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Screening Procedure for 21 Amphetamine-Related
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A specific, sensitive, and rapid procedure for the screening of 21
amphetamine-related compounds in urine is developed using solid-
phase microextraction (SPME) and gas chromatography-mass
spectrometry. Very clean extracts are obtained in one step with
SPME using silica fibers coated with a 100-pm
polydimethylsiloxane stationary phase. Temperature, time, pH, and
salt saturation are optimized to obtain consistent extraction. An
excellent chromatographic separation of the underivatized
analytes is obtained with a specially treated nonpolar capillary
column (Supelco PTA-5, 30 m x 0.32-mm i.d., 0.5-pm film
thickness) dedicated to amino compounds. Selected ion
monitoring of three fragments per analyte and one for each of the
three deuterated internal standards elicits a high selectivity and
detection limits between 1 and 50 ng/mL (i.e., low enough to
verify positive results obtained with immunochemical assays). The
method is linear in a narrow range (from the detection limit up to
500 ng/mL) when all the amphetamines are assayed together but
shows a good linearity up to 2000 ng/mL when the molecules are
determined individually. Repeatability is not satisfactory for all
compounds but could probably be improved by strictly controlling
the extraction time (e.g., by automating the whole procedure using
an autosampler). The use of SPME reduces the interference due to
urinary low-volatility organic compounds and avoids the risks
related to the use of organic solvents. To our knowledge, this
technique is the first one allowing the sensitive determination of
such a number of amphetamine analogs.

Introduction

Amphetamines and other phenylalkylamines are powerful
stimulants of the central nervous system, abused both as a
tool by occupational groups and as a mood enhancer by recre-
ational users (1). They increase self-confidence and alertness
and improve physical performance. Although widely prescribed
some years ago as anorexic drugs for the treatment of obesity,
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their pronounced abuse potential has resulted in a drastic re-
duction of their medical use. Chronic abuse of amphetamines
often leads to hallucinations and psychosis as well as to
dysphoria and depression upon withdrawal (1). Therefore, their
detection in biological fluids (above all in urine) is a major
concern in toxicology, but also in occupational medicine, law
enforcement administration, and other fields.

Most immunoassays for amphetamine-related drugs are de-
signed to detect amphetamine and/or methamphetamine.
However, most of these techniques also show significant cross-
reactivity with some ring-substituted amphetamine deriva-
tives, though not with all of them. On the other hand, because
immunoassays are not perfectly specific, positive results must
always be confirmed by a second, more specific method. Col-
orimetric techniques, ultraviolet (UV) and infrared spec-
trophotometric procedures, fluorescence detection, and
thin-layer chromatography have been used for the determina-
tion of amphetamines but are now of historical interest only
(2). Modern developments in chromatography largely su-
perceded these techniques; numerous methods for the deter-
mination of phenylalkylamines in urine have been reported
using high-performance liquid chromatography (HPLC) with
UV (3), fluorescence (4,5), electrochemical (6), or photodiode
array (7) detection or coupled with mass spectrometry (MS)
(8). Gas chromatography (GC) with thermoionic (9), flame-ion-
ization (10), or electron-capture (11) detectors or coupled with
MS has also been used (12-17). Nevertheless, very few of these
techniques were dedicated to a large number of these sub-
stances (5,10,18,19) and could be used as a screening proce-
dure for amphetamine analogs.

The first aim of this study was to design a simple GC-MS
procedure for the determination of a large number of
amphetamine derivatives and related central nervous system
(CNS) stimulants in urine samples, either for forensic
purposes or as a confirmation technique for positive results ob-
tained with immunochemical assays. The second aim was to
take advantage of recent technological outcomes (such as new
capillary columns dedicated to amino compounds or new solid-
phase microextraction [SPME] devices) to make this procedure
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as simple and fast as possible. The use of SPME, which is
simple, easy to automate, and does not require extraction sol-
vents, has been reported for the detection of amphetamines
(20,21), anorectic compounds (22), pesticides (29), and other
drugs (23-28) in urine, but never for the simultaneous deter-
mination of such a number of amphetamine-related com-
pounds.

