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Summary

The applicability of pulsed splitless injection to the gas chromato-  baryl), N-trihalogenmethylthio compounds (captan, dichloflua-
graphic analysis of pesticide residues in fruit and vegetables has been nid), and also some organohalogens (DDT, endrin, aldrin, chlor-

evaluated. 22 pesticides belonging to different chemical classes, othalonil) may serve as typical examples [5, 7, 9-11].
including those known to be liable to matrix induced response Y

enhancement, were selected for the study. The parameters of pres- Although various approaches aiming to reduce/eliminate matrix
sure_pul_se have been tested for optimum performance of injection.  effects have been suggested [3, 5, 12, 13], their application to
Application of the pressure pulse was found to decrease matrix roytine analyses proves rather complicated from a practical point
effects during analyses of real samples. Further decline of matrix ¢ \iew, The first option is to perform an efficient clean-up to
effects was obtained using higher sample injection volumes. The remove most of the matrix components present in a crude
installation of a deactivated retention gap was necessary to obtain L . : .
extract. However, it is usually neither practical nor possible to

good peak shapes with injection volumes exceedingul. of sample. ”
Up to 4 uL was then injected without peak distortion and consequent ~ C&Ty out such a thorough clean-up, especially when a broad

loss of resolution. Using 4L pulsed splitless injection, matrix effects ~ SPectrum of pesticides possessing different physico-chemical
were almost completely eliminated even at very low concentration properties is to be analyzed. Many multi-residue methods for the
levels of analytes. The highest matrix effects observed for tested com- analysis of pesticides in biotic matrices employ either gel per-
pounds at the lowest concentration level tested were in the range of meation chromatography (GPC) or a liquid-liquid partition step
110-122%. as clean-up tools. Whenever sufficiently high recoveries are
required for all analytes, the residual amount of co-extracts
remaining in the analyte fraction is invariably relatively high
because of overlap between respective elution zones [5, 6, 8, 9].
Because of its high separation power for complex mixtures and

the low limits of detection attainable by conventional detectorstnder these circumstances the use of standards prepared from
Capi”ary gas Chromatography is nowadays the technique mogﬂe matrix to be analyzed +e. “matrix matched” standards —
widely used for the analysis of pesticide residues in food cropd€presents a way of reliably correcting for response enhancement
However, the accuracy of generated data depends on the overli 2, 5, 9, 12]. Unfortunately, this approach is much more labor-
performance of the gas chromatographic system. In this respel@us than conventional calibration using standards prepared in
the most important part of the gas chromatograph is the injectiof€at solvent, particularly when numerous samples of widely dif-
port. Many studies concerned with splitless injection have€ring origin are to be analyzed. In addition, the stability of cer-
proved that the detector responses of many compounds can kdn pesticides in matrix standards may be a limiting factor [13].

significantly influenced by so-called matrix effects.

1 Introduction

The addition of single compound additives in order to mask
Matrix induced response enhancement is a complex phenomenaative sites in the injection port has been also studied [3]. How-
observed during analyses of real samples containing some mativer, this procedure did not prove to be generally effective in
components €.g. lipids, waxes, pigmentsetc). These cannot reducing matrix effects.

always be completely separated from analytes during clean-up
crude extracts, especially when multi-residue methods are useg
Molecules of impurities then compete during injection period
with analytes for the active sites in the injection chamber [1].
Active sites are exhibited mainly by free silanol groups presen min). This set-up leads to a higher carrier gas flow rate (8—

in a glass liner and also by deposits originating from nonvolatlle9 mL/min compared to 0.5—1 mL/min in conventional splitless

gg;ggr?gﬁég tg?;;rnjgft;:ozﬁ?(g‘u;?;g ?:gi?;ifzrﬂﬁsést'hpe‘sdagection) through the injector and thus to faster transport of sam-
q  alarg y : ple vapors onto the GC column. Under these conditions the resi-
column, resulting in enhanced response of analyte in real samp(?e

ecently, the use of pulsed splitless injection for the analysis of

fganic contaminants has been reported [10, 11, 14-19]. These

techniques involve an increase of column head pressure for a
hort time period during sample injection (usually for 1 or

compared to that in neat solvent. Using neat solvent standarde 'ce time of analytes in the injection chamber is much shorter
par : ng Ran in normal splitless injection. As a result a significant sup-
overestimated results may be thus achieved.

