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ABSTRACT
With the aid of gas chromatography-mass spectrometry (GC-MS), a systematical and analytical evaluation method called
Taguchi’s quality engineering has been applied to the in-situ supercritical fluid extraction (SFE) and chemical derivatization (ChD)
of amphetamines from water to afford the optimal experimental conditions and hence achieved the highest recoveries of the analytes
(as their trifluoroacetyl derivatives) and the best robustness of the quatitation out of the least number of experimental runs. The optimal levels thus determined for the four influential factors are: pressure, 4000 psi; temperature, 90˚C; time for static SFE, 5 min;
amount of TFA (ChD agent), 100 µL. Also, the mean recoveries achieved by simultaneous SFE-ChD, i.e., 95% (rsd = 3.8%) for AP
and 89% (rsd = 4.0%) for MA, are significantly better than the corresponding overall recoveries obtained upon stepwise SFE-ChD,
suggesting the unreacted TFA in the former procedure has strengthened the extracting power of CO2 fluid as has been evidenced by
a control test. The success of this study has significantly strengthened the base and broadened the usefulness of both simultaneous
SFE-ChD and Taguchi’s method.
Keywords: Drug urinalysis, Taguchi’s method, Supercritical fluid extraction, Chemical derivatization, Amphetamine,
Methamphetamine

Introduction
The first idea of a “design of experiments” may be
traced back to the 1920s when R.A. Fisher proposed a
systematical and analytical approach to optimize his
experimental conditions [1]. Since then all of the major
enterprises in the world have paid most of their attention
to the issue of quality control. Having kicked off its
development in 1949, Taguchi’s method, also known as
Taguchi’s quality engineering, earned its worldwide reputation mostly during 1980-82, at which time Dr.
Taguchi worked for quite a few enterprises in Japan and
the States including the AT & T Bell Laboratory as a visiting consultant [2,3]. To date, Taguchi’s method has
been one of the two most effective tools for improving
quality, with the other being ISO-9000.
Compared to traditional or the American way of
quality control, which places most of the emphasis on the
so-called “system design” (USA, 70% vs. Japan, 40%),
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Taguchi’s or the Japanese method while paying comparable attention to “tolerance design” (USA, 28% vs. Japan,
20%) lays considerably greater stress on “parameter
design” (USA, 2% vs. Japan, 40% : ) [4]. This overturning strategy of Taguchi’s method will not only keep a
product’s external specifications at a potential level but
also significantly enhance its reliability, manufacturability, and broad-sense value. For a specific experiment or
series of experiments whose quality or efficiency is of
concern, Taguchi’s parameter design usually starts with
the recognition of so-called prominent or influential factors followed by a systematic evaluation based on an
orthogonal table and a few response tables so as to afford
the optimal yet simple experimental conditions and
achieve the highest economy yet strongest robustness of
the products as well as its manufacturing process.
Meanwhile, Taguchi’s tolerance design is usually conducted with the aid of an ANOVA, i.e., analysis of variance, while keeping quality and cost in balance.
Taguchi’s quality control is particularly well suited
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for those cases in which there exist considerable interactions among the influential factors. In this paper we shall
take simultaneous supercritical fluid extraction and
chemical derivatization (SFE-ChD) as an example. So
far as SFE is concerned, over the past decade there has
been a tremendous increase in the use of it as a sample
preparation method. Its simplicity, speed, high selectivity, high efficiency, low cost, solvent saving, and being
non-toxic have made this technique highly acclaimed for
the recovery of drugs [5-14], explosives [15], pesticides
[16-18], polychlorobiphenyls and dioxins [19-23], caffeine [24], fire accelerants [25,26], and many other
organic and organomettallic compounds [27-31] from a
variety of matrices, both biological and non-biological,
and both solid and liquid. In a recent publication, we further reported the simultaneous processing of SFE and
ChD for the gas chromatographic-mass spectrometric
(GC-MS) determination of amphetamine and methamphetamine in urine, with the analytes being originally in
their ionic forms [32]. In order to achieve an immunity
to a wide variety of chemical and physical interferences
and to improve the quantitative analytical quality, isotope-dilution method was employed in that study.
