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Abstract
The use of a programmed temperature vaporiser (PTV) with a packed liner was evaluated for the injection of large volumes (up
to 100 µl) of plasma extracts in a gas chromatograph. Solvent purity, which is essential when large volumes are injected into the
GC system, was determined. Special attention was paid to the purity of the solvents used for the solid-phase extraction (SPE)
procedure. For this SPE method, ethyl acetate was used as the extraction and reconstitution solvent, and thus the purity of the
ethyl acetate was critical, especially when a non-selective GC detector was applied. The liquid capacity and inertness of
different packed liners were investigated. The liner packed with ATAS "A" (modified Chromosorb-based material with special
treatment) was found to be the most suitable for the analysis of the tested drugs. Good linearity in response for variations in
volume and concentration was observed. A comparison was made between the applicability of flame ionisation detection
(FID) and mass-selective detection (MSD). When 50-µl volumes of plasma extracts were injected with the PTV, the detection
limits for secobarbital, lidocaine, phenobarbital and diazepam were about 50-times lower than when 1-µl volumes were
injected. The detection limits of the tested compounds in plasma for injection of 50-100µl plasma extract are 5-10 ng/ml for
GC-FID whereas plasma concentrations of 250 pg/ml can be detected using the selected ion monitoring (SIM) mode of a
MSD. For non-selective GC-FID, the background from a 50-µl injection was substantially larger than with 1-µl injection as a
result of co-injected plasma matrix components and solvent impurities. These background effects were less with GC-MSD in
the total ion current mode and virtually absent with GC-MSD in the SIM mode.
© 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Increasing knowledge of the working mechanism of
biologically active substances has led to the development
of potent drugs. Hence. lower dosages can be
administered to produce a therapeutic effect and,
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consequently, drug concentrations in biological samples
often are much lower than before. For the determination
of these lower levels in biological samples, analytical
techniques with much higher sensitivity are needed. A
way to increase the sensitivity is to increase the amount
of sample injected into the analytical system.
In gas chromatography (GC) several techniques are
available to perform large volume injections (LVIs) [1].
On-column injection with the use of so-called retention
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gaps is currently the most common technique [1]. A second
possibility for LVI is the loop-type interface [2], originally
designed for the coupling of liquid chromatography (LC)
and GC. The main advantage of these techniques is that the
complete sample is introduced into the GC column.
However, this may also become a disadvantage since all
impurities are introduced into the GC system as well. A
third option to allow LVI in GC is to use a programmed
temperature vaporiser (PTV). Despite good results
obtained by Vogt and co-workers [3,4] in the late
seventies, only recently has PTV injection been applied as
a routine technique for environmental analysis [1].
Besides conventional split/splitless injection, the PTV
can be used for several modes of LVI. The coupling of LC
and GC using the PTV was reviewed by Grob [5], and
recently interesting publications appeared on the same
subject [6,7]. The PTV is often applied for this purpose
because the packed liner generally has a larger liquid
storage capacity than a retention gap. In addition,
wettability is not very critical for the liquid retention and
packing materials are more water-resistant than retention
gaps with a silica backbone. The packing is more easily
and rapidly heated than a retention gap [5]. Main reasons
to couple LC with GC are that LC provides better
resolution than more conventional techniques of sample
preparation, and secondly, the possibility of automation
through on-line coupling, which reduces or eliminates
manual sample preparation work and, therefore, reduces
analysis time and improves accuracy and precision [5,7].
The use of a PTV as the interface between LC and GC has
been demonstrated for the analysis of olive oil and for
environmental analysis [6,7]. The PTV is also used for
thermal desorption-pyrolysis of solid geochemical samples
(characterisation of oil and kerogens in source rocks) [8],
and for on-line solid-phase extraction-thermal desorption
(SPE-TD) of methyl esters of the C10 -C26 carboxylic acids,
pesticides, chlorobenzenes and chlorophenols in aqueous
samples [9-11].
Most applications of LVI are in the analysis of
environmental aqueous samples [1,9-13]. Pesticides were
determined in aqueous samples after SPE of samples of
200 ml with concentrations between 0.2 and 5 ng/l by
Steen et al. [ 12], whereas Teske et al. [ 13] determined
triazines like atrazine, propazine, ametryne and simazine

