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Abstract

In this study, suitability of fast gas chromatography–mass spectrometry (GC–MS) on a narrow-bore column with a programmed temperature
vaporizer for the analysis of pesticide residues in non-fatty food was evaluated. The main objectives were ruggedness and stability of
chromatographic system with regards to co-extractives injected. The chromatographic matrix induced response enhancement was found to
be strongly dependent on the concentration of residues and is reaching up to 700% compared to the pesticides solutions in a neat solvent.
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owever, the responses of pesticides in matrix-matched standards at different concentration levels do not significantly change
njections. Response enhancement/or decrease is influenced by the sample preparation technique. External calibration with ma
alibration standards should, therefore, provide results with good precision also at the concentration level of 0.005 mg kg−1. Special attentio

s given to the performance of the chromatographic column and retention gap with regards to peak widths, peak tailing and differ
reparation methods. During approximately 460 matrix sample injections, the performance of the analytical column was acceptab
et-up with 0.15 mm i.d. column can be successfully utilized for the pesticide residues analysis.
2004 Elsevier B.V. All rights reserved.
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. Introduction

In multiresidue pesticides analysis used for an inspection
f the presence and/or violation of maximum residual limit
MRLs) in a great number of pesticide residues, usually sev-
ral chromatographic runs are necessary for qualitative and
uantitative analyses. Analysis time with conventionally used
0 or 60 m long chromatographic columns with 0.25�m i.d.
ay take longer than 1 h. The use of fast gas chromatogra-
hy (GC) with run times in orders of minutes brings with it

he promise of providing faster, more cost-effective analyt-
cal answers[1,2]. Another advantage of fast GC is that a
otal system can be better described if more analytical data
re available. Many replicate analyses are performed in the
ame time that it would take to perform a single conventional
C run. This can be associated with better analytical preci-
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sion [1]. The majority of papers published on the topic
fast GC methods present advantages, state-of-the-art
instrumentation and future possibilities rather than the a
use of the fast GC in real-life applications[3].

In pesticide residues analysis the injected sample con
a large amount of unavoidably present co-extractives, w
are responsible for matrix effects occurring on the inje
column and/or detector site[4]. In order to decrease the m
trix effects on the detector site, efficient separation of ana
from the matrix components is important. It can be car
out using highly efficient columns. Therefore, the option
fast GC without a loss of the separation efficiency shoul
employed, fast GC utilizing narrow-bore capillary colum
[1,2]. However, they suffer from low capacity that may soo
affect the column performance deterioration represente
the peak broadening, tailing, adsorption, reactivity and
ghost peaks[4]. Moreover, the pesticide residues anal
is, in addition, complicated by the co-injected matrix c
stituents responsible for the matrix induced chromatogra
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response enhancement or a subsequent decrease of the re-
sponse. Inlet systems and their operation have a significant
influence on the performance of GC systems in the pesticide
residues analysis, which was already studied on a conven-
tional GC set-up. The worst performance was obtained in
an on-column inlet system (14 injections, extract of wheat).
A splitless inlet system operating with a pressure pulse pro-
vided a reasonable performance (87 injections); however, a
programmed temperature vaporizer (PTV) in a solvent vent
mode allowed up to 136 injections with reliable quantitation
[5].

The fast GC with the splitless injection technique was
already applied to compounds of a broad range of volatili-
ties and polarities, including pesticides. Optimal conditions
were found for good solute focusing and repeatability of
the peak area measurements[6]. The fast GC-ECD was ap-
plied to real sample pesticide residues measurements[7].
For separation a narrow-bore column, 0.15 mm i.d. was cho-
sen instead of 0.1 mm i.d. The 0.15 mm i.d. columns can
be used in the majority of GC instruments, and they offer
more flexibility with respect to the flow, sample transfer,
loadability, type of detection systems and easier operation
[6].