Experimental

Chemicals and reagents

NaOH, HCI, and K,CO3 were supplied by Prolabo (Paris,
France). HPLC-grade methanol was from Carlo Erba (Milan,
Italy). Pentadeuterated internal standards (ISs) metham-
phetamine-ds, methylenedioxymethamphetamine-d; (MDMA-
ds), and methylenedioxyethylamphetamine-ds (MDEA-ds) were
purchased from Radian (Austin, TX). A mixed stock solution
containing 10 mg/L of each IS was prepared in 0.2M HCI and
kept at 4°C. It was stable for several months. Amphetamine
sulfate, methamphetamine hydrochloride, 3,4-methylene-
dioxyamphetamine hydrochloride (MDA), methylenedioxy-
methamphetamine hydrochloride (MDMA), benzphetamine,
methoxyphenamine, phentermine, 2,5-dimethoxy-4-bro-
moamphetamine (DOB), and 2,5-dimethoxy-4-methylam-
phetamine (DOM) were obtained from Sigma (St. Louis, MO).
Methylephedrine, fencamfamine, and norephedrine were from
Aldrich (Milwaukee, WI). Norfenfluramine hydrochloride and
dexfenfluramine were from Servier (Paris, France). Pseu-
doephedrine was from Glaxo (Valbonne, France). Amfepra-
mone hydrochloride was from Dexo (Nanterre, France).
Mefenorex was from Pierre Fabre (Castres, France). Cloben-
zorex hydrochloride was from Roussel-Uclaff (Paris, France).
Fenproporex was from R.P.R. Pharma Spécialités (Lisieux,
France). Methylphenidate was from Ciba-Geigy (Paris, France),
and methylenedioxyethylamphetamine (MDEA) was from Ra-
dian (Austin, TX). The structure of each analyte is developed in
Figure 1. A 1-g/L stock solution was prepared for each com-
pound by dissolution in methanol and stored at 4°C; they
proved to be stable for several months. Working solutions
were prepared by appropriate dilution in 0.2M HCI, then stored
at 4°C and discarded after one week.

Sample preparation

Extraction was performed with extraction fibers coated with
a 100-um polydimethylsiloxane (PDMS) layer mounted on an
SPME assembly (Supelco, Bellefonte, PA). Such fibers can ei-
ther be plunged in liquid matrices or exposed to a gas. Because
amphetamines are all semivolatile compounds, the second so-
lution was chosen. Their volatilization in the headspace of an
airtight vial was favored by pH adjustment, salt saturation, and
heating of the sample. In a 10-mL vial, 900 pL of urine was
added to 100 pL of the working solution of 21 amphetamines,
100 pL of the IS mixture, and 1 g potassium carbonate. The
vial was rapidly sealed with a silicone septum and an alu-
minum cap. Then 100 pL of 1M NaOH were injected through
the septum. The vial was heated at 80°C for 30 min in an alu-
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minum block heater. During the last 10 min, the metallic
needle of the SPME device, which contained the extraction
fiber, was introduced in the vial through the septum, and the
SPME fiber was exposed in the headspace. Finally, the needle
was removed from the vial and inserted into the heated injec-
tion port of the GC-MS for the desorption step.

GC-MS

A Fisons (Paris, France) GC 800 equipped with a split—
splitless injector was used in combination with a Fisons MD
800 mass selective detector operated in scan or selected ion
monitoring (SIM) modes. Chromatographic separation
was achieved on a PTA-5 fused-silica capillary column (30 m x
0.32-mm i.d., 0.5-pm film thickness [Supelco]). The GC oper-
ating conditions were as follows. The injector was used in the
splitless mode at 200°C; the split opening time was 2 min. The
oven temperature increased from 60 to 120°C at a rate of
30°C/min, then to 210°C at 5°C/min, and finally to 280°C at
30°C/min; this temperature was maintained for 5 min in order
to elute the heaviest contaminants. The transfer line and de-
tector temperature was 280°C. Helium was used as the carrier
gas at a flow rate of 1.3 mL/min. Ionization was performed by
electron impact at 70 eV.

