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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.
However, the responses of pesticides in matrix-matched standards at different concentration levels do not significantly change during 130
injections. Response enhancement/or decrease is influenced by the sample preparation technique. External calibration with matrix-matched
calibration standards should, therefore, provide results with good precision also at the concentration level of 0.0053pg&igl attention
is given to the performance of the chromatographic column and retention gap with regards to peak widths, peak tailing and different sample
preparation methods. During approximately 460 matrix sample injections, the performance of the analytical column was acceptable. GC-MS
set-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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1. Introduction sion [1]. The majority of papers published on the topic of
fast GC methods present advantages, state-of-the-art of the
In multiresidue pesticides analysis used for an inspection instrumentation and future possibilities rather than the actual
of the presence and/or violation of maximum residual limit use of the fast GC in real-life applicatiof.
(MRLs) in a great number of pesticide residues, usually sev-  In pesticide residues analysis the injected sample contains
eral chromatographic runs are necessary for qualitative anda large amount of unavoidably present co-extractives, which
quantitative analyses. Analysis time with conventionally used are responsible for matrix effects occurring on the injector,
30 or 60 m long chromatographic columns with Ou28 i.d. column and/or detector sifd]. In order to decrease the ma-
may take longer than 1 h. The use of fast gas chromatogra-trix effects on the detector site, efficient separation of analytes
phy (GC) with run times in orders of minutes brings with it from the matrix components is important. It can be carried
the promise of providing faster, more cost-effective analyt- out using highly efficient columns. Therefore, the option of
ical answerd1,2]. Another advantage of fast GC is that a fast GC without a loss of the separation efficiency should be
total system can be better described if more analytical dataemployed, fast GC utilizing narrow-bore capillary columns
are available. Many replicate analyses are performed in the[1,2]. However, they suffer from low capacity that may sooner
same time that it would take to perform a single conventional affect the column performance deterioration represented by
GC run. This can be associated with better analytical preci- the peak broadening, tailing, adsorption, reactivity and even
ghost peakg4]. Moreover, the pesticide residues analysis
is, in addition, complicated by the co-injected matrix con-
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response enhancement or a subsequent decrease of the r&: Experimental
sponse. Inlet systems and their operation have a significant
influence on the performance of GC systems in the pesticide Chromatographic experiments were performed on a
residues analysis, which was already studied on a conven-GC-MS Agilent 6890N equipped with a PTV, autoinjector
tional GC set-up. The worst performance was obtained in Agilent 7683 and a Mass Selective Detector 5793 (MSD). A
an on-column inlet system (14 injections, extract of wheat). non-polar deactivated retention gap (1 mlong, 0.32 mm i.d.,
A splitless inlet system operating with a pressure pulse pro- Supelco, Bellefonte, USA) was coupled via a press-fit con-
vided a reasonable performance (87 injections); however, anector with a narrow-bore chromatographic column CP-Sil
programmed temperature vaporizer (PTV) in a solvent vent 8 CB Low-Bleed/MS (15 m long, 0.15 mmi.d., 0. film
mode allowed up to 136 injections with reliable quantitation thickness) obtained from Varian (Middelburg, The Nether-
[5]. lands). Helium was used as a carrier gas. PTV was used in
The fast GC with the splitless injection technique was a cold splittess mode with the following temperature pro-
already applied to compounds of a broad range of volatili- gramme, 120C; hold, 0 min; ramp, 400C min—! to 300°C;
ties and polarities, including pesticides. Optimal conditions hold, 1.2 min; then second temperature ramp, XDfin—1
were found for good solute focusing and repeatability of to 350°C to release the less volatiles from the deposit in
the peak area measuremef@s The fast GC-ECD was ap- the liner to the split vent (opened after 1.5 min, before the
plied to real sample pesticide residues measureni@hts  second temperature ramp started). The purge flow was set
For separation a narrow-bore column, 0.15 mm i.d. was cho-to 160 mImirL. An injection volume was @l. Chromato-
sen instead of 0.1 mm i.d. The 0.15mm i.d. columns can graphic separation was performed under a temperature pro-
be used in the majority of GC instruments, and they offer gramme, 100C; hold, 1.5 min; ramp, 30C min—1t0 290°C;
more flexibility with respect to the flow, sample transfer, hold, 6 min and a constant carrier gas flow, 0.5 mindin
loadability, type of detection systems and easier operation MSD in an electron impact ionization mode (70 eV) was op-
[6]. erated in selected ion monitoring mode (SIM). For each pes-
The aim of this work was to study the robustness and long ticide two specific ions were selected and sorted into groups
term stability of the fast gas chromatography—mass spectrom-by max. four ions, the used dwell time was 25 ms; pesticides
etry (GC-MS) system with a 0.15mm i.d. capillary column were sorted according to the elution order into SIM groups
equipped with PTV. It mainly focused on its tolerance to- presented iTable 1
wards co-injected matrix components in the analysis of real-  Pesticides belonging to different chemical classes were
life pesticide residues samples at ultra-trace concentrationused Table J). Pesticides and PCB standards were obtained

