
Gas chromatography combined with mass spectrometry
is used to determine the urinary elimination of
11-nor-∆9-tetrahydrocannabinol-carboxylic acid. Single ion
monitoring of both 11-nor-∆9-tetrahydrocannabinol-carboxylic
acid and the internal standard (11-nor-∆9-tetrahydrocannabinol-
carboxylic-D9) offers selective and sensitive measurement.
In order to check the method and the results, we employ
11-nor-∆9-tetrahydrocannabinol-carboxylic acid-glucuronide as an
external standard. Our study also demonstrates that the wall of the
glass liner (glass tube) in the injector retards the active compound,
which makes it imperative to replace the glass insert after each
run. Otherwise, the value of the drug measured in subsequent runs
will decrease because more of this compound will adhere to the
glass walls.

Introduction

Currently, one of the drugs of abuse is marijuana, which con-
tains 1–3% ∆9-tetrahydrocannabinol (THC). The illicit use of
marijuana can be proven by the determination of the urinary
elimination of 11-nor-∆9-tetrahydrocannabinol-carboxylic acid
(11-nor-∆9-THC-COOH). The standard method is the hydrolysis
of 11-nor-∆9-THC-COOH with a base, followed by a wash-up
with solid-phase extraction (SPE), and then gas chromatog-
raphy–mass spectrometry (GC–MS) analysis of the material
in the standard mode (1). The results we obtained were checked
by running an external standard, which was a certified refer-
ence material of 11-nor-∆9-THC-COOH that we obtained from
the LGC Promochem (Wesel, Germany). The tests were carried
out on this known standard using both GC–MS and the inter-
nationally recognized AxSym system (polarization fluorescent
immunoassay) (Abbot Diagnostics, Abbott Park, IL) in order to
correlate these two methods. We then repeated this battery of

tests, but this time adding known concentrations of the THC
metabolite to contaminant-free urine. As an internal standard,
we employed 11-nor-∆9-THC-COOH-D9 (11-nor-∆9-THC-
COOH ninefold substituted hydrogen with deuterium) obtained
from the LGC Promochem.

The increasing danger of drug abuse in the Hungarian
Defense Forces since 1990 has made it necessary to look for a
fast, selective, and reliable test allowing the detection of the
active substance ∆9-THC. The measuring of blood level can
prove that a person is under the effect of the drug.

In this paper, our aim is to prove that the results of a urine
test have as much validity as those of the blood test. The advan-
tage of a urine test is that the collection of a urine specimen is
not an invasive procedure: the sample is easier to collect, there
is usually an adequate supply available, the presence of skilled
personnel is not required, and not as many legal questions
are raised. Another significant feature of the urine test is that
it can detect whether the drug was used days before because
the drug concentration is higher in the urine than in the
blood.

Experimental

Equipment
An Agilent 6890 gas chromatograph with an Agilent 5973

mass spectrometer was used (Agilent, Wilmington, DE).
The analyzer operated with an installed automatic sampler.

The results were analyzed by an HP Chemstation A3.01
(Hewlett-Packard, Palo Alto, CA), which used a program called
B.E.N. (a program designed to run on the Windows Excel pro-
gram that determinates the analytical parameters of the
GC–MS measurement) (4). Before each run, a new glass liner
was inserted into the injector. The inside surface of this tube
was coated with Sylon CT from Supelco (Bellefonte, PA)
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(5% dimethyldichlorosilane in toluene) in order to minimize
adsorption. The supplier called these “silanized inserts”. The
analytical parameters during the GC–MS analysis are shown in
Tables I and II.

Analytical conditions

For the gas chromatograph, the conditions were as fol-
lows: carrier gas, helium (> 99,99995%); flow rate, 1 mL/min;
injection volume, 1 µL (splitless injection); purge on, 1.0
min; injector temperature, 250°C; column, HP-5MS (30-m ×
0.25-mm i.d., 0.25-µm film thickness); transfer line temper-
ature, 280°C; and oven program, 1 min isothermal at 60°C,
then programmed at 10°C/min to 280°C, and then pro-
grammed at 20°C/min to 300°C with a run time of 29 min.

For the mass spectrometer, the conditions were as follows:
source temperature, 200°C; quad temperature, 150°C; mea-
suring mode, single-ion monitoring (SIM); solvent delay, 5
min; and detector off, 23 min. 

