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Abstract

An increasing number of synthetic drugs are appearing on the illicit market and on the scene of drug use by youngsters. Official figures
are underestimated. In addition, immunochemical tests are blind to many of these drugs and appropriate analytical procedures for routine
clinical and epidemiological purposes are lacking. Therefore, the perceived increasing abuse of recreational drugs has not been proved yet. In a
previous paper, we proposed a procedure for the preliminary screening of several recreational substances in hair and other biological matrices.
Unfortunately, this procedure cannot apply to cocaine. Consequently, we performed a new headspace solid-phase microextraction and gas
chromatography—mass spectrometry (HS-SPME-GC-MS) procedure for the simultaneous detection of cocaine, amphetamine (A), metham-
phetamine (MA), methylen-dioxyamphetamine (MDA), methylen-dioxymethamphetamine (MDMA), methylen-dioxyethamphetamine
(MDE), N-methyl-1-(1,3-benzodioxol-5-yl)-2-butanamine (MBDB), ketamine, and methadone in human hair. Hair was washed with wa-
ter and acetone in an ultrasonic bath. A short acid extraction with 1 M hydrochloric acid was needed; the fiber was exposed to a 5min
absorption at 90C and thermal desorption was performed at 25@or 3 min. The procedure was simple, rapid, required small quantities
of sample and no derivatization. Good linearity was obtained over the 0.1-20.0 ng/mg range for the target compounds. Sensitivity was good
enough: limits of detection (LOD) were 0.7 ng/mg of hair for the majority of substances. The intra-day precision ranged between 7 and 20%.
This paper deals with the analytical performance of this procedure and its preliminary application to hair samples obtained on a voluntary
basis from 183 young people (138 males and 45 females) in the Rome area.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction as it relies on the subjective memory for both long-term and
recent use. In fact, some studies show that urine tests values

The abuse of amphetamine-like drugs and other stim- and self-reports are poorly correlatj7]. The analysis of
ulants is one of the most serious problems among Italian seized “ecstasy” tablets performed by different laboratories
youths attending recreational settinggs-4]. In Italy, like in Italy in 1998 and 1999 revealed quali-quantitatively sig-
in other European countries, data on the spread of illicit nificant fluctuations in the content of substances per tablet
drugs, especially synthetic ones, strongly depend on law[g8]. A number of tablets (approximately 30%) do not con-
enforcement seizures, on information from public facilities tain MDMA, but other substances or active ingredients.
for treatment of drug addicts, and on self-reported studies. The term “ecstasy” has become generic for a wide range of
All these sources provide underestimated figures: very few compounds as EMCDDA (European Monitoring Centre for
analytical data are produced on substances available on therugs and Drug Addiction) has claimed since 1997. Since
street market, and very few people abusing recreationalthe composition of tablets sold as “ecstasy” varies consid-
drugs refer to public facilities intended for treatment of ad- erably, unknown types and quantities of drugs are taken by
dicts [5]. Self-reported information suffers from credibility  “ecstasy” users.

At present, the Italian legislation on drugs allows test-
* Corresponding author. Fax:39-0649-903110. ing only of seized pills. Therefore, contrary to what hap-
E-mail address: teodora.macchia@iss.it (T. Macchia). pens in other countrigf®,10], the composition of products
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currently available on the street market in Italy cannot be purchased from SALARS (Comao, Italy). Ketamine (Ketavet

assessed. 50) was obtained from Farmaceutici Gellini (Aprilia, Italy).
At present, considerable delay is foreseen in the adoptionUltrapure water was obtained from Milli-Q Unit (Milli-

of a suitable procedure that relies on a compatible legal pore, Bedford, MA, USA). Hydrochloric acid (HCI) and

framework. In view of such difficulties and the growing potassium carbonate ¢KOgs), of analytical grade, were

concerns about the dangers of using these substances, a dipurchased from Carlo Erba (Milan, Italy).