level. from different sources and were of purity >95%.
Table 1
List of pesticides, chemical classes, elution times, target and qualifier ions used for SIM, SIM groups start times and determination coeificoatitsr éftion)
Pesticide Chemical class Elution time (min) Target, qualifier ions SIM group start time (mi”)thomene Rﬁwmx
Dimethoate Organophosphate .86 87,125 3.00 09981 0.9994
Terbuthlyazine Triazine .62 214 229 5.94 09968 0.9993
Diazinon Organophosphate .02 276,304 0.9964 0.9993
Pyrimethanil Anilinopyrimidine 611 198 199 6.06 09955 0.9993
Chlorpyrifos-methyl Organophosphate Ak 286, 288 6.21 09961 0.9994
Fenitrothion Organophosphate .68 260 277 6.51 09893 0.9995
Chlorpyrifos Organophosphate e 286,314 0.9969 0.9994
Cyprodinyl Anilinopyrimidine 696 224,225 6.81 09979 0.9994
Penconazole Triazole .ao 248 250 0.9982 0.9993
Captan Phtalimide 13 79,264 7.09 09968 0.9648
Methidathion Organophosphate 138 145 302 0.9989 0.9994
Kresoxim-methyl Oximinoacetate A 131,132 7.26 09990 0.9991
Myclobutanil Triazole 43 179 245 0.9990 0.9992
Tebuconazole Triazole .83 250, 252 7.51 09984 0.9993
Phosalone Organophosphate .58 182 367 8.26 09984 0.9991
Bitertanol Triazole D1 168 170 8.81 09975 0.9992
9.14
Cypermethrin Pyrethroid .94 163 181 9.31 09987 0.9985
9.66
9.73
Etofenprox Non-ester pyrethroid & 163 376 0.9991 0.9989

Target ions data are in bold and the qualifier ions data are in i'@ﬁiﬁrene coefficients of determination obtained from calibration performed with standards

in neat tolueneR%atriX, coefficient of determination obtained from calibration performed with matrix-matched standards.
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For the sample preparation of apple samples two differ-  Calibration was performed with solutions of standards
ent methods were used. The apple samples were prepare@repared in neat toluene at the following concentration lev-
by a modified procedur8] described by Schenck et §9] els: 0.0125, 0.025, 0.125, 0.25, 1.25, 2.5ugl. Each
based on an acetonitrile extraction followed by salting out concentration was measured five times. The values of the
and purification on SPE-Nttolumns and solvent exchange  determination coefficienf) are presented ifiable 1 They
to toluene; 1 ml of a final solution corresponds to 2.5g of are worse compared to the measurements of matrix-matched
the apple sample. For comparison, the QUEChERS methodstandards except of captan, cypermethrin and etofenprox. Re-
published by Anastassiades et[a0] based on acetonitrile  peatability of the peak areas expressed as relative standard
extraction and dispersive SPE cleaning with PSA sorbent deviation (R.S.D.) in range from 0.48 up to 17%, however,
without any solvent exchange step was utilized. A volume R.S.D.s are not significantly dependent on the concentration
of 1 ml of the final solution in acetonitrile correspondsto 1g injected.
of the sample. Similarly, calibration was performed with matrix-matched

Apples free of pesticide residues were obtained from field standards. For the calibration, the same concentration levels
experiments where no chemical treatment was applied. Puritywere used, which corresponds to 0.005-1 mig'kgf pesti-
of apple samples was confirmed by GC-MS. cide residues in the original apple sampie,5. Linearity of

