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ANALYSIS OF PESTICIDES IN WATER SAMPLES 
USING GC-ECD AND GC-MS/MS TECHNIQUES 
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ANTONIA GARRIDO-FRENICH and JOSE L. MARTfNEZ-VIDAL* 
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(Received 6 November 1998; In final form 23 April 1999) 

A pesticide multiresidue method for determining dichlorvos, naled. lindane, diazinon, chlorpyri- 
fos-methyl, dichlofluanid, chlorpyrifos, folpet, a- and 0-endosulfan, endosulfan-sulphate, fen- 
propathrin and acrinathrin in water samples at the levels required by the EEC Drinking Waters 
Directive has been developed. The pesticides were selected among the most used during the last 20 
years in Almena (Spain), where there is a high agricultural activity. Solid Phase Extraction (SPE) was 
selected as extraction method after being compared with Liquid-Liquid Extraction (LLE). Moreover, 
different gas chromatographic detectors (Electron Capture Detector, ECD; Mass Spectrometer, MS; 
Tandem Mass Spectrometer, MS/MS) were compared. The best results of repeatability and sensitivity 
were obtained for ECD and MSMS. 

Keywords: Pesticides; water; SPE; GC-ECD; GC-MS; GC-MSIMS 

INTRODUCTION 

Monitoring pesticides in water samples has been an issue of great relevance in 
the last decades. The EEC Drinking Waters Directive[’] establishes a concentra- 
tion threshold of 0.1 pg 1-’ for each individual pesticide or 0.5 pg I-’ for the total 
amount of them, including their main metabolites. This requires the development 
of analytical methodologies sensitive and selective enough to fulfil these require- 
ments. 

Chromatographic methods are widely used for analytical separation, identifica- 
tion and quantification of as many pesticides as possible in one run. In practice, 
Gas Chromatography (GC) using long capillary columns and with selective and 
sensitive detectors, such as Electronic Capture Detector (ECDf2”], has been one 
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166 MARfA C. PABLOS-ESPADA er al. 

of the most often employed analytical techniques for the determination of pesti- 
cides. Relative retention times are the criteria applied for identification of chro- 
matographic peaks, but an additional confirmatory technique is also necessary. 
To this end, the coupling of GC with Mass Spectrometry (MS) has been exten- 
sively used, as it increases the selectivity and certainty of identification, avoiding 
false positives in pesticide multiresidue determinations in The sensi- 
tive and selectivity can even be improved by using Tandem Mass Spectrometry 
(MSNS). Most matrix interferences are avoided and the target compounds are 
identified by their secondary spectra. Other alternatives for the confirmation of 
residues are the use of different GC detectors["], as well as the use of two GC 
columns with different p~lar i ty[ '~* '~] .  The last option is very useful in laborato- 
ries that do not have GC-MS instrumentation available and it is still recom- 
mended in some official analytical methods. 

However, in order to reach the levels of sensitivity for the determination of the 
amounts of pesticides allowed in drinking water, an extraction and enrichment 
steps are always necessary prior to their instrumental analysis. Several meth- 
o d ~ [ ' ~ ~ '  51 have been developed to accomplish this task, including: Liquid Liquid 
Extraction (LLE)['63'71, Solid Phase Extraction (SPE)[6*'8-211, Extraction 
Disk[9v221231, Supercritical Fluid E x t r a ~ t i o n [ ~ ~ * ~ ~ ] ,  Solid Phase Microextrac- 
tion[26>271, Micro Liquid Liquid E~traction[~~-~']  or Extraction using Hollow 
Fibber  membrane^[^'*^^]. At present, the two most common preconcentration 
methods of pesticides from environmental samples are LLE and SPE. 

LLE is a simple, effective and fully developed technique, however, it is 
time-consuming, expensive and sometimes harmful by the large volumes of sol- 
vents to be handled. Because of these drawbacks, SPE, using disposable car- 
tridges with an appropriate sorbent, has been used as an 
Chemically bonded silica-based sorbents are generally used in SPE columns. 
However, when a SPE method is applied, the breakthrough volume of each ana- 
lyte should be taken into account. Sample volumes should be considered care- 
fully during the preconcentration in trying to increase the limits of detection, and 
preventing the loss of the early eluting corn pound^[^^*^^^. 