in water after in-vial liquid-liquid extraction and direct inj
ection of the extracts with detection limits as low as 0.01
µg/l, and polychlorinated biphenyls (PCBs) and polycyclic
aromatic hydrocarbons (PAHs) at the ppt-level [13].
Another application of the PTV is the residue analysis of
385 pesticides down to the 0.01 ppm concentration level in
plant foodstuff [14].
The purpose of the present work is to investigate the
possibilities of the PTV coupled to GC for the analysis of
plasma extracts to provide lower detection limits for drugs.
Special attention was paid to the impact of solvent
impurities in view of the larger solvent volumes injected, to
the liquid capacity and inertness of the PTV liners, and to
the degree of selectivity provided by flame ionisation
detection (FID) and mass-selective detection (MSD).

2. Experimental
2.1. Instrumentation
Gas chromatographic analyses were performed with a
Hewlett-Packard HP 5890 series II with AD or a GC-MSD
system (HP 5971 series). A HP-5 30 m x 0.32 mm capillary
column with 0.25 µm film thickness was used for the
analyses with AD, whereas analyses with MSD were
performed using a HP-5 MS 30 m x 0.25 mm column with
0.25 µm film thickness. The PTV injection system was an
OPTIC 2 (ATAS International, Veldhoven, The
Netherlands), which was equipped with 80 mm x 3.4 mm
I.D. liners obtained from ATAS International. The liners
were packed with either ATAS "A" packing (a modified
Chromosorb-based material with special treatment, ATAS
International), silanised glass wool (research grade, Serva,
Feinbiochemica, Heidelberg, Germany), or disposable
capillaries for thin-layer chromatography (TLC) (nine
capillaries of 10 µl and two of 2 µl, cut at a length of 2 cm).
Plasma extractions were performed using Bond Elut
Certify cartridges (Varian, Harbor City, CA, USA), column
type LRC of 10 ml with 130 mg sorbent. A Visiprep system
(Supelco, Bellefonte, PA, USA) was used to apply vacuum
during the extraction.
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2.2. Chemicals

2.3. Methods

Acetonitrile and methanol (Lab Scan, Dublin, Ireland)
were of HPLC quality. Acetone, hexane, acetic acid
glacial 100% (v/v), ammonia solution 25%, and KH2PO4
were all of analytical-reagent grade quality (Merck,
Darmstadt, Germany). Ethyl acetate (Reinst and
Suprasolv - for organic residue analysis) was obtained
from Merck (Darmstadt, Germany). Ethyl acetate Ultra
resi-analysed (for organic residue analysis) was
purchased from Mallinckrodt Baker (Deventer, The
Netherlands). Water used during SPE was ultra pure
(Elgastat maxima, Salm en Kipp, Breukelen, The
Netherlands). Secobarbital, phenobarbital (both BP
quality, Siegfried, Zofingen, Switzerland), lidocaine (Eur.
Ph., Holland Pharmaceutical Supply, Alphen A/D Rijn,
The Netherlands), and diazepam (Centrafarm, Etten-Leur,
The Netherlands) were used as test compounds (Fig. 1)
and dissolved in ethyl acetate (for organic residue
analysis, Mallinckrodt Baker). Stock solutions of 1 mg/ml
were stored in the dark at 4°C. Stock solutions were
mixed and then diluted with ethyl acetate (for organic
residue analysis, Mallinckrodt Baker). The compounds of
the reference RI-mixture [15] were dissolved in ethyl
acetate-methanol (1:1) (1 mg/ml).

A

C
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The carrier gas for GC-FID and GC-MSD was helium.
The same temperature program was used for both methods.
The starting temperature was 40°C, and after 3 min the
temperature was raised at 20°C/min to 215°C, followed by
an increase at 5°C/min to 230°C and a final increase at
25°C/min to 290°C. This final temperature was maintained
for 5-10 min. The detector temperature was 300°C. A
column flow of 1.35 ml/min was used during analysis with
GC-FID and 0.48 ml/min with GC-MSD. The injector was
set at 40°C and 10s after the evaporation of the solvent
(delay time) the temperature was raised with 5°C/s to 290°C.
The end time was set at a time equal to the total run time of
one analysis. Other PTV settings are presented in Table 1.
During analysis performed with GC-MSD in the total ion
current (TIC) mode an m/z range of 50-300 was monitored.
Using the selected ion monitoring (SIM) mode, the
monitored m/z values were 86.0, 167.0, 204.0 and 256.0,
which corresponded to the most intense fragment of
lidocaine, secobarbital, phenobarbital and diazepam,
respectively.
SPE was performed as described previously [ 16] with
some minor modifications. The SPE column was activated
with 2 ml methanol (2 ml/min), followed by conditioning
of the SPE column with 2 ml of 0.1 M K2HPO4 buffer. pH 6
(2 ml/min). Subsequently, 1 ml plasma, diluted with 4 ml
K2HPO4 buffer, was brought on the column during
approximately 1 min. Then the SPE column was washed
with 1 ml water and 0.5 ml of 1 M acetic acid (1.5 ml/min).
The column was dried under vacuum for 4 min,

