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bstract

Miniaturized needle extraction device has been developed as a versatile sample preparation device designed for the rapid and simple analysis of
moking-related compounds in smokers’ hair samples and environmental tobacco smoke. Packed with polymeric particle, the resulting particle-
acked needle was employed as a miniaturized sample preparation device for the analysis of typical volatile organic compounds in tobacco smoke.
ntroducing a bundle of polymer-coated filaments as the extraction medium, the needle was further applied as a novel sample preparation device
ontaining simultaneous derivatization/extraction process of volatile aldehydes. Formaldehyde (FA) and acetaldehyde (AA) in smoker’s breath
uring the smoking were successfully derivatized with two derivatization reagents in the polymer-coated fiber-packed needle device followed by the

eparation and determination in gas chromatography (GC). Smokers’ hair samples were also packed into the needle, allowing the direct extraction
f nicotine from the hair sample in a conventional GC injector. Optimizing the main experimental parameters for each technique, successful
etermination of several smoking-related compounds with these needle extraction methods has been demonstrated.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Sample preparation is an important analytical step especially
or the determination of trace analytes in complex sample matrix
ommonly encountered in environmental and biological analysis
1–5]. Miniaturization of the sample preparation process is also
ncreasingly focused to improve the performance and to meet
he recent requirements such as high-throughput and environ-

entally friendly features, and a large number of publications
ould be found specially dealing with the miniaturized sample
reparation and the effective hyphenation to microscale sepa-
ation methods [3–9]. Introducing a fiber-packed capillary as
he extraction medium, a novel miniaturized sample prepara-
ion technique has been developed along with a wide range of

pplications for the separation of complex mixtures [10–13].
iber-packed capillary was also employed as the separation
edium in various chromatographic methods such as liquid
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hromatography (LC) [14–16], capillary electrochromatogra-
hy (CEC) [17] and gas chromatography (GC) [18–22]. The
electivity of the fibrous stationary phase could be tuned by
he fiber surface modification with a polymeric coating or a
erivatization reaction [18–21].

Recent studies showed that the needle-type sample prepara-
ion [23–28] could realize the most of the advantageous features
f conventional sample preparation techniques, but without the
ypical disadvantage, for the preconcentration of volatile organic
ompounds prior to the GC separation process. A wide variety
f the extraction media could be used and easy to operate in
he extraction and desorption processes, which will be attrac-
ive features for the automation and the hyphenation to typical
C instruments, although a continuous flow of the gas sample

hrough the extraction needle should be maintained during the
ampling process.

In this work, novel in-needle sample preparation devices

Fig. 1) [27,28] were introduced for the GC analysis of sev-
ral smoking-related compounds in air and hair samples. For
he sample preparation of the air samples, a copolymer of
ethacrylic acid (MAA) and ethylene glycol dimethacrylate

mailto:jinno@chrom.tutms.tut.ac.jp
dx.doi.org/10.1016/j.jpba.2007.02.011
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ig. 1. Illustration of sample preparation needle. (A) Blank needle, (B) particle-
acked needle, (C) fiber-packed needle and (D) hair-packed needle.

EDMA), typically employed as the material for molecularly
mprinted polymers (MIPs) [29–31], was synthesized to prepare
he extraction medium [27] instead of other polymeric materials
uch as polystyrene-divinylbenzene (PS-DVB). This is because
f a wider selectivity for both polar and non-polar analytes, and
relatively easier synthetic procedure is another advantageous

eature of the method. The polymeric beads were packed into a
ection of a specially prepared needle and employed as the sam-
le preparation device for environmental tobacco smoke (ETS)
nalysis. Fiber-packed needle [28] was also introduced as the
xtraction medium for the sample preparation of volatile aldehy-
es in ETS, where a simultaneous extraction/derivatization was
roceeded in the fiber-packed needle containing a derivatization
eagent therein.

The analysis of human hair samples was also carried out
ith the needle device. Similar to the preparation of the fiber-
acked needle, some pieces of short hair sample taken from
moker were packed longitudinally into the needle. This is
ecause the determination of the smoking-related compounds
n smoker’s hair could allow to develop a comprehensive eval-
ation of the effect of smoking-related compounds on their
ealth.