Acquisition was realized in the SIM mode in order to en-
hance sensitivity. Three ions were selected for each compound
(one for quantitation and two for confirmation), and one ion
was selected for each IS. Because the total number of ions was
important, acquisition was parted in four time periods during
which different fragments were monitored: 14 ions for period
1, 12 for period 2, 19 for period 3, and 17 for period 4. A dwell
time of 0.08 s, a span of 0.10 s, and an interchannel delay of
0.020 s were chosen. The whole procedure was controlled by a
microcomputer equipped with MASSLAB software (Fisons
Instruments), which was also devoted to data acquisition and
processing.

Method validation

Detection limits were determined by analyzing decreasing
concentrations of the compounds in urine. The lowest con-
centration was established as that for which all the ions se-
lected for a given compound could be differentiated from the
background. Repeatability was assessed by extraction and de-
termination of five aliquots of 100 ng/mL spiked urine in the
same run. Calibration curves were constructed by spiking
blank urine with the 21 amphetamines in order to obtain 0, 10,
20, 50, 100, 500, and 1000 ng/mL of each. Additionally, lin-
earity was also studied for amphetamine, MDMA, DOM, and
clobenzorex individually over a larger concentration range
(up to 2000 ng/mL).

Results and Discussion

The m/z ratios selected in this study for the SIM mode used
in the GC-MS procedure are given in Table I. Pseudomolecular
ions, when present, were generally of low abundance in the
given experimental conditions. The analytes studied contain
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Figure 1. Chemical structures of the amphetamine-related drugs studied in this work.
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Table 1. Principal Analytical Parameters of the 21 Amphetamine-Related
Compounds Studied

Detection  Repeatability at 100 ng/mlL

Retention  Selected ions* limit {five replicates)
Compound time (min) (m/2) (ng/ml)  (Coefficient of variation [%])
Amphetamine 3.608 65,91,120 50 21.88
Norfenfluramine 3.701 109, 159, 184 10 21.16
Phentermine 3.912 58, 91,134 1 25.81
Methamphetamine 4,075 58,91, 89 10 4.74
Dexfenfluraming 4.613 72,159, 216 10 12.89
Norephedrine 6.416 71,79, 105 50 18.21
Pseudoephedring 6.636 58,71,77 10 6.59
Methoxyphenamine  6.636 58, 65, 91 10 23.22
Methylephedrine 7.077 56, 72,105 50 6.35
MDA 7.945 51,77,136 10 27.98
Amfepramone 8.580 72,77, 100 10 9.61
MDMA 9.119 58,77,135,136 10 4.54
MDEA 10.008 72,77,135,136 10 13.03
Mefenorex 10.135 91,120,122 10 7.70
Fenproporex 10.516 56, 65, 97 10 13.54
DOM 10.896 69, 151, 166 10 113
Fencamfamine 11.992 91,98, 115, 215 10 10.50
Methylphenidate 12323 56, 84,115 10 9.36
DOB 14.187 85, 230, 232 50 24.66
Benzphetamine 16.142 91, 148 10 1.33
Clobenzorex 17.615 91,125,168 10 1.53

* Quantitation ions of each compound are shown in bold.

amino and hydroxyl groups (Figure 1), which
usually require a derivatization when the sep-
aration is to be performed on columns coated
with a “classical” methyl-phenyl silicone
phase for nonpolar compounds; the PTA-5
column, based on a 5% phenyl-95% methy!
silicone bonded phase specially deactivated to
avoid adsorption of polar (in particular,
amino) compounds, was chosen in order to
overcome such a derivatization step in the
sample workup. The total ion chromatogram
of a urine sample spiked with 100 pg/L of
each of the 21 CNS stimulants is presented in
Figure 2. Clean chromatograms were ob-
tained showing thin, symmetric chromato-
graphic peaks, and most drugs were resolved,
except norephedrine and pseudoephedrine
on one hand and fencamfamine and
methylphenidate on the other hand. How-
ever, their peaks were clearly resolved in the
chromatograms reconstructed from their re-
spective selected ions (Figure 3), owing to
distinct m/z ratios. Thus, the incomplete
chromatographic separation did not impair
the correct detection and identification of
the 21 amphetamines. Despite the presence
of numerous biogenic organic compounds at
high concentrations in urine, comparison of
the total ion chromatogram of a blank urine
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Figure 2. Total ion chromatogram of a urine sample extract spiked with 21 CNS stimulants at 1000 pg/L.
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sample with that of the same urine supplemented with the 21
analytes showed only a few peaks from endogenous com-
pounds, none of which interfered with the analytes.