Table 1
PTV settings (1 p.s.i..=6894.76 Pa)

B

D

Fig. 1. Structures of the test compounds. (A) secobarbital,
( B ) lidocaine. (C) phenobarbital, (D) diazepam.
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after which 50 µl of methanol were passed through to
remove remaining traces of water. The column was dried
under vacuum for 1 min. The tips of the Visiprep system
were dried and tubes were inserted for the collection of
the eluate. The acidic fraction was eluted with 1 ml ethyl
acetate-acetone (1:1) (0.8 ml/min), followed by the
elution of the alkaline fraction with 0.5 ml acetonitrileammonia (98:2) (0.5 ml/min). The fractions were
evaporated until almost dry and reconstituted in 100 µl
ethyl acetate (for organic residue analysis, Mallinckrodt
Baker). Finally, 50-100 µl of these extracts were injected
into the GC system.

3. Results and discussion
The basic set-up of a PTV injector strongly resembles a
conventional split/splitless injector. The main difference
is that a (packed) liner system is applied which is
temperature-controlled. Injections up to about 150 µl can
occur at once, whereas larger volumes must be injected at a
controlled rate. In the injection mode the temperature of the
liner is set at 30-40°C below the boiling point of the used
solvent. A high vent flow ensures selective evaporation of
solvent via the split line, whereas less volatile solutes are
retained in the liner. After evaporation of almost all the
solvent, rapid transfer of the latter components to the
column is performed, using the splitless mode, by rapidly
heating the liner, or, optionally, by a high transfer
pressure. During the transfer of the components, the GC
column is maintained at a low temperature (same starting
temperature as the injector), thus leading to a re-focusing
of components at the front of the column. Further analysis
is performed with normal temperature-programmed GC.

3.1. Purity of solvents and chemicals
Since much larger solvent volumes are injected into the
PTV-GC system, the impact of solvent impurities was
checked. In the plasma extraction procedure, ethyl acetate
is being used as extraction and reconstitution solvent [16].
Various qualities of ethyl acetate were tested, and some
analytical results are presented in Fig. 2. Fig. 2A shows
that a brand which was found acceptable for 1-µl

Fig. 2. GC-FID chromatogram of injection of 100 µl
ethyl acetate. (A) Reinst (Merck), (B) for organic
residue analysis (Baker).
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injections contained far too many impurities when 100 µl
was injected into the PTV-GC system. The best results
were obtained when using 100-µl injections with the
quality "for organic residue analysis" (Mallinckrodt
Baker) as shown in Fig. 2B. Therefore, this latter quality
was used in further experiments. The purity of methanol,
acetonitrile, ammonia and KH2 PO4 were found to be
acceptable in that the quantities used in the present
procedure did not introduce major impurities. Attempts
to purify ethyl acetate by a C 1 8 -LC column or a C l 8
cartridge were not successful.

3.2. Liquid capacity of the liners
A liner must have a relatively large liquid capacity
(Vm a x . ) to allow injection of 50-100 µl sample at once
(no speed-controlled injection). The liquid capacity of a
liner can be easily determined by removing the column
from the injector without turning off the carrier gas.
Then, 200 µl solvent is injected rapidly and the injector
outlet is checked for solvent droplets. The amount of
solvent injected is reduced until no droplets are observed
which reflects Vm a x . In Table 2 the measured Vm a x for
ethyl acetate is given for several liners. All packings
were of similar dimensions (height 2.5 cm, 1.8 cm from
the column side).
The glass wool and the ATAS “A” liner appeared to be
best suitable for the injection of large volumes ethyl
acetate (>50 µl), and the ATAS “A” liner can even be
used for samples larger than 100 µL. Mol et al. [17]
found a Vm a x of 115 µl for a liner packed with glass