ferent analytical approach is advisable in order to evaluate

the illicit use of drugs in a defined population such as young 2.2. Equipment

people at recreational venues. Unfortunately, the epidemiol-

ogy of the use of synthetic drugs is hampered by the lack of e used a Gas Chromatography 6890 Plus and Mass

analytical methodology. In particular, screening procedures Selective Detector 5973N (Agilent Technologies, Milan,

for most recreational drugs are still unavailable. Headspace!taly) equipped with a 19091M-101 HP-5 Trace Analy-

solid-phase microextraction (HS-SPME) coupled with a sis capillary column (5% PH ME Siloxane, film thickness

GC—-MS applied to hair has recently been suggeftad 0.33um; length 12.5m; column ID 0.20mm); an SPME

Hair analysis has recently proved to be a useful techniqueassembly with a replaceable extraction fiber, coated with

for long-term control of the intake of many abused sub- 100pm polydimethylsiloxane and a 110 VAC block heater

stance§12-26} HS-SPME-GC-MS has had an increasing purchased from Slgma—AIdrlc_h were used. I_-leadspace vials

role in hair testing; several studies on the usefulness of this (20 and 1.5ml) and accessories were obtained from Chro-

procedure for analysis of drugs in this biological matrix Macol (London, UK). Hair washing and ultrasonic extrac-

have been publishef27-32] In a previous papefll], tion were performed in a T 310 ultrasonic bath purchased

we reported a simple, HS-SPME-GC-MS, one step proce-from Carlo Erba.

dure suitable for the simultaneous determination of many .

recreational drugs. This procedure, however, was unable to2-3: SPEcimens

detect cocaine. The two ester groups of cocaine were easily

hydrolysed in 30% sodium hydroxidg0], which could

result in a restricted applicability of the procedure in recre-

ational settings. In fact, cocaine is unfortunately becoming

?ncreasingly po_pular among young peopl_e in ltaly as we_II 85 from the vertex posterior region of the scalp. All samples

N ?ther co'l,mtr|es{5,33]. This substance IS how appearing were collected over a three-month period in seven different

in “ecstasy” tablets and can lead to the increasing abuse of : . ) .
recreational settings such as dancing venues with a mean

polysubstances. Based on these observations, a screeninl%Corded attendance of 800 (min 200-max 1800) people

procedure for the simultaneous detection of cocaine and : . )
S . per night. The youths recruited for the present analytical
amphetamine-like drugs has become a critical need. On
study were approached by volunteers of hon-governmental
these grounds, we set up a new HS-SPME-GC-MS pro- o : . .
. . . . o organizations (NGOs) who were involved in drug abuse in-
cedure which requires an acid extraction, but no additional . S . . .
L . . formation and prevention in the Latium region. For ethical
sample treatment or derivatization, and by which the main : .
i e reasons, the subjects labelled there own samples with age,
recreational drugs can be detected and quantified. )
gender and a code known only to themselves. This approach,

The present paper describes this simple and rapid ProCe4 hile respecting privacy, allowed each subject to single out

dure that can be used for screening purposes. Furthermore, . : .
we report the results of a preliminary application to the anal- his/her own data from the overall list of analytical results.
Blank hair samples were obtained from the laboratory

ysIS Of.183 ha|r_ samples obtained from young people in staff; a considerable amount of blank hair was obtained from
recreational settings. . : ! : .
a single subject, an aliquot of which was included as a control
sample each analytical day.

Hair samples were obtained on a voluntary basis and in
an anonymous way from 183 young people in the Rome
area (138 males and 45 females, age range 14-40 years,
mean 25 years). Hair was cut with round-point scissors

2. Material and methods 2.4. Sample preparation

2.1. Chemicals Each hair sample was cut into small pieces, washed for
5 min with deionised water and then for 5 min with acetone

~Amphetamine (A), methamphetamine (MA), methylen- in an ultrasonic bath. Washed samples were dried under a
dioxyamphetamine (MDA), methylen-dioxymethampheta- pjtrogen stream at room temperature.