Namely, known amounts of d8-labeled internal standards
(I.S.s) were routinely added to the urine sample prior to
performing the one-pot SFE-ChD. Nevertheless, since a
forensic drug urinalysis of unquestionable quality relies
on a sound sample pretreatment, an effective GC-MS
analytical methodology, and a critical data evaluation
process, the important role of the combined SFE-ChD
with respect to its actual efficiency in the overall analytical scheme cannot be over-emphasized. Therefore, our
previous simultaneous-SFE-ChD study was started with
the optimization of its experimental conditions, which
would be best realized by employing Taguchi’s method
and reported separately in the present paper.

Experimental
Materials
Racemic d,l-amphetamine sulfate (AP • H2SO4) and
d,l-methamphetamine hydrochloride (MA • HCl) both in
methanol were purchased from Sigma Chemical Co.,
USA; ammonium hydroxide (28.0-30.0%) from J.T.
Baker Inc., USA; trifluoroacetic anhydride (TFA) from
Ferak Berlin Co., Germany; ethyl acetate (EA) from
Fisher Chemical, USA; liquid carbon dioxide from Scott
Specialty Gases, Inc., USA; celite from ISCO Co., USA;
glass beads from LMS Co., Germany. All of the above
agents/materials were directly used without further
purification.
Trifluoroacetylamphetamine (AP-TFA) and trifluoroacetylmethamphetamine (MA-TFA) were used as the
I.S.s for the calculation of: (1) simultaneous-SFE-ChD

recoveries of MA.HCl and AP • H2SO4, respectively; (2)
ChD yields of MA • HCl and AP • H2SO4, respectively;
and (3) SFE recoveries of and MA-TFA AP-TFA, respectively. Authentic AP-TFA was prepared as follows: To a
reaction vial containing 0.5 g of l-AP (neat liquid in freebase form; Sigma Chemical Co.) was added 3 mL of
TFA. The reaction mixture in the sealed vial was incubated at 80˚C for 18 hrs and then cooled to room temperature. The crude TFA-dirivative was purified by purging
with dry nitrogen followed by vacuuming to dryness.
The resulting residue was identified as AP-TFA of 99.43
% purity based on its GC-MS total ion chromatogram.
Likewise, authentic MA-TFA of 99.98 % purity was prepared using 0.5 g of l-MA (neat liquid in free-base form;
Sigma Chemical Co.).
In performing simultaneous SFE-ChD for the title
evaluation, deionized (D.I.) water instead of human urine
was used as the sample matrix. So doing would help
clarify the essentials of the evaluation methodology
itself, but would generally not affect the effectiveness of
the evaluation process when applied to other aqueous
matrices such as urine, blood, etc.
General procedure of simultaneous SFE-ChD for the title
evaluation
A 10-µ L (the amounts used for establishing the
method calibration curves are stated in the Experimental
Section ) portion of AP • H2SO4 or MA • HCl (the two
analytes were treated separately) in methanol was added
to 1 mL of D.I. water. A ca. 200-µL portion of ammonium hydroxide was then added to alkalize the aqueous
matrix (pH 10-12). The resulting solution was transferred to a 2.5-mL extraction cell that had previously
been filled with celite and glass beads. The cell was subjected to vacuum to remove methanol and water. This
drying step took about 3 hrs. To save time, it is advisable
to run a number of samples at a time.
To each dry sample was added a tested amount of
TFA. The mixture was subjected to simultaneous SFEChD. This step utilized an ISCO SFXTM220 Supercritical
Fluid Extraction System equipped with an SFX 220
extractor, an SFX 200 controller and a 260D syringe
pump, and was performed at two stages. Stage 1: simultaneous static SFE-ChD under a tested pressure and at a
tested temperature for a tested period of time. Stage 2:
dynamic elution with 12.5 mL of supercritical carbon
dioxide using a variable restrictor to keep the flow-rate at
1 mL/min. The eluent was trapped with a micro-concentration tube containing 5 mL of EA, fortified with 10 µL
of authentic 1000-µ g/mL MA-TFA (as I.S. for
AP • H2SO4) or AP-TFA (as I.S. for MA • HCl) solution,
and concentrated to 200 µL by purging with nitrogen gas.