Total amount of 80-85 mg ATAS “A” packing in fritted liner.
Total amount of 144 mg glass wool was inserted into a open liner.
c Nine TLC capillaries of 10 µl and two TLC capillaries of 2 µl
were cut at a length of 2 cm, and inserted into a fritted liner. A small
plug of glass wool was placed under and above the capillaries.
a

b
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wool instead of 65 µl. This difference is probably due to
the major problem with glass wool, that is, inserting the
packing into the liner in a reproducible way [17,18].
3.3. Inertness of the liner packings
3.3.1. Comparison of packings
It was necessary to investigate the inertness of liner
packing materials for biological samples since a high
recovery of the analytes must be obtained during
consecutive sample injections. Several ATAS "A" liners
(Nos. 1-5), a glass wool packed liner (No.6), and a liner
packed with open capillaries (No.7) were tested. Cutting
glass capillaries can create active places at the cutting site,
and glass wool is known to have a limited inertness [17].
The ATAS "A" liner was originally designed for the
analysis of pesticides and mineral oils. The inertness of
the ATAS "A" liner can be influenced by a high
temperature since the packing has a Tm a x of 325°C. Higher
temperatures will degrade the packing, which will have a
negative effect on the inertness of the liner. Analysis of
high boiling compounds (>325°C) is therefore not
possible.
Prior to testing the inertness, liners 1 and 2 were used
for many injections of standard solution and plasma
extracts. The colour of liner 1 had changed from white to
completely brown, and the upper half of the packing of
liner 2 had changed to brown with the lower half still
white. Liners 3-7 were not used before. Injection of 1 µl
of 250 µg/ml test compounds (secobarbital, lidocaine,
phenobarbital and diazepam) into a liner with a glass frit
without packing produced the reference chromatogram,
that is, since no active packing was present, the response
of the compounds was set at 100%. Injections of 1 µl of
250 µg/ml or 100 µl 2.5 µg/ml test compounds into liners
3, 4 and 5 produced the same responses, thus the ATAS
"A" liner can be considered to be inert if the liner packing
is not previously used for analysis.
In Table 3 the responses are tabulated for liners 1, 2,6
and 7, as compared to liners 3,4 and 5. Liners 1, 2, 6 and 7
showed adsorption activity for phenobarbital, liners 1 and
6 being the most active. Injection of 1 µg phenobarbital
into liner 1 produced even no peak. For secobarbital, liner
1 is very active whereas liners 2,6 and
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Table 3
Recovery (%) of 250 ng of compounds compared with average response of liner 3.4 and 5 (set at 100%)

ªLiners:

1-5=ATAS "A" (No. 1 completely brown. No.2 upper half brown. Nos. 3-5 white), 6=silanised glass wool, 7=glass capillaries.

7 are much less active. For lidocaine, liners 1 and 2
showed limited activity and the same was observed for
diazepam. From these results, it appears that adsorption
losses are more pronounced in the order
diazepam/lidocaine<secobarbital<phenobarbital.
The
change in colour seems a good parameter to indicate
adsorption activity of the ATAS "A" liner for
barbiturates whereas it has hardly any effect on the
response of lidocaine and diazepam.
Glass wool packed liners were shown to adsorb fatty
acids from 42 to 100% [17]. In this work glass wool also
showed adsorption activity for the weakly acidic
compounds secobarbital and phenobarbital, but the
material appears to be better suitable for weakly basic
drugs. Thus, a glass wool liner can be used for some of
the drugs investigated in this work whereas the glass
wool liner used by Mol et al. [17] was unsuitable for the
analysis of all tested compounds. Biedermann et al. [19]
pointed out that the deactivation of vaporising chambers
can also play an important role. Deactivating of the glass
surface was performed before the packing material was
inserted into the liner.
In order to investigate if there are other classes of
drugs for which the ATAS "A" packing is not inert, a
reference mixture [15] was analysed using liners 1, 2 and
5. The results are presented in Fig. 3. The percentages
given below are recoveries with the response of the
compound during analysis with liner 5 set at 100%. No
effect on the response was found for amphetamine,
ephedrine,
diphenhydramine,
tripelenamine
and
trimipramine. Liner 1 showed a small decrease in
recovery for benzocaine (90%), methaqualone (96%),
nordazepam (95%), prazepam (85%) and haloperidol
(80%). Liner 2 was not active for these substances.

