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Abstract

This paper reviews chromatographic procedures for determination of cannabinoids in biological samples. Specia attention
was focused on blood and alternative matrices like hair, saliva, sweat and meconium. Papers published from 1998 to the
early beginning of 1999 were taken into consideration. Gas chromatographic and liquid chromatographic procedures with
different detectors (e.g. mass spectrometer or diode array) were considered. Basic information about the biosample assayed,
sample preparation, work-up, gas chromatography column or liquid chromatography column and mobile phase, detection
mode, reference and validation data are summarized in tables. O 1999 Elsevier Science BV. All rights reserved.
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1. Introduction

The detection of cannabinoids or other drugs of
abuse in urine, the primary goal in the 1980s, has
grown to industrial dimensions, mostly due to the
availability of immunoassays.

With the development of more specific chromato-
graphic methods, the interest of toxicologists has
focused on blood and other aternative biological
matrices like hair, saliva, sweat and meconium.

The determination of drugs of abuse in biological
matrices has been largely reviewed. In 1992 Bronner
and Xu [1] reviewed GC-MS methods for the
detection of THC-COOH in biological samples.
Much more recently Moeller et a. [2] reviewed the
determination of drugs of abuse in blood, Sachs and
Kintz [3] reviewed drug testing in hair, Kidwell et al.
[4] reviewed determination of drugs in saliva and
sweat, and Moore et a. [5] reviewed that determi-
nation in meconium. All these reviews have consid-
ered papers until the early beginning of 1997.

The number of studies concerning the determi-
nation of cannabinoids in biologica matrices and
particularly in hair has greatly increased over the last
5 years, so that a review focused on cannabis
exclusively seems necessary.

1.1. Choice of references

The reviewed references were selected by on-line
searching the Medline database. The period from
January 1990 to January 1999 was taken into consid-
eration.

2. Occurrence and metabolism

According to the statistical information, cannabis
is today the most widely abused illicit drug in the
world. Cannabis has been used for its euphoric
effects for over 4000 years, A-9-tetrahydrocan-
nabinol (THC), the primary psychoactive analyte, is
found in the flowering or fruity tops, leaves and resin
of the plant. THC with cannabidiol (CBD) and
cannabinol (CBN) are the three main constituents
presently isolated from the Cannabis sativa plant
(Fig. 1). In man THC is extensively metabolized in
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Fig. 1. Structures of the main constituents (THC, CBD, CBN)

isolated from the Cannabis sativa plant and their two major
metabolites.

its two main metabolites: 11-nor-9-carboxy-A-9-
tetrahydrocannabinol see (THC-COOH) and 11-hy-
droxy-9-A-9-tetrahydrocannabinol see (OH-THC)
are detectable in biologica matrices. Only the hy-
droxy-metabolite has a psychoactive effect.

In blood, beside THC itself, THC-COOH is the
species detected in the highest concentration. De-
termination of the primary psychoactive component
(THC) is absolutely necessary in the cases of driving
under the influence of drugs [6]. Mathematical
models were described for the prediction of time of
marijuana use from the analysis of a single plasma
sample [7,8]. The models were derived from can-
nabinoid data obtained from a controlled study of
acute marijuana smoking. Predictions of time of
exposure were generally accurate, but tended to
overestimate time immediately after smoking and
tended to underestimate later times.

In hair, THC is the major species and THC-COOH
is detectable only at very low concentrations. The
weak incorporation rate of THC-COOH in hair is not
surprising, taking into consideration the three main
factors which influence drug incorporation in hair
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(lipophilicity, melanine affinity and membrane per-
meability). THC-COOH is less incorporated into hair
than basic drugs, as membrane permeability is based
on the pH gradient between blood at pH 7.4 and hair
matrix at pH <5 [9,10].

In contrast to other biological matrices, CBD and
CBN have also been detected in significant con-
centrations in hair samples [11-13].