The aim of this work was to study the robustness and long
term stability of the fast gas chromatography–mass spectrom-
etry (GC–MS) system with a 0.15 mm i.d. capillary column
e to-
w real-
l ation
l

2. Experimental

Chromatographic experiments were performed on a
GC–MS Agilent 6890N equipped with a PTV, autoinjector
Agilent 7683 and a Mass Selective Detector 5793 (MSD). A
non-polar deactivated retention gap (1 m long, 0.32 mm i.d.,
Supelco, Bellefonte, USA) was coupled via a press-fit con-
nector with a narrow-bore chromatographic column CP-Sil
8 CB Low-Bleed/MS (15 m long, 0.15 mm i.d., 0.15�m film
thickness) obtained from Varian (Middelburg, The Nether-
lands). Helium was used as a carrier gas. PTV was used in
a cold splitless mode with the following temperature pro-
gramme, 120◦C; hold, 0 min; ramp, 400◦C min−1 to 300◦C;
hold, 1.2 min; then second temperature ramp, 100◦C min−1

to 350◦C to release the less volatiles from the deposit in
the liner to the split vent (opened after 1.5 min, before the
second temperature ramp started). The purge flow was set
to 160 ml min−1. An injection volume was 2�l. Chromato-
graphic separation was performed under a temperature pro-
gramme, 100◦C; hold, 1.5 min; ramp, 30◦C min−1 to 290◦C;
hold, 6 min and a constant carrier gas flow, 0.5 ml min−1.
MSD in an electron impact ionization mode (70 eV) was op-
erated in selected ion monitoring mode (SIM). For each pes-
ticide two specific ions were selected and sorted into groups
by max. four ions, the used dwell time was 25 ms; pesticides
were sorted according to the elution order into SIM groups
p
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quipped with PTV. It mainly focused on its tolerance
ards co-injected matrix components in the analysis of

ife pesticide residues samples at ultra-trace concentr
evel.

able 1
ist of pesticides, chemical classes, elution times, target and qualifier i

esticide Chemical class Elution time (min)

imethoate Organophosphate 5.86
erbuthlyazine Triazine 6.02
iazinon Organophosphate 6.02
yrimethanil Anilinopyrimidine 6.11
hlorpyrifos-methyl Organophosphate 6.41
enitrothion Organophosphate 6.62
hlorpyrifos Organophosphate 6.72
yprodinyl Anilinopyrimidine 6.96
enconazole Triazole 7.00
aptan Phtalimide 7.13
ethidathion Organophosphate 7.18
resoxim-methyl Oximinoacetate 7.41
yclobutanil Triazole 7.43

ebuconazole Triazole 8.03
hosalone Organophosphate 8.55

itertanol Triazole 9.01
9.14

ypermethrin Pyrethroid 9.54
9.66
9.73

tofenprox Non-ester pyrethroid 9.85

arget ions data are in bold and the qualifier ions data are in italic.R2
toluene,

n neat toluene;R2
matrix, coefficient of determination obtained from calib
resented inTable 1.
Pesticides belonging to different chemical classes

sed (Table 1). Pesticides and PCB standards were obta
rom different sources and were of purity >95%.

d for SIM, SIM groups start times and determination coefficients (from calibration

rget, qualifier ions SIM group start time (min)R2
toluene R2

matrix

125 3.00 0.9981 0.9994
229 5.94 0.9968 0.9993
304 0.9964 0.9993
199 6.06 0.9955 0.9993
288 6.21 0.9961 0.9994
277 6.51 0.9893 0.9995
314 0.9969 0.9994
225 6.81 0.9979 0.9994
250 0.9982 0.9993
264 7.09 0.9968 0.9648
302 0.9989 0.9994
132 7.26 0.9990 0.9991
245 0.9990 0.9992
252 7.51 0.9984 0.9993
367 8.26 0.9984 0.9991

170 8.81 0.9975 0.9992

181 9.31 0.9987 0.9985

376 0.9991 0.9989

ients of determination obtained from calibration performed with stan
erformed with matrix-matched standards.
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For the sample preparation of apple samples two differ-
ent methods were used. The apple samples were prepared
by a modified procedure[8] described by Schenck et al.[9]
based on an acetonitrile extraction followed by salting out
and purification on SPE–NH2 columns and solvent exchange
to toluene; 1 ml of a final solution corresponds to 2.5 g of
the apple sample. For comparison, the QuEChERS method
published by Anastassiades et al.[10] based on acetonitrile
extraction and dispersive SPE cleaning with PSA sorbent
without any solvent exchange step was utilized. A volume
of 1 ml of the final solution in acetonitrile corresponds to 1 g
of the sample.

Apples free of pesticide residues were obtained from field
experiments where no chemical treatment was applied. Purity
of apple samples was confirmed by GC–MS.