A stock solution of pesticide standards was prepared in aresponses was proved by the determination coeffici#t (
toluene at a concentration of 0.5 mgthl Solutions of stan- ranging from 0.9995 for fenitrothion to 0.9985 for cyperme-
dards in a neat toluene were prepared by adding the approthrin and thermally labile captan 0.9648, as showrfahle 1
priate volume of the stock solution of pesticide standards to Repeatability of the peak areas expressed as R.8585)
the neat toluene. Solutions of matrix-matched standards werewas as expected, slightly worse for the lowest concentration
prepared by adding the appropriate volume of the pesticidelevel corresponding to 0.005 mgkd of pesticide residues
stock solution to an extract of a blank apple sample preparedtypically ranging from 1.7 to 6.6%. For the higher concen-
by the first method (with SPE clean-up). Similarly, control tration levels, R.S.D. were generally in the ranges 0.5-4.8%
matrix-matched standards were prepared by adding the apfor all pesticides except captan.
propriate volume of the pesticide standard stock and a PCB
standards solution to the extract of the blank apple sample3.2. Chromatographic matrix induced response
prepared by the first method. enhancement

The importance of chromatographic matrix induced re-
3. Results and discussion sponse enhancement is illustratedrig. 1, where extracted
ion chromatogramsn(=5) of several pesticides obtained

Measurements were performed under the conditions of from the standard solution in neat toluene (lower responses)
the fast GC with optimized settings of cold splitless PTV, as is overlaid with matrix-matched calibration standard chro-
described in SectioR. Special attention was given to the op- Matograms (higher responses) of the same concentration in-
timization of quadrupole MS in SIM. For each pesticide, two Jected under identical conditiona £ 5).
ions were selected with regards to the background noise and The whole series of measurements of matrix-matched
SIN ratio of a blank apple matrix extract compared to spiked Standards were performed in the order of increasing con-
samples at the lowest concentration studied (0.0128nY). centration. After measurements of the highest concentra-
Dwell time of 25 ms was selected according to the sufficient ion 2.5ngul” %, the solution with the lowest concentration
number of data points per peak obtained and good repeata®-0125 ngul~! was re-measured. The differences in the peak
bility of the peak area measuremefitd]. To decrease the  areas between the 1st measurements and the latest were very
number of active sites in the chromatographic system and|0W_; the maximal difference observed was 11% for myclobu-
to stabilize the system, a blank apple matrix prepared by the tanil.
first method was injected five times before any setof measure-  In Table 2 the average peak areas of the studied pesti-
ments with the matrix. All set of measurements of standards Cides in matrix-matched standard are expressed as a relative
prepared in neat toluene without the presence of any matrix Peak area to standards prepared in neat toluene in percentage.
was performed with a new liner and retention gap to eliminate AS can be seen, chromatographic induced response enhance-

the influence of matrix low and non-volatile components. ment is very dependent on the concentration of solutes. For
the lowest concentration level (0.0125mig 2, correspond-

ing to 0.005mgkg? in original sample), the enhancement
3.1. Calibration is very strong for all studied pesticides and is reaching up
to 700% for bitertanol. However, for the highest concen-
Parameters such as linearity and repeatability of responsedrations studied (1.25 and 2.5 pti 1) the presence of ma-
were studied in a wide range of concentrations of pesticidestrix constituents had also an adverse effect on the peak ar-
in calibration standards prepared in neat toluene and a blankeas. Response enhancement induced in the inlet caused by
apple matrix extract, matrix-matched calibration standards. the deactivation of the liner surface by the present matrix
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Fig. 1. Overlaid chromatograms € 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 0,0125amresponding to 0.005 mg kg in apple sample.

should be characterized mainly by the increase of the peakobserved Table 3. In Table 4 the average tailing factors
area and peak height if the peak tailing is not excessive. Re-calculated at 10% of the peak height are presented for se-
sponse enhancement induced by the column deactivation ollected pesticidesn(=5). Calculation of tailing factors was

by the protective effect of co-eluting matrix components is not possible in all cases, because baseline-to-baseline sepa-
supposed to be characterized by the decreased peak tailingation of pesticides from the matrix background or isomers
as adsorption is moderat§tR]. In Table 3 the relative av- was not always reached (the baseline was disturbed by the
erage peak heights of matrix-matched standards to the stanmatrix mainly at low analytes concentrations). Generally, the
dards prepared in neat toluemex(5) expressed in percentage peak tailing is decreasing if matrix is present or pesticides are
are shown. The highest values of the peaks heights increas@resent at higher concentrations. The highestimprovement of
are observed for the following pesticides: dimethoate, fen- the peak tailing is gained for penconazole, myclobutanil and
itrothion, methidathion, myclobutanil, tebuconazole phosa- etofenprox. As can be seen by comparison of the results in
lone and bitertanolTable 2. For the majority of the men-  Tables 2—4the response enhancement is for some pesticides
tioned compounds also the increase of the peak areas was