For saliva, very little is known about the presence
of cannabinoids in this matrix and controversia
issues are reported in the literature. The presence of
THC in saliva could be attributed to contamination
of the oral cavity during the smoking process. Only
very low concentrations of cannabidiol were ob-
served in saliva, while neither THC-COOH nor OH-
THC were detected in any study [14] excepted by
Schramm et al. [15].

In sweat, only THC in the low concentration range
can be identified and THC-COOH has never been
tested positive [16].

A complete study by El Sohly and Feng [17] has
demonstrated that THC is absent from meconium
and that a larger amount of OH-THC is present in
comparison with THC-COOH.

According to the relative abundance of can-
nabinoids (Fig. 2) chromatographic procedures have
to be adapted to each biological matrix.

3. Determination of cannabinoids in biological
matrices

3.1. Blood

Table 1 provides a summary of gas chromato-
graphic and liquid chromatographic methods for the
determination of cannabinoids in blood.

31.1. Gas chromatographic methods (GC)

The authors used two types of extraction methods,
either liquid-liquid (LLE) or solid-phase (SPE)
extraction. N,O-bis(trimethylsilyl)trifluoroacetamide
(BSTFA) is one of the main derivatization agents
used and analysis is usually performed in the elec-
tron-impact single-ion monitoring (EI-SIM) mode.
Goodall and Basteyns [18] presented a sensitive and
reliable method. Samples were screened by fluores-
cence polarization immunoassays and the anaysis
was completed on a benchtop mass selective detector
using BSTFA and the SIM mode. They obtained
very interesting limits of detection, respectively, 0.2
and 2 ng/ml for THC and THC-COOH. Sample
stability was also studied over a period of 6 months.
Kemp et al. [21] presented a parent method, which
allowed to determine THC and six of its metabolites.
The limit of detection was similar to the previous
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Fig. 2. Relative abundance of cannabinoids in biological matrices.



122 C. Saub / J. Chromatogr. B 733 (1999) 119-126

Table 1

Methods for the determination of cannabinoids in blood

Year Sample Compound Extraction Derivatization Column Detection LOD Refs.

mode (ng/ml)

(8 Gas chromatographic methods

1991 Plasma THC LLE TFA SPB-5 NCI-MS 0.08 [23]
THC-COOH 0.10

1992 Blood THC/OH-THC LLE MeOH/BF3 HP-5 NCI-MS 0.5/0.5 [24-26]
THC-COOH TFA 05

1992 Serum THC SPE TMAH/DMSO HP-1 EI-SIM 0.3 [20]
THC-COOH lodomethane 3.0

1993 THC SPE Tri-Sil TBT HP-5 MS-MS 0.1 [22]
OH-THC 0.02

1995 Plasma THC LLE BSTFA HP-5 EI-SIM 1.6/0.9 [21]
THC-COOH 0.6
CBD/CBN 2.1/0.6

1995 Blood THC/OH-THC SPE BSTFA CP-SIL5 EI-SIM Not given [19]
THC-COOH

1995 Blood THC/OH-THC LLE BSTFA HP-1 EI-SIM 0.2/0.2 [18]
THC-COOH 2.0

1996 Blood THC LLE TMAH/DMSO HP-5MS El-SIM <1.0 [27]
THC-COOH <05

Year Sample Compound Extraction Mobile phase Column Detection LOD Refs.

mode (ng/ml)

(b) Liquid chromatographic methods

1993 Blood THC LLE ACN-MeOH- Spherisorb ED 1.0 [28]
OH-THC sulfuric acid Cc8 1.0

1995 Blood THC SPE ACN-H,O0- Lichrosorb ED 25 [19]
THC-COOH sulfuric acid RP8 1.0

1995 Blood THC SPE ACN-H,O- Lichrosorb uv 20 [19]
THC-COOH sulfuric acid RP8 1

method for THC-COOH and a little bit higher for
THC.

The combination of GC and tandem mass spec-
trometry (MS-MS) further improved the sensitivity
10- to 100-fold compared to SIM methods. Nelson et
a. [22] described the application of solid-phase
extraction (SPE) and GC-MS-MS method for the
detection of THC and OH-THC in plasma, down to
limits of detection of 0.01 and 0.02 ng/ml, respec-
tively.

