5 0.1
2000 4.9 0.2 0.5 0.4 0.2 0.1 4.7 0.2 0.4 0.4 0.2 0.1 12.8 0.2 0.3 0.2 0.4 0.1
2001 5.4 0.2 0.5 0.3 0.3 0.1 5.0 0.2 0.5 0.3 0.2 0.1 9.6 0.2 0.3 0.2 0.4 0.1
2002 6.4 0.2 0.4 0.2 0.2 0.1 5.1 0.2 0.5 0.2 0.2 0.1 11.4 0.3 0.2 0.2 0.3 0.1
2003 6.3 0.2 0.5 0.2 0.3 0.1 5.0 0.2 0.5 0.3 0.3 0.1 11.6 0.3 0.3 0.2 0.4 0.1
2004 7.2 0.3 0.5 0.3 0.3 0.1 5.4 0.2 0.5 0.3 0.3 0.1 11.9 0.3 0.2 0.2 0.5 0.1
2005 7.2 0.3 0.5 0.3 0.4 0.1 5.2 0.3 0.5 0.4 0.3 0.1 11.6 0.3 0.2 0.2 0.4 0.1
2006 7.8 0.2 0.4 0.3 0.3 0.1 5.6 0.2 0.5 0.3 0.3 0.1 11.2 0.3 0.2 0.2 0.4 0.1
2007 8.8 0.3 0.4 0.3 0.4 0.1 6.1 0.2 0.5 0.3 0.3 0.1 11.1 0.3 0.3 0.2 0.4 0.1
2008 8.8 0.3 0.4 0.3 0.4 0.1 5.8 0.2 0.4 0.3 0.3 0.1 11.5 0.3 0.2 0.2 0.4 0.1
1993–2008 5.6 0.2 0.4 0.3 0.2 0.1 4.5 0.2 0.4 0.3 0.2 0.1 11.1 0.3 0.2 0.2 0.4 0.1
SD 5.0 0.3 0.9 0.5 0.3 0.1 3.1 0.2 0.7 0.4 0.3 0.1 6.1 0.4 0.9 0.3 0.4 0.1

Year

Ditchweed Hashish Hash oil

THC CBC CBD CBN CBG THCV THC CBC CBD CBN CBG THCV THC CBC CBD CBN CBG THCV

1993 0.4 0.1 1.7 0.0 0.0 0.0 6.6 0.7 3.8 2.3 0.5 0.3 16.5 0.7 0.1 7.7 0.3 0.5
1994 0.4 0.1 2.0 0.0 0.0 0.0 4.6 0.5 3.5 1.7 0.5 0.2 11.6 0.6 0.2 3.1 0.4 0.5
1995 0.4 0.1 1.6 0.0 0.1 0.0 3.6 0.5 3.3 1.7 0.3 0.1 13.2 1.0 0.7 4.2 0.5 0.3
1996 0.4 0.1 2.1 0.0 0.1 0.0 2.5 0.7 4.5 2.4 0.3 0.1 12.8 1.1 1.3 4.0 0.5 0.5
1997 0.5 0.1 1.9 0.0 0.0 0.0 8.9 0.7 4.0 2.1 0.5 0.3 18.2 1.0 0.3 3.5 0.3 0.6
1998 0.4 0.2 2.0 0.0 0.0 0.0 5.9 0.8 1.7 2.0 0.3 0.2 15.8 0.8 0.2 3.6 0.2 0.5
1999 0.4 0.1 1.8 0.1 0.1 0.0 4.9 0.6 1.8 2.1 0.5 0.3 16.2 1.3 0.4 4.8 0.3 0.4
2000 0.4 0.1 2.0 0.0 0.0 0.0 4.2 0.6 4.9 2.3 0.4 0.1 28.6 1.6 0.5 1.7 0.9 0.7
2001 0.4 0.1 1.8 0.0 0.1 0.0 8.5 0.6 2.7 1.5 0.6 0.3 19.4 1.2 1.3 4.4 0.9 0.6
2002 0.4 0.1 1.5 0.0 0.0 0.0 9.1 0.6 2.5 1.4 0.4 0.2 22.5 0.5 0.3 1.7 1.2 0.3
2003 0.3 0.1 1.8 0.1 0.1 0.0 9.2 0.7 3.9 1.8 0.4 0.2 15.5 0.8 0.2 1.3 0.3 0.4
2004 0.4 0.1 1.5 0.1 0.1 0.0 18.9 0.7 0.8 1.4 0.7 0.2 31.3 1.1 1.1 2.2 1.2 0.4
2005 0.4 0.1 1.9 0.1 0.1 0.0 12.0 0.9 1.7 1.9 0.4 0.2 6.4 0.2 0.3 1.1 0.2 0.2
2006 0.3 0.1 2.4 0.2 0.1 0.0 29.3 0.7 1.6 1.3 0.8 0.2 18.7 0.4 0.1 0.6 0.4 0.1
2007 0.4 0.1 2.0 0.1 0.1 0.0 27.7 0.8 1.2 1.8 1.0 0.3 24.9 0.9 0.6 1.5 0.7 0.3
2008 0.4 0.2 1.9 0.0 0.1 0.0 23.1 0.9 2.1 2.1 0.9 0.4 6.5 0.3 0.2 0.8 0.2 0.1
1993–2008 0.4 0.1 1.8 0.0 0.0 0.0 14.1 0.7 2.5 1.9 0.6 0.3 16.8 0.9 0.5 3.3 0.5 0.4
SD 0.3 0.1 1.5 0.2 0.1 0.0 15.7 0.7 2.9 1.4 0.6 0.3 16.3 0.9 0.8 3.8 0.7 0.4

CBC, cannabichromene; CBD, cannabidiol; CBG, cannabigerol; CBN, cannabinol; D9-THC, D9-tetrahydrocannabinol; THCV, tetrahydrocannabivarin.
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is prepared from intermediate type cannabis, hash oil is prepared
from drug-type cannabis (high D9-THC and low CBD levels)
(3–6,16). CBC and CBN are usually higher in hashish and hash oil
samples compared to cannabis samples. The CBN concentration
relative to D9-THC reflects the age of the samples (41). CBG con-
tent is typically about 3–5% of the D9-THC content; however, in
ditchweed this ratio increases to more than 10%, even though this
type of cannabis preparation has the lowest overall mean CBG con-
tent. This is because ditchweed has very low D9-THC content
(0.4% € 0.3%). THCV, an important biomarker in cannabis
(42,43), is generally present at about 0.5–2.5% of the D9-THC
content.

Conclusions

The question over the increase in potency of cannabis is com-
plex and has evoked many opinions. The issue has been clouded
somewhat by reports of 10- and 30-fold increases in cannabis
potency since the 1970s. It is however clear that cannabis has
changed during the past four decades. It is now possible to mass
produce plants with potencies inconceivable when concerted moni-
toring efforts started 40 years ago. The PM program has strived to
answer this cannabis potency question, while realizing that the data
collected in this and other programs have some scientific and statis-
tical shortcomings. These include randomness of samples, correctly
identifying the various cannabis products, sampling, natural degra-
dation of D9-THC over time, and different analytical techniques,
making comparing results between countries and over time very
difficult. However, analysis of the available data in conjunction
with the PM program results makes a strong case that cannabis is
not only more potent than in the past but also that this high-
potency product’s market share is also growing. This is clearly evi-
dent in the increase in sinsemilla seizures and in the increase in
marijuana and sinsemilla samples with D9-THC >9%. The question
now becomes: What are the effects of the availability of high-
potency products on cannabis users?
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