Table 3
Table 2 Relative averagen=5) peak heights of matrix-matched standards to stan-
Dependence of chromatographic matrix induced response enhancement orlards prepared in the neat toluene expressed in percentage
conc_entration of pesticides measured, express_ed as relative peak area %esticide Concentration (pd~1)
matrix-matched standard to standard prepared in neat toluert) (
Pesticide Concentration (pd 1) 0.0125 0.125 125
Dimethoate 302 2445 1032

0.0125 0.025 0.125 0.25 1.25 2.5 Terbutylazine 16D 1384 907
Dimethoate 41 2955 2096 1529 1010 892 Diazinone 1757 1489 96.8
Terbuthylazine 15@ 1440 1296 1123 918 765 Pyrimethanil 172 1434 914
Diazinone 178 1775 1489 1253 959 796 Chlorpyrifos-methyl 228 1932 1017
Pyrimethanil 158 1538 1345 1152 915 742 Fenitrothion 4924 4208 1208
Chlorpyrifos-methyl 228 2276 1882 1520 1029 858 Chlorpyrifos 2304 1911 1074
Fenitrothion 488 4878 4141 2888 1301 1010 Cyprodinyl 2103 1671 1015
Chlorpyrifos 2286 2293 1889 1483 1060 896 Penconazole 272 2384 1222
Cyprodinyl 1632 1681 1502 1189 983 842 Captan - 3 186
Penconazole 198 2037 1674 1304 1038 899 Methidathion 373D 2135 1020
Captan - - 28 1805 184 223 Kresoxim-methyl 245 1782 1088
Methidathion 338 3075 1924 1358 999 900 Myclobuthanil 534 2606 1275
Kresoxim-methyl 216 2204 1611 1294 1072 948 Tebuconazole 528 3983 1744
Myclobuthanil 4387 3508 1904 1418 1078 952 Phosalone 402 2760 1265
Tebuconazole 468 4335 2790 1945 1275 1132 Bitertanol 1 7970 6399 1850
Phosalone 368 3771 2378 1653 1126 993 Bitertanol 2 8034 5491 1737
Bitertanol 1 758 7008 5311 2932 1605 1509 Cypermethrin 1 352 3760 1938
Bitertanol 2 7723 7097 3936 2199 1110 1168 Cypermethrin 2 376 3382 1743
Cypermethrin 1 379 3800 3176 1933 1401 1269 Cypermethrin 3 383 3155 1631
Cypermethrin 2 395 3466 2783 1616 1197 1044 Etofenprox 2818 2640 1818
Cypermethrin 3 571 4191 2539 1533 1139 960 The data represent the ratiinatrix/Htoluens Hmatrix, Peak height of pesticide
Etofenprox 225 2027 1531 1315 1137 997 obtained from matrix-matched standatisiuene peak height of pesticide

The data represent the average peak area (%). obtained from solution of standards in the neat toluene.
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Table 4
Average tailing factorsn(=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

3.3. Influence of matrix co-extractants on analytes
responses

Pesticide

Concentration (pd—1)

0.0125

0.125

1.25

Toluene Matrix

Toluene Matrix Toluene Matrix

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.

Terbuthylazine 114 11 1.08 103 095 094 .
Diazinon 097 095 102 103 103 103 Tq check the reprodumblllty of measured parameters, a
Pyrimethanil 121 103 123 099 094 095 special control matrix-matched standard of pesticides for-
Chlorpyrifos-  1.00 097 110 101 099 097 tified with PCB 149 at two concentration levels was used.
. m_?th%:_ 0o ass  ass  ass 112 110 PCB 149 was added for the verification of results as PCBs
enitrothion . age .. .
Chlorpyrifos 109 113 119 113 096 096 are significantly less polar _than pesymdes and the influ-
Cyprodynil 139 123 101 092 103 108 ence of the 'chromatographlc matrix induced response en-
Penconazole .35 142 203 122 145 099 hancement is not expected to such an extent as for polar
Methidathion 124 092 123 092 089 088 pesticides.
Kresotﬁ'”l“ 132 0% 105 108 103 089 Before any sequence of measurements, the blank ap-
methy! . .. . .
Myclobutanil 259 141 230 104 144 99 ple mgtnx Was_lnjectgd five times to decrease the number
Phosalone B4 112 112 106 122 093 of active sites in an inlet and a column. Then, the set of
Etofenprox 05 155 299 118 251 099 pesticides control matrix-matched standards at two differ-