A 1-µL aliquot of this solution was injected for each GCMS analysis.
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Gas Chromatography-Mass spectrometry
GC-MS analyses were carried out using a HewlettPackard HP-5890 Series II gas chromatograph coupled
to an HP-5971 Series mass selective detector (MSD).
The column used was a DB-5 capillary column (30 m
× 0.25 mm I.D., 0.33 µm film thickness). The GC was
operated in the splitless mode (i.e., purge off) while performing injection, but 1 min later the purge valve was
turned on. The injector temperature was 250˚C. The column temperature was programmed from 100 to 280˚C at
10˚C/min, with the final temperature held for 12 min.
Helium was used as the carrier gas at a flow-rate of 1
mL/min. Effluents from the GC column were transferred
via a transfer line held at 280˚C to a 70-eV electron
impact (EI) ionization source held at 180˚C. The GCEIMS analyses of the relevant TFA-derivatives were performed in the SIM mode accompanied by extracted ion
chromatograms (EIC) [32]. The three qualifier ions
selected for AP-TFA were m/z 140, 118 and 91, and
those for MA-TFA, m/z 154, 118 and 110. The quantifier ions used for AP-TFA and MA-TFA were m/z 140 and
154, respectively. The calibration curves were produced
by plotting the peak-area ratio (analyte : I.S.) against the
absolute weight of TFA-derivative of appropriate analyte
in the serial standard (calibrator) solutions. The peakarea ratio used was the mean of triplicate analyses.
Calibration curves and recovery calculations
To calculate the respective recoveries of AP-TFA
and MA-TFA achieved by simultaneous SFE-ChD as
well as stepwise ChD and SFE, we need to first plot a
couple of instrument calibration curves each showing the
response factors (i.e., peak area ratios) of the calibrator
vs. the I.S. at serial calibrator concentrations. The socalled method recoveries of AP • H2SO4 (in terms of APTFA), for instance, under various tested conditions are
then obtained by dividing the regressed amount of the
recovered AP-TFA by the originally spiked amount of
AP-TFA or AP-TFA-equivalents.
For establishing the instrument calibration curve of
AP-TFA, the serial calibrator solutions were prepared as
follows: To a micro-concentration tube containing an
appropriate amount of authentic AP-TFA in EA (1, 5, 10,
50, 100 µL of 1000-µg/mL solution) was added 10 µL of
authentic 1000-µg/mL MA-TFA (as I.S.) solution. This
would make the corresponding spikes contain 1, 5, 10,
50, and 100 µg, respectively, of AP-TFA, and 10 µg of
MA-TFA. More EA was added to make up a 1-mL solution. A 1-µL aliquot of the resulting solution was injected onto the GC-MS for analysis. The instrument calibration curve of MA-TFA was produced separately but in
the same way as for AP-TFA except that AP-TFA was
used as the I.S.

To have a depictive and comparative look at the sensitivity of simultaneous SFE-ChD, a couple of the socalled method calibration curves with regard to the two
analytes may be desirable. Taking AP • H2SO4 as an
example, the serial calibrators used for producing the
method calibration curves under various tested conditions were made by first adding 1, 5, 10, 50, 100 µL of
authentic 1000-µg/mL solution of the salt (the direct
comparison between the method calibration curve and
the foregoing instrument calibration curve would be
facilitated if the abscissa of method calibration curve
shows the number of AP-TFA equivalents rather than the
amount of AP • H2SO4 itself) in methanol to 1 mL of D.I.
water, followed by the in-situ SFE-ChD described in the
Experimental Section. A 1-µL aliquot of the resulting
EA solution was injected for each GC/EIMS analysis.
