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Abstract

In the study, analytical conditions for the determination of selected cannabinols by GC-FID and HPLC-UV methods were opti-
mised and an attempt was made to develop a determination procedure for these compounds in hair. Application of MTBSTFA
derivatisation of cannabinols in the GC-FID procedure resulted in much lower limits of detection. For hair sample preparation in
the HPLC-UV procedure, ultrasonic-assisted extraction (UAE) and dichloromethane as an extrahent were chosen. The best chro-
matographic separation of cannabinols was achieved by HPLC-UV in isocratic elution with acetonitrile and 0.05 mmol/dm” for-
mic acid (75:25, v/v). For the developed procedure which utilised UAE-HPLC/UV, the evaluated limits of detection in hair were:
3.4 ng/g for THC, 0.2 pg/g CBN, 0.5 png/g CBD and 0.4 pg/g for THC-COOH. The procedure was applied to the determination of
cannabinols in authentic hair samples (n = 12), and the average concentrations in 1 g of hair were: 3.4 pg THC (n=1); 1.4 ug CBD
(n=7);0.5pug CBN (n=11) and 2.1 pg THC-COOH (n = 12).
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1. Introduction

Cannabis is the most frequently abused drug in Eu-
ropean Union countries. In 2002, about 6% of young
people in Poland (aged 15-34) admitted to using can-
nabis (at least once a year), whilst the European Union
average value was approximately two times higher
[12]. Inhabitants of large urban conglomerations most
frequently admit to marihuana and hashish abuse. Ac-
cording to research that was carried out in 2002 among
Warsaw inhabitants aged 16-24, 48% of the study
population admitted to one-off marihuana or hashish
use [24]. Results of analysis of biological material col-
lected from living persons that was carried out at the
Department of Forensic Medicine, Medical University

of Gdansk in 1997-2002 show that cannabis was de-
tected in 40% of people in a studied group in which
drugs of abuse were detected. Analogous analysis of
post-mortem biological materials which were positive
for drugs of abuse revealed that only 4% of cases were
positive for cannabis.

The decree of the Minister of Health on the list of
substances acting similarly to alcohol and conditions
of their determination in the body issued in 2003 [29]
together with its amendment issued in 2004 [30], relat-
ing to the temporary concentrations of psychoactive
substances in the body, imposes on a laboratory, amongst
other things, the obligation to detect at least 2 ng of
A’-tetrahydrocannabinol in 1 ml of blood and 20 ng of
11-nor-A’-tetrahydrocannabinol-9-carboxylic acid in
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1 ml of urine during chemical-toxicological analysis.
However, sometimes there is a need for confirmation
of the chronic abuse of cannabis, which must be
achieved by the analysis of epidermal outgrowths of
the skin, such as hair or nails.

2. Determination of cannabinols in hair

Although there are many compounds in cannabis
products which are classified as cannabinols, such as
cannabidiol (CBD) and cannabinol (CBN), it is A’-te-
trahydrocannabinol (THC) which is mainly responsi-
ble for psychoactive effects. THC is intensively meta-
bolised in the human body to its main metabolite,
11-nor-A’-tetrahydrocannabinol-9-carboxylic acid (THC-
COOH). The mechanism of incorporation of drugs into
hair is not well known. Drugs and metabolites are en-
trapped by the hair bulb from the blood reaching the
hair root and incorporated into the shaft. Average hair
growth rate is from 0.3 mm to 0.4 mm/day (0.9-
1.2 cm/month). Hair growth depends on race, sex, age,
nutrition, physiological and pathological factors [2].

