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bstract

A two-step auto-injector has been developed for the automated on-column derivatization and subsequent GC–MS of amine-type drugs and
etabolites. To effectively derivatize such analytes, this injector has been designed to inject the derivatization reagent several seconds after the sample

as been injected. Eleven kinds of amphetamine-type stimulants (ATS) and their typical metabolites were examined, using the trifluoroacetylation

eagent N-methyl bis(trifluoroacetamide) (MBTFA). Although the quantitative derivatization of the hydroxyl groups was difficult, this technique was
uccessfully applied to the determination of ATS in urine, blood, and hair specimens. The detection limits of methamphetamine and amphetamine
n hair were 0.2 and 0.1 ng/mg hair, respectively, in the full-scan mode, when a 10 mg hair sample is analyzed.
 2008 Elsevier B.V. All rights reserved.
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. Introduction

Amphetamine-type stimulants (ATS), such as metham-
hetamine (MA), have been the most prevalent illicit drugs in
any countries and regions, and are becoming more serious

roblems throughout the world [1,2]. In the analysis of such
mine-type drugs and metabolites, the confirmation is usually
arried out by GC–MS after perfluoroacylation to enhance sen-
itivity and specificity. However, manual sample preparation,
hich is often time-consuming, is necessary in conventional
erivatization, for instance, with trifluoroacetyl (TFA) anhydride
TFAA) [3–5].

As an alternative for TFAA, N-methyl bis(trifluoroacetamide)
MBTFA) is available for trifluoroacylating primary and sec-
ndary amines, and the hydroxyl group under mild non-acidic

onditions [6]. To cope with a large number of samples, we have
sed MBTFA as an on-column derivatization reagent, which
llows the injection of an easy-to-prepare free-base ATS extract,

∗ Corresponding author. Tel.: +81 6 6268 1234x574; fax: +81 6 6271 8066.
E-mail address: miki.akihiro@gmail.com (A. Miki).
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nd its instant trifluoroacetylation, without any tedious manual
andling [7,8]. This derivatization method, especially in combi-
ation with the headspace technique, provides significant time
avings in the GC–MS determination of ATS in urine [7,9].
lthough no paper has described the use of MBTFA for the
n-column derivatization of drugs in hair, Hidvegi et al. [10]
ecently reported its use for the on-column derivatization of ATS
n serum.

For quantitatively derivatizing ATS, however, MBTFA
hould be injected several seconds after the sample has been
njected, using a separate syringe, especially for quantitatively
erivatizing less reactive N-alkylated ATS [4,5,7,8]. This is
ecause the derivatization occurs most effectively on the sep-
ration column when the flow of MBTFA overtakes those of
ree-form ATS analytes, near the inlet of the column [7,11].
hus, this technique is convenient, but its automation has

emained a major challenge.
In order to achieve the automation of this technique, the
uthors have invented and developed a two-step auto-injector
hat first suctions MBTFA, and then the sample, followed by
eparately injecting the sample, and finally MBTFA, after an
nterval of several seconds [11]. Eleven kinds of ATS and their

mailto:miki.akihiro@gmail.com
dx.doi.org/10.1016/j.jchromb.2008.01.051
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etabolites were examined as model analytes. This technique
as successfully applied to the determination of ATS in urine,
lood, as well as to ATS in hair, which is among the most difficult
f analytical subjects [12].

. Experimental

.1. Chemicals and reagents

d-MA hydrochloride and dl-amphetamine (AP) sulfate
ere purchased from Dainippon Pharmaceutical (Osaka,

apan) and Takeda Pharmaceutical Industries (Osaka, Japan),
espectively. Hydrochloride salts of dl-p-hydroxyamphetamine
p-OH-AP) and dl-p-hydroxymethamphetamine (p-OH-MA)
ere synthesized according to the method of Buzas and
ufour [13]. d-Dimethylamphetamine hydrochloride was