Reagents
The solvents and reagents used were of the highest quality

available. The active drug metabolites (100 µg/mL) 11-nor-∆9-
THC-COOH and 11-nor-∆9-THC-COOH-D9 were obtained
from the Cerilliant Company (Radian International, Austin,
TX). The reagent N,O-bis-trimethylsilyl-trifluoroacetamide
(BSTFA) and a trimethylchlorosilane-based reagent were
obtained from the Supelco (supplied by Sigma-Aldrich Hun-
gary Kft., Budapest, Hungary). The 130-mg SPE column was
obtained from Varian B.V. (Middelburg, the Netherlands.) This
was a mixed-mode solvent bed containing octyl (C8)–benzene-
sulfonic acid (SCX) certified as “Bond Elut Certify”. For external
control, 11-nor-∆9-THC-COOH in the glucuronide form,

which was supplied by Bio-Rad Laboratories (Hercules, CA),
was added. Its certified concentration was 150 µg/mL. This
drug was added in various concentrations to the control urine.

Hydrolysis procedure
The urine specimen was hydrolyzed by a method closely

correlated to the method proposed by Baker et al (5). Portions
of the sample of 1.5 mL were hydrolyzed in a 4-mL silanized
air-tight vial. A 4-µL solution containing 10 µg/mL of 11-nor-
∆9-THC-COOH-D9 were added both to the control solution
and to the sample so that each urine specimen would have a
concentration of 40 ng/mL. The hydrolysis was carried out by
placing 1.5 mL of the sample in a sample dish. An amount of
100 µL of 10N KOH was added and the temperature was held
at 60°C for 10 min. After 10 min, the mixture was cooled to
room temperature and 1500 µL of 50 mmol phosphoric acid
was added along with 135 µL glacial acetic acid. The solution
was mixed with a Super-Mixer (LAB-LINE Instruments, Mel-
rose Park, IL).

Extraction procedure
The extraction was carried out according to the recommen-

dations of Varian Company (6). The pH of the solution was
adjusted to 4.2 by the addition of glacial acetic acid (~ 135 µL)
and then pipetting 1500 µL of 50 mmol H3PO4 into the solution.

The extraction columns were filled with 6-mL reservoirs, and
they were prewashed first with a 3-mL solution of methanol
and then 3 mL of 50-mmol H3PO4. Next, the test solutions were
injected into the column. The vacuum in the column was
adjusted to between 2- and 4-mm Hg in order to have the
solution drip through the column at a rate of 1 mL/min. After
the entire sample had passed through the column, the vacuum
was increased to approximately 10 mm Hg, and the column
was washed in one of three different ways. In the first method,
5 mL of 50-mmol phosphoric acid was run through, followed

by a 2-mL mixture of methanol–50 mmol
phosphoric acid (20:80). In the second
method, 5 mL of 50-mmol phosphoric
acid was run through, followed by a 2-
mL mixture of methanol–50 mmol phos-
phoric acid (10:9). In the third method,
only 5 mL of 50-mmol phosphoric acid
was run through. Following this step, the
columns were dried by applying a vacuum
of 20-mm Hg for 5 min, which allowed
air to flow freely through the columns.
The last drying step consisted of injecting
150 µL n-hexane into the column and the
column was allowed to dry for an addi-
tional 10 min. In the last step, the THC-
metabolites were eluted from the columns
by adding 1.5 mL of a mixture of n-
hexane–ethyl acetate (80:20), and this
time we allowed the solution to drip
slowly through the column, driven by
gravity. It ended up in 2-mL vials with
walls previously treated to minimize the
adsorption of the compound. The

Table I. SIM Parameters 

Dwell Start Fragment mass
Group Name time Resolution time (amu)

1 11-nor-∆9-THC-COOH 30 ms* Low 15.00 371 398 473
min 488

2 11-nor-∆9-THC-COOH-D9 30 ms Low 15.00 380 407 482
min 497

* ms, millisecond.

Table II. Compounds Information for the Database

tR Q1 Q2 Q3
Compound (min) Tgt (%-Resp.) (%-Resp.) (%-Resp.)

11-nor-∆9-THC-COOH 20.61 371 398 (35) 473 (25) 488 (5)
11-nor-∆9-THC-COOH-D9 20.58 380 407 (38) 482 (27) 497 (6)

* Abbreviations: tR, retention time; Tgt, target ion; Q1, qualifier ion 1; Q2, qualifier ion 2; and Q3, qualifier ion 3.
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resulting solution was desiccated under a stream of dry nitrogen
at 40°C. The extraction procedure is detailed in Table III.

Derivatization procedure
To the desiccated dried residue, 100 µL BSTFA was added.