Biological sample preparation is a complex task
and its stages and operations can be a source of loss of
analytes as well as additional contamination and errors
[23]. In order to correlate the concentration of drugs in
hair with the time of their consumption, the hair sam-
ple should be collected from the back of the head (ver-
tex posterior region), since this is the region of least
variation of growth rate and loss. A hair sample of the
thickness of a pencil (diameter about 0.5 cm) should be
tied as near as possible to the skin with a thread. Hair
samples should be cut as close as possible to the scalp.
If this is not possible, the remaining uncut length
should be measured and recorded. The root (proximal)
side should be marked. This is done to enable segmen-
tal analysis. A hair sample may also be plucked out
with hair roots (in post-mortem cases). The hair speci-
men should be packed in an envelope, plastic bag, or
glass container. It can be stored at room temperature or
in a fridge (4°C). If wet, the hair sample should be
dried at room temperature.

In the case of hair analysis, the possibility of false
positive results caused by the absorption of substances
(including drugs) on the hair surface is an important is-
sue. This causes difficulties in distinguishing drugs
which were absorbed onto the hair surface from the en-
vironment (passive exposure) from those which were
incorporated directly from the blood.

Therefore before the actual analysis, hair samples
must be subjected to the procedure of decontamina-
tion. The hair washing procedures usually applied con-

sist in rinsing at room temperature for several minutes
in dichloromethane [1, 13, 10, 27], deionised water
and acetone [19, 20] or a mixture of methanol and eth-
anol [11]. A robust extraction method of analytes is
very important in the analysis of drugs in hair. Com-
plete hydrolytic digestion of hair facilitates this pro-
cess. Therefore an appropriate hydrolysis method must
be chosen. Severe hydrolysis conditions may cause
degradation of analytes. The following hair hydrolysis
methods were used: 500 mg hair was incubated in 1 ml
of 1 mol/dm® NaOH for 10 min at 95°C [5, 6]; then, to
20 mg hair, 2 ml of 8 mol/dm’ of urea was added and
hydrolysis was carried out at room temperature over-
night. Next, to15 mg hair, 0.5 ml of 10 mol/dm® NaOH
was added and kept in a thermostat for 30 min at 70°C
[37], and 20 mg hair was hydrolysed by adding 200 pl
of 1 mol/dm’ hydrochloric acid (HCI) at 60°C for
60 min [14].

Alkali hydrolysis is the most frequent type of hy-
drolysis used. It is considered more efficient and re-
peatable than acid and enzymatic hydrolysis [8, 39].
Biological material extraction offers many advan-
tages, for instance simplifying of the matrix of the
original sample and the possibility of increasing the
concentration of the analyte [22]. Biological samples
are an example of samples in which transferring of
analytes into the secondary matrix is especially cru-
cial, because it enables analysis of samples by chro-
matographic techniques [5, 6, 11, 33, 37].

Among the techniques used in extraction of can-
nabinols from hair samples that have been previously
hydrolysed are solvent liquid-liquid extraction (LLE),
solid phase extraction (SPE), and ultrasonic-assisted
extraction (UAE). An LLE solvent should be insoluble
in water, very pure (to minimise sample contamina-
tion) and volatile (to ease the subsequent evaporation
process). Among solvents which are most frequently
used for extraction of cannabinols from biological
samples, are: methanol, ethyl acetate, acetone, aceto-
nitrile, dichloromethane or a mixture of these solvents.
To extract analytes from a sample by the ultrasonic-as-
sisted extraction technique (UAE), a sample is placed
in a glass or metal container and put in an ultrasound
bath or an ultrasound probe is placed in the container.
Ultrasound frequency used in solvent extraction
ranges from 20 kHz to 500 kHz. Advantages of the
UEA technique include: good repeatability, the possi-
bility of applying this technique to samples of various
sizes, high extraction efficiency, the possibility of car-
rying out several extractions simultaneously [18, 26].
Solid phase extraction SPE is defined as transferring
of analytes from liquid samples to solid phase, which
is made up of specially selected sorbents [21].
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Derivatisation is applied only if it is really neces-
sary, as it complicates the composition of the extrac-
tion matrix, extends the time of analysis and increases
its cost. Its main advantage is that it improves the limit
of detection by as many as several times [32, 35]. The
most popular and universal derivatisating agents that
block polar proton donating groups are sililating
agents [31]. The agents which are most frequently
used for derivatisation of cannabinols are MTBSTFA
[3, 7, 36, 37, 40], PFPA/PFPOH [6, 17], BSTFA [6,
16]and TMAH [15, 38]. In our study for derivatisation
of cannabinols, the sililating agent tert-butyldimethyl-
osililtrifluoroacetamide with 1% tert-butyldimethyl-
silil (MTBSTFA + 1% TBDMS) was used. MTBSTFA
is very reactive, and its main role is to exchange the
hydrogen atom that is bound to the heteroatom for the
functional group [-Si(CH3),C(CH;);]. The TBDMS
derivatives that arise are characterised by higher vola-
tility and less polarity compared to parent cannabinols.
Moreover, they should be more stable and sensitive
during gas chromatography analysis [34].