A stock solution of pesticide standards was prepared in a
toluene at a concentration of 0.5 mg ml−1. Solutions of stan-
dards in a neat toluene were prepared by adding the appro-
priate volume of the stock solution of pesticide standards to
the neat toluene. Solutions of matrix-matched standards were
prepared by adding the appropriate volume of the pesticide
stock solution to an extract of a blank apple sample prepared
by the first method (with SPE clean-up). Similarly, control
matrix-matched standards were prepared by adding the ap-
propriate volume of the pesticide standard stock and a PCB
standards solution to the extract of the blank apple sample
p

3

s of
t , as
d p-
t two
i e and
S iked
s
D ient
n eata-
b e
n and
t y the
fi sure-
m ards
p atrix
w nate
t .

3

nses
w ides
i blank
a rds.

Calibration was performed with solutions of standards
prepared in neat toluene at the following concentration lev-
els: 0.0125, 0.025, 0.125, 0.25, 1.25, 2.5 ng�l−1. Each
concentration was measured five times. The values of the
determination coefficient (R2) are presented inTable 1. They
are worse compared to the measurements of matrix-matched
standards except of captan, cypermethrin and etofenprox. Re-
peatability of the peak areas expressed as relative standard
deviation (R.S.D.) in range from 0.48 up to 17%, however,
R.S.D.s are not significantly dependent on the concentration
injected.

Similarly, calibration was performed with matrix-matched
standards. For the calibration, the same concentration levels
were used, which corresponds to 0.005–1 mg kg−1 of pesti-
cide residues in the original apple sample,n= 5. Linearity of
responses was proved by the determination coefficient (R2)
ranging from 0.9995 for fenitrothion to 0.9985 for cyperme-
thrin and thermally labile captan 0.9648, as shown inTable 1.
Repeatability of the peak areas expressed as R.S.D. (n= 5)
was as expected, slightly worse for the lowest concentration
level corresponding to 0.005 mg kg−1 of pesticide residues
typically ranging from 1.7 to 6.6%. For the higher concen-
tration levels, R.S.D. were generally in the ranges 0.5–4.8%
for all pesticides except captan.

3.2. Chromatographic matrix induced response
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. Results and discussion

Measurements were performed under the condition
he fast GC with optimized settings of cold splitless PTV
escribed in Section2. Special attention was given to the o

imization of quadrupole MS in SIM. For each pesticide,
ons were selected with regards to the background nois
/N ratio of a blank apple matrix extract compared to sp
amples at the lowest concentration studied (0.0125 ng�l−1).
well time of 25 ms was selected according to the suffic
umber of data points per peak obtained and good rep
ility of the peak area measurements[11]. To decrease th
umber of active sites in the chromatographic system

o stabilize the system, a blank apple matrix prepared b
rst method was injected five times before any set of mea
ents with the matrix. All set of measurements of stand
repared in neat toluene without the presence of any m
as performed with a new liner and retention gap to elimi

he influence of matrix low and non-volatile components

.1. Calibration

Parameters such as linearity and repeatability of respo
ere studied in a wide range of concentrations of pestic

n calibration standards prepared in neat toluene and a
pple matrix extract, matrix-matched calibration standa
nhancement

The importance of chromatographic matrix induced
ponse enhancement is illustrated inFig. 1, where extracte
on chromatograms (n= 5) of several pesticides obtain
rom the standard solution in neat toluene (lower respon
s overlaid with matrix-matched calibration standard ch

atograms (higher responses) of the same concentrati
ected under identical conditions (n= 5).

The whole series of measurements of matrix-matc
tandards were performed in the order of increasing
entration. After measurements of the highest conce
ion 2.5 ng�l−1, the solution with the lowest concentrat
.0125 ng�l−1 was re-measured. The differences in the p
reas between the 1st measurements and the latest we

ow; the maximal difference observed was 11% for myclo
anil.