ynthesized according to the method of Inoue and Suzuki
14]. Hydrochloride salts of 3,4-methylenedioxyamphetamine
MDA), 3,4-methylenedioxymethamphetamine (MDMA), and
,4-methylenedioxyethylamphetamine (MDEA) were provided
y Japan’s ministry of health, welfare, and labor. Hydrochloride
alts of N-methyl-1-(3,4-methylenedioxyphenyl)-2-butanamine
MBDB) and (3,4-methylenedioxyphenyl)-2-butanamine
BDB) were synthesized according to the method of Shulgin
nd Shulgin [15]. Hydrochloride salts of d-ephedrine (Ep),
l-methylephedrine (MEp), and dl-norephedrine (NEp) were
btained from Alps Yakuhin (Gifu, Japan), Kansai Yakuhin
Osaka, Japan), and Tokyo Kasei (Tokyo, Japan), respectively.
tock standard solutions containing these compounds at
.0 mg/mL each were prepared in water, and was diluted and/or
piked into drug-free biological samples or hair extracts at
nown concentrations.

MBTFA (derivatization reagent grade) and diphenylmethane
DPM) (analytical grade), used as an internal standard (I.S.),
ere purchased from Wako Pure Chemical Industries (Osaka,

apan). All organic and inorganic reagents used were of analyt-
cal grade or better quality. Deionized, distilled water was used
hroughout the experiments.

.2. Sample preparation

.2.1. Urine
To a 0.75 mL urine sample was added 0.4 mL of concentrated

arbonate buffer (1.0 M, pH 10) and 1.0 mL of ethyl acetate
ontaining diphenylmethane (I.S.) at 3.0 �g/mL. The mixture
as vigorously stirred for 2 min. After layer separation, the
rganic layer was separated into a vial containing 0.25 g of anhy-
rous sodium sulfate. An automated sample pretreatment system
TLAS mini-arm (Shimadzu, Kyoto, Japan) was utilized to per-

orm the sample processing. The extract obtained was analyzed
y GC–MS with on-column trifluoroacetylation, as described
elow.
.2.2. Blood
A 200 �L whole blood sample was diluted with 1.0 mL of

.05 M phosphate buffer (pH 6.8), and this was applied onto a
ond Elut SCX cartridge (3 mL capacity; Varian, Harbor City,

i
q

d

. B  865 (2008) 25–32

A) that had been preconditioned with methanol–HCl (240:1;
mL), methanol (3 mL), and water (10 mL). After washing the
artridge with ethanol–water (1:1, 10 mL), the cartridge was
ried in vacuum for 5 min, and the analytes were eluted with 28%
mmonia–methanol (1:20, 3 mL). The eluate was then evapo-
ated to approximately 150 �L under a gentle stream of nitrogen
t room temperature. After adding 100 �L of ethyl acetate con-
aining diphenylmethane (I.S.) at 1.0 �g/mL, the sample was
ehydrated with 0.2 g of anhydrous sodium sulfate, and was
eparated into a microvial for GC–MS.

.2.3. Hair
A hair specimen (10 mg, cut into lengths of 2–3 mm) was

ashed, and ATS incorporated in hair were extracted into 1 mL
f methanol–5 M HCl (20:1, v/v) solution, according to our pre-
iously reported method [16]. The extract was reconstituted in
.0 mL of 0.05 M phosphate buffer (pH 6.8), and was purified in a
imilar manner as in the case of blood (a 1-mL capacity cartridge
as used and the volumes of solvents were halved). After adding
00 �L of ethyl acetate containing diphenylmethane (I.S.) at
.0 �g/mL, the sample was dehydrated with 0.15 g of anhydrous
odium sulfate, and was separated into a microvial for GC–MS.
piked hair samples used for the validation of the present method
ere prepared in the same manner from 10-mg drug-free hair

amples, by adding known amounts of MA and AP during the
oaking extraction in the methanol–5 M HCl solution.