ent concentration levels 0.025 and 1.75uhg! with added

caused preferably by the deactivation of the inlet surface with PCB 149 were injected in triplicate. Afterwards the real

matrix components as the peak areas and heights increasedamples were analyzed, always in pairs with the matrix-
compared to the measurements in neat toluene, while thematched calibration standard (number of measurenmengs

peak shapes expressed as tailing are not significantly influ-for each vial). The pairs of analytes and their matrix-matched
enced (terbuthylazine, diazinon, chlorpyrifos-methyl, feni- standards rotated with control matrix standards in the se-
trothion, chlorpyrifos, cyprodinyl). For other pesticides, the quence. InFigs. 2 and 3the average peak areas=(3)

peak tailing is improved significantly, while the peak area is of control matrix-matched standards for sequences con-
increased to a lower extent (penconazole, myclobutanil andsisting of 130 injections with one retention gap and 70

etofenprox).

injections after the retention gap exchange are presented

The situation is different for pesticide captan, which un- at a lower Fig. 2) and a higher EKig. 3) concentration

dergoes decomposition in the in[&8]. level.
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Fig. 2. Dependence of average peak areas of the control matrix-matched standards with concentratiopd-&28mgesponds to concentration 0.01 mgkg
before sample preparation) injected between analyses of real samp@snumber of injections/retention gap.
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Fig. 3. Dependence of average peak areas of the control matrix-matched standards with concentratiqrd 11 {Bamgesponds to concentration 0.7 mgkg
before sample preparation) injected between analyses of real sampl@shpumber of injections/retention gap.

Up to about first 40 injections the peak areas negligibly vent exchange to toluene) were analyzed and the peak ar-
increased (except of captan, phosalone and biteranol) whicheas increased as active sites were deactivated by matrix
is a consequence of the chromatographic matrix induced re-constituents. Similar behaviour of pesticides was observed
sponse enhancement. The increase of the peak area is ndbr both concentration levels of pesticides control matrix-
significant as it is represented at the most by 5%. The follow- matched standard&ig. 2 injections 50/2, 61/2Fig. 3. in-
ing decrease of the majority of analytes peak ar€&s jections 53/2, 65/2).
injections 84/1, 101/1, 125/Eig. 3 injections 87/1, 104/1, The peak areas decrease and/or increase is more signif-
128/1) is caused by the sorption of analytes by the deposit oficant for the lower concentration level measurements. Only
non-volatile residues in the liner and the retention gap. This captan, as the most troublesome pesticide in our selection,
was verified as after the replacement of the retention gap andsignificantly decomposed in the inlet and its peak completely
the liner after 130 runs the responses were close to the initialdisappeared after 50 injections for the lower concentration
ones. control standard with the first retention gap. In the case of the

After the retention gap was changed, again the control second retention gap, the condition of the inlet liner when
matrix-matched standards prepared in toluene were injected'dirtier” samples were measured was poor to preserve cap-
(denominated irFig. 2 6/2; in Fig. 3 9/2) and followed by tan from decomposition.
the samples prepared by the QUEChERS method published Repeatability of the peak areas expressed as R.S.D. was
by Anastassiades et §1.0] (in acetonitrile) which were then  found to be generally in the ranges 0.1-4% for all compounds
analyzed under identical conditions. As can be seen from except captam(= 3) for control matrix-matched standards at
the following injections of control matrix-matched standards, both concentration levels. The presented results have shown
a significant decrease of the peak areas occurs for severathat external calibration with matrix-matched standards can
compounds, mainly for chlorpyfos-methyl, methidathion and be successfully utilized to obtain correct results of quantita-
cypermethrin Fig. 2 injection 28/2;Fig. 3 injection 31/2). tive analysis.