mine (MDMA), methylen-dioxyethamphetamine (MDE),

N-methyl-1-(1,3-benzodioxol-5-yl)-2-butanamine (MBDB), 2.5. Calibration curve

ketamine, methadone and cocaine hydrochloride standards

(2 mg/ml in methanol) were purchased from Sigma-Aldrich ~ Stock solutions of the A, MA, MDA, MDMA, MDE,
(Milan, Italy); 3,4 methylen-dioxypropylamphetamine MBDB, cocaine, ketamine, methadone standards (160
(MDPA) hydrochloride standard (1 mg/ml in methanol) was ml) and of the internal standard (MDPA) were prepared in
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methanol and stored &t4°C until use. An aliquot of each

solution was mixed each analytical day, diluted with 0.4 M 2.00

hydrochloric acid and used to spike hair samples at a fi- -

nal concentration of 0.2, 0.5, 1, 2, 4 and 8 ng/mg. MDPA g 1%

(10 ng/mg) was used as internal standard. f 1.00

2.6. Analytical procedure & 5 m
0.00

The washed and dried hair sample (20mg) was ex- HOLOTM HEL 1M

tracted with 20Qul 1 M hydrochloric acid (HCI) in a closed  Fig. 1. Effect of 0.1 and 1M HCI concentration for real hair sample
headspace vial (20ml), containing 10ng/mg of MDPA extraction and HS-SPME on the GC-MS abundance of the cocaine.
as internal standard, at 86Q for 60 min. After decreas-
ing the temperature to room temperature, the extract was
separated and placed into another vial (1.5ml) contain-
ing 80mg of potassium carbonate J803) and rapidly
sealed.

Then the SPME needle was introduced, and the
SPME-fiber (10Qum polydimethylsiloxane) was exposed
to a 5min adsorption at 9€C. A heating block was used
for temperature control of hair extraction and HS-SPME
adsorption.

3. Results and discussion

Major issues, such as analysis procedure, type of fiber
used, extraction method, treatment of the matrix, adsorption
and desorption conditions, were addressed by meeting most
of the criteria reported in the literature on the development
of HS-SPME method§15]. However, for the detection of
cocaine in the compounds mixture a compromise had to be
reached.

2.7, GC-MS parameters 3.1. Acid extraction of drugs from hair
The column temperature was held initially at €D for
2min, then raised by 20C/min to reach 250C and finally
held at 250C for 5min. The temperatures of the injection
port, ion source and transfer line were set at 250, 230 and
280°C, respectively. Thermal desorption was performed at

250°C for 3 min inside the gas chromatograph. Helium was in Fig. 1. When 80 mg of KCOs were added to the extract,

used' as carrier gas at a flow rate of 0.7 ml/min. The split- we measured pH- 11 in the extracts with 0.1 M HCI, and
less injection mode was used. The mass spectrometer uses

. oo pH = 10.3 in those with 1 M HCI. On the same way, slight
electron impact ionisation. The mass spectra were collected ; . :
. . . changes of the pH were recorded in unspiked real hair sam-
by the total ion chromatography. Compounds were ident- les, spiked hair samples and aqueous standard solution in-
fied by using the retention time and the relative abundance <> SP P q

of three confirming ions with respect to the target. Quanti- differently.

. . . e The increase in HCI concentration produced, on the one
tative data were obtained by selected ion monitoring (SIM) : )
. ) So N hand, a slight change of the pH regardless of the matrix and
for each compound and 1.S. Monitored ions, retention times

. . on the other, an increase in cocaine yield always greater
and relative abundance for each compound are shown in . ; :
Table 1 than 60%, in real hair samples. In spiked samples as well as

in aqueous solution the difference of yield was negligible,

whereas 1M HCI led to an increase in cocaine extraction
Table 1 yield from the hair matrix. Although 1 M HCI did not cause
Detection of amphetamine-like drugs, ketamine, methadone and cocainethe hair matrix to dissolve, as 30% NaOH did in our previous
in spiked hair samples by HS-SPME-GC-MS procedurg11], it provided a good means of extraction for

By acid extraction we could simultaneously analyse co-
caine, amphetamine-like drugs and other commonly used
drugs[34,35]. In order to optimize the extraction of all the
substances, especially cocaine, the effects of different con-
centrations of HCI were investigated. The results are shown

Compound Rt (min) 10MVZrelative abundanoe cocaine as well as for amphetamine-like drugs, methadone
A 5.13 *44100. 9120, 656 and ketamine (data not shown). Consequently, 1 M HCl was
MA 5.60 58100, 9111, 772) used throughout the present study.