.3. GC–MS

GC–MS was performed on a Shimadzu GCMS-QP-2010 gas
hromatograph equipped with a quadrupole mass spectrometer
Shimadzu, Kyoto, Japan). Confirmation and quantitation were
onducted in the full-scan and selected ion monitoring (SIM)
odes, respectively with electron-impact ionization (70 eV). A
himadzu AOC-20i auto-injector, which was adapted by replac-

ng its ROM with a specially developed one based on the
uthors’ invention, was used for the two-step injection of the
ample and the derivatization reagent, as well as for the sin-
le injection of the sample (This ROM is currently available
pon request to Shimadzu.). A DB-5MS or a DB-1MS capillary
olumn (30 m × 0.32 mm i.d., 0.25 �m film thickness; J&W Sci-
ntific, Folsom, CA) was used with helium as the carrier gas at
flow-rate of 3.0 mL/min and a split ratio of 3 (for hair and

lood) or 5 (for urine and diluted standard samples). Typical
peration conditions were as follows: injection port temper-
ture, 230 ◦C; initial column temperature, 120 ◦C (140 ◦C for
DMA analogs), ramped to 170 ◦C at 15 ◦C/min, and ramped

t 30 ◦C/min to 250 ◦C; interface temperature, 250 ◦C. The cali-
ration curves for MA and AM were constructed by calculating
he peak area ratios of target ions at m/z 154 for MA, m/z 140
or AM against m/z 168 for I.S. (diphenylmethane). The limit
f detection was determined based on the detection limits of
he above-mentioned target ion and at least two other qualifier

ons on each mass chromatogram at S/N = 3, with the ratios of
ualifier ions to the target ion, lying within 20% of the standard.

For additional analyses of the TFA derivative of MEp, tan-
em GC–MS (GC–MS/MS) were performed on a Varian Saturn
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100T iontrap GC–MS/MS system (collision gas, He; excitation
mplitude, 59 V), in addition to GC–MS with chemical ioniza-
ion (CI), using the Shimadzu GCMS-QP-2010 system (reagent
as, isobutane, 0.2 kg/cm2).

.4. On-column derivatization

The on-column trifluoroacetylation was performed by auto-
atically injecting 1 �L of MBTFA 3 s after the sample

njection. The mechanisms of the two-step injector and on-
olumn trifluoroacetylation are described in the subsequent
ection. The operation parameter settings were as follows: the
mount of MBTFA, typically 1 �L; that of the sample solution,
�L for urine and blood extracts, 2 �L for hair extracts; the
ir gap, 4 �L; the injection speed of MBTFA, 10 �L/s; and the
nterval between the injections of the sample and MBTFA, 3 s.

The yields of TFA derivatives were basically calculated by
omparing their amounts with those prepared by the ordinary
ethod using TFAA. However, the yield of mono-N-TFA deriva-

ive of ATS possessing a hydroxyl group, which cannot be
repared by using TFAA, was estimated by comparing its peak
rea with that of bis-N,O-TFA derivative obtained by the ordi-
ary method using TFAA, on the total ion chromatogram.

. Results and discussion

.1. Mechanism of the two-step injector and on-column
rifluoroacetylation

Fig. 1 illustrates the mechanism of on-column trifluoroacety-
ation using the two-step injector. The injector is equipped with
micro-syringe that is to inject both the sample solution and the
erivatization reagent. First, the derivatization reagent is suc-

ioned into the syringe, followed by air (creating an air gap to
eparate the sample from the derivatization reagent), next the
ample, and finally 1 �L of air, so that the sample is positioned
loser to the needle than the derivatization reagent. The use of a

t

g
t

Fig. 1. Mechanism of on-column trifluoroacetylati
r. B  865 (2008) 25–32 27

as-tight syringe was effective to minimize cross-contamination
f the sample and the derivatization reagent in their injections.
fter the sample has been injected into the instrument, the
erivatization reagent MBTFA is injected when a predetermined
eriod of time has elapsed. To optimize the performance of the
njector, settings may be made according to the following opera-
ion parameters: the amount of derivatization reagent suctioned,
hat of the sample solution, the air gap, the injection speed of the
erivatization reagent, and the interval between the injections of
he sample and the reagent.