. Experimental

.1. Reagents and materials

All reagents, solvents and sample solutes were of analyt-
cal grade and purchased either from Wako Pure Chemical

ndustries, Osaka, Japan or Tokyo Kasei Kogyo, Tokyo, Japan
nless otherwise specified. Water was purified by a Milli-Q
ater Purification System (Millipore, Tokyo, Japan). As a heat-

esistant fiber, Zylon, poly(p-phenylene-2,6-benzobisoxazole),

e
t
a
p
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as supplied from Toyobo, Ohtsu, Japan, and the diameter of
ach filament is about 11.5 �m.

.2. Preparation of standard samples

Standard gas samples were typically prepared with two-step
r three-step dilution of solutes as described previously [27,28].
or the preparation of formaldehyde gas sample, a home-made
aporizer was used, in which solid paraformaldehyde was vapor-
zed to generate the gaseous standard sample followed by a
imilar multi-step dilution process [28].

.3. Synthesis of polymer-based beads

The synthesis of polymer-based beads as the extraction
edium of particle-packed needle, as shown in Fig. 1B, was

arried out with the previously described method [27]. First,
5 g of poly(vinyl alcohol) having a degree of polymerization
f 500 were dissolved into 500 mL of water at 50 ◦C, and then
odium chloride (15 g) was also dissolved. To the solution, the
ixture of MAA (2.58 g; 0.03 mol), EDMA (29.7 g; 0.15 mol),

i-n-butyl phthalate (27.44 g) and azobisisobutyronitrile (0.52 g)
as added drop wise over about 3 min, while the solution was
ept at 50 ◦C. Next, the solution was subject to the temperature-
rogrammed heating at the rate of 1.0 ◦C/min to 85 ◦C. The
olymerization reaction was initiated at about 80 ◦C. In order
o ensure the successful polymerization, the temperature of the
eaction mixture was maintained at 85 ◦C for 1 h with vigorous
tirring. After the polymerization reaction was completed, the
esulting beads of the copolymer was sequentially washed, for
ve times each, with hot water, acetone, water and acetone, and

hen let dried at the room temperature.
The polymer-beads were sieved to obtain the spherical beads

aving the diameter between 150 and 180 �m. The specific sur-
ace area (SSA) measured by the nitrogen adsorption method
as 390 m2/g. The beads were packed into the specially-
esigned needle, 85 mm × 0.5 mm i.d., 0.7 mm o.d., where a
ection of about 20 mm length was packed with the copolymer
eads as shown in Fig. 1B. To place the beads in the appropriate
osition in the needle, a small amount of a heat-resistant poly-
er fiber [18,27] was also packed at the both end of the packed

ection. The typical amount of beads packed in the needle is
bout 1.3 mg.

.4. Preparation of polymer-coated fiber-packed needle

Prior to the packing process into the needle-shaped device,
he polymer-coated filaments have been prepared as the same
rocedure as previously described [18–20], where the coating
reatment was made in a conventional fused-silica capillary
f 1 m length packed with a bundle of the filaments. A bun-
le of Zylon filaments (166 ± 2 filaments) was longitudinally
acked into the fused-silica capillary of 1.0 m × 0.32 mm i.d. To

nsure the reproducible preparation of fiber-packed capillary, the
otal number of packed-filaments was precisely counted before
nd after the packing process. As the coating material for the
reparation of polymer-coated filaments, HR-1, 100%-methyl-
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olysiloxane (Shinwa Chemical Industries, Kyoto, Japan) was
mployed.

First, a fiber-packed capillary was connected to the pressure-
roof vessel containing 10 mL of acetone and washed with the
olvent pumped by N2 gas at the pressure of 500 kPa. After the
ame volumes of the following solvents; water, acetone and chlo-
oform, were pumped in the similar manner, the capillary was
llowed to dry at room temperature for about 2 h using N2 gas
ow. Second, the capillary was subject to heating in a GC oven
ith the flow of N2 gas. The temperature was programmed from

oom temperature to 300 ◦C at 2 ◦C/min and then held for about
0 h. Next, the solution of the coating material (3%) in n-hexane
ontaining a cross-linking reagent (0.8% to the polymer), ben-
oyl peroxide, was pumped through the packed capillary. After
he total volume of the polymer solution (0.5 mL) was pumped,
he N2 flow was maintained for more than 5 h. Then, the column
as installed in the GC oven again and the programmed heating
as carried out as follows: from 40 to 300 ◦C at 0.5 ◦C/min and

hen hold for more than 48 h to ensure the complete reaction.
The successful polymer-coating treatments were confirmed