The same was observed with liner 2 for strychnine, but
liner 1 was active for this compound (46%). The effect of
liner activity for methylphenidate (liner 2 and 1, 82 and
5%, respectively), codeine (90 and 28%) and papaverine
(38 and 5%) was comparable with that for phenobarbital.
Thus, the ATAS "A" liner can become less inert to
substances due to injection of plasma extracts and/or
standard solution. The results confirm the suggestion that a
beginning brown colouration can be used as an indication
that the liner is starting to loose its inertness and that it
needs replacement. From the results with both the test
compounds as well as the compounds of the RI-mixture, it
can be concluded that barbiturates and opium alkaloids are
particularly prone to recovery losses. On the other hand,
even a completely brown ATAS "A" liner has little effects
on the recoveries of benzodiazepines.
3.3.2. Long-term use
The ATAS "A" liner and the glass wool liner have a
sufficient liquid capacity to allow injections up to 50 µl.
However, the glass wool liner appeared to be less inert for
some type of compounds. Therefore, only the inertness of
the ATAS "A" liners as a function of the number of
injections was also investigated. Two new ATAS "A"
liners were used. For one liner only a standard solution (50
µl of 2.5 µg/ml) was injected 35 times (Fig. 4). The liner
appeared to remain inert under these conditions since no
loss in response was observed for all test compounds. For
the second liner, 50 µl of 2.5 µg/ml standard solution with
two injections of plasma extract (one alkaline and one
acidic fraction) between subsequent injections of the
standard solution were analysed. The response of the test
compounds ( secobarbital,
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Fig. 3. Effect of packing inertness on response of compounds of RI-mix [15].  = Liner 1,  = liner 2, ~ =liner 5. Compounds: 1 =amphetamine,
2=ephedrine, 3=benzocaine, 4= methylphenidate, 5 =diphenhydramine, 6=tripelenamine, 7=methaqualone, 8= trimipramine, 9=codeine. 10=nordazepam, 11
=prazepam, 12=papaverine, 13 =haloperidol, 14=strychnine.

phenobarbital, lidocaine and diazepam) in the standard
solution is plotted as a function of the number of plasma
injections (Fig. 4).
Since up to 35 injections of standard solution had no
influence on the stability of the liner packing, a decrease
in response must have been caused by the plasma extracts
influencing the inertness of the packing material.
Injection of plasma extracts introduces a large decrease
in inertness of the packing for phenobarbital starting with
a slightly variable response at 14 injections of plasma
extracts, and a definite loss in response after 20 inj
ections. For secobarbital, after 20 inj ections of plasma
extracts only a small increase in activity of the ATAS
“A”" packing is observed. Injection of 32 plasma extracts
has no effect on the response of diazepam and lidocaine
(lidocaine not shown). An increase in activity of the
packing was again found to correlate with the colour of
the packing material. Inert ATAS “A” material is white
but this becomes brown with increasing activity. After
some 10-15 injections of plasma extracts the colour of
the ATAS “A” packing started to change from white to
brown, and the brown colour became more apparent on
continued analysis of plasma extracts.

The decrease in inertness and change in colour of the ATAS “A” packing when plasma extracts ar injected is
probably due to the degradation of matrix components
that are not desorbed from the liner on heating.
3.3.3. Carry-over
Carry-over was checked by inj ecting large amounts of
the test compounds or RI-mixture (up to 2.5 µg),
followed by a second injection in which a blank, i.e., 100
µl ethyl acetate, was introduced. No carry-over was
observed for either the test compounds or the
components of the RI-mixture when using a ATAS "A"
liner.
3.4. Linearity with PTV-GC-FID for standard
solutions
Since the ATAS “A” liner has a relatively large liquid
capacity and is inert for the tested compounds, and no
carry-over occurs, the ATAS "A" liner is suitable for
LVI of bioanalysis. Linearity in response for lidocaine.
diazepam, secobarbital and phenobarbital was
determined for variation in volume and concentration.
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Fig.4 Stability of ATAS-1packing. Response of 125 ng test compound in 50 µl standard solution of (A) diazepam. (B secobarbital. (C) phenobarbital; 
= response for injections of only the standard solution.  = response for injections of the standard solution with two plasma extract injections between
subsequent injections of the standard solution (numbers of injection correspond with the amount of plasma extract injections)
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Table 4
Linearity (coefficient of correlation ( R )] of secobarbital. lidocaine.
phenobarbital and diazepam with variation of volume (20-100 µl of 1
µg/ml) and concentration (5-2000 ng/ml)