When the vaporized sample enters the column, the target ana-
yte is retained on the inner wall of the column over an area
lose to the injection port, while the solvent is carried away
aster. After this stage has been reached, the vaporized derivati-
ation reagent flows into the column and comes in contact with
he bands of analytes adsorbed over a certain area, thereby effi-
iently derivatizing the analytes at a certain column temperature
typically 120 ◦C).

.2. Identification of derivatives with on-column
rifluoroacetylation

The products from the on-column trifluoroacetylation with
BTFA of 11 kinds of ATS were investigated by GC–MS at

n initial column temperature of 120 ◦C. Primary and secondary
mine-type ATS without a hydroxyl group gave the same TFA
erivatives as with the ordinary reagent TFAA. Among ATS
ossessing the hydroxyl group, NEp, Ep, p-OH-AP, and p-OH-
A, all of which have two reactive sites for trifluoroacetylation,

redominantly gave an atypical mono-N-TFA derivative, though
FAA gives a common bis-N,O-TFA derivative. The mono-O-
FA derivative was predominantly detected for MEp as detailed
elow. The electron-impact mass spectra of such atypical deriva-

ives and that of MEp are shown in Fig. 2.

Free-form ATS, especially those possessing a hydroxyl
roup, provide a less abundant peak with gross tailing, due to
heir adsorption onto the flow line, which makes their determi-

on using the two-step injector and MBTFA.
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Fig. 2. Electron-impact mass spectra of atypical trifluoroacetyl derivat

ation impractical without derivatization. Although the present
n-column method does not provide satisfactory derivatiza-
ion yields of the hydroxyl group, the peaks of corresponding

ono-N-TFA derivatives are as sharp as those of their typical
is-N,O-TFA derivatives, which allow their determination with
uch better precision and specificity than without derivatization.

.3. Effects of column temperature

Because the on-column derivatization reactions occur in the

olumn under the present experimental conditions, the effects of
nitial column temperature (reaction temperature) on the triflu-
roacetylation of various types of ATS were investigated. Fig. 3
hows the changes in the derivatization yields, measured at a

ig. 3. Effects of initial column temperature on the derivatization yields of
arious ATS. The yields plotted were the averages for triplicate measurements
f a chloroform solution containing all ot the analytes at 10 �g/mL each, as their
ree base.
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f ATS possessing the hydroxyl group, detected in the present method.

oncentration of 10 �g/mL each. The yields were calculated by
omparing their amounts with those prepared by the ordinary
ethod using TFAA which is known to quantitatively deriva-

ize both the amino and hydroxyl moieties of ATS, as detailed
n Section 2. As shown in Fig. 3, the derivatization yields gen-
rally increased as the initial column temperature was raised.
he highly reactive, primary amine-type ATS (i.e., AP and
DA) were semiquantitatively trifluoroacetylated (with yields

f 90% or better), even at 80–100 ◦C. MA and MDMA, which
re lesser reactive secondary amine-type ATS, were semiquan-
itatively derivatized at 120–140 ◦C. The derivatization yields
f p-OH-AP remained lower than 40% by the present method.
or Ep, although the mono-N-TFA derivative was predominant
73%), the bis-TFA derivative (6%) and free EP (18%) were also
etected at an initial column temperature of 120 ◦C. For MEp,
hile a trace amount of free-form MEp was detected, the O-TFA
erivative was predominantly detected at 140 ◦C or higher.