y the separation of a standard sample containing n-dodecane,
-tetradecane and n-hexadecane on the polymer-coated fiber-
acked capillary as a GC column, and the relative standard
eviations (R.S.D.s) for the retention factors were less than 2.0%
n three capillaries separately prepared with the same coating,
here the average values of the retention factors for three con-

ecutive runs on each capillary were used for the calculation.
he R.S.D.s for multiple injection onto the same capillary were

ess than 1.5% (n = 3) for all the capillaries studied.
For the preparation of the extraction needle, a bundle of the

olymer-coated Zylon filaments was taken out from the capil-
ary, and packed into the needle, where a section of about 20 mm
ength was packed with the filaments, and one end of the packed
ection was positioned just before the side hole of the needle
s illustrated in Fig. 1C. The number of filaments packed was
30, and the corresponding R.S.D. (n = 5) was less than 1.5%.
o ensure the parallel alignment of all the polymer-coated fila-
ents in the needle, the packing was carried out with the same

rocedure as reported previously [28].

.5. Packing procedure of hair samples to the needle device

The hair samples taken from male volunteers were cut into
pproximately 20 mm length after removing the section of about
0 mm from the scalp, where the hair samples were rinsed with
ethanol before the cutting. Nine pieces of the above short hair

amples, 20 mm length, were packed into the needle as depicted
n Fig. 1D. The typical total weight of the hair samples loaded
as about 1.0 mg. After the packing process, the hair-packed
eedle was rinsed again with methanol and water several times.

.6. GC measurements
An Agilent 6890N gas chromatograph (Yokogawa Analytical
ystems, Musashino, Japan) with a split/splitless injector and a
P 5972A mass selective detector was used for all the GC/MS
easurements, while another Agilent 6890N gas chromatograph

c
p
t
i

d Biomedical Analysis 44 (2007) 1–7 3

ith a split/splitless injection port and a flame ionization detector
FID) was also employed if needed. All the injections were made
y split mode. As the carrier gas, either helium in GC/MS or
itrogen in GC/FID was used, and the carrier gas and air were
upplied from the respective gas cylinders through the cartridge
acked with molecular sieve.

Fused-silica capillary column having a PDMS coating, DB-
(30 m × 0.25 mm i.d., df = 0.25 �m; J&W Scientific, Folsom,
A, USA) was employed for the GC separation with an appropri-
te preconditioning before the use. The mass spectrometer was
perated either total ion monitoring mode (TIM) or selected ion
onitoring mode (SIM) with electron impact (EI) ionization.
he ionization voltage was 70 eV. The other separation condi-

ions such as carrier gas flowrate, column head pressure, and
emperature programs were determined by the results of prelim-
nary experiments for each samples. All GC measurements were
one at least three times, and the relative R.S.D.s for the reten-
ion times were less than 1.0%. The data collection was made
ith Borwin Chromatography Data Handling Software (Jasco,
okyo, Japan) running on a personal computer.

. Results and discussion

.1. Determination of smoking-related compounds with
article-packed needle

Fig. 2 shows the typical separation of smoking-related
rganic compounds in tobacco smoke. These samples were first
ollected with a home-made gas sampling box containing a poly-
eric gas sampling bag (1.0 L) which was made of a copolymer

f tetrafluoroethylene and hexafluoropropylene (GL Sciences,
okyo, Japan). The sample collection was carried out with a
imilar procedure as described previously [28], where the main
tream of one cigarette was introduced to the home-made sam-
le collection device at a constant flowrate similar to that of
ypical smoking by a volunteer. In the case of side stream sam-
ling, the collection device (sampling volume: 1.0 L) positioned
bove a cigarette was used. Smoker’s breath was also sampled
ith the polymeric gas sampling bag of 1.0 L, where the breath
as directly introduced to the bag from the smoker’s mouth.
For the extraction process the polymeric particle-packed nee-

le, Fig. 1B, was attached to a commercially-available vacuum
ampling device (Komyo Rikagaku Kogyo, Tokyo, Japan), and
hen inserted into the gas sampling bag, and next, the sample gas
as introduced to the vacuum sampling device via the extrac-

ion needle. The conditions for the extraction and desorption
ere optimized in the preliminary experiments as reported in
ur previous report [27].