3. Materials and methods
3.1. Chemical reagents and study material

In the study, the following chemical reagents were
used: (HPLC grade or pure for analysis grade): ace-
tone, acetonitrile, methanol, dichloromethane (Merck,
Germany), hexane (Promil Chemicals, England),
MTBSTFA in 1% TBDMS (Sigma-Aldrich, USA),
ethyl acetate, formic acid, acetic acid, sulphuric acid,
potassium hydroxide (POCh, Poland) and standards:
THC, CBD, CBN and THC-COOH at a concentration
of 1 mg/ml in methanol (Cerilliant, LGC Promochem,
USA).

Hair samples were collected from anonymous vol-
unteer students at Gdansk University of Technology in
February 2005. The students admitted the use of can-
nabis during the previous several months. The samples
were stored in sealed plastic bags at room temperature.

3.2. Apparatus

The following apparatus and analytical equipment
were used during optimisation of the analytical proce-
dure and performing of the actual study:

— ThermoFinnigan Focus GC gas chromatograph
equipped with a flame ionisation detector (FID),
Rtx-5 Sil MS Restek column, length 30 m, inner di-
ameter 0.25 and film thickness 0.25 um. The analy-
sis was carried out at a detector temperature of

315°C, injector temperature of 280°C and oven
temperature program: 150°C for 0.7 min, ramp to
270°C at 15°C/min, maintain at 270°C for 1 min,
increase to 290°C at 2°C/min, maintain at 290°C
for 5 min. 2 pl samples were injected into injector
operating in splitless mode. Gas flow rate was
1 ml/min,;

— ThermoFinnigan Trace GC gas chromatograph
equipped with mass spectrometer (MS), Rtx-5 Sil
MS Restek column (length 30 m, inner diameter
0.25 and film thickness 0.25 pm). 2 pl samples
were injected into the injector operating in split
mode. Analysis was carried out at an injector tem-
perature of 280°C and at the same programmable
oven temperature as in GC-FID. The MS detector
was operated in electron ionisation mode (EI).
Spectrum recording was carried out in scan mode
(SCAN) in the range from 50 m/z to 650 m/z as
well as in selected ion monitoring mode (SIM);

— Shimadzu LC10Avp liquid chromatograph with
UV/VIS detector, manual injector with 5 pl loop,
column filled with octadecyl modified silica Luna
5 um C18(2), Phenomenex (length 15 cm, inner di-
ameter 4.6 mm, particles diameter 5 um).

— C-18 SPE J.T. Baker extraction columns, an ultra-
sonic bath (Polsonic, Poland), a TLC Plate Heater I1I
(Camag, Switzerland) and water deionisation system
(Millipore, USA) were also used in the study.

4. Results and discussion

Validation of the method was carried out by evalu-
ation of selected parameters such as: selectivity, lin-
earity, limits of detection and quantification, limits of
working range and uncertainty of measurements after
previously performed optimisation of GC-FID and
HPLC-UV determination conditions. Limits of detec-
tion LOD in most cases were calculated based on the
signal/noise ratio (Table I, III and IV). To do this, the
noise level was determined for a chromatogram ob-
tained for a blank sample (mean of 10 peaks integrated
near the retention time of an analyte) and the achieved
value was multiplied by 3 and then the obtained signal
value was converted to a concentration.