pression of analyte discrimination, adsorption, and/or degrada-
Matrix effects have been reported for certain compounds in mantfon occurs in the inlet port. The responses of troublesome com-
studies [1-9]. Among the pesticides, there are two basic grougsounds (mentioned above) obtained with pulsed splitless injec-
subject to matrix induced response enhancement. The first grodjn are thus significantly higher than those obtained by conven-
comprises organophosphates containing P=O bonds such tignal splitless injection [10, 14, 16, 19, 20]. In addition, due to
methamidophos, acephate, omethoate, dimethoate [1-4, 7, 9]. Ttiee increased pressure higher volumes of sample can be injected
other one comprises thermolabile compounds which are prone {op to 5ul) without the risk of backflash. Consequently lower
degradation in the injection port. The carbamate pesticides (cadetection limits can be achieved [11, 15-18].
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Table 1. Concentrationsf pesticidesn stockandworking solutions(all in toluene).

Analyte Stocksolution Working solutions
(ug/mL) (ng/mL)
100x diluted 400x diluted 1000x diluted

(level A) (level B) (level C)
Acephate 47.1 0.471 0.118 0.047
Bromopropylate 204 0.204 0.051 0.020
Captan 56.0 0.560 0.140 0.056
Carbaryl 106.4 1.064 0.266 0.106
Chlorothalonil 15.2 0.152 0.038 0.015
Chlorpyrifos 55.9 0.559 0.140 0.056
Dichlofluanid 28.8 0.288 0.072 0.029
Dimethoate 37.7 0.377 0.094 0.038
Endosulfan-S@ 10.7 0.107 0.027 0.01
Etrimfos 43.6 0.436 0.109 0.044
Iprodione 62.5 0.625 0.156 0.063
Lindane 6.0 0.060 0.015 0.006
Malathion 58.7 0.587 0.147 0.059
Methamidophos 40.8 0.408 0.102 0.041
Methidathion 63.8 0.638 0.160 0.064
Omethoate 47.0 0.470 0.118 0.047
Phosalone 72.6 0.726 0.182 0.073
Pirimiphos-methyl 38.4 0.384 0.096 0.038
Propham 153.3 1.533 0.383 0.153
Tolclofos-methyl 46.9 0.469 0.17 0.047
Tolylfluanid 29.2 0.292 0.073 0.029
Vinclozolin 13.6 0.136 0.034 0.014

On-columnand PTV injection represenither sampleintroduc-
tion alternativeswhich may be assumedo reduceand/orelimi-

natematrix effects.Direct injection of sampleontothe analytical
columnin the former andslow evaporatbn of samplein the lat-

tertechniquearetheinherentfeaturesoffering potentialfor elim-

ination of discrimination,degradationandothernegativeeffects
[21-23]. In spite of theseassumptionsMol et al. havereported
matrix effectsoccurringin someextentduring analyseof nitro-

genandphosphorugontainingpesticidedy PTV-GC [24].

In our study high resolution gas chromatographyemploying
electroncaptureand nitrogenphosphorusletectorsvasusedfor

analysisof wheatextractsspikedwith 22 commonmodernpesti-
cides representingdifferent chemical classes.Pressurepulse
parameterswere optimized with the aim of minimizing the

matrix induced responseenhancemenbbservedfor some of

thesepesticidesin conventionalsplitlessinjection. The possibi-
lity of improving the detectability of analytesby the increased
volumeof injectedsamplewasalsostudied.

2 Experimental

2.1 Chenicals and Materials

Pesticidestandardsall of 95% purity, were obtainedfrom Dr.

Ehrenstorfe(Germany).Stock and working solutionswere pre-
paredin toluene,seeTable 1. All solventsused (ethyl acetate,
cyclohexanetoluene)were analyticalgrade(Merck, Germany).
Wheatgrainswereobtainedat a retail market.
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2.2 Appaatus

HPLC systemHP 1090 equippedwith PL gel (600 x 7.5mm,
50A) high-performancecolumn (PL Labs, UK) and with a
Retrieverll (Isco,USA) fraction collectorwasusedfor clean-up
of extracts All solventevaporationsvere performedon a Biichi
RotaryEvaporator

For GC analysesa HP 6890 gaschromatograpltequippedwith

electronicpressurecontrol (EPC), nitrogen-phosphorudetector
(NPD), electron-capure detector (ECD) and autosamplerHP
7673A was used. DB-5 MS column (60 m x 0.25mm x

0.25um) connectedvia a Y-piece with both detectorswas
employedfor separationof analytes.All datawere storedand
reprocessedith PCandHP ChemstatiorA.04.05.