In Table 2, the average peak areas of the studied p
ides in matrix-matched standard are expressed as a re
eak area to standards prepared in neat toluene in perce
s can be seen, chromatographic induced response enh
ent is very dependent on the concentration of solutes

he lowest concentration level (0.0125 ng�l−1, correspond
ng to 0.005 mg kg−1 in original sample), the enhancem
s very strong for all studied pesticides and is reachin
o 700% for bitertanol. However, for the highest conc
rations studied (1.25 and 2.5 ng�l−1) the presence of m
rix constituents had also an adverse effect on the pea
as. Response enhancement induced in the inlet caus

he deactivation of the liner surface by the present m
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Fig. 1. Overlaid chromatograms (n= 5) of selected pesticide standards prepared in neat toluene (lower responses) and standards prepared in blank apple
matrix-matched standards, matrix-matched calibration standards; both at concentration level 0.0125 ng�l−1, corresponding to 0.005 mg kg−1 in apple sample.

should be characterized mainly by the increase of the peak
area and peak height if the peak tailing is not excessive. Re-
sponse enhancement induced by the column deactivation or
by the protective effect of co-eluting matrix components is
supposed to be characterized by the decreased peak tailing
as adsorption is moderated[12]. In Table 3, the relative av-
erage peak heights of matrix-matched standards to the stan-
dards prepared in neat toluene (n= 5) expressed in percentage
are shown. The highest values of the peaks heights increase
are observed for the following pesticides: dimethoate, fen-
itrothion, methidathion, myclobutanil, tebuconazole phosa-
lone and bitertanol (Table 2). For the majority of the men-
tioned compounds also the increase of the peak areas was

Table 2
Dependence of chromatographic matrix induced response enhancement on
concentration of pesticides measured, expressed as relative peak area of
matrix-matched standard to standard prepared in neat toluene (n= 5)

Pesticide Concentration (ng�l−1)

0.0125 0.025 0.125 0.25 1.25 2.5

Dimethoate 419.7 295.5 209.6 152.9 101.0 89.2
Terbuthylazine 150.2 144.0 129.6 112.3 91.8 76.5
Diazinone 178.7 177.5 148.9 125.3 95.9 79.6
Pyrimethanil 155.8 153.8 134.5 115.2 91.5 74.2
Chlorpyrifos-methyl 227.8 227.6 188.2 152.0 102.9 85.8
Fenitrothion 489.3 487.8 414.1 288.8 130.1 101.0
Chlorpyrifos 228.6 229.3 188.9 148.3 106.0 89.6
C
P
C
M
K
M
T
P
B
B
C
C
C
E

T

observed (Table 3). In Table 4, the average tailing factors
calculated at 10% of the peak height are presented for se-
lected pesticides (n= 5). Calculation of tailing factors was
not possible in all cases, because baseline-to-baseline sepa-
ration of pesticides from the matrix background or isomers
was not always reached (the baseline was disturbed by the
matrix mainly at low analytes concentrations). Generally, the
peak tailing is decreasing if matrix is present or pesticides are
present at higher concentrations. The highest improvement of
the peak tailing is gained for penconazole, myclobutanil and
etofenprox. As can be seen by comparison of the results in
Tables 2–4, the response enhancement is for some pesticides

Table 3
Relative average (n= 5) peak heights of matrix-matched standards to stan-
dards prepared in the neat toluene expressed in percentage

Pesticide Concentration (ng�l−1)

0.0125 0.125 1.25

Dimethoate 303.2 244.5 103.2
Terbutylazine 162.0 138.4 90.7
Diazinone 175.7 148.9 96.8
Pyrimethanil 175.2 143.4 91.4
Chlorpyrifos-methyl 227.3 193.2 101.7
Fenitrothion 492.4 420.8 120.8
Chlorpyrifos 230.4 191.1 107.4
Cyprodinyl 210.3 167.1 101.5
Penconazole 272.5 238.4 122.2
C
M
K
M
T
P
B
B
C
C
C
E

T e
o e
obtained from solution of standards in the neat toluene.
yprodinyl 163.2 168.1 150.2 118.9 98.3 84.2
enconazole 198.4 203.7 167.4 130.4 103.8 89.9
aptan – – 23.8 18.05 18.4 22.3
ethidathion 332.3 307.5 192.4 135.8 99.9 90.0
resoxim-methyl 218.6 220.4 161.1 129.4 107.2 94.8
yclobuthanil 438.7 350.8 190.4 141.8 107.8 95.2