In Table I the limits of quantification values LOQ
calculated from the previously determined limits of
detection, based upon calibration curves, are pre-
sented.

33xs
a

LOD =

{1}
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The LOD value was evaluated based on the slope of
the calibration curve (a) and the average value of stan-
dard deviation (s) calculated from the mean of inter-
cept standard deviation (s,) and residual standard
deviation value (sy) [25]. Limits of quantification
LOQ were calculated as a triplicate of evaluated limits
of detections values LOD.

4.1. Selection of GC-FID and GC-MS analytical
conditions

In order to evaluate the limits of detection and
quantification of underivatised THC, CBN, CBD and
THC-COOH by both GC-FID and GC-MS, 2 pl of
each standard (THC, CBN, CBD, THC-COOH) at
a concentration of 1 mg/ml was injected onto chro-
matographic column. Calculated values of limits of
detection and quantification are presented in Table I.

TABLE I. LIMITS OF DETECTION AND QUANTIFICA-
TION OF UNDERIVATISED CANNABINOLS
BY GC-FID AND GC-MS

THC CBN CBD THC-COOH

GC-FID LOD 99 75 43 Not
detected

LOQO 300 224 130

GC-MS LOD 38 56 60 Not
detected

LOQO 120 170 180

Due to non-detection of a certified THC-COOH
standard by GC-FID (at the relatively high concentra-
tion of 1 mg/ml), in accordance with literature data [3,
7,36, 37, 40], we decided to introduce a derivatisation
stage into the analytical procedure in subsequent ex-
periments.

In order to optimise the determination procedure
and lower the limits of quantification, three procedures
of derivatisation were tested (Table II).

2 ul of the analysed samples previously derivatised
by method A were injected onto a GC-FID column and
4 ul of aliquots were injected onto a GC-MS column.
The results of chromatographic analysis of samples
derivatised by method A were not positive.

The main reason might have been the loss of very
volatile derivatisation products during evaporation of
the solvent under nitrogen. This hypothesis was con-
firmed by the results achieved by method B. The only
difference between method A and B was omission of
post reaction drying of derivatisation products under

nitrogen. In accordance with Bourquin and Brennei-
sen’s suggestions [3], methods A and B were modified
(method C). Limits of detection and quantification of
cannabinols achieved by methods B and C and with
the application of GC-FID and GC-MS are summa-
rised in Table III. GC-MS was operated in scan mode
during determination of cannabinols.

TABLE II. COMPARISON OF DERIVATISATION METH-
ODS OF CANNABINOLS WITH MTBSTFA RE-
AGENT

Method Method description

A[37] 2 ulof THC, CBN, CBD standards at
1 mg/ml, THC-COOH at 0.1 mg/ml were
evaporated to dryness under nitrogen.
Derivatisation: 75 ul MTBSTFA, 90°C, 1h.
Reaction products were evaporated to
dryness under nitrogen.
Residue was reconstituted in 75 pl ethyl
acetate.

B 2 ul of THC, CBN, CBD standards at
1 mg/ml, THC-COOH at 0.1mg/ml were
evaporated to dryness under nitrogen.
Derivatisation: 75 ul MTBSTFA, 90°C, 1h.
The residue was reconstituted in 75 pl
ethyl acetate.

C 3] 2 ul of THC, CBN, CBD standards at
1 mg/ml, THC-COOH at 0.1 mg/ml were
evaporated to dryness under nitrogen.
Residue was reconstituted in 75 pl
acetonitrile.

Derivatisation: 75 ul MTBSTFA, 90°C, 1h.