MDA 7.74 *44100, 13660, 13540

MDMA 8.08 *58(100, 776, 1399 3.2. Fiber adsorption

MDE 8.36 *72100, 13519, 446

MBDB 8.62 *72100, 1387), 44 (2), . . .

MDPA (1.S.) 8.88 *86100, 4435, 13513 A good fiber adsorption efficiency and a fast process were
Ketamine 10.01 *18Q00. 18234, 20927, obtained by PDMS at 90C; most of the substances reached
Methadone 11.39 7200, 2944, 93, equilibrium conditions in only 5 min by addingCOs. The
Cocaine 11.73 *18200, 82s0), 30330

addition of salt increases the ionic strength of the solution
* Quantifier ion. making the target compounds less soluble and allowing a
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better response in SPME. Several kinds of salts, such aslower than 1ng/mg, no linearity was observed for these
sodium sulfate, potassium carbonate and sodium chloridesubstances in the lowest parts of their calibration curves.
were used by other authof81]. In particular, potassium  The main parameters of the linear regression analysis along
carbonate was found suitaljle8]. In our experience, potas-  with sensitivity (LOD) and specificity (LOQ) are shown in
sium carbonate proved to be the one and only salt suitableTable 2

for detection of cocaine as well. Adsorption times of 5, 10  Table 3shows the accuracy, expressed as the relative re-
and 20 min were checked. Unexpectedly, times longer thancovery according to Kint{24] and Jurad¢25], and the pre-
5min led to progressively less satisfactory and reproducible cision, evaluated for five replicates of each concentration.
results mainly for cocaine. Therefore, 5min was set as the LOD and LOQ were calculated according to Miller et al.
most suitable adsorption time. In headspace adsorption we[36], and were in agreement with suggestions from US Phar-
used a 1.5ml vial in order to minimize the gaseous phase macopoeial Conventiof87] and Alvencar et al[38].

volume and increase the yield. In this step the specimen was For the analysis of both hair and urine a statistical ap-

neither stirred nor sonicated. proach would be preferable to an experimental one when
passive intake must be controll§d]. The analysis of hair
3.3. GC analysis for the presence of cocaine also reveals passive exposure to

external contamination. This could account for the higher

Desorption of analytes from the fiber occurred in splitless percentage of positive subjects in comparison with urinaly-
mode introducing the main desorbed amount of analytes insis [7] and in comparison with the positive use rate in the
the GC column. Desorption for 3min at 250 was as effi- population. In fact, Kidwel[34] reported a 6% of hair sam-
cient as adsorption for less than 5min at’@ Our proce- ples to be positive for cocaine vs. the 2% expected in the
dure was set up for cocaine, A, MA, MDA, MDMA, MDE,  reference population. The same author showed that by ap-
MBDB, ketamine and methadone in hair. An example of plying a cut-off level of 1.0 ng/mg, rather than the LOD, the
a SIM chromatogram of a 20 mg hair sample spiked with positive rate declined from 6 to 1.3%, which is more consis-
A, MA, MDA, MDMA, MDE, MBDB, cocaine, ketamine tent with the rate obtained from survey data. A cut-off level
and methadone to a final concentration of 4 ng/mg is shown of 1.0 ng/mg is considered suitable in the literat{8®] es-
in Fig. 2a Fig. 2bshows the HS-SPME-GC-MS total ion pecially when hair is the only biological specimen available.
chromatogram and relative mass spectrum of a hair sampleln the case of cocaine detection, our HS-SPME-GC-MS
positive for MDMA and cocaine. procedure showed a LOR- 0.35ng/mg and a LOQ=