2.3 Analytical Procedue

50g of sample were homogenizedwith 50g of anhydrous
sodiumsulfate (Na,SO;) and 200mL of ethyl acetatefor 2 min

with a Turrax (10 000rpm). The homogenatewas filtered

throughthe layer of 20 of sodiumsulfateandthefilter cakewas
rinsed3x with 25mL of ethylacetate.The combinedfiltrates

were evaporated38°C, 250 mbar)downto 50 mL andthe final

volume of samplewasthen madeup to 100mL with cyclohex-
anein avolumetricflask.

2.4Clean-up

A 2mL aliquot of crude extractwas injected onto a HPGPC
(high performancegel permeationchromatographygolumn via

J.High Resol.Chromatar.
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Table 2. Theinfluenceof pressurgarametersluringinjection perioduponresponsegareacount)of testedpesticides- ECD detected.

Analyte Pulseduration1 min Pulseduration2 min
Columnheadpressurépsi) Columnheadpressurépsi)
20 40 60 80 20 40 60 80

Bromopropylate 54.79 63.35 64.87 66.71 52.34 65.44 65.85 58.17
Captan 132.50 181.14 197.36 192.07 108.93 189.92 196.09 179.24
Chlorothalonil 69.58 85.94 96.34 87.27 60.86 85.50 90.06 81.70
Chlorpyrifos 127.85 149.67 151.84 149.89 117.13 152.36 156.63 143.09
Dichlofluanid 66.19 77.74 81.00 78.45 59.63 78.34 82.45 77.52
Dimethoate 34.48 42.16 45.75 41.42 31.37 42.31 43.21 39.92
Endosulfan-S@ 52.43 62.60 63.67 65.07 47.61 61.05 62.91 56.13
Lindane 36.04 44.10 48.30 44.17 33.00 43.28 45.45 41.85
Malathion 40.23 47.46 48.42 47.94 37.36 47.95 48.81 45.78
Methidathion 65.57 79.59 83.42 78.84 59.31 81.71 81.67 75.53
Phosalone 129.13 148.88 15451 157.1 118.22 155.85 151.58 134.90
Tolclofos-methyl 58.12 67.27 70.73 69.33 53.43 66.92 71.08 65.80
Tolylfluanid 63.92 75.34 75.48 74.16 58.88 76.63 77.65 72.73
Vinclozolin 37.51 43.82 46.12 44.35 34.39 43.59 45.66 42.14

*  — gplitlessinjection columnheadpressure

a2 mL sampleloop. HPGPCconditionswereasfollows: mobile
phasecyclohexane-ethyacetate(1:1, v/v), flow rate 1 mL/min,
collectedfraction 15.5-31.0mL. This “pesticide” fraction was
concentratedn a rotary evaporatorand remainingsolventwas
gentlyevaporatedn a streamof nitrogen.

2.5Preparationof Spiked Samples

The purified sampleobtainedafter HPGPCclean-up(seeSection
2.4)andevaporatiorof solventwasre-dissolvedn 1 mL of stan-
dardsolution (working solutionsA, B, C, seeTablel) to obtain

the “matrix standard”with known concentrationsof analytes.

“Blank” samplesverepreparedsimilarly by diluting the residue
afterevaporatiorin 1 mL of toluene.

2.6 GC Identification and Quantfication

Matrix standardsand correspondingstandardsin neat solvent
wereanalyzedoy GC underthefollowing conditions:

Inlet temperature220°C
Carriergas:helium

Rampedflow: 1 mL/min (hold 40 min), 0.5mL/min? to 3 mL/
min (holdtill theendof analysis)

Oven temperatue program:90°C (2 min), 10 °/min to 190°C,
2.5°/min to 225°C, 15 °/min to 280°C (hold 10 min), 20 °/min
to 300°C (hold 16 min)

ECD
Temperature300°C

Gases:anode(nitrogen) 6 mL/min; make-up(nitrogen) 60 mL/
min

NPD
Temperature300°C

Gases air 60 mL/min; hydrogen3 mL/min; make-up(nitrogen)
10mL/min
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Matrix standardsvere analyzedat three different concentration
levels (A, B, C). Threeinjections of eachstandardwere made
togetherwith bracketingcleanstandardandthe responsesvere
compared.