The method calibration curve of MA.HCl was produced
separately but in the same way as for APAP • H2SO4
except that AP-TFA was used as the I.S.
The serial calibrator solutions used for
regressing/calculating the ChD yields of AP-TFA from
AP • H2SO4, for instance, under optimal conditions were
prepared as follows: An appropriate amount of the salt in
methanol (1, 5, 10, 50, 100 µL of 1000-µg/mL solution)
was placed in an open ChD vial, and purged with nitrogen gas to dryness. To each residue was added 200 µL of
TFA. The reaction mixture was sealed, incubated at 80˚C
for 20 min, and then cooled to room temperature. The
crude TFA-derivative was purified by purging with dry
nitrogen to dryness. The fine residue was transferred to a
micro-concentration tube by rinsing with EA. To the
resulting solution was added 10 µL of authentic 1000µg/mL MA-TFA (as I.S.). More EA was added to make
up a 1-mL solution. A 1-µL aliquot of the resulting solution was injected for each GC-EIMS analysis. The
MA • HCl counterpart was done in the same way except
that AP-TFA was used as the I.S.
The serial calibrator solutions used for regressing/
calculating the SFE recoveries of AP-TFA, for instance,
under optimal conditions were prepared as follows: An
appropriate amount of AP-TFA in EA (1, 5, 10, 50, 100
µL of 1000-µg/mL solution) was further diluted with ca.
1 mL of EA. The resulting solution was transferred to a
2.5-mL extraction cell that had previously been filled
with celite and glass beads. After removal of EA under
vacuum, the cell was subjected to SFE as is described for
simultaneous SFE-ChD in the Experimental Section.
Also, a 1-µL aliquot of the resulting EA solution was
injected for each GC/EIMS analysis.
Taguchi’s procedure for optimizing the experimental conditions of simultaneous SFE-ChD
Taguchi’s procedure followed in this study for the
title evaluation is described as follows: (1) Select the
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major influential factors involved in this study from both
theoretical and empirical viewpoints, and set their
respective levels (low, medium, and high) accordingly
and appropriately. (2) Construct an appropriate orthogonal table. (3) Perform the respective simultaneous SFEChD experiments in triplicate under the various conditions listed in the orthogonal table (the two analytes were
treated separately), and calculate the relevant recoveries
and means. (4) Justify the above influential factors using
an F-test. (5) Recognize the optimal experimental conditions (levels) that achieve the optimum recovery among
those listed in the orthogonal table. (6) Further justify
the above optimal levels by comparing the respective
sums of “iso-level” recoveries. (7) Further justify the
above optimal levels by comparing all the η values
resulting from various levels associated with the orthogonal table. [η = S/N = 10 × log(1/σ 2), where S/N is signal-to-noise ratio, and σ is standard deviation. Efforts
were made to maximize the η value and hence minimize
the variance of recovery data.] (8) Under optimal experimental conditions, further validate the effectiveness of
simultaneous SFE-ChD by comparing its resulting
recovery as well as precision with those obtained from
stepwise ChD and SFE.

Results and discussion
Calibration curves
As has been shown in our previous work, simultaneous SFE-ChD is a both accurate and precise samplepreparation method [32]. In this study, the simultaneousSFE-ChD (method) calibration curves (equations: y =
0.557x + 0.015 for MA; y = 0.014x + 0.018 for AP) plotted according to the procedures described in the
Experimental Section show comparable slopes (i.e., sensitivities) to those of the instrument ones (equations: y =
0.577x + 0.012 for MA; y = 0.014x + 0.017 for AP)
implying that simultaneous SFE-ChD does give high
method recoveries. Meanwhile, all the calibration curves
show excellent linearity within the range under testing,
i.e., 1-100 µg/mL, with correlation coefficients typically
exceeding 0.999. These should have strongly based the
results of the title evaluation.