SPME is based on the adsorption of organic compounds on

a stationary phase coating a fine rod of fused silica. Then the .

desorption of the analytes from the polymeric layer is directly
realized into the carrier gas stream of a heated GC injector or
in the mobile phase of an HPLC device. The fiber can be used
repeatedly for many extraction cycles (30). Generally, non-
polar compounds are more likely to be adsorbed on nonpolar
coatings. Selectivity is further gained by the proper choice of
polymeric phase. Four different types of fibers are commer-
cially available: 7-, 30-, and 100-yum PDMS-coated fibers and
65-um PDMS—divinylbenzene-coated fibers. The PDMS fibers
show excellent selectivity for volatile compounds (31) such as
amphetamines (30). Generally, the thicker the SPME phase is,
the higher the capacity for the extracted organics. On the
other hand, the reduction of the film thickness from 100 to 7
um allows the bound phase to be more stable at higher tem-
peratures and elicits the desorption of compounds with higher
boiling points because the diffusion out of the 7-pm coating is
much easier than desorption out of the 100-pum coating (30).
Because 100-pm PDMS fibers were found to be more efficient
for the semivolatile analytes studied herein, the carry-over of

amphetamines from an injection to the following one was
checked by extracting a urine sample spiked with 500 pg/L of
the 21 amphetamines, exposing the fiber in the heated in-
jector for 20 min, then exposing it for another 20 min without
cleaning the fiber of the SPME device. No amphetamines were
found in the second run, confirming that carry-over was com-
pletely prevented by heating the fiber at 200°C for 20 min in
the injection port of the GC, which was done for each injection
thereafter. Because volatilization of compounds from a liquid
matrix depends strongly on some basic parameters such as pH
or salt concentration, repeatable extraction:-recoveries can
only be obtained when these parameters are strictly standard-
ized. They were tested and optimized for the present applica-
tion; the most appropriate pH was obtained with 100 pL of 1M
NaOH (0, 50, 100, and 200 pL of 1M NaOH and 100 pL of 5M
NaOH were tested). The salting-out effect was most effective
using a complete saturation with K,COs5 (1 g in 1 mL). Then
the heating temperature of the headspace vial was set at 60, 70,
and 80°C for 20 min; the best results were obtained for 80°C,
as was also reported in a previous study (32). The suitable
time for exposing the fiber in the headspace above the sample
was found to be 10 min after testing three different times (5,
10, and 20 min).

The detection limit was 10 ng/mL for most of the CNS stim-
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Figure 3. Selected ion chromatograms of each of the 21 amphetamines and related compounds. (A) First time period: amphetamine, norfenfluramine, phen-
termine, methamphetamine, methamphetamine-ds, and dexfenfluramine. (B) Second time period: norephedrine, pseudoephedrine, methoxyphenamine, and
methylephedrine. (C) Third time period: MDA, amfepramone, MDMA, MDEA, mefenorex, fenproporex, and DOM. (D) Fourth time period: fencamfamine,




ulants, except for amphetamine, norephedrine, methyle-
phedrine, and DOB, for which it was 50 ng/mL, and for phen-
termine, for which it was as low as 1 ng/mL (Table I).
Repeatability was not very good, but this may be due to time
variations during the extraction; the heating time at 80°C and
the adsorption time must be perfectly controlled. The full
automation of the extraction process in combination with the
control of the GC system is possible using an autosampler,
which would probably improve these results. The calibration
curves were linear over a restrictive range (from 10 or 50
ng/mL up to 500 ng/mL, depending on the analytes). For con-
centrations exceeding 500 ng/mL, the response deviated from
linearity, probably because of an overloading of the polymeric
phase by high concentrations of 21 analytes and three ISs. In
these restrictive ranges, the correlation coefficients were sat-
isfactory, ranging between 0.902 and 1.000. Methamphetamine,
MDMA, and MDEA gave the best results, probably because
 their respective deuterated analog was used as an IS. This

