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■ Introduction

Cannabis and its products are well known for
their psychoactive, euphoric and relaxing effects
since many decades. To confirm regular
consumption of cannabis, hair analysis is usually
preferred over blood or urine analysis. Analysis of
∆9-THC (∆9-Tetrahydrocannabinol) and its main,
inactive metabolite THC-COOH (11-nor-∆9-
tetrahydro-cannabinol-9-carboxylid acid) in hair
enables the differentiation between singular or
repeated use. Another advantage is the less
invasive sample collection compared to body
fluids and the uncomplicated storage at room
temperature.

Figure 1: Structure of THC and THC-COOH 

In general, immunoassay are adopted as a
preliminary test method for drug testing. However,
false-positive (or false-negative) results may occur
from structurally related drugs or occasionally from
artefacts1. For this reason any positive result must be
confirmed by a chromatographic technique with
mass spectral identification.
Due to a very low incorporation rate into hair and
the fact that lipophilic THC is not highly bound to
melanin the concentrations of both compound in
hair is very low compared to other drugs.
Additionally, THC is present in cannabis smoke
and can be incorporated into hair only by
contamination. THC-COOH is not present in
cannabis smoke, so identification of THC-COOH
eliminates the possibility of passive exposure
from the environment.
For this reason a highly sensitive method for the
accurate detection of THC-COOH in hair is
required in order to obtain evidence of effective
drug consumption and remove any doubt of
environmental contamination.

■ Material and Methods

Hair samples were analyzed for the evaluation of
analytical sensitivity as well as robustness of the
method. The determination of picogram or
femtogram of THC-COOH which indicates an
active consumption, requires a very sensitive and
selective instrument such as GC/MS/MS in NCI
mode. Hair samples were prepared according to
the extraction method in use at the Instituto di
Medicina Legale e Assicurazione of Milan2.

Sample Preparation
Validation sample extraction:
True blank hair samples of 50 mg were washed
with 2 x 3 mL of dichloromethane and cut into
small pieces. The samples were spiked with
standard (THC-COOH) and deuterated ISTD
(25 pg THC-COOH-d3) and then were hydrolyzed

at 90°C in 1 mL of 1 M NaOH for 15 min.

∆9-THC basic extraction:
The digested hair was subjected to a LLE basic
extraction with 4 mL n-hexane: ethyl acetate
(9:1). Dried extracts were derivatized with 50 mL

PFPA and 35 mL HFIP at 70 °C and then
reconstituted in 50 mL ethyl acetate. 2 mL was
analyzed by GC/MS/MS in NCI mode to confirm
THC-COOH absence in basic extracts.
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THC-COOH acidic extraction:
The previous basic remaining solution was
acidified with 300 mL of pH 4 acetate buffer (DTE
0.3% and SDS 0.6%) and then the pH was
adjusted to 3 - 4 with concentrated acetic acid.
After a strong agitation by vortex, THC-COOH
was obtained by a LLE acidic extraction with
4 mL n-hexane:ethyl acetate (9:1).
Dried extracts were derivatized with 50 mL PFPA

and 35 mL HFIP at 70 °C and then reconstituted
in 50 mL ethyl acetate. 2 mL was analyzed by
GC/MS/MS in NCI mode for the determination of
THC-COOH.

THC-COOH calibration curves:
Standard calibration curves were obtained by
fortifying aliquots of 50 mg of drug-free hair with
standards at the following concentration levels:
0.05, 0.1, 0.2, 0.5, 1 and 2 pg/mg (25 pg
THCCOOH-d3) using GC-MS/MS parameters
listed in table 1.

The following MRM transitions were used for
detection of the target THC-COOH and the
deuterated Internal Standard THC-COOH-d3:

Compound MRM Collision energy (CE)

THC-COOH 620.2 > 383.15 6

620.2 > 492.0 12

THC-COOH-d3 623.2 > 386.15 6

623.0 > 495.0 12

Table 1: Analytical conditions

The calibration curve was calculated using the
data of 8 replicates of each concentration level,
curve type linear, without weighted regression. A
correlation factor of r= 0.9983 was determined
(figure 3).

Reproducibility of the method is demonstrated in
figure 4. Eight repetitions at a concentration of
0.1 pg/mg show an impressive relative standard
deviation of 3.2%.

The measurements of 4 hair samples, show the
practical application of the described method. All
concentrations are in between a concentration
range of 0.05 and 2 pg/mg, table 2).

Table 2: Analysis results of 4 real samples

GC

Instrument: GCMS-TQ8040 (Shimadzu, Japan)

Split: Splitless injection (2 min)

Injection Volume: 1 µL

Column: 5 MS 20m, 0.18 mm, 0.18 µm

GC Oven: 100 °C, 1 min, 20 °C/min to 280 °C, 40 °C/min 

to 320 °C,  1 min

MS

Transfer Line: 280 °C

Ion Source: 150 °C

Emission Current: 150 µA

Ionization Mode: NCI, reagent gas: methane

Mass Resolution: Q1 0.8 Da, Q3 at  0.8 Da (FWHM)

CID Gas: Argon (200 kPa)

Loop Time: 0.12 s

Acquisition Mode: MRM

Sample THC-COOH [pg/mg]

Hair 1 1.02

Hair 2 0.12

Hair 3 0.06

Hair 4 0.29

Figure 4: Reproducibility of a standard sample (conc. 0.1 pg/mg; n=8) 

■ Results & Discussion

To evaluate analytical sensitivity and robustness
of the analysis of THC-COOH in hair, an initial
acquisition in FASST mode (Scan/MRM
simultaneously) was used for general screening
and method development. Subsequently, only
MRM acquisition mode was used for detection
and quantification of THC-COOH allowing to
reach easily very low concentrations. Figure 2
shows a chromatogram of THC-COOH at the
lowest level (50 fg/mg) of the calibration curve.

Figure 2: Chromatogram of THC-COOH-d3 (1) and THC-COOH (2) 

at the lowest calibration level (0.05 pg/mg)

■ Conclusion
To confirm the consumption of cannabis via
analysis of THC-COOH in hair with GC/MS/MS
several organizations e.g. SAMHSA (Substance
Abuse and Mental Health Services Administration)
recommend a cut-off concentration of 0.05
pg/mg. The presented application using an
ultrafast Triple Quadrupole in NCI-mode fits
perfectly to this requirement. It allows the
accurate estimation of THC-COOH in real
samples at the requested low concentrations.
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Figure 3: Calibration curve (conc. 0.05 – 2.0 pg/mg) 