Several authors [24,25] used trifluoroacetyl deriva-
tives and negative chemical ionization (NCI) de-
tection method. This method was first introduced by
Foltz et al. [26] aready in 1983. Very low limits of
detection were achieved with this kind of techniques.
Shaw et a. [23] measured THC and THC-COOH
using a high-energy dynode detector system, re-
trofilled to a GC-MS system operating in the NCI

mode. They improved their limit of detection for
THC in plasma by about 6-fold over that obtained
with the same GC-MS system without the new
detector (0.08 vs. 0.5 ng/ml).

Since the trimethylsilylation technique is subject
to hydrolysis after several hours [29], other de-
rivatization agents were presented for routine work.
Moeller et al. [20], using iodomethane and tetra-
methylammonium hydroxide (TMAH) as derivatiza-
tion agents, quantitated THC and THC-COOH
simultaneously in serum. The extraction was carried
out by SPE. They obtained interesting limits of
detection, 0.3 and 3.0 ng/ml, respectively, for THC
and THC-COOH. Four years later, Kintz et a. [27]
proposed a method using the same derivatization
agent and a liquid-liquid extraction (LLE) with
hexane—ethyl acetate. The limits of quantification
were, respectively, 1.0 and 0.5 ng/ml for THC and
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THC-COOH. For forensic purposes, these limits of
quantification seem generally useful.

N-Methyl - N -tert. - butyldimethylsilyltrifluoroacet-
amide (MTBSTFA) was employed as derivatization
reagent by Clouette et al. [29] and Moore et al. [30]
for the analysis of THC-COOH in urine and
meconium samples. Since the advantage of this
reagent lies in the formation of unusualy stable
derivatives of THC-COOH (over a period of 10
days), no paper presenting the use of this reagent for
analysis of blood was found in the review time
frame.

31.2. Liquid chromatographic methods (LC)
Detection of cannabinoids using LC procedures is
rare. Only three papers about analysis in blood could
be found in the literature. Table 1 summarizes
important data of these papers. Gerostamoulos and
Drummer [28] developed a HPLC method using
electrochemical detection (ED). The detection limits
for THC and OH-THC were 1 ng/ml. Abdul
Rahman et al. [19] used several extraction methods
and concluded that acetonitrile deproteinization,
followed by solid-phase extraction gave the cleanest

extract and the best recoveries. Comparison between
HPLC (with UV and ED detection) and GC-MS
(EI-SIM) showed advantages for the latter method
because of its better sensitivity and specificity.

3.2, Hair

As mentioned before, THC is a species detected in
hair and THC-COOH is detectable only at very low
concentrations. No LC method for the determination
of cannabinoids in hair was found in the literature.
Twelve GC procedures are given in Table 2.

In the early 1990s, three methods were published.
These methods allowed the quantification of THC
and THC-COOH separately. But in 1995, Cirimele et
a. [35] and Jurado et al. [36] reported the first
GC-MS methods, alowing the determination of
THC and THC-COOH in the same run. The first
procedure was specially dedicated to cannabis, while
the second was included in a general screening for
opiates, cocaine and cannabis.

In contrast to blood, no procedure including
BSTFA as derivatization agent was published and