In the present study, the following aspects were taken into account: (a) The list 
of pesticides more extensively used in agricultural treatments during the last 20 
years in the region (Almeria, SE Spain), with potential occurrence in water sam- 
ples. In these respect, key properties such as water solubility, hydrolysis, mobil- 
ity (expressed by Koc) or leachability (expressed by the Groundwater Ubiquity 
Score, GUS)[371 were considered. (b) The assessment and optimization of a 
GC-ECD multiresidue method for analytical separation and quantification of 
pesticides. (c) The alternative characterization of all the compounds by GC-MS 
with EI and the MSNS option, for the confirmation of the residues or even as a 
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quantification method. (d) The optimization of the isolation and preconcentration 
of the pesticides from water samples via LLE and SPE techniques. 

The advantages and limitations of using, on one hand, LLE or SPE methods 
and, on the other, GC-ECD or GC-MS techniques for quantitative and qualitative 
determinations of dichlorvos, naled, lindane, diazinon, chlorpyrifos-methyl 
(chlorpyrifos-m), dichlofluanid, chlorpyrifos, folpet, a-endosulfan, P-endosul- 
fan, (endosulfan-sulphate endosulfan-s), fenpropathrin and acrinathrin in water 
samples are discussed. 

EXPERIMENTAL 

Chemicals and reagents 

Pesticide standards were obtained from Riedel-de-Haen (Seelze-Hannover, Ger- 
many) always with a purity higher than 99 %. The internal standard (ISTD), pen- 
tachloronitrobenzene (99 % of purity) was supplied by Aldrich (St. Louis, MO, 
USA). Stock standard solutions, 200 pg ml-', were prepared in n-hexane and 
stored in a freezer (-30°C). Working standard solutions were prepared by appro- 
priate dilutions and stored in a refrigerator (4°C). Pesticide quality solvents: 
n-hexane, dichloromethane, acetonitrile, methanol and acetone were supplied by 
Panreac (Barcelona, Spain). Organic free water was prepared by distillation and 
then by Milli-Q SP treatment (Millipore Corporation, USA). Anhydrous 
Na2S04, purchased from Panreac for pesticide residue analysis, was purified by 
heating at 300°C overnight and later Soxhlet extracted for twelve hours with 
dichloromethane. NaCl analytical reagent grade and glass wool were supplied by 
Panreac. Sep-Pak cartridges for solid phase extraction packed with 500 mg of 
C18 were purchased from Waters (Milford, MA, USA). 

Apparatus 

A gas chromatograph Hewlett-Packard (Palo Alto, CA, USA) model 5890 
equipped with a 63Ni ECD, a splitkiplitless injector operated in the splitless 
mode, a fused-silica capillary HP-1 column (60 m x 0.25 mm id. x 0.25 pm film 
thickness) (Hewlett-Packard) and an autosampler HP 7673. A HP 3365 Chemsta- 
tion software was used for instrument control and data treatment. Nitrogen was 
the carrier and.make up gas (purity 99.999%). 

A Saturn 2000 ion trap mass spectrometer from Varian Instruments (Sunny- 
vale, CA, USA) was used. The gas chromatograph was fitted with an autosam- 
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pler 8200, a splitlsplitless programmed temperature injector SPI/1078 operated 
in the splitless mode and a DB5-MS column (30 m x 0.25 mm id. x 0.25 pm film 
thickness) (J&W Scientific, Folsom, CA, USA). The ion trap mass spectrometer 
was operated in the electron ionization (EI) mode and the MSMS option was 
used. The computer, which controlled the system, had an EI-MSMS library spe- 
cially created for the target analytes in our experimental conditions. In addition, 
other EI-MS libraries were available. The carrier gas used was helium (purity 
99.999%). 