3 Resuts and Discusson

Pulsedsplitlessinjection is undoubtedlyone of the challenging
techniqueswvhich may significantly improve the performanceof

classicsplit/splitlessinjection. Unfortunately the informationon

its applicationto the analysisof pesticideresiduesbelongingto

differentgroupsandoccurringat variousconcentratiorievelsis

ratherlimited. One of the mostthoroughstudiesconcernedvith

this topic [16] documentedignificantreductionof matrix effects
by pulsedinjection for 6 organophosphorugesticidesHowever

only compoundsepresenting single pesticideclassand, more-
over, at ratherhigh concentrationgapprox.0.4pg/mL in sample
prior to GC analysis)weretested.

Basedon availableliterature datait is evidentthat no general
rules exist for deriving optimal parameterdor pulsedsplitless
injection which would result in most efficient suppressiorof

matrix effects. Accordingly, in our experimentsvariousinjector
settingsweretestedto acquirea betterknowledgeon their influ-

enceon the performanceof quantitationprocess.

The pesticidespeakareas(detectedby two detectorsin parallel
operation)in solventstandardobtainedwith differentpressures
and durations are shown in Table2 and Table3. Generally
higherresponsesvere obtainedfor shorterpulsetime (1 min) at
higher column head pressures(60—-80psi). A decline in the
responsesf severalttroublesomecompoundss observedat high
column head pressureq80 psi), especiallywith longer pulse
time (2 min); however lower responsesare also evident with
1 min pulsetime for high flow rates.This phenomenors prob-
ably due to the sweepingof the analytesfrom the solventfilm
whichis formedduring cold focusingat thefront partof chroma-
tographiccolumn[25]. The loss of someanalytes(methamido-
phos, acephate,omethoate,etc) becomesmore distinct with
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Table 3. Theinfluenceof pressurgarametersluringinjection perioduponresponsegareacount)of testedpesticides- NPD detected.

Analyte Pulseduration1 min Pulseduration2 min
Columnheadpressurépsi) Columnheadpressurépsi)
20 40 60 80 20 40 60 80

Acephate 0.43 1.83 2.07 1.49 0.45 1.50 1.80 1.12
Carbaryl 6.21 9.12 10.09 9.12 6.00 9.76 10.01 9.25
Chlorpyrifos 18.75 22.89 22.79 21.59 16.95 21.96 22.45 22.54
Dimethoate 10.40 14.17 15.53 12.95 9.32 13.70 13.67 13.76
Etrimfos 15.58 19.20 20.86 18.43 14.21 18.57 19.25 19.59
Malathion 14.92 18.98 19.15 18.07 13.46 17.92 17.96 18.54
Methamidophos 1.80 4.22 4.50 3.75 1.64 3.04 2.84 2.81
Methidathion 22.21 29.24 30.53 27.38 19.43 27.84 27.37 28.06
Omethoate 3.19 6.46 7.42 5.82 2.65 5.26 6.21 5.68
Phosalone 14.16 16.34 16.90 16.79 12.30 15.81 15.07 14.94
Pirimiphos-methyl 14.70 17.84 18.39 17.27 13.00 16.88 17.73 18.31
Propham 12.55 15.61 16.44 15.57 11.69 15.66 15.06 14.91
Tolclofos-methyl 11.71 14.33 14.79 13.83 10.69 13.46 14.00 14.65

*  — gplitlessinjectioncolumnheadpressure

increasingvolatility and shorter retention times, respectively
Contrary to these observations,Wylie and Uchyiama [16],

employingthe sametype of HP injector, did not experienceany
lossesof volatile organophosphorupesticideswhen a 70 psi

pressurgulsewasapplied.As a compromisejn routinepractice
the pressurepulseshouldnot be setabove60—70 psi whenever
volatile analytesareto be analyzed ptherwisecompounddosses
dueto sweepingby carrier gas streamwill occur Furthersup-
pressionof analyteevaporationmight be achievedby injection

of solventwith differentpolarity and/orloweringthe startingcol-

umntemperatire. However theseoptionshavenot beentestedin

our experiments.

The next parametemwhich it is necessaryo set-upin a splitless
injection methodis the splitlesstime period, i.e. the time for
which the split ventis closedduring injection. We havetested
different splitlesstime periods; however no significant differ-
encesin the peak areaswere observedwhen split vent was
openeceitherbeforeor afterthe endof the pulsetime. On setting
the splitlesstime shorterthanthatfor the pulse,the residualsam-
ple vaporsarerapidly sweptout of the injection port preventing
any residuesirom remainingin the injector liner and/orin split
capillaries.