TABLE III. LIMITS OF DETECTION AND QUANTIFICA-
TION OF CANNABINOLS AFTER DERIVATI-
SATION BY GC-FID AND GC-MS [pg/ml]

GC-FID GC-MS
Method Method Method Method

B C B C
THC 1.7 1.3 1.2 0.74
CBN 0.70 1.4 0.86 0.62
CBD 0.59 0.18 0.98 0.78

THC-COOH 0.065 0.30 0.52 0.64

Derivatisation method C resulted in better limits of
detection for THC after analysing of standards by
GC-FID and GC-MS. In the case of THC-COOH,
lower LOQ values were achieved by utilising method
B. When determining CBN by GC-FID, lower limits
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of quantification were achieved for method C, whereas
method B turned out to be more sensitive using
GC-MS. Approximately 13 pg CBD in 1 ml solution
was detected during GC-FID analysis, whilst CBD
was detected using GC-MS in SCAN mode only when
its concentration was two times higher (about 26 pg/ml).
Finally, method B was selected, for which — using
GC-FID - the limit of quantification for THC-COOH
was lower. For evaluation of improvement in method
sensitivity after derivatisation of cannabinols com-
pared to underivatised cannabinols, using GC-FID and
GC-MS, Table IV was drawn up.

TABLE IV. CANNABINOLS SIGNAL INTENSIFICATION
GAIN USING GC-FID AND GC-MS WITH DERI-
VATISATIONBY METHOD B COMPARED TO
UNDERIVATISED COMPOUNDS

THC CBN CBD THC-COOH
GC-FID 180 320 220 -
GC-MS 90 200 180 -

In the case of cannabinols determination by
GC-FID after derivatisation, the limits of quantifica-
tion were much lower than for underivatised com-
pounds. Signal intensification gain was in the range
from 180 (for THC) to 320 (for CBN). Limits of quan-
tification for the other analytes were lower. Signal in-
tensification gain using GC-MS for THC was 90, and
200 for CBN. Derivatisation had a positive effect on
THC-COOH determination. THC acid was detected
by GC-FID and GC-MS.

In a subsequent study, derivatisation by method B
was applied. To improve the limit of detection of
cannabinols, selected ion monitoring (SIM) is recom-
mended. In SCAN mode, the most intensive ions of
analysed cannabinols were determined after derivati-
sation with MTBSTFA: m/z = 428, 345 and 413 for
THC derivative, m/z =418, 475 and 344 for CBD de-
rivative, m/z = 409, 424 and 367 for CBN derivative
and m/z = 515, 572, 557 for THC-COOH derivative.

To prepare calibration curves for the procedure
which used derivatisation (method B) and GC-FID gas
chromatography, 5 standard mixtures were analysed in
the range of concentration from 30 pg/ml to 1000 pg/ml.
2 ul of each sample was injected onto a column. Chro-
matographic analysis of each sample was done in trip-
licate. Taking into consideration correlation coef-
ficients equal to R* = 0.992 — 0.999, (chromatographic
peaks areas and corresponding concentrations) we could
state that in the studied concentration range there is
a linear correlation between these variables.

4.2. Selection of HPLC-UYV conditions

Determination of cannabinol type compounds by
HPLC was carried out in the reverse phase system,
which is the most appropriate for separation of non-
polar and slightly polar compounds. On the basis of lit-
erature data [21, 28], two wavelengths of 228 and
278 nm were chosen for determination of cannabinols.
Gradient elution of three solvents (A —0.05 mmol/dm’
acetate buffer, B — acetonitrile, C — methanol) [9] was
primarily applied. For the first 2 min, the phase com-
position was the following: 13% A, 22% B, 65% C.
For the next 25 min, acetonitrile content (B) increased
to 35% with an accompanying decrease in solvent A
(Figure 1 a).