A relatively high initial column temperature of 140 ◦C pro-
ided satisfactory derivatization yields of various types of ATS
ested here by the on-column method. However, owing to the
old-on-trap effect, a lower initial column temperature, pro-
ides better peak shapes and separations, especially for volatile
TS such as AP and MA. In fact, slight peak deteriorations
ere observed for MA and AP when the initial temperature
as set at 140 ◦C. Based on the above-mentioned results, it
as concluded that the initial column temperature should be

et at 120 ◦C for simple ATS, including AP, MA, and DMA (not
erivatized), as well as for screening purposes; while 140 ◦C

as optimal when the main targets are MDMA analogs and

phedrines. Fig. 4 shows the mass chromatograms of 11 ATS
ith on-column derivatization using MBTFA, where the initial

olumn temperature was set at 120 ◦C.
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ig. 4. Mass chromatograms of eleven ATS at 10 �g/mL each with on-column
rifluoroacetylation using MBTFA. GC conditions: DB-5MS (0.32 mm × 30 m,
.d., 0.25 �m), 120 ◦C (3 min) to 200 ◦C (+10 ◦C/min).

.4. Isomerization of the TFA derivative of MEp

In the ordinary GC–MS of the TFA derivative of MEp pre-
ared with TFAA, a pair of characteristic peaks (having m/z 134
nd 72, respectively, as their base fragment ions) with a broad
tailing” between the peaks, having m/z 134 as its base fragment
on, usually appear, as shown in Fig. 5. The former peak (having
/z 134) was most probably produced from the thermal isomer-

zation of MEp–TFA, mainly at the injection port and slightly
n the column, which makes the GC–MS determination of MEp
roblematic. However, the present on-column method was found
o considerably reduce such isomerization, and only above-

entioned slight peak “leading” (due to the unavoidable thermal
somerization in its passage through the column and interface),
as observed. Thus, the present on-column method was found
o provide more a precise yet convenient GC–MS determina-
ion of MEp. This also demonstrates that derivatization by the
resent method occurs mainly in the column (120–140 ◦C) close
o the injection port, instead of at the injection port (230 ◦C). The

o
a
d
o

ig. 5. Comparison of on-column trifluoroacetylation using MBTFA (A) with conventi
f methylephedrine. GC conditions: DB-5MS (0.32 mm × 30 m, i.d., 0.25 �m), 120 ◦
r. B  865 (2008) 25–32 29

tructure of the isomer was also investigated using GC–MS with
hemical ionization and GC–MS/MS. As a result, its molecu-
ar weight was confirmed to be 275 (the same as MEp–TFA),
nd the base peak observed at m/z 134 was presumably due to
6H5–CH2–CH N•+ HCH3 or C6H5–CH N•+ (CH3)2, though

he isomer’s structure and its fragmentation could not be clar-
fied. No such isomerization was observed for the other ATS
ested here.

.5. Optimization of injector operation parameters

When less reactive ATS and MBTFA are simultaneously
njected using an ordinary injector, a certain amount of under-
vatized analyte is often detected. Fig. 6 shows GC–MS with
n-column derivatization of MDMA and MDA using an ordi-
ary injector and the present two-step injector. When an ordinary
njector was employed and MBTFA was simultaneously injected
ith the sample, a substantial amount of underivatized MDMA

emained, as shown in Fig. 6A. In addition to its lower reactiv-
ty, this would be primarily due to its much longer retention time
han that of MBTFA, and thus MBTFA is carried away much
aster than MDMA. However, the use of the two-step injector
as made its semiquantitative (≥90%) derivatization possible
Fig. 6B).

In the on-column derivatization with MBTFA of lesser reac-
ive MDEA, considerable amount of free-form MDEA was often
etected when the reagent was somewhat deteriorated during
torage (for example, when the ampoule of the reagent was
pened 2 weeks before . . .). This was probably because of the
tereo effects of the more bulky ethyl group at the nitrogen atom,
nd the lower reactivity due to the ethyl group. To improve the
erivatization yields of less reactive MDMA analogs, the follow-
ng injector operation parameters were optimized: the amount

f MBTFA, that of sample solution, that of the air gap that sep-
rates the reagent and the sample, the injection speed of the
erivatization reagent, and the interval between the injections
f the sample and the reagent. As a result of the experiments,