In the QUEChERS method, no solvent exchange step is in-

volved. The injection solvent is acetonitrile, which contains 3.4. Influence of matrix co-extractants on column

also residual water (after drying with MgQPthat is sup- performance

posed to be responsible for the creation of active sites in the

chromatographic system; and thus, increasing the polar pes- The studied parameters were peak half widths, peak tail-
ticides adsorption and a subsequent peak areas decrease. ing factors, retention times and target/qualifier ion ratios. Ac-

After the control matrix-matched standard analyses in cording to the classification of faster GC analysis according
the range of 28-33 injections with the changed retention to van Deursen et aJ14], the peak half width in fast GC is
gap, again real samples prepared by the initial method (sol-in the range of 0.2-3s. The peak half widths of pesticides
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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 contedtheatrix-m
standard 0.025 ngl~* (n=3).

studied were compounds-dependent and were in the rangeetention time was in the order of 1-2 s within 200 injections
of 0.75-1.8 s. The peak half widths are influenced mainly by and no change of elution order was observed.
overloading the analytical column or by adsorption, which The improved stability of the used chromatographic sys-
may occur on active sites or non-volatile matrix components. tem in comparison to conventional GC set{) is sup-
The dependence of the peak half widths values on the posed to be caused first by the elimination of the less volatile
number of injections was characterized by the control matrix- compounds to the split vent increasing the final temperature
matched standards (as described above). The results are presf PTV after opening the splitless vent. Another important
sented inFig. 4. The most of the peak half widths were not parameter seems to be the prolonged isothermal period at
significantly changing during the experiment consisting of the end of the oven temperature programming enabling the
200 injections for both measured concentrations of control elution of the majority of semivolatile matrix components
standards. injected. The elution time of the last pesticide etofenprox
Some changes are noticeable, but mainly for thermally un- was 10 min, but additional 6 min were necessary to ob-
stable captan and for cypermethrin and dimethoate as a resultain a relatively stable baseline without any further large
of a lack of sufficiently selective ions resulting in difficultin-  peaks, low volatile matrix components, which is approxi-
tegration. Noticeable peak broadening and peak area decreasmately half of the run time needed for the last pesticide
occurs for methidathion after the samples with residual water elution. When compared to conventional GC, additional ap-
were measured. proximately 30 min would be needed. An important pa-
Also, peak tailing factors calculated at 10% of the peak rameter influencing the performance of fast GC system is
height were evaluated for the lower concentration of the also the sample preparation procedure and the purity of
matrix-matched control standard (0.025tg?). Tailing the final extract, mainly with regards to the content of
factors were not significantly influenced by the number of water.
injections performed (200), but they were improved in com-  The ratios of the target to the qualifier ions were also eval-
parison to toluene neat standard solutions in terms of theuated as they serve for identification purposes when SIM
discussion above. mode is used. The ions ratios were slightly dependent on
Retention times of the compounds analyzed were mod- the concentration injected, which leads to the need to use
erately shifting but differently for various compounds dur- some medium concentration for setting the ion ratio values.
ing the experiment with a very small effect of retention The ratios were constant during all 200 injections. Better
gap exchange. This is the most probably caused by chang+epeatability was observed for the control matrix-standard
ing physico-chemical properties of the stationary phase of with the higher concentration 1.75pd ! (less than 4%
the analytical column by the less-volatile residues; and thus, R.S.D.,n=3) when compared to the lower concentration
changing the selectivity of the used system. The change of thelevel 0.025 ngul— (less than 14% R.S.Dn,= 3).
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4. Conclusions The concentration levels investigated correspond to the

ultra-trace concentration of pesticides in apples that are also
The fast GC-MS on 0.15mm i.d. capillary columns has covering the MRLs of pesticides in baby-food. The presented

provided good ruggedness for such a fairly complicated anal- fast GC—MS setup provided very good performance with the

ysis as a pesticide residues analysis in a plant matrix is. Therun time of 16 min. LODs and LOQs less than 0.005 mgkg

chromatographic matrix induced response enhancement efwere reached for all pesticides exceptthermolabile cdpian

fectis, at very low concentration levels, reaching up to 700% Fast GC-MS utilizing narrow-bore columns with 0.15mm

when responses of the matrix-matched calibration standardd.d. can be successfully utilized for pesticide residues analy-

are compared to standards prepared in neat toluene. Responsas.

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 Acknowledgements
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