Chromatographic analysis in this phase system
showed no repeatability of retention times (retention
times varied by even 2—5 min). Moreover, chromato-
graphic analysis did not provide sufficient separation
of THC-COOH and CBD. In subsequent experiments,
acetic buffer was replaced with formic acid solution at
the same concentration. Separation was carried out in
isocratic conditions. These changes improved the re-
peatability of retention times. To achieve better sepa-
ration of THC-COOH and CBD, methanol was
excluded from the mobile phase composition. Elution
was done in iscoratic conditions for 30 min. The mo-
bile phase consisted of acetonitrile and aqueous solu-
tion of formic acid at 0.05 mmol/dm® (87:13, v/v).
Chromatographic analysis ensured correct separation
of THC-COOH and CBD (Figure 1 b). As a result of
optimisation of mobile phase composition, the best
separation was achieved by isocratic elution of mobile
phase consisting of acetonitrile and 0.05 mmol/dm’
formic acid, 75:25, v/v (Figure 1 c).

For preparation of calibration curves, 5 standard
mixtures were analysed in the range from 0.1 pg/ml to
1000 pg/ml by HPLC-UV. 5 pul of the sample was in-
jected onto a column. Chromatographic analysis of all
samples was repeated 3 times. Taking into consider-
ation correlation coefficients (+* = 0.999 in all cases),
we could state that in the studied concentration range
from 0.1 pg/ml to 1000 pg/ml, there is a linear correla-
tion between chromatographic peaks areas and the cor-
responding concentrations of analytes. The ascer-
tained extended measurement uncertainty (calculated
as doubled standard deviation for 6 measurements) for
analyte concentrations of 1 pg/ml, using HPLC-UV
(for 228 nm) was: 6.2% for THC-COOH; 6.9% for
CBD:; 6.5% for CBN and 3.8% for THC.
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Fig. 1. HPLC/UV chromatograms achieved by analysis of a cannabinols standard mixture sample (peaks from the left-hand side:
THC-COOH, CBD, CBN, THC) at 0.1 pg/ul; wavelength 228 nm; mobile phase: a — acetonitrile:methanol: 0.05 mmol/dm® acetate
buffer (gradient elution); b — acetonitrile: 005 mmol/dm’ formic acid (87:13); ¢ — acetonitrile:0.05 mmol/dm® formic acid (75:25).

4.3. Comparison of detection and quantification
limits achieved by GC-FID and HPLC-UV

Limits of detection for particular analytes achieved
using GC-FID after derivatisation calculated on the
basis of residue standard deviation were lower than
limits of detection calculated on the basis of standard
deviation of intercept (Table V). However, the range
of calculated values of limits of detection was the
same, so the average value of both measurements was

accepted. The limits of quantification ranged within
0.27-0.64 pg/ml. The lowest LOD (LOQ) was ob-
tained for CBN, the highest for CBD. The limits of
detection for THC (0.35 pg/ml) and THC-COOH
(0.33 pg/ml) were similar. For verification of the as-
certained limits of quantification, 5 ul of certified
THC-COOH standards at concentrations of 0.035 pg/ml,
0.050 pg/ml and 0.110 pg/ml were injected. THC-
COOH was detected and determined only at its highest
concentration, which was in accordance with evalu-
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ated LOQ, which was based upon calibration curves.
Comparing LOQ for cannabinols evaluated by GC-
FID (with derivatisation of analytes) and HPLC-UV,
we conclude that lower limits of quantification for
CBN, CBD, and THC-COOH were achieved by using
a liquid chromatograph with a UV detector (Table V).

TABLE V. COMPARISON OF EVALUATED LIMITS OF
QUANTIFICATION OF CANNABINOLS
ACHIEVED BY GC-FID WITH DERIVATISATION
AND HPLC/UV BASED UPON CALIBRATION
CURVES OF STANDARDS AND HAIR SAMPLES
(TAKING INTO CONSIDERATION UAE TO-
GETHER WITH RECOVERY VALUES)

THC CBN CBD THC-COOH
LOQ for standard solutions [pg/ml]
GC-FID 0.4 0.3 0.6 0.3
HPLC-UV 2.2 0.2 0.4 0.2
LOQ for hair samples [ug/g]
GC-FID 0.8 0.5 1.2 1.0
HPLC-UV 3.4 0.2 0.5 0.4