onal one using trifluoroacetyl anhydride (B) isomerization of the TFA derivative
C (3 min) to 200 ◦C (+10 ◦C/min).
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ig. 6. Comparison of the on-column trifluoroacetylation of ATS using the two
0.32 mm × 30 m, i.d., 0.25 �m), 120–170 ◦C (+15 ◦C/min) to 250 ◦C (+30 ◦C/m

he injection of 1 �L MBTFA was found to be enough for most
TS, except for MDEA which needs 2 �L MBTFA for its semi-
uantitative derivatization. The optimal injection speed of the
erivatization reagent and the interval between the injections of
he sample and MBTFA were 10 �L/s and 3 s, respectively. Also,
he optimal volume of the air gap was 4 �L. Fig. 7 shows the

ass chromatograms of MDMA analogs, with on-column triflu-
roacetylation by using the two-step injector and the optimized
onditions settings.

.6. Validation
The present GC–MS procedure with on-column trifluo-
oacetylation using the two-step injector was evaluated for
piked hair extract samples, containing MA and its metabolite

f
a
s
t

ig. 7. Mass chromatograms of MDMA analogs with on-column trifluoroacetylatio
.25 �m), 140 ◦C (1 min) to 200 ◦C (+10 ◦C/min).
injector (A) with that using an ordinary injector (B). GC conditions: DB-5MS

P at known concentrations. Table 1 summarizes the validation
ata. The detection limits of MA and AP spiked into drug-free
air extracts were 0.2 and 0.1 ng/mg hair, respectively, in the
ull-scan mode, when a 10 mg hair sample is used. In the foren-
ic analysis of ATS in hair, a cutoff concentration of 0.5 ng/mg
s generally accepted [17]. Also, an administrative cutoff of
.0 ng/mg hair for the parent drug MA was proposed by Miki
t al. [5,12], and is adopted in the Forensic Science Laborato-
ies of Japan’s police when the results are to be used as legal
vidence for prosecuting illicit drug use. Thus, the satisfactory
nalytical performance of the present method was ensured even

or the analysis of hair, which is among the most difficult of
nalytical subjects. Fig. 8 shows the GC–MS of MA and AP
piked into a drug-free hair extract, with automated on-column
rifluoroacetylation.

n using the two-step injector. GC conditions: DB-5MS (0.32 mm × 30 m, i.d.,
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Table 1
Validation data of the present GC–MS procedure for APs in hair with on-column
trifluoroacetylation using the two-step injectora

Amphetamine (AP) Methamphetamine (MA)

Recoveryb,c 95% 93%
Derivatization yieldb,c,d 100% 95%

Calibration graph
Linear range 0.1–10 ng/mg hair 0.2–30 ng/mg hair
Correlation of coefficiency r2 = 0.995 r2 = 0.983

Limits of detection
SIM mode 0.05 ng/mg hair 0.1 ng/mg hair
Full-scan mode 0.1 ng/mg hair 0.2 ng/mg hair

Accuracy (%) (n = 5)b 101.2 98.1

Precisionb

Within assay (n = 8) 3.2% 4.6%
Inter-assay (n = 8) 4.5% 5.7%

a Evaluated by using 10-mg hair samples spiked with known amounts of AP
and MA during the extraction process.

b Evaluated at 2 ng/mg hair for AP, and 10 ng/mg hair for MA.
c Average of five samples prepared separately.
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d Derivatization yields by on-column trifluoroacetylation using MBTFA,
ompared with those by conventional trifluoroacetylation using trifluoroacetyl
nhydride.