Table 2
Methods for the determination of cannabinoids in hair
Year Compound Extraction Derivatization Column Detection LOD Refs.
mode (ng/mg)
1992 THC-COOH 1M NaOH TFA ? El-SIM <04 [31]
and SPE
1992 THC-COCOH 2 M NaOH PFPA/PFPOH HP-1 El-SIM Not given [32,33]
and SPE
1993 THC MeOH PFPA/PFPOH ? El-SIM 0.01 [34]
1995 THC 1M NaOH PFPA/PFPOH HP-5MS El-SIM 0.1 [35]
THC-COOH and LLE
1995 THC 11.8 M KOH HFBA/HFIP HP-1 El-SIM 0.05 [36]
THC-COCH and LLE 0.04
1995 THC-COOH 1M NaOH PFPA / PFPOH HP-1 NCI-MS 0.005 [37]
and LLE
1995 THC/OH-THC IM NaOH TFAA/MeOH Restek NCI-MS 0.05/0.5 [38]
THC-COOH and LLE /BF3 200-15M 0.05
1995 THC-COOH 10 M NaOH HFBA/HFIP DB-5MS MS-MS-NCI 0.00002 [39,40]
and LLE
1996 THC MeOH PAA DB-1 EL-SIM 0.1 [43]
1996 THC 1M NaOH No HP-5MS EL-SIM 0.1 [42]
CBN/CBD and LLE 0.01/0.02
1997 THC-COOH 10 M KOH PFPA/HFIP DB-5 MS-MS-NCI <0.0002 [41]
and SPE
1999 THC 1M NaOH No HP-5MS El-SIM 0.1 [13]
CBN/CBD and SPME 0.1/0.2




124 C. Saub / J. Chromatogr. B 733 (1999) 119-126

the main derivatization agents used were the fluoro-
acetyl derivatives.

As the measured concentrations were very low,
some authors suggested the use of NCI to target the
drugs [37,38]. The combination of NCI and tandem
mass spectrometry improved the sensitivity 100-fold
compared to SIM methods [39-41].

Recently Cirimele et al. [11] developed a simple
method, based on the simultaneous determination of
cannabinol (CBN), cannabidiol (CBD) and THC.
This procedure should be used as a screening
method, since it is rapid, economic and does not
require derivatization before the analysis by GC—
MS.

The preparation of hair should be summarized as
the following: after decontamination with various
mixtures (organic or aqueous solvents), the hair
samples are generaly hydrolyzed in a strongly
alkaline medium to obtain complete dissolution of
the matrix. Then the hair digest is extracted either by
LLE or by SPE. Finaly the extract is derivatized
before analysis by GC-MS.

However, extraction of THC was also proposed
using methanol sonication [34,42] and supercritical
fluid extraction [43]. Very recently Strano-Rossi and
Chiarotti [13] described a new application of solid-
phase microextraction (SPME) to cannabis testing in
hair. Fifty milligrams of hair were decontaminated
with petroleum ether, hydrolyzed with NaOH and
submitted to SPME. Then the SPME extract was
analyzed by GC-MS. The limit of detection was 0.1
ng/mg for CBN and THC, 0.2 ng/mg for CBD. This
method could be considered as the most rapid
screening method for cannabinoids in hair.

3.3 Saliva

Very little is known about the composition of
cannabinoid compounds in saliva and controversial
issues are reported in the literature [4,44]. The
presence of THC in sadliva could be caused by
contamination of the oral cavity during the smoking
process.

Therefore, analytica methods focused on the
detection of THC in saliva using GC-MS [45,46]
and coupling tandem immunoaffinity chromatog-
raphy with high-performance liquid chromatography
[47].

More recently Hall et al. [48] described applica-
tion of SPME to cannabis testing in saliva. Saliva
specimens for SPME quantitation were treated in the
following manner: to 1 ml of saliva, 1 ml of
deionized water and 0.5 ml of acetic acid were added
during stirring. The limits of detection were 1 ng/ml
for CBD, CBN and THC with a signal-to-noise ratio,
respectively, of 12, 80 and 15. In one analysis of a
marijuana smoker’s saliva, only THC and a trace of
CBN were detected. In other studies, neither THC-
COOH nor OH-THC were detected [44], excepted
that by Schramm et al. [15] using high-performance
liquid chromatography and thermospray mass de-
tection.

3.4. Sweat

Numerous methods have been developed to induce
sweat and to collect samples from human skin [4].
Patches have been developed to wear for extended
periods and methanol (or another solvent) was used
to eluate drugs from the pad.

lon trap MS-MS was reported as useful for
cannabis in sweat [49]. Only THC, in the low ng/
patch range could be determined and THC-COOH
was never detected in sweat.

3.5. Meconium

The determination of cannabinoids in meconium
poses difficult analytical problems due to the small
amounts present [5].