In the next setof experimentspesticidestandardpreparedooth
in matrix andin neatsolventwere subsequentlynjectedinto the
GC attwo columnheadpressure$40 and80 psi) to comparethe
extentof matrix effects (expresseasrelative detectorresponse
of analytein matrix standardandin neatsolvent).In accordance
with theoreticalassumptionseviewedin theintroduction,higher
pressurepulseresultedin certainreductionof matrix effects for
compoundstending to adsorb/thermodegradi the injection
port under conventionalconditions,see Table 4 and Figure 1.
No significantdifferencesetweerresponseat lower andhigher
column head pressuresoccurredfor other analytes. Statistical
assessmenbf the results (two-factor analysis of variance-
ANOVA, seeTable 5) hasdemonstrged thatfor all troublesome
compoundsat concentratioevelsA andC thereexisteda statis-
tically significant differencebetweenrelative responsest both
testedpressuresAt concentratiorlevel B someslight decrease
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in relative responsegan also be seen;neverthelessit was not
proved statistically significant by ANOVA. As already men-
tioned[16], almostcompleteeliminationof matrix effectscanbe
achievedwith pulsedsplitlessinjection. However this assump
tion is no longer valid when very low concentrationf pesti-
cidesare to be determined.Although at concentrationlevel A
(the highestone) matrix effectswererelatively small on usinga
80 psi pressurepulse,the lower the concentratiorthe more dis-
tinct the matrix effectsbecamejndependentlyof the pulsepres-
sureused At concentratiorievel C therelativeresponsesf trou-
blesomecompoundsverein the range190-623%. It shouldbe
notedthat suchhigh valueswereobtainedbecausehe responses
of particular compoundsin solvent standardswere close to or
below limits of detection.Thereforetheir responsevasassigned
to 0.1 areacountsfor the calculationof relativeresponses.

In orderto testalsootherparameter®sf the pulsedsplitlessinjec-
tion, the pulsedurationwasaltered— seeTable 6. Lower matrix
effects were obtainedwith longer pulsetimes at concentration
levelsA andB; however at the lowestconcentratiorievel C this
relationship was not so distinct. Statistical differenceswere
found at concentratiorievels A and B usingtwo-factoranalysis
of variance(ANOVA) betweenrelative responsesbtainedwith
testedpulsetimes,seeTable5. No differencewasfound between
both pulse times at concentrationlevel C. Similarly, asin the
caseof testingthe pulse pressuresabsoluteresponse®f some
compoundsverevery low resultingin high relativeresponseat
low concentratiorlevels. As mentionedin previousparagraphs,
absoluteresponsesf somecompoundsrelower at higherpulse
time, presumablydueto the lossescausedy partial evaporation
of analytemoleculesfrom the solventlayer by high flow rate of
carriergas.Accordingly, asa compromisewe setthe pulsetime
at1 min to gethigherpeakresponse.

Basedon the observatios discussedabove,optimized pressure
pulseparametersvere appliedin further experimentsConsider
ing the almost constantnumber of active sites presentin the
injection port, further reductionof matrix effects by injection of
larger amount of sample could be presumed.Using common
splitlessinjection, typically only a small volume of samplecan

J.High Resol.Chromatar.
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Table 4. Comparisorof relativeresponsesf testedpesticidesbtainedwith two pulsepressurentensities RSD (%), n =3.