ebuconazole 464.5 433.5 279.0 194.5 127.5 113.2
hosalone 367.5 377.1 237.8 165.3 112.6 99.3
itertanol 1 758.2 700.8 531.1 293.2 160.5 150.9
itertanol 2 772.3 709.7 393.6 219.9 111.0 116.8
ypermethrin 1 378.7 380.0 317.6 193.3 140.1 126.9
ypermethrin 2 395.7 346.6 278.3 161.6 119.7 104.4
ypermethrin 3 571.1 419.1 253.9 153.3 113.9 96.0
tofenprox 222.9 202.7 153.1 131.5 113.7 99.7

he data represent the average peak area (%).
aptan – 36.2 18.6
ethidathion 373.9 213.5 102.0
resoxim-methyl 247.5 178.2 108.8
yclobuthanil 530.4 260.6 127.5

ebuconazole 525.4 398.3 174.4
hosalone 404.2 276.0 126.5
itertanol 1 797.0 639.9 185.0
itertanol 2 803.4 549.1 173.7
ypermethrin 1 351.2 376.0 193.8
ypermethrin 2 376.6 338.2 174.3
ypermethrin 3 382.8 315.5 163.1
tofenprox 287.8 264.0 181.8

he data represent the ratio,Hmatrix/Htoluene;Hmatrix, peak height of pesticid
btained from matrix-matched standard;Htoluene, peak height of pesticid
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Table 4
Average tailing factors (n= 5) calculated at 10% of the peak height for se-
lected pesticides at different concentration levels of solutions prepared in
the neat toluene and matrix-matched standards

Pesticide Concentration (ng�l−1)

0.0125 0.125 1.25

Toluene Matrix Toluene Matrix Toluene Matrix

Terbuthylazine 1.114 1.1 1.08 1.03 0.95 0.94
Diazinon 0.97 0.95 1.02 1.03 1.03 1.03
Pyrimethanil 1.21 1.03 1.23 0.99 0.94 0.95
Chlorpyrifos-

methyl
1.00 0.97 1.10 1.01 0.99 0.97

Fenitrothion 1.00 0.98 0.99 0.95 1.12 1.10
Chlorpyrifos 1.09 1.13 1.19 1.13 0.96 0.96
Cyprodynil 1.39 1.23 1.01 0.92 1.03 1.08
Penconazole 2.35 1.42 2.03 1.22 1.45 0.99
Methidathion 1.24 0.92 1.23 0.92 0.89 0.88
Kresoxim-

methyl
1.32 0.98 1.05 1.08 1.03 0.89

Myclobutanil 2.59 1.41 2.30 1.04 1.44 0.99
Phosalone 1.34 1.12 1.12 1.06 1.22 0.93
Etofenprox 3.05 1.55 2.99 1.18 2.51 0.99

caused preferably by the deactivation of the inlet surface with
matrix components as the peak areas and heights increased
compared to the measurements in neat toluene, while the
peak shapes expressed as tailing are not significantly influ-
enced (terbuthylazine, diazinon, chlorpyrifos-methyl, feni-
trothion, chlorpyrifos, cyprodinyl). For other pesticides, the
peak tailing is improved significantly, while the peak area is
increased to a lower extent (penconazole, myclobutanil and
etofenprox).

The situation is different for pesticide captan, which un-
dergoes decomposition in the inlet[13].

F ed stan g
b s,, numb

3.3. Influence of matrix co-extractants on analytes
responses

The study of the influence of the co-injected matrix
co-extractants amount characterized by the number of in-
jections performed on peak areas and their repeatability
is important for the routine performance of a quantitative
analysis.

To check the reproducibility of measured parameters, a
special control matrix-matched standard of pesticides for-
tified with PCB 149 at two concentration levels was used.
PCB 149 was added for the verification of results as PCBs
are significantly less polar than pesticides and the influ-
ence of the chromatographic matrix induced response en-
hancement is not expected to such an extent as for polar
pesticides.