clearly demonstrates that the use of an IS with close structural
similarity and chemical properties to the analyte of interest can
provide sound analytical results. When amphetamine, MDMA,
DOM, and clobenzorex were analyzed individually, the satura-
tion of the polymeric phase was avoided, and the calibration
curves were linear up to 2000 ng/mL; correlation coefficients
were between 0.939 and 0.965.

SPME, achieved without organic solvents, proved effective
for the extraction of amphetamine-related compounds. Fur-
thermore, only a small sample volume was necessary, and the
fibers could be used repeatedly. SPME eliminated the need for
evaporation steps, which generally decrease the recovery of
these semivolatile compounds, and proved to be relatively in-
sensitive to matrix effects. A large range of linearity could be
obtained for single analytes (which is generally the case in
clinical samples), and repeatability would probably be better if
standard parameters were carefully controlled. In addition,
the use of a specially deactivated capillary column for amino
compounds prevented the usually long, tedious derivatization
step.

A previously published SPME-GC-MS method for the de-
termination of amphetamine and methamphetamine in urine
using the same type of fiber yielded an excellent linearity (up
to 100 ug/mL) and a detection limit of 100 ng/mL for each
(versus 2000 ng/mL with a simple headspace gas sampling, re-
alized in the same conditions) (20). A preliminary report with
little quantitative data showed the applicability of SPME to
MDMA and MDEA at levels higher than 300 ng/mL (21). An-
other published technique using 5 mL of urine, direct injection
of headspace gas, and positive chemical ionization MS yielded
detection limits of 10 ng/mL for the same two amphetamines
(32). The analytical technique presented herein gave detec-
tion limits almost equivalent to the latter but for 21 molecules
simultaneously, using only 1 mL of urine. It also compares
favorably with the previously published procedures for the
simultaneous determination of numerous amphetamine
analogs, which yielded detection limits from 20 to 100 ng/mL
for four amphetamines (18), 4 ng/mL for amphetamine,
and 7 ng/mL for methamphetamine; those of nine other
analogs were not determined (10). Detection limits in the
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200-500 ng/mL range were achieved for seven sympath-
omimetic amines (19); detection limits between 5 and 25
ng/mL were achieved for ephedrine, pseudoephedrine,
norephedrine, amphetamine, methamphetamine, and 3-

. phenylpropanolamine (5); and detection limits of 5-50 ng/mL

were achieved for the qualitative GC-MS identification of MDA,
MDMA, MDEA, MBDB, and related metabolites (33).

Conclusion

To our knowledge, the analytical procedure presented here
is the first one allowing the simultaneous determination of
such a number of amphetamine analogs. It is simple, fast, and
sensitive, even with a low-volume sample. Moreover, it is easy
to automate by use of an autosampler, which would allow more
precision. In our experience, it proved suitable as a confirma-
tion analysis for positive results obtained with immunoassays,
but it is also convenient as a first-line detection technique for
amphetamines and related compounds in urine (e.g., drug-
testing in sports, law enforcement, or forensic toxicology)
when rapid, specific results are required. Lastly, it avoids the
risks linked to the use of organic solvents.

Acknowledgment

This work has been partly presented at the 1996 meeting
of the International Association of Forensic Toxicologists in
Interlaken, Switzerland.

References

1. H. Pickering and G.V. Stimson. Prevalence and demographic
factors of stimulant use. Addiction 89: 1385-89 (1994).

2. K.E. Rasmussen and P. Knutsen. Techniques for the detection and
identification of amphetamines and amphetamine-like substances.
Bull. Narc. 37: 95-112 (1985).

3. T. Noggle, ). DeRuiter, and C. Clark. Liquid chromatographic de-
termination of enantiomeric composition of methamphetamine
prepared from ephedrine and pseudoephedrine. Anal. Chem.
58: 1643-48 (1986).