Analyte Concentratiorevel A Concentratiorievel B Concentratiorlevel C
40psi RSD 80psi RSD 40psi RSD 80psi RSD 40psi RSD 80psi RSD
Acephate 260 10.3 164 51 452 13.7 367 7.7 724 7.5 623 13.0
Bromopropylate 106 1.6 96 1.1 106 2.2 102 55 114 0.9 101 25
Captan 149 9.4 113 2.2 157 9.9 142 8.4 197 7.6 190 9.4
Carbaryl 228 7.5 145 2.7 287 8.3 21 5.2 318 12.2 294 1.3
Chlorothalonil 121 34 107 2.9 132 3.8 131 6.1 164 34 144 3.8
Chlorpyrifos 106 3.5 99 2.4 106 2.7 106 5.7 124 2.7 103 6.0
Dichlofluanid 105 25 100 20 109 3.2 106 4.9 129 34 108 2.9
Dimethoate 116 25 108 45 124 6.9 153 7.6 176 5.0 149 4.8
Endosulfan-S@ 112 25 98 14 111 2.8 107 5.3 119 1.4 110 2.2
Etrimfos 106 1.3 101 3.0 108 21 108 4.8 110 2.3 87 0.6
Lindane 103 2.7 95 2.0 103 1.0 96 4.5 109 2.9 112 2.8
Malathion 109 2.1 101 25 113 3.8 110 4.8 126 25 123 21
Methamidophos 185 5.0 144 3.2 214 6.4 187 5.9 527 15.0 381 25
Methidathion 11 2.7 93 1.6 120 6.0 109 4.9 131 14.2 113 34
Omethoate 186 5.9 131 34 488 6.0 226 7.1 654 13.9 300 8.5
Phosalone 119 2.6 103 1.6 121 45 118 4.7 141 1.3 138 5.7
Pirimiphos-methyl 104 2.3 99 24 107 24 102 6.1 107 5.6 11 4.4
Propham 105 2.3 103 2.9 107 2.7 108 3.5 116 2.3 127 3.7
Tolclofos-methyl 99 1.9 99 21 101 34 106 5.4 122 7.2 109 1.6
Tolylfluanid 108 2.5 102 2.0 11 3.6 111 6.0 136 5.0 113 2.9
Vinclozolin 100 2.2 98 16 103 2.6 112 4.9 113 3.6 104 24

Notice: lower detectableareawassetto 0.1 areaunits
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Figure 1. The effect of pulsepressurdntensity on relative responsesf
analytes,pulsetime 1 min, injection 1 ul, concentrationlevel A, RSD
n=3.

be injected (up to 1 uL) employingconventimal typesof liners
(glass deactivatedliners, volumes 800-990uL). A pressure
pulseappliedto the columnheadduring injection permitsinjec-
tion of larger samplevolumes(upto 5 uL) [11, 15-18].A higher
amountof sampleintroducedundertheseconditionsis assumed
to swampout active sitesin theliner, thusallowing a larger por-
tion of analytesto passto the column. These considerations
promptedus to undertakesubsequenexperimentsn which the
injection of larger volumesof samplesandits relationshipto the
matrix effectswastested.

Injection of samplevolumesexceedindl uL ontothe GC column
resultedin significant peak distortion, although cold solvent
focusinghad beenrealized,seeFigure 2.a This effect is prob-

J.High Resol.Chromatar.

Table 5. Statisticalevaluationof the differencesn relative responsesf
tested compoundswith two pulse intensities (two-factor ANOVA,
o = 0.05)andtwo pulsetimes.

Concentration Pressure Pulsetime
Ievel Fstat Fcrit Fstat Fcrit
A 12.780 4.351 31.788 4.351
B 2.761 4,351 13.530 4.351
C 4.900 4.351 1.076 4.351

ably causedy anexcessivelyjong andnon-homogenouooded
zoneof condensedolventformedat the front part of the capil-
lary column during solventfocusing. Therefore,we installed a
5 m retentiongap (of the sameinternal diameterasthe column),
which we expectedto assistin focusingzonesby a “stationary
phasefocusing mechanism”[25]. In this mannerbetter peak
shapesvereobtainedandupto 4 uL of samplecouldbeinjected
without pronouncedoss of resolution,seeFigure 2.b. Volumes
exceedingd uL leadto somepeakbroadeningSincethe volume
of liner usedwas 900puL (splitlesssingle-taperdiner) while the
calculatedvolume of vaporof tolueneat 250°C and 60 psi pres-
surewasonly approximately319uL, liner overflow wasimprob-
able. Consequentlywe attributedthe peak broadeningand dis-

tortion ratherto an inappropriateretentiongap length unableto

accommodatenorethan4 uL of solvent.The situationmight be
improvedby useof a longerretentiongap (e.g. 10m) or one of

thesamdengthbutwith alargerinternaldiameter Anotheralter

nativeis to usea differentsolvent,showingbettercompatibility
with the stationaryphaseof the analyticalcolumn, for injection
into the GC. However sincethe highestinjection volume feasi-
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Table 6. Relativeresponsesf testedpesticidesobtainedundertwo differentpulsedurations(1 and2 min), pulse60 psi, injection volume 1 uL, RSD

(%),n=3.
Pesticide Concentratiordevel A Concentratiorlevel B Concentratiorievel C