Before any sequence of measurements, the blank ap-
ple matrix was injected five times to decrease the number
of active sites in an inlet and a column. Then, the set of
pesticides control matrix-matched standards at two differ-
ent concentration levels 0.025 and 1.75 ng�l−1 with added
PCB 149 were injected in triplicate. Afterwards the real
samples were analyzed, always in pairs with the matrix-
matched calibration standard (number of measurementsn= 3
for each vial). The pairs of analytes and their matrix-matched
standards rotated with control matrix standards in the se-
q
o con-
s 70
i ented
a
l

ig. 2. Dependence of average peak areas of the control matrix-match
efore sample preparation) injected between analyses of real samplen= 3
dards with concentration 0.025 ng�l−1 (corresponds to concentration 0.01 mg k−1

er of injections/retention gap.

uence. InFigs. 2 and 3, the average peak areas (n= 3)
f control matrix-matched standards for sequences
isting of 130 injections with one retention gap and

njections after the retention gap exchange are pres
t a lower (Fig. 2) and a higher (Fig. 3) concentration

evel.
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Fig. 3. Dependence of average peak areas of the control matrix-matched standards with concentration 1.75 ng�l−1 (corresponds to concentration 0.7 mg kg−1

before sample preparation) injected between analyses of real samples,n= 3, number of injections/retention gap.

Up to about first 40 injections the peak areas negligibly
increased (except of captan, phosalone and biteranol) which
is a consequence of the chromatographic matrix induced re-
sponse enhancement. The increase of the peak area is not
significant as it is represented at the most by 5%. The follow-
ing decrease of the majority of analytes peak areas (Fig. 2:
injections 84/1, 101/1, 125/1;Fig. 3: injections 87/1, 104/1,
128/1) is caused by the sorption of analytes by the deposit of
non-volatile residues in the liner and the retention gap. This
was verified as after the replacement of the retention gap and
the liner after 130 runs the responses were close to the initial
ones.

After the retention gap was changed, again the control
matrix-matched standards prepared in toluene were injected
(denominated inFig. 2: 6/2; in Fig. 3: 9/2) and followed by
the samples prepared by the QuEChERS method published
by Anastassiades et al.[10] (in acetonitrile) which were then
analyzed under identical conditions. As can be seen from
the following injections of control matrix-matched standards,
a significant decrease of the peak areas occurs for several
compounds, mainly for chlorpyfos-methyl, methidathion and
cypermethrin (Fig. 2: injection 28/2;Fig. 3: injection 31/2).
In the QuEChERS method, no solvent exchange step is in-
volved. The injection solvent is acetonitrile, which contains
also residual water (after drying with MgSO4) that is sup-
posed to be responsible for the creation of active sites in the
c r pes-
t se.

s in
t tion
g (sol-

vent exchange to toluene) were analyzed and the peak ar-
eas increased as active sites were deactivated by matrix
constituents. Similar behaviour of pesticides was observed
for both concentration levels of pesticides control matrix-
matched standards (Fig. 2: injections 50/2, 61/2;Fig. 3: in-
jections 53/2, 65/2).

The peak areas decrease and/or increase is more signif-
icant for the lower concentration level measurements. Only
captan, as the most troublesome pesticide in our selection,
significantly decomposed in the inlet and its peak completely
disappeared after 50 injections for the lower concentration
control standard with the first retention gap. In the case of the
second retention gap, the condition of the inlet liner when
“dirtier” samples were measured was poor to preserve cap-
tan from decomposition.

Repeatability of the peak areas expressed as R.S.D. was
found to be generally in the ranges 0.1–4% for all compounds
except captan (n= 3) for control matrix-matched standards at
both concentration levels. The presented results have shown
that external calibration with matrix-matched standards can
be successfully utilized to obtain correct results of quantita-
tive analysis.

3.4. Influence of matrix co-extractants on column
performance

tail-
i Ac-
c ding
t is
i ides
hromatographic system; and thus, increasing the pola
icides adsorption and a subsequent peak areas decrea

After the control matrix-matched standard analyse
he range of 28–33 injections with the changed reten
ap, again real samples prepared by the initial method
The studied parameters were peak half widths, peak
ng factors, retention times and target/qualifier ion ratios.
ording to the classification of faster GC analysis accor
o van Deursen et al.[14], the peak half width in fast GC
n the range of 0.2–3 s. The peak half widths of pestic
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Fig. 4. Dependence of average peak widths at half height of pesticides on number of performed injections studied at concentration of control matrix-matched
standard 0.025 ng�l−1 (n= 3).

studied were compounds-dependent and were in the range
of 0.75–1.8 s. The peak half widths are influenced mainly by
overloading the analytical column or by adsorption, which
may occur on active sites or non-volatile matrix components.