Selection of influential factors and their respective levels
Based on our previous experience in related work
and those experimental conditions reported by other
researchers for separate SFE and ChD [5-31], we chose
a) pressure, b) temperature, c) time given for static SFE,
and d) amount of TFA added as the four factors to be
investigated. These factors reportedly have appreciable
interaction with one another, and are only fit for
Taguchi’s optimization process. As an empirical rule

suggested by many pioneer researchers, three levels, i.e.,
high, medium, and low levels, were exclusively set for
each of the four factors. Since carbon dioxide’s critical
point lies at 31.3˚C/1070 psi and most of the previous
studies on SFE had adopted a pressure no lower than
3000 psi and temperature no lower than 70˚C, we therefore set 3000, 4000, and 5000 psi as the low, medium,
and high levels, respectively, for pressure and 70, 80, and
90˚C (in the order of low to high level) for temperature.
It was also from our previous experience that we set (in
the order of low to high level) 5, 12.5, and 20 min as the
three levels for the time-length of static SFE and 5, 100,
and 200 µL for the amount of TFA.
Optimization of the experimental conditions of simultaneous SFE-ChD
The three-level L9 (34) orthogonal table used for the
optimization process and the corresponding recoveries of
AP-TFA and MA-TFA obtained under the nine candidate
conditions are displayed in Table 1. Apparently, entry VI
tops all the other eight entries with regard to the recoveries of the TFA derivatives, thus leading to the selection of
entry VI’s levels as optimal conditions for routine use.
This manner of selection of optimal conditions and hence
the achievement of optimum recovery was also justified
by two preliminary processes. First, when the ANOVA
(i.e., analysis of variance) was applied to the data, the Ftest at 95% level of confidence indicated that the four
factors stated above were all prominent; that is, there
were always significant differences among the nine
means of recoveries. As shown in Table 2, the most
influential factor was the amount of TFA added, with F
value being 268.5 for AP-TFA and 39.3 for MA-TFA,
compared to F0.05 = 3.55. Furthermore, by “optimal quality of recovery data” we meant to maximize the appropriate recoveries. When the four factors were set at their
respective optimal levels, it was found that each of the
factors did result in the maximized sum of “iso-level”
recoveries. Taking AP-TFA in Table 3 as an example, the
four maximized sums are 435.19% for 4000 psi,
427.64% for 90˚C, 465.61% for 5 min, and 600.18% for
100 µL; all are far larger than their second largest counterparts. Here, once again, the amount of TFA added
appears to be the most influential factor. As the second
preliminary procedure to justify the selection of the
above four optimal levels, the so-called “response tables”
in terms of signal-to-noise ratios, i.e., the η values, were
set up in an effort to maximize the appropriate η values
and hence to minimize the variances of recovery data.
Judging from the equation “η = S/N = 10 × log(1/σ 2)”
already mentioned in Experimental Section, the smaller
the variance, σ 2, the larger the η value, and, also in
Taguchi’s words, the closer the mean of quality gets to
the goal of quality. It turns out that all the factors and lev-
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Table 1 The L9 (34) orthogonal table used for the optimization of the experimental conditions of simultaneous SFE-ChD (the left 5 columnsa) and the respective recoveriesb,c of AP-TFA and MA-TFA resulting from the nine candidate conditions.
Time for static
Amount of
Recovery (%)
Entry
Pressure (psi)
Temperature (˚C)
SFE (min)
TFA (µL)
AP-TFA
MA-TFA
run 1 run 2 run 3
run 1 run 2 run 3
I
L (3000)
L (70)
L (5)
L (5)
1.69
2.17
1.93
0.25
0.23
0.68
II
L
M (80)
M (12.5)
M (100)
40.07 25.83 25.10
9.20 14.79 16.08
III
L
H (90)
H (20)
H (200)
44.65 56.72 43.45
22.71 21.52 24.55
VI
M (4000)
L
M
H
42.48 58.17 46.34
12.49 26.69 54.43
V
M
M
H
L
2.41
1.69
2.90
0.20
0.38
0.27
VId
M
H
L
M
92.93 95.10 93.17
99.74 91.40 82.86
VII
H (5000)
L
H
M
65.84 78.36 83.78
14.73 17.34 6.80
VIII
M
M
L
H
64.69 55.52 58.41
57.19 54.34 48.28
IX
H
H
M
L
0.60
0.50
0.52
0.33
0.18
0.34
a
L: low level; M: medium level; H: high level.