4, G.Shao, D.S. Wang, F. Wy, S.J. Chen, and X. Luo. Separation and
determination of (I)-ephedrine and (d)-pseudoephedrine in plasma
by high-performance liquid chromatography with fluorescence
detection. J. Liq. Chromatogr. 18: 2133-45 (1995).

5. R. Herraez-Hernandez, P. Campins-Falco, and A. Sevillano-
Cabeza. Determination of amphetamine and related compounds
in urine using an on-line derivatization in octadecyl! silica
columns with 9-fluoromethyl chloroformate and liquid chro-
matography. J. Chromatogr. B 679: 69-78 (1996).

6. K. Shimosato, M. Tomita, and |. ljiri. Rapid determination of p-hy-
droxylated methamphetamine metabolites by column liquid chro-
matography—electrochemistry. J. Chromatogr. B 377: 279-86
(1986). .

7. PR. Puopolo, S.A. Volpicelli, D.M. Johnson, and J.G. Flood.
Emergency toxicology testing (detection, confirmation and quan-
tification) of basic drugs in serum by liquid chromatography with
photodiode array detection. Clin. Chem. 37: 2124-29 (1991).



Journal of Chromatographic Science, Vol. 36, January 1998

8.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

E.D. Lee, J).D. Henion, C.A. Brunner, LW. Wainer, T.D. Doyle, and
J. Gal. High-performance liquid chromatographic chiral stationary
phase separation with filament-on thermospray mass-spectro-
metric identification of the enantiomer contaminant (S)-(+)-
methamphetamine. Anal. Chem. 58: 1349-52 (1986).

. P. Jacob IlI, E. Cotter Tisdale, K. Panganiban, D. Cannon, K.

Zabel, J.E. Mendelson, and R.T. Jones. Gas chromatographic de-
termination of methamphetamine and its metabolite am-
phetamine in human plasma and urine following conversion to
N-propyl derivatives. J. Chromatogr. B 664: 449-57 (1995).

. P.Kintz, A. Tracqui, P. Mangin, A.A.J. Lugnier, and A.J. Chaumont.

A simple gas chromatographic identification and determination of
11 CNS stimulants in biological samples. Application on a fatality
involving phendimetrazine. Forens. Sci. Int. 40: 153-59 (1989).
R. Bruce and W. Maynard. Determination of amphetamine and
related amines in blood by gas chromatography. Anal. Chem. 41:
977-79 (1969).

R.W. Taylor, D.L. Sam, S. Philip, and N.C. Jain. Simultaneous
identification of amphetamine and methamphetamine using solid-
phase extraction and gas chromatography/mass spectrometry. J.
Anal. Toxicol. 13: 293-95 (1989).

H.S. Shin and M. Donike. Stereospecific derivatization of am-
phetamines, phenol alkylamines, and hydroxyamines and quan-
tification of the enantiomers by capillary GC/MS. Anal. Chem. 68:
3015-20 (1996).

R.A. Braithwaite, D.R. Jarvie, P.S.B. Minty, D. Simpson, and B.
Widdop. Screening for drugs of abuse. I: Opiates, amphetamines
and cocaine. Ann. Clin. Biochem. 32: 123-53 (1995).

A. Dasgupta and C. Gardner. Distinguishing amphetamine and
methamphetamine from other interfering sympathomimetic
amines after various fluoro derivatization and analysis by gas
chromatography-chemical ionization mass spectrometry. J.
Forensic Sci. 40: 1077-81 (1995).

R. Melgar and R.C. Kelly. A novel GC/MS derivatization method
for amphetamines. J. Anal. Toxicol. 17: 399-402 (1993).

H.K. Ensslin, K.A. Kovar, and H.H. Maurer. Toxicological detec-
tion of the designer drug 3,4-methylenedioxyethylamphetamine
(MDE, “Eve”) and its metabolites in urine by gas chromatog-
raphy-mass spectrometry and fluorescence polarization im-
munoassay. J. Chromatogr. B 683:189-97 (1996).