.7. Application to ATS in urine and blood samples

The present method was also applicable for the determina-
ion of ATS in urine and blood extracts. The detection limits
f MA, AP, MDMA, and MDA in the full-scan mode were
.1, 0.05, 0.2, and 0.1 �g/mL, respectively, for urine, and 0.05,
.01, 0.1, and 0.02 �g/mL, respectively, for blood, when the
resent GC–MS method was applied to the sample extracts

repared as described in Section 2. The recoveries (the ratio
f the derivative detected to the analyte spiked into the sam-
le) of MA, AP, MDMA, and MDA were 94%, 97%, 92%,
nd 95%, respectively, for urine at 5 �g/mL each, and 89%,

t
c
p
o

ig. 8. GC–MS of MA and AP spiked into a hair extract, with automated on-column
20–170 ◦C (+15 ◦C/min) to 280 ◦C (+30 ◦C/min).
r. B  865 (2008) 25–32 31

1%, 86%, and 89%, respectively, for whole blood at 1 �g/mL
ach.

Typical GC–MS results for urine specimens from two drug
sers (without the hydrolysis of conjugated metabolites) are
hown in Fig. 9. Although its derivatization yield was esti-
ated to remain at about 60%, HMMA, a specific metabolite

f MDMA, was detectable, in addition to the parent drug
DMA, and its N-demethylated metabolite MDA. Fig. 10

hows GC–MS chromatograms obtained from a whole blood
ample spiked with MA and AP at 1.0 and 0.1 �g/mL, respec-
ively.

.8. Advantages of the on-column trifluoroacetylation using
he newly developed two-step injector

Under the present experiment conditions, the derivatization
eactions take place within the column. This eliminates the
edious work of manually performing the derivatization process
n the sample, thereby significantly improving the efficiency
nd throughput of the analysis. Also, the operator can avoid
he health hazards of the derivatization reagent, which are usu-
lly harmful. In conventional trifluoroacetylation using TFAA,
xcess reagent and its by-product, which are detrimental to col-
mn lifetime due to their strong acidity, should be evaporated
efore analysis. However, no negative effects have been noticed
n daily and frequent use of MBTFA (about 40 injections of
-�L MBTFA per day at a split ratio of 3 or 5, for 16 years),
wing to the neutral properties of MBTFA and its acylamide
y-product. With respect to the hardware construction, the sam-
le injector invented is identical to conventional ones, and it did
ot require any additional hardware components for the deriva-

ization process. Therefore, it could be constructed as small as
onventional ones with the corresponding minimum increase in
roduction costs for replacing the ROM with a newly developed
ne.

trifluoroacetylation. GC conditions: DB-1MS (0.32 mm × 30 m, i.d., 0.25 �m),
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Fig. 9. GC–MS chromatograms obtained from urine specimens from two ATS users
trifluoroacetylation. GC conditions: DB-1MS (0.32 mm × 30 m, i.d., 0.25 �m), 120–1

Fig. 10. GC–MS chromatograms obtained from whole blood spiked with
methamphetamine and amphetamine at 1.0 and 0.1 �g/mL each. GC condi-
tions: DB-5MS (0.32 mm × 30 m, i.d., 0.25 �m), 120–170 ◦C (+15 ◦C/min) to
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[
[15] A. Shulgin, A. Shulgin, PiHKAL A Chemical Love Story, Transform Press,

Berkeley, CA, 1991, p. 698 and p. 778.
[16] A. Miki, T. Keller, P. Regenscheit, R. Dirnhofer, M. Tatsuno, M. Katagi,
50 ◦C (+30 ◦C/min).

. Conclusion

By the use of the newly developed two-step injector, the
ully automated GC–MS determination with on-column tri-
uoroacetylation of ATS extracted from various biological
amples has become possible. The two-step injector will serve
s a useful tool in laboratories which analyze a number of
amples for amine-type drugs and metabolites, such as ATS,
hich have become the most prevalent illicit drugs in many

ountries and regions. The application to other drugs and deriva-

ization reagents, such as N-methyl-bis(heptafluorobutyramide)
MBHFBA), is under investigation. [
(without the hydrolysis of conjugated metabolites), with automated on-column
70 ◦C (+15 ◦C/min) to 250 ◦C (+30 ◦C/min).
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