Typical sampling volume was 50 mL, and it takes about 6 min
o complete the sampling with the vacuum sampling device. The
ompletion of the gas sampling for each run was confirmed by
he indicator equipped in the vacuum sampling device. After the
xtraction, the needle was attached to a glass syringe (1.0 mL)

ontaining N2 gas of 0.5 mL, and inserted to the GC injection
ort at 200 ◦C. The desorption and injection were made simul-
aneously by injecting the N2 through the needle at the heated
njection port, where the needle was heated for 10 s before the
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Fig. 2. Tobacco smoke analysis by the needle packed with polymeric particles.
(A) Side stream, (B) main stream and (C) smoker’s breath during smoking.
Chromatographic conditions: column, DB-1; column temperature, 50–200 ◦C
a ◦
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1 mL. Similar to the sampling by the particle-packed needle
described above, a commercially-available vacuum sampling
device was used for the gas sampling by the fiber-packed nee-
dle, where simultaneous derivatization/preconcentration could
t 5 C/min; column head pressure, 50 kPa; split ratio, 5:1; injector and detector
FID) temperature, 200 and 250 ◦C, respectively. Other conditions are described
n the text.

2 injection. Under the above optimized conditions, it has been
onfirmed that the desorption of more than 99.99% of the ana-
ytes was made in the first desorption, allowing the practically
uantitative desorption.

The chromatograms in Fig. 2 suggest a successful preconcen-
ration of the smoking-related compounds, where it can be seen

significantly lower level of organic compounds in smoker’s
reath (Fig. 2C). Compared to the side stream (Fig. 2A), nico-
ine in the main stream seemed to be eliminated mainly by the

obacco filter, however, it still contained various types of organic
pecies as found in Fig. 2B. One can conclude from above com-
arison that most of the volatile organic compounds generated F
d Biomedical Analysis 44 (2007) 1–7

uring the smoking might remain trapped in their respiratory
ystem. Taking into account the sampling volume of 50 mL,
he concentration of pyridine, toluene and nicotine in the main
tream (Fig. 2B) were determined as 10.0, 61.4 and 37.5 ng/mL,
espectively. The estimated recoveries for these analytes were
ore than 99%, as similar to the previous results [27]. Although

he level of these compounds might be different depending on the
moking conditions and the brand of tobacco, the above results
learly suggest the practical applicability of the particle-packed
eedle to the analysis of ETS by a conventional GC system with
ID.

.2. Simultaneous derivatization/preconcentration for
ldehydes with fiber-packed needle

For the derivatization of aldehydes, two types of derivatiza-
ion reactions were employed as illustrated in Fig. 3. One is
he most well-known specific reaction of carbonyl compounds
ith 2,4-dinitrophenylhydrazine hydrochloride (DNPH) result-

ng the corresponding hydrazones [32–34], and another is the
eaction with O-(2,3,4,5,6-pentafluorobenzyl)hydroxylamine
ydrochloride (PFBHA) producing the corresponding oximes
35,36]. On the basis of the preliminary experiments for the
erivatization in the polymer-coated fiber-packed needle device,
n acetonitrile solution of DNPH (0.1 mg/mL) or an aqueous
olution of PFBHA (10 mg/mL) was used as the derivatization
eaction in the needle. Prior to the sample gas introduction,
he derivatization solution was pumped through the needle
evice at about 10 �L/s for 10 s (total volume pumped: 100 �L),
nd then the remaining solution was vented by passing N2 of
ig. 3. Derivatization reactions of aldehydes with (A) DNPH and (B) PFBHA.
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Table 1
Typical quantification results of volatile aldehydes with fiber-packed needle
using two derivatization reagents (n = 5)

Derivatization reagent FA (ng/mL)a AA (ng/mL)a

DNPH 0.52 4.9
PFBHA 0.49 4.6
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e proceeded in the needle during the sampling [28]. Typical
ampling volume was 50 mL, and it takes about 8 min to com-
lete the sampling with the vacuum sampling device, where
he R.S.D. (n = 5) for the sampling time was less than 1.0% on
he same needle, although the R.S.D. for needle-to-needle was
omewhat larger, about 3.0% regarding five needles separately
repared.