Chromatographic conditions 

GC-ECD 
An 1 p1 aliquot of the extract was injected by the autosampler in the injector with 
the split closed for 2 min. The temperature for injector and detector were 250 and 
300"C, respectively. The temperature column was programmed from 130°C 
(hold 1 min at 130°C) to 150°C at 14°C min-', then from 150°C to 200°C at 1°C 
min-l and finally from 200°C to 260°C at 14°C min-' (hold 20 rnin at 26OOC). 
The carrier gas was set at 0.85 ml min-' and the make up at a flow rate of 60 ml 
min-' at 150°C oven temperature. 

GC-MS 
5 pl were injected by the autosampler at a flow rate of 1 p1 s-'. For that, the sole- 
noid valve was opened for eliminating the solvent during 0.3 min while the tem- 
perature was held lightly below the boiling point of the solvent, later it was 
closed during 2.6 rnin for concentrating the analytes in the column head and 
finally was opened again for purging the injection inlet. The carrier gas was set at 
a flow rate of 1 ml min-' at 150°C oven temperature. The injector temperature 
was programmed from 60°C (hold 0.3 rnin at 60°C) to 280°C at 100°C min-' 
(hold 30 rnin at 280°C). The column was programmed from 60°C (hold 2.9 min 
at 60°C) to 150°C at 40°C min-' and finally from 15OOC to 275°C at 5°C min-' 
(hold 10 rnin at 275°C). The mass spectrometer was calibrated weekly. The tem- 
perature for the manifold, transfer-line and trap were 45, 260 and 200"C, respec- 
tively. The instrument was operated under Automatic Gain Control (AGC) with 
24300 counts of AGC-target (25 ms of maximum ionization time). The scan 
range was set to 85-450 u at 0.6 scan s-'. 

GC-MS/MS 
The sample was injected in the gas chromatograph under the same conditions 
used in GC-MS. The MSMS parameters are shown in Table I. 
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ANALYSIS OF PESTICIDES 169 

TABLE I MSMS parameters 

Activation Time Parent Ion Excitation Excitation 
Pesticide (minj n/z Range ( d z j  Amplitude (V)  Storage level ( d z )  

dichlorvos 

naled 

ISTD 

lindane 

diazinon 

chlorpyrifos-rn 

dichlofluanid 

chlorpyrifos 

folpet 

a-endosulfan 

P-endosulfan 

endosulfan-s 

fenpropathrin' 

acrinathrin 

5.0-9.0 

9.0-12.3 

2.3-13.2 

13.2-13.5 

13.5-14.3 

14.3-1 5.7 

15.7-16.8 

16.8-18.0 

18.0-19.5 

19.5-21.0 

21 .0-22.6 

22.6-25.0 

25.0-27.0 

27.0-29.0 

85-195 

135-195 

225-275 

100-195 

150-3 1 5 

125-295 

110-235 

250-325 

120-270 

90-250 

90-250 

120-280 

I 15-275 

140-190 

185 

185 

265 

183 

304 

286 

224 

314 

260 

24 1 

24 1 

272 

265 

181 

75 

40.5 

44 

69 

59 

66 

65 

39 

51 

83 

83 

95 

0.24 

86 

81 

50 

60 

80 

I10 

80 

98 

80 

90 

80 

80 

119 

100 

79 

*. resonant wave form. 

Extraction procedures 

Liquid-Liquid Extraction (LLE) 

A 500 ml water sample containing 10% NaCl was extracted in a separatory fun- 
nel twice with dichlorometane (2 x 50 ml) and once with n-hexane (25 ml), shak- 
ing for two minutes and allowing the phases to separate for 10 min. The 
combined organic extracts were dried over sodium sulphate. These extracts were 
evaporated just to the point of dryness in a rotary evaporator. An aliquot of the 
ISTD solution (50 pl, 1 pg m1-l) was added and the volume made up to 1 rnl 
with acetone:n-hexane (1:9) v/v. 