1 min RSD 2min RSD 1 min RSD 2min RSD 1 min RSD 2min RSD
Acephate 206 4.6 164 51 366 15.0 367 8 589 25.0 623 13.0
Bromopropylate 112 1.9 96 1.1 112 12 102 5 110 14 101 25
Captan 125 4.6 113 2.2 158 2.7 142 8 165 2.7 190 9.4
Carbaryl 193 1.3 145 2.7 238 11.8 211 5 149 11.8 294 1.3
Chlorothalonil 108 0.7 107 2.9 115 1.1 131 6 106 0.8 144 3.8
Chlorpyrifos 111 2.0 100 2.0 121 2.8 114 5 128 0.6 107 2.9
Dichlofluanid 114 1.3 100 2.0 112 3.4 106 5 123 1.2 108 2.9
Dimethoate 112 3.4 105 3.2 124 9.9 124 6 150 7.4 100 3.6
Endosulfan-S@ 118 2.1 98 1.4 112 1.4 107 5 109 1.8 110 2.2
Etrimfos 108 3.0 101 3.0 112 2.2 108 5 121 2.0 87 0.6
Lindane 110 0.7 95 2.0 113 2.7 96 4 113 1.6 112 2.8
Malathion 113 1.4 101 2.5 121 6.0 110 5 120 1.8 123 2.1
Methamidophos 198 14.1 144 3.2 215 9.0 187 6 365 14.0 381 2.5
Methidathion 110 0.8 93 1.6 126 3.4 109 5 108 51 113 34
Omethoate 140 0.3 131 3.4 214 35 226 7 285 15.3 300 8.5
Phosalone 110 2.6 103 1.6 124 5.0 118 5 111 10.8 138 5.7
Pirimiphos-methyl 111 1.4 99 2.4 114 2.0 102 6 104 4.8 111 4.4
Propham 112 0.9 103 2.9 120 4.1 108 3 115 6.4 127 3.7
Tolclofos-methyl 114 0.7 99 2.1 121 2.1 106 5 117 3.3 109 1.6
Tolylfluanid 117 3.7 102 2.0 122 2.5 111 6 118 0.7 113 2.9
Vinclozolin 111 0.2 98 1.6 116 6.9 112 5 109 1.6 104 2.4

A) pulsed splitless B) pulsed splitless
3l

Figure 2. Peakshapesobtainedby pulsedsplitlessinjectionsof different volumesof sample
onto GC columnwithout retentiongap(A) andwith installedretentiongap(B).

ble with a HP 7673 Autosamplerequippedwith 10 uL syringeis
5uL, we havenot testedtheseoptions.In all subsequengxperi-
mentswe thereforeevaluatedhe effect of injection volumeupon
matrix effects of testedpesticidesin the rangeof 1-4 ul of the
sample.

Table 7 summariesrelativeresponsesf all thetesteccompounds
obtainedfor differentinjection volumes.It is apparenthat the

matrix effectsdiminishwith increasingnjectionvolume.Whenas

muchas4 puL of samplewasinjected,matrix effectswerealmost
completelyeliminatedandatconcentratiomevel C (1000x diluted

solution) the uppermostangeof relative response®f “trouble-

some”compoundsvaswithin 110-122%.In addition,increased
absolutaesponsesf all compoundgrovidedimproveddetection
limits andbetterrepeatabilityseeFigure 3.
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It shouldbe noted that the datafor iprodione are not reported
here since this compoundgave either very small responser
none at all. Problemsreportedwith the determinationof ipro-
dioneby GC arisefrom degradatiorduring the run [14]. Hence
this compounds difficult to determineby GC. Alternative meth-
odsof determination(e.g. HPLC) shouldthereforebe employed
to obtainaccurateanalyticalresultsfor this compound.

4 Conclusions

Matrix effectsoccurringin the GC analysisof somepesticidesn
extractsfrom real sampleshavea negativeimpacton the accu-
racy of generatedesults.To compensatdor detectorresponse
enhancementgcalibration should be carried out using matrix

J.High Resol.Chromatar.
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Table 7. Relativeresponsesf testedpesticideobtainedwith differentinjectionvolumes.