The dependence of the peak half widths values on the
number of injections was characterized by the control matrix-
matched standards (as described above). The results are pre-
sented inFig. 4. The most of the peak half widths were not
significantly changing during the experiment consisting of
200 injections for both measured concentrations of control
standards.

Some changes are noticeable, but mainly for thermally un-
stable captan and for cypermethrin and dimethoate as a result
of a lack of sufficiently selective ions resulting in difficult in-
tegration. Noticeable peak broadening and peak area decrease
occurs for methidathion after the samples with residual water
were measured.

Also, peak tailing factors calculated at 10% of the peak
height were evaluated for the lower concentration of the
matrix-matched control standard (0.025 ng�l−1). Tailing
factors were not significantly influenced by the number of
injections performed (200), but they were improved in com-
parison to toluene neat standard solutions in terms of the
discussion above.

Retention times of the compounds analyzed were mod-
erately shifting but differently for various compounds dur-
i ion
g ang-
i e of
t thus,
c of the

retention time was in the order of 1–2 s within 200 injections
and no change of elution order was observed.

The improved stability of the used chromatographic sys-
tem in comparison to conventional GC set-up[5] is sup-
posed to be caused first by the elimination of the less volatile
compounds to the split vent increasing the final temperature
of PTV after opening the splitless vent. Another important
parameter seems to be the prolonged isothermal period at
the end of the oven temperature programming enabling the
elution of the majority of semivolatile matrix components
injected. The elution time of the last pesticide etofenprox
was 10 min, but additional 6 min were necessary to ob-
tain a relatively stable baseline without any further large
peaks, low volatile matrix components, which is approxi-
mately half of the run time needed for the last pesticide
elution. When compared to conventional GC, additional ap-
proximately 30 min would be needed. An important pa-
rameter influencing the performance of fast GC system is
also the sample preparation procedure and the purity of
the final extract, mainly with regards to the content of
water.

The ratios of the target to the qualifier ions were also eval-
uated as they serve for identification purposes when SIM
mode is used. The ions ratios were slightly dependent on
the concentration injected, which leads to the need to use
some medium concentration for setting the ion ratio values.
T tter
r dard
w
R tion
l

ng the experiment with a very small effect of retent
ap exchange. This is the most probably caused by ch

ng physico-chemical properties of the stationary phas
he analytical column by the less-volatile residues; and
hanging the selectivity of the used system. The change
he ratios were constant during all 200 injections. Be
epeatability was observed for the control matrix-stan
ith the higher concentration 1.75 ng�l−1 (less than 4%
.S.D.,n= 3) when compared to the lower concentra

evel 0.025 ng�l−1 (less than 14% R.S.D.,n= 3).
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4. Conclusions

The fast GC–MS on 0.15 mm i.d. capillary columns has
provided good ruggedness for such a fairly complicated anal-
ysis as a pesticide residues analysis in a plant matrix is. The
chromatographic matrix induced response enhancement ef-
fect is, at very low concentration levels, reaching up to 700%
when responses of the matrix-matched calibration standards
are compared to standards prepared in neat toluene. Response
enhancement is caused primary by the deactivation of active
sites in the inlet but some improvements of the peak shapes
were observed also under the protective effect of co-eluting
matrix components in the analytical column and retention
gap.

For acceptable stability of the signal obtained, sample
preparation procedure plays an important role. Responses of
the pesticides investigated are changing only moderately with
the number of injections of well-purified samples. There-
fore, calibration with an external standard should provide
sufficiently precise results. PTV inlet in the cold splitless
mode under optimized conditions provided sample vapor-
ization and sample transfer into the column with excellent
repeatability. Repeatability of the peak areas (expressed as
R.S.D.) at the lowest concentration level was not exceeding
6.6%.

Stability of the separation system verified by peak widths
i ffi-
c atrix
c r va-
p or a
l va-
p o the
c tion
g tely
4 rmed
w -
B such
a y after
a

The concentration levels investigated correspond to the
ultra-trace concentration of pesticides in apples that are also
covering the MRLs of pesticides in baby-food. The presented
fast GC–MS setup provided very good performance with the
run time of 16 min. LODs and LOQs less than 0.005 mg kg−1

were reached for all pesticides except thermolabile captan[7].
Fast GC–MS utilizing narrow-bore columns with 0.15 mm
i.d. can be successfully utilized for pesticide residues analy-
sis.
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