K. Slais, M.W.F. Nielen, U.A. Brinkman, and R.W. Frei. Screening
of amphetamines by gradient microbore liquid chromatography
and pre-column technology. J. Chromatogr. 393: 57-68 (1987).

. A. Franceschini, J.M. Duthel, and J.J. Vallon. Use of gas chro-

matography-mass spectrometry for urinary sympathomimetic
amine detection in anti-doping control. J. Chromatogr. 541:
109-20 (1991).

M. Yashiki, T. Kojima, T. Miyazaki, N. Nagasawa, Y. Iwasaki,
and K. Hara. Detection of amphetamines in urine using
headspace-solid phase microextraction and chemical ionization
selected ion monitoring. Forens. Sci. Int. 76: 169-77 (1995).

F. Centini, A. Masti, and 1. Barni Comparini. Quantitative and

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

qualitative analysis of MDMA, MDEA, MA and amphetamine in
urine by headspace/solid phase micro-extraction (SPME) and

- GC/MS. Forensic Sci. Int. 83: 161-66 (1996).

M. Chiaratti, S. Strano-Rossi, and R. Marsili. Solid-phase mi-
croextraction (SPME) and gas chromatographic analysis of
anorectic compounds in human urine. J. Chromatogr. A 771:
181-89 (1997).

H. Seno, T. Kumazawa, A. Ishii, M. Nishikawa, K. Watanabe, H.
Hideki, and O. Suzuki. Determination of some carbamate pesti-
cides in human body fluids by headspace solid phase microex-
traction and gas chromatography. Jpn. J. Forensic Toxicol. 14:
199-203 (1996).

A. Ishii, H. Seno, T. Kumazawa, K. Watanabe, H. Hattori, and O.
Suzuki. Simple extraction of phencyclidine from human body
fluids by headspace solid-phase microextraction (SPME). Chro-
matographia 43: 331-33 (1996).

F. Degel. Comparison of new solid-phase extraction methods for
chromatographic identification of drugs in clinical toxicological
analysis. Clin. Biochem. 29: 529-40 (1996).

X.P. Lee, T. Kumazawa, K. Sato, and O. Suzuki. Detection of tri-
cyclic antidepressants in whole blood by headspace solid-phase
microextraction and capillary gas chromatography. J. Chromatogr.
Sci. 35: 302-308 (1997).

M. Krogh, H. Grefslie, and K.E. Rasmussen. Solvent-modified
solid-phase microextraction for the determination of diazepam in
human plasma samples by capillary gas chromatography. J. Chro-
matogr. B 689: 357-64 (1997).

B.J. Hall and J.S. Brodbelt. Determination of barbiturates by solid-
phase microextraction (SPME) and ion trap gas chromatog-
raphy—mass spectrometry. J. Chromatogr. A 777: 275-82 (1997).
H. Seno, T. Kumazawa, A. Ishii, K. Watanabe, H. Hattori, and O.
Suzuki. Detection of benzodiazepines in human urine by direct
immersion solid phase microextraction and gas chromatography.
Jpn. J. Forensic Toxicol. 15: 16-20 (1997).

R. Eisert and K. Levsen. Solid-phase microextraction coupled to
gas chromatography: A new method for the analysis of organics
in water. J. Chromatogr. 733: 143-57 (1996).

V. Ferreira, M. Sharman, ).F. Cacho, and }. Dennis. New and ef-
ficient microextraction/solid-phase extraction method for the gas
chromatographic analysis of wine volatiles. J. Chromatogr. 731:
247-59 (1996).

H. Tsuchihashi, K. Najima, S. Suzuki, K. Shiomi, and S. Takahashi.
Determination of methamphetamine and amphetamine in urine
by headspace gas chromatography/mass spectrometry. Anal. Sci.
7:19-22 (1991).

H.H. Maurer. On the metabolism and the toxicological analysis
of methylenedioxyphenylalkylamine designer drugs by gas chro-
matography-mass spectrometry. Ther. Drug Monit. 18: 465-70
(1996).

Manuscript accepted September 23, 1997.