Peaks of the individual substances present in the mix- 1.05ng/mg. We used a statistical approach to determine the
ture appeared well resolved, and chromatographic conditionsLOD (footnote ofTable 2. This approach produced higher
proved to be appropriate for the separation of all these sub-LODs and consequently higher LOQs, though more conser-
stances. Good linearity was obtained over the 0.1-20 ng/mgvative measurements were obtained.
range for all the considered drugs, with little deviation ob-  To check the procedure we analysed the hair specimens
served for A and MDA. When we explored concentrations obtained from 183 young people in the Rome afkedle 4
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Fig. 2. (a) HS-SPME-GC-MS-SIM chromatogram of a 20 mg hair sample spiked with 4ng/mg A, MA, MDA, MDMA, MDE, MBDB, ketamine,
methadone, cocaine and 10 ng/mg MDPA as IS. For SIM measurement, masses gizble ihwere used. (b) HS-SPME-GC-MS total ion chromatogram
and relative mass spectrum of a blank hair sample and of a hair sample positive for MDMA (8.23 ng/mg) and cocaine (4.51 ng/mg).



AAbundanmnce

B000000
Fgelelelalels]
S000000
5000000
4000000
[clelolelelsle]
2000000
1000000

S Gentili et al. / Journal of Chromatography B, 801 (2004) 289-296 293

blank

TIC: O4.D

o

Time-——=
Abundance

000000
TOOO0000
S0O000000
5000000
4000000
pelslelelalels]
2000000 e i

1000000

T T T T T
10.00 10.50 11.00 11.50 1=2.00

TIC: O3.D

hair sample

Cocaine

N N 1 S A D

4

Alsunclance

550000

AS0000

20000

1 50000
hisls'slsls]

50000

L,JUL

T T T T
8.50 2.00 29.50 10.00 10.50

Scan 480 (8. 072 min): O3 0D

MDMA mass spectrum

IBE 1ss

L h ||. ATONDT0r =20 ze72s

7
105
.|h 23 . =1 27 BaAIsss

Aloundancs

Z2E0000

230000

200000

180000

1S0000

140000

1=Z0000

100000

20000

SO000

AOO000]

20000 =

(b)

e

(=]
=20

40 S0

80

v

100 120 140 160 180 200 220 240 260 260 300 320 340

Scan 921 (11.743 min): O3.0D
182

Cocaine mass spectrum

822

105

=
198

==
15

pil="=1
T

d__ 1
T
120 140 160 180

s7

] oo 2Adose

T T T =T
200 220 240

s
100

=25

35

=288
300

e

80

Fig. 2. Continued).



294 S Gentili et al. / Journal of Chromatography B, 801 (2004) 289296

Table 2
Linearity of the HS-SPME-GC-MS procedure in the concentration range 0.12-8 ng/mg

Slope,b (S.E.) Intercepta (ng/mg) S.Dy. n r? LOD? (ng/mg) LO@ (ng/mg)
AC 1.86 (008) —0.55 0.80 20 0.97 1.29 3.87
MA 8.73 (0.31) 0.19 1.07 25 0.97 0.37 1.11
MDAC¢ 1.34 (0.12) 0.64 0.72 20 0.85 1.61 4.83
MDMA 14.36 (1.04) 2.80 3.62 25 0.88 0.76 2.28
MDE 23.50 (1.48) 2.79 5.15 25 0.91 0.66 1.98
MBDB 20.29 (1.17) 2.00 4.09 25 0.92 0.60 1.80
Ketamine 19.73 (1.13) 1.86 3.94 25 0.92 0.59 1.77
Methadone 19.09 (0.63) 0.78 2.20 25 0.97 0.35 1.05
Cocaine 4.48 (0.15) 0.00 0.52 25 0.97 0.35 1.05

Five replicates for each concentration point: 0.12, 0.25, 0.5, 1 and 2ng/mg in spiked hair samples.
@ LOD = limit-of-detection= (3 S.D,,/slope).
b LOQ = limit-of-quantification= 3 LOD.
¢ Five replicates for each concentration point: 1, 2, 4 and 8 ng/mg,.S-Dstandard deviation of the regression line; SzEstandard error of the slope.