b
All recoveries were calculated based on using 10 µL of 1000-µg/mL sample solution and 10 µL of 100-µg/mL I.S. solution.
c
Trifluoroacetylamphetamine (AP-TFA) was used as the I.S. for the recovery calculation of MA-TFA, and trifluoroacetylmethamphetamine (MA-TFA)
as that of AP-TFA.
d
The optimal experimental conditions.
Table 2 The ANOVA table resulting from the simultaneous SFE-ChD of AP • H2SO4 and MA.HCl under various experimental conditions.
Sum square of
Degrees of
Analyte
Factor
Mean square
F value
F0.05
inter-level deviations
freedom
Pressure
2132.7
2
1066.3
28.7
3.55
Temperature
1052.7
2
526.4
14.2
Time for static SFE
2440.0
2
1220
32.8
AP • H2SO4
Amount of TFA
19954.5
2
9977.3
268.5
Residual error
668.8
18
37.2
Total
26248.7
26
Pressure
3222.8
2
1611.4
16.2
3.55
Temperature
2063.2
2
1031.6
10.4
Time for static SFE
6414.1
2
3207.1
32.2
MA • HCl
Amount of TFA
7811.3
2
3905.7
39.3
Residual error
1790.5
18
99.5
Total
21301.9
26

Table 3 Sums of iso-levela recoveries of AP-TFA and MA-TFA calculated for the four influential factors under which the respective simultaneous SFE-ChD’s of AP • H2SO4 and MA • HCl were carried out.
Pressure
Temperature
Time for static SFE
Amount of TFA
Analyte
Sum of
Sum of
Sum of
Sum of
Level
iso-level
Level
iso-level
Level
iso-level
Level
Iso-level
recoveries
recoveries
recoveries
recoveries
L
241.6
L
380.8
L
465.6
L
14.4
Mb
435.2
M
276.6
M
239.6
M
600.2
AP • H2SO4
H
408.2
H
427.6
H
379.8
H
470.4
L
110.0
L
133.6
L
435.0
L
2.9
Mb
368.5
M
200.7
M
134.5
M
352.9
MA • HCl
H
199.5
H
343.6
H
108.5
H
322.2
a
L: low level; M: medium level; H: high level.
b
The optimal combination of levels for both analytes: pressure, M (4000 psi); temperature (90˚C); time given for static SFE, L (5 min); amount of TFA
added, M (100 µL).
Table 4 The response table in terms of signal-to-noise ratios, i.e., the η values, set up for the four influential factors under which the
respective simultaneous SFE-ChD’s of AP • H2SO4 and MA • HCl were carried out.
Level*
Optimal level
Analyte
Factor
Spread of η values
L
M
H
based on this table
Pressure
15.13
16.80
20.20
5.07
H
Temperature
17.30
14.90
19.93
5.03
H
Time for static SFE
21.17
15.57
15.40
5.77
L
AP • H2SO4
Amount of TFA
16.63
17.53
17.97
1.34
H
Pressure
12.53
8.33
12.80
4.47
H
Temperature
4.27
14.07
15.33
11.06
H
MA • HCl
Time for static SFE
12.37
7.83
13.47
5.64
H
Amount of TFA
7.50
10.33
15.83
8.33
H
*
L: low level; M: medium level; H: high level.

els showed only a minor effect on the variances of recoveries (Table 4). Therefore, it should still be acceptable if

any of the final choices of the optimal levels gives only
the second largest or even the smallest η value.
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Validation of optimized simultaneous SFE-ChD
At the optimal levels of the four factors, the effectiveness of the combined SFE-ChD was further validated
by performing additional triplicate measurements and
comparing the resulting recoveries and precisions with
those obtained from two stepwise procedures (Table 5).