Standard solutions of all analytes within the range
of concentrations from 30 pg/ml to 1000 pg/ml, which
were used for preparing a calibration curve used in
chromatographic determination were stored at —20°C.
After 48 h, analyses of these samples were repeated. In
all samples, concentrations of derivatives after 48 h
were lower (down to as little as 50%) than concentra-
tions determined in samples directly after preparation
for chromatographic analysis. This was to due to the
partial evaporation of part of TBDMS volatile deriva-
tives in spite of tightly closed vials and low tempera-
ture of storage. As a result of this observation, it was
realised that it was necessary to check the mass of the
vials with samples injected onto the chromatograph
(and, if necessary, take into account mass loss during
calculations) or in the case of large losses of analytes,
use newly prepared solutions.

In the case of authentic hair samples, the problem
of analyte loss should be overcome by using isotopic
labelled cannabinol standards (GC-MS) or minimised
by using unlabeled internal standard (GC-FID).

4.4. Selection of preparation and hair analysis
parameters

Taking into acccount satisfactory LOQ values,
good chromatographic separation of cannabinols, sim-

plicity of measurements, for subsequent stages of the
study we decided to apply the optimised procedure of
cannabinols determination by the HPLC-UV system.
Before the actual analysis, hair samples were washed
by dipping in methanol for 5 min and dichloromethane
for 5 min. Hair samples were dried at room tempera-
ture, cut into 1-2 mm pieces and weighed out. The sol-
vent extraction method (LLE), ultrasonic-assisted ex-
traction (UAE) and solid phase extraction (SPE) were
chosen for evaluation of isolation efficiency of
analytes.

Initially prepared hair samples were hydrolysed be-
fore solvent extraction. Hydrolysis was performed in
2 ml of 1 mol/dm® potassium hydroxide at 95°C for
15 min. Solvent extraction was carried out in two
ways: after acidification of hydrolysed sample with
concentrated formic acid (0.5 ml) or from alkali me-
dium without addition of any reagents. The main ex-
traction steps were: adding of 4 ml of a mixture of
hexane:ethyl acetate, (9:1, v/v), manual shaking for
10 min, centrifuging (3000 cycles/min, 4°C, 10 min),
transferring of organic layer, solvent evaporation un-
der weak nitrogen stream and reconstitution of residue
in 100 pl methanol. The extracted samples were ana-
lysed by HPLC-UV.

In ultrasonic-assisted extraction (UAE), 4 ml of
methanol was added to unhydrolysed hair samples,
which were then incubated in an ultrasonic bath at
40°C. After 5 h, the organic layer was separated end
evaporated under nitrogen. The residue was reconsti-
tuted in 100 pl methanol. The extraction samples were
analysed by HPLC-UV.

In solid phase extraction (SPE), the sorbent was
conditioned with methanol and water. The volume of
each solvent was equal to the capacity of the column.
Before extraction, hair samples were hydrolysed. The
hydrolysis process was performed with 2 ml of 1 mol/dm’
potassium hydroxide at 95°C for 15 min. The sample
was acidified by adding 0.5 ml of concentrated formic
acid, diluted with 5 ml of deionised water and intro-
duced onto the extraction columns. Then, the column
bed was dried under vacuum for 3 min. The analytes
were eluted with 4 ml of acetone and dichloromethane
mixture (3:1, v/v). After evaporation under nitrogen,
the residue was reconstituted in 100 pl of methanol.
The extracts were analysed by HPLC-UV.