For the determination of the linearity in response when
the volume is varied, volumes varying from 20 to 100 µl
of a 1.0 µg/ml standard solution were inj ected on a new
ATAS “A” liner. It was found that all compounds showed
a good linearity (Table 4).
The linearity of response versus concentration was
determined by inj ections of 100 µl standard solution over
a concentration range of 5 to 2000 ng/ml. As can be
observed in Table 4, a good linearity was obtained. One
should note that no internal standard was applied to
correct for injection volume and signal drift.
3.5. PTV-GC-FID and PTV-GC-MSD of plasma extracts
Linearity as well as the detection limits for lidocaine.
Diazepam, secobarbital and phenobarbital in plasma
extracts were determined using FID and MSD. With LVI
a large amount of matrix components and solvent
impurities is injected. Therefore peak identification can
become difficult when non- selective detectors are used.
Use of a mass-selective detector may help to overcome
this problem. With the mass-selective detector analyses
were performed in both the TIC and the SIM mode.

207

Linearity was determined for concentrations ranging
from the detection limit up to 100 ng using 1 ml of spiked
plasma extract. The results are listed in Table 5. For all
detectors linearity was found to be better for the alkaline
fraction than the acidic fraction, except for diazepam. For
this compound, coefficients of correlation are comparable
for both fractions. The acidic fraction analysed with MSD
shows a relatively low linearity for phenobarbital. This
might be due to an increase in activity of the GC system
during analysis (see Section 3.3).
The detection limits were determined at a signal-tonoise
ratio of 3 for both FID and MSD. It should, however, be
mentioned that when using FID and MSD in the TIC
mode, interfering matrix compounds and solvent
impurities can make the determination of the detection
limit laborious as blank peaks have a negative influence.
Blank plasma was extracted and the extracts were spiked
with the test compounds and detection limits for plasma
extracts were calculated assuming a 100% recovery of the
test substances in the SPE procedure. The actual
recoveries using this SPE method were found to be 80100% [16].
Chromatograms of 40-45 ng compounds in the alkaline
fraction analysed with FID, TIC and SIM are presented in
Fig. 5. Using FID, the detection limit using 1 ml of plasma
is 5-10 ng for all compounds in both the acidic and
alkaline fraction. The detection limits observed using the
TIC mode of the MSD are 4-5 ng. Therefore, a small gain
in detection limit can be achieved. This is mainly due to
the fact that with TIC a positive identification can be
given for the peaks present in a sample since reliable mass
spectra are obtained with good correspondence with
library spectra. Acidic plasma extracts analysed in the
SIM mode give a detection limit of 0.5 ng for each test

Table 5
Linearity (coefficient of correlation) of secobarbital, lidocaine, phenobarbital and diazepam in acidic and alkaline SPE fraction of plasma; range: detection limit
(see Section 3.4) to 100 ng/ml
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Fig. 5. Chromatograms of 50 µl of the alkaline fraction of plasma extracts analysed with (A) GC-FID (41.7 ng), (B) GC-MSD; TIC mode (45.5 ng), (C)
GC-MSD; SIM mode (45.5 ng). The monitored m!z values were 86.0, 167.0, 204.0 and 256.0 for lidocaine (L), secobarbital (S), phenobarbital (P) and
diazepam (D), respectively. Note: the peak (*) eluting just after the diazepam peak (D) is caused by an impurity with a m!z value similar to
phenobarbital.
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compound whereas the alkaline fraction gives a detection
limit of 0.25 ng. The gain in sensitivity when compared
with FID or TIC can be explained by the enhanced
selectivity since detection occurs only at four mlz values.
If the complete sample is injected, plasma concentrations
as low as 250 pg/ml could be detected in the alkaline
fraction. With conventional GC, that is injection of 1 µl
plasma extract, also a detection limit of 0.25 ng for the
test compounds is found. As a consequence, the
corresponding plasma concentration is 50-times higher
than with injection of 50 µl, i.e., a concentration of 12.5
ng/ml can be detected.

209

other matrices) and different types of compounds is
needed. The on-line coupling of SPE and GC for
bioanalysis will also be investigated in the near future in
our laboratory .
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