After the derivatization/extraction process with DNPH, the
eedle was attached to a glass injection syringe containing
ure acetonitrile (30 �L) and N2 gas (270 �L), and inserted to
he injection port of the GC, while a syringe containing pure
ater (30 �L) and N2 gas (270 �L) was used for the derivati-

ation reaction by PFBHA. The desorption and injection were
ade simultaneously by injecting the desorption solvent and N2

hrough the needle in the heated injection port. The injection was
ade immediately after the insertion of the needle to the injector,

ince it has been confirmed in the preliminary experiments that
o pre-heating time was necessary for the effective desorption
nder the optimized conditions for the desorption temperature
nd the volume of the solvent injected. For the DNPH deriva-
ives the desorption temperature was set at 180 ◦C, while for
he PFBHA derivatives the temperature was set at 200 ◦C. In
he preliminary experiments, it was also found that the desorp-
ion was significantly insufficient without the desorption solvent,
hat means the desorption could be made with a flow of heated
olvent, but not successfully completed only with N2 gas flow
hrough the heated needle.

Typical GC/MS results for the separation of aldehyde deriva-
ives in a smoker’s breath are shown in Fig. 4, where formalde-
yde (FA) and acetaldehyde (AA) have been derivatized to

he corresponding derivatives: FA-DNPH and AA-DNPH by
NPH, and FA-PFBHA and AA-PFBHA by PFBHA, respec-

ively. As can be expected from the reaction schemes in Fig. 3,
wo isomeric derivatives [32,36] were observed for AA, and

a
s
f
s

ig. 4. Typical chromatograms of aldehydes derivatives from smoker’s breath in GC
oated fiber-packed needle containing the derivatization reagent: (A) DNPH and (B) P
f between 50 and 255. Column and head pressure, DB-1 and 50 kPa. Split ratio, 5:1
t 10 ◦C/min; injector temperature, 180 ◦C; and (B) column temperature, 50 ◦C (1.0 m
n the text.
a As underivatized aldehyde in smoker’s breath during smoking. Conditions
re the same as in Fig. 4.

herefore, the sum of these peak areas for each isomer was used
or the determination of AA in Table 1, where all the concen-
rations were calculated as that of underivatized analytes in the
ir samples. The recoveries for AA and FA with DNPH as the
erivatization reagent were 99.2% and 90.0%, respectively, in
ypical concentration range shown in Table 1.

The polymer-coated fiber-packed needle device could be
epeatedly used more than 100 times with a simple washing
rocess after the desorption/injection process in the GC injec-
or. The washing process was carried out with 0.5 mL of either
cetonitrile for DNPH or water for PFBHA, and practically
o carry-over effect was observed as in the case of particle-
acked needle described above. Sequential analysis with DNPH
nd PFBHA as the derivatization reagent in the polymer-coated
ber-packed needle is also possible with the washing procedure,
uggesting a promising possibility of the present needle device
o include other derivatization reactions that might enhance the
nalytes’ response and improve the separation of the derivatives.
ntroducing the time-programmed SIM mode as reported earlier
28], the lowest quantification level could be improved more,
lthough a satisfactory determination performance was demon-

trated in Table 1. The estimated lowest quantification level
or FA and AA could be less than few ng/L with an increased
ampling volume such as 100 mL [28].

/MS. Simultaneous derivatization/extraction was carried out with the polymer-
FBHA. The chromatograms were obtained by the TIM mode with the m/z range
. Temperature conditions: (A) column temperature, 150 ◦C (1.0 min) to 260 ◦C

in) to 120 ◦C at 5 ◦C/min; injector temperature, 200 ◦C. Other conditions are
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Fig. 5. Chromatograms for the separation of nicotine in hair samples. The hair samples (A) and (B) were taken from male smokers of 40 and 49 years old, respectively,
w grams were obtained by the TIM mode with the m/z range of between 30 and 300.
C 5 ◦C/min; injector and detector temperature, 300 ◦C; column head pressure 50 kPa;
s time before the injection of the desorption solvent, 15 s. Other conditions are found
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Table 2
Determination of nicotine in smokers’ hair samples

Entry Age Number of
cigarettesa (day−1)

Nicotine per
cigaretteb (mg)

Nicotine in
hairc (ng/mg)

A 24 20 1.2 12.1
B 31 10 0.7 11.5
C 40 30 0.4 55.3
D 49 20 0.1 30.5
E 56 15 0.8 9.7
F 63 15 0.1 13.0

a Average number of cigarettes declared by each smoker.
b
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hile the sample (C) was from an non-smoker (male, age: 28). The chromato
onditions: column, DB-1; column temperature, 150 ◦C (1.0 min) to 300 ◦C at

plit ratio, 25:1; desorption solvent and volume, methanol (25 �L); pre-heating
n the text.