Ultrasonic-assisted extraction (UAE) turned out to
be the most efficient. The average SPE recovery was
about 25%, for acidic LLE about 19%, for alkali SPE
about 17%, whereas for UAE the average recovery
was 58% (48% for THC, 32% for THC-COOH, 85%
for CBD and 67% for CBN). In order to improve ex-
traction efficiency and potentially apply the method to
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TABLE VI. RECOVERIES ACHIEVED DURING HPLC/UV ANALYSIS OF UAE HAIR EXTRACTS
AND WATER SPIKED WITH STANDARDS WITH DICHLOROMETAHENE USED AS

A SOLVENT EXTRAHENT
THC CBN CBD THC-COOH
Types of analysed samples Recovery [%]
Hair + dichloromethane Unhydrolysed 64 78 77 50
Hydrolysed 63 50 70 53
Water + dichloromethane  Neutral 85 92 86 86
Acidic 80 88 87 79

urinalysis, methanol was replaced with dichloro-
methane [11]. The results achieved with UAE and di-
chloromethane are presented in Table VI.

Comparing the extraction efficiency of cannabi-
nols from hair, better recoveries were obtained for
unhydrolysed samples (except for THC-COOH). For
water samples, better extraction was achieved in a neu-
tral medium; in acidic medium extraction of analytes
was less efficient.

Recoveries for aqueous samples in neutral pH were
in the range 85-92%. Recoveries of cannabinols for
hair samples were in the 50-78% range.

4.5. Authentic hair samples analysis

Authentic hair samples were collected in January
2005 from volunteer anonymous students of Gdansk
University of Technology who admitted having used
marihuana or hashish in the previous three months.
The samples were stored in sealed plastic bags at room
temperature. Authentic hair samples were analysed ac-
cording to the procedure described below.

About 100 mg of hair was washed by dipping it in
methanol for 5 min and dichloromethane for 5 min.
Hair samples were dried at room temperature, cut into
1-2 mm pieces and weighed out. Samples prepared in
this way were extracted by ultrasonic-assisted extrac-
tion. 4 ml of dichloromethane was added to the sam-
ples, which were then incubated in an ultrasonic bath
for 5 h at 40°C. After that, the samples were centri-
fuged (3000 cycle/min, 4°C, 10 min) and the organic
layer was separated from the hair. The solvent was
evaporated in a weak nitrogen stream and the residue
was reconstituted in 100 pl methanol. The extracted
samples were analysed by HPLC-UV (acetonitrile-for-
mic acid, 75:25, v/v, 228 nm). Recovery values were
taken into consideration in quantifying analysis.

In the 12 analysed samples, THC was detected at a
concentration of 3.4 pg/g hair in only one case. CBD
was detected in 7 samples in the range from 0.5 pg to

3.3 ngin 1 ghair (average 1.4 pg), CBN in 11 samples
in the range from 0.2 pg to 1.8 pg in 1 g hair (average
0.5 pg/g), whereas THC-COOH was determined in all
samples in the range from 1.2 pg to 6.6 pg in 1 g hair
(average 2.1 pg/g THC-COOH).

5. Conclusions

In the primary stage of the study, GC-FID and
HPLC-UV determination conditions were optimised.
The most efficient extraction method was ultra-
sonic-assisted extraction with the application of di-
chloromethane as a solvent. In view of the need to
determine THC-COOH, GC-FID could only be used
after derivatisation. Significant lowering of limits of
detection was possible to achieve by derivatising
cannabinols with MTBSTFA. The best chromato-
graphic separation was achieved by using HPLC-UV
in the following isocratic elution system: acetonitrile
and 0.05 mmol/dm’ formic acid (75:25, v/v). The re-
tention times for particular compounds were also sta-
ble using this system. In the developed procedure
which utilised UAE-HPLC-UV, evaluated limits of
detection in hair were as follows: 3.4 pg/g for THC;
0.2 pg/g for CBN; 0.5 pg/g for CBD and 0.4 pg/g for
THC-COOH. This procedure was also used for deter-
mination of cannabinols in authentic samples (n = 12) —
the average concentration for 1 g hair was: 3.4 pg for
THC (n =1); 1.4 ng for CBD (n =7); 0.5 pg for CBN
(n=11) and 2.1 pg for THC-COOH (n = 12).
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