Solid Phase Extraction (SPE) 

The C 1 8  extraction cartridges were conditioned by successive elution of 10 ml of 
a mixture acetonitri1e:dichloromethane (1 : 1) v/v, 5 ml of methanol and 3 ml of 
Milli-Q water. All the solvents were passed by gravity throughout the cartridges. 
Then, an aliquot of 500 ml water sample was aspirated through the cartridge 
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under vacuum. The sample flow rate was controlled at ca. 8-10 ml min-'. The 
cartridge was not allowed to dry completely during the extraction process. 
Before eluting the pesticides, the cartridge was dried by passing air for 15 min 
and N2 for other 15 min. Pesticides were eluted by gravity with 5 ml of dichlo- 
romethane:acetonitrile (1: 1) v/v followed by 2 ml of n-hexane. The extract was 
dried over anhydrous Na2S04 supported in a column that was later washed with 
1 ml of dichloromethane. The final extract was evaporated to dryness under a 
stream of nitrogen. An aliquot of the ISTD solution (50 pl, pg ml-') was added 
and the volume made up to 1 ml with acetone:n-hexane (1:9) v/v. 

RESULTS AND DISCUSSION 

GC-ECD analysis 

The GC-ECD conditions were optimized to separate the pesticides monitored. 
Different temperature programs were tested for the resolution of standard mix- 
tures. A chromatogram of a standard solution using the final program described 
in the Experimental Section is shown in Figure la. Pesticides were separated 
properly and thus accurately calibrated. These conditions are also suitable for the 
separation among the analytes and other pesticides used in this area, such as vin- 
clozolin, procymidone, malathion or buprofezin. 

Retention time windows (RTW) defined as retention times averages f 3 stand- 
ard deviation (SD) of retention times are shown in Table 11. 

To determine the linearity of the chromatographic method, standard solutions 
of the pesticides with concentrations ranging from 0.5 to 1000 pg 1-' were 
injected and quantified using internal standard calibration. Calibration curves 
and the different associated parameters were studied using both areas and heights 
relative to the internal standard showing no significant differences in all cases 
except for folpet that showed better regression coefficient using relative areas. 
The linear correlations were fairly good (r2 = 0.990 - 0.999). 

Detection (LOD) and quantification (LOQ) limits were calculated on the val- 
ues of the blank at the RT of the analytes (8 injections). Besides LOQ were cal- 
culated as the lowest concentration where the RSD (%) is estimated to be less 
than 10 %[381. They are shown in Table 11. The LOQ values were higher when 
the criterion used to calculate was the lowest concentration of pesticide for which 
RSD is lower than a pre-established value (10%). We consider that this last 
approach estimates more realistic values. RSD (%) was measured in both ranges 
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FIGURE 1 Gas chromatograms with ECD (a) and M S N S  (b) of a standard solution of the pesticides 
in n-hexane at 200 pg 1-'.I, dichlorvos; 2, naled; 3, lindane: 4, diazinon; 5, chlorpyrifos-m; 6, 
dichlofluanid; 7. chloipyrifos; 8, folpet; 9, a-endosulfan: 10.0-endosulfan; 1 I ,  endosulfan-s; 12. fen- 
propathrin; 13, acrinathrin 

of concentrations, at 50 and 400 pg  1-', respectively, finding values lower than 
9 % in all cases. 

GC-MS and GC-MS/MS analyses 

The gas chromatographic conditions were optimized to separate the pesticides 
studied with the column available. All of them were properly separated in less 
than 29 min as it is shown in Figure b. The RTW for the compounds are shown in 
Table 111. 
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In order to increase the sensitivity, volumes of 5 p1 were injected, provided that 
the samples do not present important matrix effect such as water. Hence, the flow 
rate of injection was set at 1 pl s-l to obtain good peak symmetry. Other values 
generated peak tailing. Different time programs were studied for the solenoid 
valve opening. The time for eliminating the solvent and then for concentrating 
the analytes in the column head were set at 0.3 and 2.6 min, respectively, because 
of the higher signal obtained for most of them in these conditions. The injector 
temperature was programmed from 60 to 280°C to avoid breakdown of the most 
thermolabile compounds. 