A publication by Moore et al. [30] presented the
determination of THC-COOH in meconium. Follow-
ing homogenization of the meconium in methanol
and the addition of 11.8 M potassium hydroxide, the
sample was alowed to stand for 15 min. After
centrifugation, deionized water was added to the
supernatant and the specimen was extracted with
hexane—ethyl acetate. After back extraction into
concentrated hydrochloric acid, the solvent was
evaporated to dryness and the tert.-butyl-di-
methylsilyl derivative of THC-COOH was formed by
using MTBSTFA as the derivatizing agent. The
advantages of this agent have already been presented
in this review [29]. Analysis was performed in the
El-SIM mode and the limit of detection was 2 ng/g.
A second publication was designed by El Sohly and
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Feng [17] to investigate THC, THC-COOH, OH-
THC and its 8-OH metabolites after enzymatic
hydrolysis of meconium extracts.

The authors suggested that THC-COOH is sig-
nificantly glucuronide bound in meconium and dem-
onstrated that THC and its 8-OH metabolites are
absent, and a larger amount of OH-THC in com-
parison with THC-COOH.

Kudo et a. [50] proposed a method for the
analysis of THC not specially in meconium but in
tissue samples. Derivatization was performed with
iodomethane and tetrabutylammonium hydroxide
(TBAH), followed by detection in the EI-SIM mode.
Under those conditions the LOD was 1 ng/g.

4. Conclusions

In the last 10 years, with the development of more
specific chromatographic methods, the interest of
toxicologists has focused on blood and other ater-
native biological matrices like hair, saliva, sweat and
meconium.

The relative abundance of cannabinoid compounds
varies with the type of the biological matrix:

 in blood, THC-COOH is the major species and
THC is detectable at lower concentrations;

 in saliva and sweat, only THC is detectable and
the presence of other metabolites is rare;

 in hair, CBN, THC and CBD are the three major
cannabinoid compounds and THC-COOH is de-
tectable only at very low concentrations; and

e in contrast to other biological matrices, in
meconium only THC-COOH is detectable.

Extensive developments in derivatization proce-
dures, resulting in significant advances, have been
made in the last 10 years. Therefore, GC-MS is the
method of choice for the identification and quantita-
tion of cannabinoids in al of these investigated
biological matrices.

Numerous liquid—liquid and solid-phase extrac-
tions are presented and often the choice of the best
method is difficult.

Finaly solid-phase microextraction (SPME) is a
very attractive method for biological matrices like

saliva, sweat and hair digest and should play an
important role as a screening method. Coupled with
GC-MS, it is an efficient technique for the detection
of cannabinoids in biological matrices due to its
specificity and sensitivity.

5. List of abbreviations
ACN acetonitrile

BSTFAN O-bis(trimethylsilyl)trifl-
uoroacetamide

CBD cannabidiol

CBN cannabinol

Cl chemical ionization

DMSO dimethylsulfoxide

ED electrochemical detection

El electron-impact ionization

GC gas chromatography

GC-MS gas chromatography—mass spec-
trometry

HFIP hexafl uoroisopropanol

LC liquid chromatography

LC-MS liquid chromatography—mass
spectrometry

LLE liquid—liquid extraction

LOD limit of detection

MeOH methanol

MS mass spectrometry

MS-MS tandem mass spectrometry

MTBSTFA N-methyl-N-tert.-butyldimethyl-
silyltrifluoroacetamide

NCI negative chemical ionization

OH-THC 11-hydroxy-A-9-tetrahydrocan-
nabinol

PAA propionic acid anhydride

PFPA pentafl uoropropionic anhydride

PFPOH pentafl uoro-1-propanol

SIM single ion monitoring

SPE solid-phase extraction

SPME solid-phase microextraction

TBAH tetrabutyammonium hydroxide

TFAA trifluoroacetic anhydride

THC A-9-tetrahydrocannabinol

THC-COOH 11-nor-9-carboxy-A-9-tetrahy-
drocannabinol

TMAH tetramethylammonium hydroxide

uv ultraviolet
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