The vials were capped and heated to a temperature of 70ºC for
10 min. After the vials had cooled to room temperature, the
contents were transferred to 100-µL microvolume glass con-
tainers, and placed into the 12- × 32-mm 2-mL autosampler
vials. The analysis was carried out within 24 h. If there was a
cause for delay, the specimen was stored at a temperature
between 0°C and 5°C.

Results and Discussion

Table IV shows the results of our analysis carried out on
samples containing five different concentrations of drug in
urine. The statistical analysis of each determination was per-
formed according to the German Industrial Standards (DIN)
32645 rules (7) and calculated with the B.E.N. (4) software. The
results demonstrated a relative standard deviation (RSD)
between 5.6% and 10%. The samples containing the psy-
choactive metabolite (11-nor-∆9-THC-COOH) showed a varia-

tion much like the reference samples, and there were no
observable differences between the peaks of the samples and
those of the controls. The correlation coefficient showed a
linear response between 15 and 150 ng/mL.

The B.E.N. program showed that in our samples the smallest
peak’s confidence limit had an uncertainty of 33% (8) at the
lowest concentration we analyzed. The RSD diminished with
increasing concentration: 15 ng/mL the RSD was 2.30%, which
diminished to 0.26% when we reached a concentration of 150
ng/mL. All of the exact measurements are displayed in Table V.

Recovered percentages of the analyzed material were deter-
mined in each of the three different types of extraction. The dif-
ference between the measured and the mean values were
calculated for each concentration (9). There was a significant
difference at the lower concentrations (namely at the concen-
trations between 15 and 25 ng/mL), and the difference tended
to become smaller at the higher concentrations. The signifi-
cance of the difference was calculated using the Student’s t-test
to a confidence limit of the following equation (10):

(X – Xmean) ÷ √n
__

____________t(99%,n–1) = Eq. 1
RSD

where X is the reference value, Xmean is the mean value, and
n is the number of measurements.

Table III. Extraction Procedure

Operational Speed of
steps Substance Volume aspiration* End point

1 Pretreatment 1 methanol 3 mL 10 not analyzed

2 Pretreatment 2 50mM phosphoric acid 3 mL 10 not analyzed

3 Sample injection sample, pH ≈ 3.5 entire hydrolized 1 not analyzed
mixture

4 One of the three types of wash not analyzed
(see below) 

5 Drying cycle I air flow 5 min not analyzed

6 Drying cycle II n-hexane 150 µL 10 not analyzed 

7 Agent elution n-hexane–ethyl acetate, 1.5 mL 1 collection of 
80:20 (v/v) analysis

Operational Substance Volume Speed of
steps aspiration*

Type 1 wash 1 50 mmol phosphoric acid 5 mL 10

wash 2 methanol–50 mmol phosphoric acid  2 mL 10
(20:80)

Type 2 wash 1 50 mmol phosphoric acid 5 mL 10

wash 2 methanol–50 mmol phosphoric acid 2 mL 10
(10:90) 

Type 3 wash 1 50 mmol phosphoric acid 5 mL 10

* mL/min.
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Table VI demonstrates recovered percentages of the analysis.
The assay was linear for the THC* metabolite in urine from 15
to 150 ng/mL.

Conclusion

Urine drug testing has advantages over other types of tests.
One can usually obtain a urine specimen without a problem,
there is usually an adequate supply available, and finally,
the drug can be successfully detected in the urine even
several days after exposure, but the blood levels of the same

compound rapidly diminish after a few hours.
Today’s analysis requires a selective, exact, and specific mea-

surement of samples. The THC measurement described in this
paper fulfills requirements with the additional advantage that
it minimizes analytical error. This is especially important in
legal cases. The procedure is not complicated, and it can be car-
ried out easily. Therefore, it is recommended for use in labo-
ratories in which routine tests have to be carried out. It is
important that the test is in accordance with DIN 32645 rules.
The B.E.N. program has to be used in order to carry out the
analysis of the analytical results. 

The essential part of the laboratory test is the analytical
method used, which was applied to both the sample and the
control (11).

The chemical analysis consisted of four major parts: (a)
preparation of the sample and the reference standard, (b)
chemical reaction, (c) analytical measurement, and (d) inter-
pretation of the results.

The procedure did not require the sample and the standard
to be run separately. The calibration material was run through
the process along with the samples. Finally, in case of any
error during measurement, the results of both the sample and
the standard were changed in the same degree, thereby mini-
mizing any error in the results (13).
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