For the mass spectrometer detector, AGC was switched on in order to optimize 
the sensitivity by filling completely the trap with target ions. In full scan mode, 
the mass range (85450 u) and background mass (85 u) were selected to optimize 
the sensitivity, ejecting as much as possible the matrix and solvent ions. All the 
compounds were characterized by their full scan mass spectra in these experi- 
mental conditions. 

In the MS/MS mode, a parent ion was chosen for each analyte by taking into 
consideration its d z  and its relative abundance (both as high as possible), so as 
to improve sensitivity. An isolation window of 2 u was used when the com- 
pounds exhibited ion clusters in their MS spectra and wider windows would 
therefore catch additional neighbouring ions and worse repeatability. The AGC 
target was set at 2000 counts because higher values caused electrostatic interac- 
tions between ions in the ion trap chamber. A non-resonant wave form (second 
ionization) was selected for all the compounds except for fenpropathrin which 
needed more cleavage energy to obtain a good quality secondary spectrum. The 
objective was to generate spectra with the parent ion as their molecular peaks 
(between 10 and 20 % of relative abundance). The excitation amplitude was 
studied for this propose. The EI-MS/MS spectra of the pesticides in our experi- 
mental conditions were stored in an own-made EI-MS/MS library. The main ions 
are shown in Table IV. The base peak was selected for quantification in all cases. 

The target analytes were searched at RTW and were identified by comparing 
their spectra with those in EI-MS and EI-MSMS libraries. A positive analyte iden- 
tification required a minimum spectral fit of >700 and a signal-to-noise ratio (S/N) 
of >3 (for quantification ions). For quantification, S/N must be higher than 10. 

The use of the full scan mode allows to compare the spectrum obtained with 
own-made and commercial EI-MS libraries but the spectral fit and sensitivity are 
not as good as they should be when dirty samples are analyzed with coelution 
problems between matrix and target peaks at trace levels. With MS/MS, if a coe- 
luted interference has the same identification ion as the analyte, such interference 
can be avoided using special experimental conditions for the second ionization 
and quantifying with a specific ion from the analyte. 
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ANALYSIS OF PESTICIDES 175 

TABLE IV M/z and (relative abundance) in MSMS spectra 

P esricide d 2  

dichlorvos 185(34) 131(100) 109(88) 95(95) 

naled 

ISTD 265(13) 237(100) 

lindane 183(28) 148(100) 109(38) 

diazinon 305(40) 195(14) 179(100) 162(54) 

chlorpyrifos-m 

dichlofluanid 224(15) 189(8) 123(100) 

chlorpyrifos 314(30)286(51)258(100) 

folpet 260(14) 232(100) 200(9) 130(31) 

a-endowl fan 

P-endosulfan 241(11) 206(41) 170(100) 136(33)99(12) 

endosulfan-s 272(15) 237(100) 

fenpropathrin 

acrinathrin 181(13) 152(100) 

185(10) 169(52) 154(100) 142(22) 107(11) 

286(16) 241(31) 208(100) 180(36) 144(35) 136(42) 

241(9) 206(47) 170(100) 136(38) 99(15) 

264(7) 237(15) 210(100) 172(27) 125(24) 

The instrument calibration was performed using standard solutions of the pesti- 
cides with concentrations ranging from 0.5 to 800 pg 1-'. The ISTD was used at 50 
pg 1-'. Both areas and heights relative to the ISTD were considered for the calibra- 
tion graphs. Good linearity was found in all cases as can be seen in Table 111. The 
method repeatability was studied injecting eight samples with 100 pg 1-' of each 
pesticide. LOD and LOQ were studied as in the GC-ECD analysis Section 5. 

All the compounds exhibited good linearity in the studied range using the three 
detectors (? > 0.99), except for naled in GC-MS and dichlorvos in GC-MSMS. 
When GC-ECD was used, two different linear ranges were considered. Compar- 
ing the results obtained for repeatability, lower RSD (%) values were obtained 
using GC-ECD (1.2-8.5 %). In general, GC-MSMS presents better values than 
GC-MS. Naled and folpet show worse repeatability results (> 13 %) using mass 
spectrometric techniques. LOD and LOQ in ECD and MSMS are similar except 
for dichlorvos, naled and folpet which are higher quantifying with the ion trap. 
Higher data were obtained in the MS mode. 