Since the overall efficiency of stepwise ChD-SFE is
equal to the yield of the ChD step times the recovery of
the SFE step and our actually achieved TFA-derivatization yields were always nearly 100% (i.e., greater than
99%), it follows that simultaneous ChD-SFE (i.e., procedure A) typically gave higher recoveries than stepwise
ChD-SFE (i.e., procedure B preceded by TFA-derivatization). The superiority of simultaneous ChD-SFE to stepwise ChD-SFE in efficiency is attributed to the unreacted
TFA in the former procedure that considerably strengthens the extracting power of CO2 fluid as was evidenced
by the also better recoveries resulting from procedure C
where another 5 µL of TFA (functioning as “modifier”)
was purposely added to the CO2 fluid with other conditions being the same as those of procedure B. As to the
precisions calculated for the recoveries of AP-TFA and
Table 5 The recoveriesa,b of AP-TFA and MA-TFA and the relevant precisions achieved by following three different procedures.
Experimental
No. of run
AP-TFA (%)
MA-TFA (%)
procedurec
run 1e
92
85
Procedure Ad
run 2e
99
92
run 3e
94
90
—
—
X = 95
X = 89
sd = 3.6
sd = 3.6
rsd = 3.8
rsd = 4.0
run 1
78
83
run 2
90
82
Procedure Bf
run 3
87
83
—
—
X = 85
X = 83
sd = 6.2
sd = 0.6
rsd = 7.3
rsd = 0.7
run 1
92
85
run 2
94
83
Procedure Cg
run 3
94
84
—
—
X = 93
X = 84
sd = 1.2
sd = 1.0
rsd = 1.2
rsd = 1.2
a
All recoveries were calculated based on using 10 µL of 1000-µg/mL
sample solution and 10 µL of 100-µg/mL I.S. solution.
b
Trifluoroacetylamphetamine (AP-TFA) was used as the I.S. for the
recovery calculation of MA-TFA, and trifluoroacetylmethamphetamine (MA-TFA) as that of AP-TFA.
c
Only key conditions are described.
d
Procedure A (the proposed procedure): (1) Add 100 µL of TFA to
underivatized sample and perform simultaneous static SFE-ChD
under 4000 psi at 90˚C for 5 min; (2) Add I.S.a prior to GC-MS analysis.
e
These three runs were performed in addition to those three denoted
“entry VI” in Table 1 and served as a confirmatory test, all six runs
being under the optimal experimental conditions.
f
Procedure B: (1) Perform static SFE on ready-made AP-TFA and MATFA under 4000 psi at 90˚C for 5 min; (2) Add I.S.f prior to GC-MS
analysis.
g
Procedure C: (1) Perform static SFE on ready-made AP-TFA and
MA-TFA under 4000 psi at 90˚C for 5 min with another 5 µL of TFA
added; (2) Add I.S.f prior to GC-MS analysis.

MA-TFA after simultaneous SFE-ChD, the two relative
standard deviations (RSDs) or coefficients of variance
(CVs) listed in Table 5 for procedure A based upon triplicate analyses, 3.8% and 4.0%, are both indicative of the
reliability of the proposed method.

Conclusions
Our previous report has demonstrated that simultaneous SFE and ChD followed by isotope dilution GCMS is a sound analytical scheme for the determination of
AP and MA in urine and meets the criteria adopted by the
U.S. HHS and DoD (Department of Defense) drug testing programs. This paper by systematically and successfully applying Taguchi’s quality optimization to the
promising analytical scheme further strengthens the base
and broadens the usefulness of both methods. Although
for clarifying the questions of interest, D.I. water instead
of human urine was used as the sample matrix at the evaluation stage, the title approach and its results apply to
urinary matrix as has been demonstrated by the analyses
of a number of real-case samples [32]. From the viewpoint of academic or basic research, it is hoped that
Taguchi’s method can be challenged with more forensic
or non-forensic experiments and tested against more
specimens with multiple types of analytes and matices.
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