Table 3
Precision and accuracy of the HS-SPME-GC-MS procedure
Compound Expected concentration Response Measured concentration CV% intra-day Relative
(ng/mg) ratio mean (ng/mg) (n=5) recovery (%)
A 4 7.31 4.22 19.15 105.50
MA 2 17.60 1.99 16.68 99.50
MDA 4 5.87 3.90 15.47 97.50
MDMA 2 30.34 1.92 16.65 96.00
MDE 2 48.54 1.95 16.97 97.50
MBDB 2 41.32 1.94 15.33 97.00
Ketamine 2 40.10 1.94 17.52 97.00
Methadone 2 38.20 1.96 7.37 98.00
Cocaine 2 9.12 2.03 7.97 101.50

shows the results obtained. When the amounts of compound®9©3% of specimens versus 87% MDMA, 26% ketamine and
were below the LOQs, but greater than the LODs, the sample18% MA. A, MA, MDE, MBDB and methadone were found
was considered detectable, but not quantifiable. We set thein a minority of the samples and always with other sub-
cut-off level = LOQ for the evaluation of the results; this stances. Cocaine proved to be the most popular recreational
value is consistent with the threshold considered suitable drug. Fig. 3 shows the distribution of 131 hair samples,
enough to rule out a false positive exposure or an accidentaleither quantified for cocaine=(OQ) or in which cocaine
contaminatior{39]. was detected XLOD). The first column (0.35-1 ng/mg)
The distribution of results of hair analysis is shown in groups samples in which cocaine was detectetd(D),
Table 4 In 84/183 hair samples (46%), one or more sub- but not quantified because below the LOQ (1.05ng/mg).
stances were detected; 43 samples were drug-free. Fifty sixin 50 hair samples quantified for cocaine (concentration
samples (31%) were quantified for one or more substancesrange: 1.35-100.00 ng/mg), a variable amount of lidocaine
twenty tree specimens (41%) for one substance and 33was identified. Lidocaine, a synthetic local anaesthetic, is
(59%) for two or more drugs. In the “one-substance” group often an adulterant in the preparation of substances such as
(n = 78) cocaine was present in 94% of the cases versuscocaine and heroin. In Italy, the Group of Forensic Toxi-
4% MDMA, 1% MA and 1% ketamine. In the “two or cologists reported lidocaine with increasing frequency in
more-substances” groum (= 62) cocaine was present in  biological samples of people that died from drug use. The

Table 4
Results of hair analysis (total subjects: 183 (100%); drug-free: 43 (23%))

Detected Quantified Compounds detected LOD
(>LOD) (=LOQ)

84 (46%) 56 (31%) A MA MDA MDMA  MDE MBDB Ketamine Methadone Cocaine
One substance group 55 (65%) 23 (41%) - 1(1%) - 3 (4%) - - 1(1%) - 73 (94%)
Two or more substancégroup 29 (35%) 33 (59%) 1 11 (18%) 1 54 (87%) 1 3 16 (26%) 3 58 (93%)

a8 Many subjects were positive for two or more substances, the number of positive samples for each substance exceeding the total number of teste
subjects.
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A preliminary application to the analysis of hair sam-
ples obtained from young people suggested that the pro-
cedure is suitable and feasible. It meets the requirements
for quali-quantitative analysis of several compounds, and
showed good potentiality in screening hair samples as well
as other biological matrices. The proposed method could fill
the gap between the lack of appropriate screening analytical
tools and knowledge on the actual use of recreational drugs.
1155 50-10 10150 =50  ng/mg hair Last but not least, it allows cocaine analysis by HS-SPME.
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