.3. Hair analysis with the needle-type sample introduction
evice

Determination of the smoking-related compounds, especially
icotine, in human body has been regarded as one of the indices
o evaluate the effect of smoking [37], and it has been reported
hat nicotine is contained in the smokers’ hair as the same as other
rugs [38–40]. Conventional sample preparation for the anal-
sis of drugs and pharmaceutical compounds in hair samples
ften contains a time-consuming multi-step process, typically
solubilization with an alkaline solution followed by a solvent

xtraction by an organic solvent [38]. As a rapid and simple sam-
le preparation technique for the hair analysis, the needle device
hown in Fig. 1 was introduced. To a blank needle (Fig. 1A),
bout 1.0 mg of hair sample was packed as illustrated in Fig. 1D,
here the solvent washing was carried out for the hair sample

s described in Section 2. Similar to the above particle-packed
nd fiber-packed needle devices, several experimental parame-
ers have been optimized in the preliminary experiments, where

ethanol was chosen as the desorption solvent.
Fig. 5 shows typical chromatograms of volatile compounds

xtracted from hair samples using the needle extraction/injection
evice, where two typical chromatograms, Fig. 5A and B, are
he extracts from smokers’ hair samples and the peak assigned
o nicotine at about 16.4 min was clearly observed. For all the
air samples taken from non-smokers’ hair, however, nicotine
as not detected as typically shown in Fig. 5C, although the

ffect of passive smoking should be further studied in detail.
he determination of nicotine in smokers’ hair samples has
een carried out using the SIM mode (Table 2), where three
ajor ions with the m/z = 84, 133 and 161 were monitored. The

umber of cigarettes and the nominal nicotine content in each
igarette are also tabulated along with the age of the smokers.
he extraction of nicotine was almost satisfactory because the
.S.D.s for three consecutive runs were less than 5.2% and the
mount nicotine found with the present extraction method was
bout 87% of that determined with the conventional method [38]

sing alkaline solubilization and solvent extraction. However, no
ignificant trend was observed regarding the correlation between
hese parameters that might affect the amount of nicotine in the
air sample.

e
d
f
t

The value shown in the box, indicating nominal value of nicotine content
etermined by the manufacturer.
c The R.S.D.s for typical replicate measurements (n = 3) were less than 5.2%.

Further studies should be scheduled for the development of
comprehensive evaluation method that can estimate the effect
f smoking on our health including the effect of undesirable
assive smoking. Additional investigations are also needed to
recisely evaluate the effect of degradation products of hair
amples possibly generated during the injection process in the
eated GC injector and to assign the major components in the
hromatograms, although the interference from these pyrolyzed
pecies was not observed in the qualitative and quantitative
eterminations of nicotine in hair samples.

. Conclusions

As a versatile extraction device for the analysis of smoking-
elated organic compounds, specially-designed needle that could
e packed either polymeric particle or polymer-coated filaments,
as introduced. With these microscale sample preparation
eedles developed for the extraction/preconcentration of the
olatile organic compounds in air samples, as summarized
n Table 3, a successful determination of smoking-related
rganic compounds has been demonstrated without a time-
onsuming multi-step sample preparation process commonly

mployed. Preconditioning of polymer-coated fiber-packed nee-
le with either DNPH or PFBHA, as the derivatization reagent
or volatile aldehydes, enabled a simultaneous derivatiza-
ion/preconcentration in the needle.



Y. Saito et al. / Journal of Pharmaceutical and Biomedical Analysis 44 (2007) 1–7 7

Table 3
Statistical data for the validation of the needle extraction methods

Needle extraction method Target compound Linearity (ng/L) LOD (ng/L) R.S.D. (%) (n = 5)

Run-to-run Needle-to-needle

Particle-
packed

Benzene 5–1.1 × 106 1.0 3.6 7.6
Toluene 10–1.1 × 106 2.0 2.8 8.4

Fiber-
packeda

FA 10–2.0 × 104 1.2 0.4 5.2
AA 20–4.0 × 104 3.6 3.5 5.7
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a Derivatized with DNPH.
b ng/mg hair.

Alternative application of the needle device was also studied
y packing the hair samples therein. It can be also concluded that
he hair-packed needle device has a good possibility to the future
evelopment as the miniaturized sample preparation/injection
evice for hair analysis (Table 3), including the determination
f other pharmaceutical compounds and their metabolites. The
istory of the drug level over a relatively long period of time,
ypically more than several months, could be also analyzed with
he extraction method developed in this work.
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