Injection Pulsedsplitless60 psi, 1 min Splitless
Dilution of sample 100x 400x 1000x 100x 100x 1000x
Volumeof injection 1ul 2ul 3ul 4ul 1ul 2ul 3ul 4ul 1ul 2ul 3ul 4ul lul 1ul 1ul
Acephate 133 116 97 9% 218 164 144 112 nd. 224 147 103 206 270 nd.
Bromopropylate 98 102 100 99 110 105 100 101 12 107 93 103 130 114 98
Captan 111 110 102 103 110 110 106 100 125 120 101 104 145 152 178
Carbaryl 149 133 111 11 199 183 137 116 275 203 158 122 174 229 286
Chlorothalonil 112 115 100 96 115 129 121 112 140 141 123 100 119 135 155
Chlorpyrifos 102 110 97 102 103 109 109 106 116 109 95 103 111 114 121
Dichlofluanid 105 100 100 105 105 97 92 98 100 99 87 103 114 111 91
Dimethoate 107 108 96 98 125 128 117 101 170 153 120 102 112 150 189
Endosulfan-S® 101 104 102 104 102 100 105 100 106 111 95 98 129 115 93
Etrimfos 101 105 104 107 96 105 110 98 116 128 106 106 106 125 140
Lindane 99 105 103 100 105 110 106 102 110 118 106 105 103 121 108
Malathion 103 108 105 103 108 104 99 96 126 123 109 102 112 116 132
Methamidophos 145 107 112 97 189 160 157 105 n.d. 247 126 105 191 237 nd.
Methidathion 106 109 102 108 109 125 111 103 134 136 109 99 126 141 159
Omethoate 123 110 108 99 185 169 134 106 n.d. 202 139 98 157 231 289
Phosalone 109 110 98 97 100 105 108 100 121 116 104 104 161 138 152
Pirimiphos-methyl 103 106 103 104 107 109 109 106 101 121 108 96 107 108 109
Propham 100 106 103 104 111 118 109 103 225 139 112 107 102 115 262
Tolclofos-methyl 99 107 103 101 101 109 108 103 110 111 101 98 106 105 122
Tolylfluanid 102 108 105 102 112 m 103 108 111 112 97 105 123 14 99
Vinclozolin 97 106 104 105 115 107 102 103 110 110 96 104 106 119 105

n.d. — notdetected

Bold facedtype indicatesresultsexceedingupperlimit for “acceptable’recovery(110%) accordingto Council Directive 94/43/EC,Off. J. Eur.Com.

L227,1994.

400

350
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O 1 ul pulsed splitless

02 ol pulsed splitless
B3 ul pulsed splitless

300
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Figure 3. Relativeresponsesf testedpesticideobtainedwith differentinjectionvolumes
(concentratiorievel B, RSDn=3, pressurgulse60 psi, 1 min).

matchedstandardsHowever the preparationof thesesolutions
rendersthe analytical processmore laborious.Moreover addi-
tional uncertaintyis always introducedwhen low volumes of
standardsand blanks are measuredduring the preparationof
matrix standards.The use of pulsed splitless injection thus
appeardo be a reliable way of overcomingmatrix effects, per
mitting routineuseof standardén neatsolvent.Somegeneraliza-

J.High Resol.Chromatar.

tions relatedto the operatingof pulsed splitlessinjection are
summarizedn thefollowing points:

i) To obtain good responsedor all analytes,including early
eluting species,the pulse pressuretime should not exceed
1min with the intensity not exceeding60 psi, otherwise
losseof volatile compoundoccur
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i) Higherpulseintensity (80 psicomparedo 40 psi) giveslower
relative responsegratio of analyteresponsdn matrix stan-
dardto responsef the standardn neatsolvent)for all groups
of analyzedcompounds

iif) Longerpulsetime (2 min comparedo 1 min) resultsin lower
relative responsesHowever a pulse time exceedingl min
leads to significant lossesof volatile compoundscausing
poorerdetectability

iv) Injection of samplevolumesexceedindl uL causegpeakdis-
tortion unlessa retentiongapis used.lts attachmenenables
samplevolumesup to 4 pL to be injectedwithout significant
lossof resolutionandoverall separatiorquality.

V) Injection of larger samplevolumes (up to 4 uL) resultsin
lower relative responses,with 4puL injection providing
almostcompletesuppressionf matrix effects.

In conclusion,pulsedsplitlessinjection representsan effective
tool wheneverproblems causedby matrix effects are to be
solved.Benefitsaccruingfrom lower detectionlimits andhigher
repeatabilityof the analytical resultscan be anticipated.How-
ever it shouldbe notedthat the geometryof the injection port,
the type of liner, and the analytical column usedcan play an
importantrole when using this injection techniqueand, conse-
quently differences may be experienced between results
obtainedby differentinstrumentsln addition,the history of the
GC system,i.e. the contaminatiorof the inlet port andthe front
partof analyticalcolumn,shouldalsobe considered.
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