Optimization of the LLE procedure 

Water samples (500 ml Milli-Q) containing 10% NaCl and spiked at the level of 
50 ng I-' for each pesticide were extracted using three sequential portions of 50, 
50 and 25 ml of dichloromethane (Method 1) or using two sequential portions of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



176 MARfA C. PABLOS-ESPADA et al. 

50 ml each, one of dichloromethane and other additional portion of 25 ml of 
n-hexane (Method 2). The extracts obtained were quantified by GC-ECD. All the 
pesticides were well recovered (between 70 and 130 %) using both methods, 
except naled and folpet with recoveries higher than 175 % in both cases. These 
results did not improve enough when the Milli-Q water samples were spiked at 
400 ng 1-' of each pesticide. 

The high recovery values can be explained taking into account the poor chro- 
matographic response of these analytes, with height low peaks, because of which 
slight baseline variations or background interferences have a great influence in 
the quantification. 

LOD and LOQ for the compounds studied, except for diazinon, were low 
enough to allow the determination of pesticide residues in supply water samples 
as established by the European Community legislation. 

Optimization of the SPE procedure 

Three aliquots of 500 ml of Milli-Q water spiked with 400 ng l-'of each pesti- 
cide were used to optimize the SPE procedure. C18 was selected due to its capac- 
ity to extract pesticides belonging to different chemical classes with a wide range 
of polarities. 

Three eluent mixtures ( 1 : 1) v/v were tested: dich1oromethane:acetonitrile; 
dich1oromethane:acetone and acetone:hexane. Dich1orometane:acetonitrile was 
selected because i t  provided good recoveries at the studied concentration level 
(71-103 %) for most of the pesticides, except for fenpropathrin and acrinathrin, 
and in addition, originated the cleanest extract. Mixtures of acetone were a bad 
choice due to the appearence of interfering peaks. Repeatability was always 
lower than 36 % expressed as RSD (%). LOD and LOQ were calculated on the 
bases of the extraction of Milli-Q water blanks (10 extractions) at a sig- 
nal-to-noise ratio of 3 and 10, respectively. They were low enough to determine 
pesticide residues at the required levels by the European Community legislation. 
The results are shown in Table V. 

Aliquots of 500 ml of Milli-Q water were spiked at the concentration range of 
50-1600 ng 1-' and analyzed using the SPE procedure to find the concentration 
of saturation. This was higher than 1600 ng 1-' for naled, lindane, diazinon, 
dichlofluanid and folpet pesticides. The recoveries of fenpropathrin and acrinath- 
rin increased from 63 to 101 % and from 52 to 92 %, respectively, when the con- 
centration decreased from 400 to 100 ng 1-' and, therefore, samples with 
concentrations of fenpropathrin and acrinathrin higher than 100 ng 1-' should be 
diluted prior to the extraction. 
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TABLE V Recovery percentages and (RSD %) in the SPE approach with GC-ECD quantification 

Pesticide R (8)' LOD (ng r ') LOQ (ng t') 

dichlorvos 78(7.1) 2.2 7.4 

naled 103( 14.3) 9.3 31.0 

lindane 

diazinon 

chlorpyrifos-m 

dichlofluanid 

chlorpyrifos 

folpet 

a-endosulfan 

P-endosulfan 

endosdfdn-s 

102(2.6) 

gl(4.7) 

93(4.3) 

96(9.5) 

8 1 (10.7) 

97(6.3) 

7 I(29.0) 

83(20.0) 

96( 16.5) 

0.7 

7.2 

5.6 

1.6 

1.6 

28.9 

0.4 

1.6 

4.9 

2.4 

23.9 

18.7 

5.4 

5 .5  

96.2 

1.3 

5.5 

16.5 

fenpropathrin' 101 (25.9) 1.9 6.2 

acrinathrin' 92(35.5) 1.6 5.4 

*. (n=3); spiking level: 400 ng I-' (100 ng I-')* 

Volumes of water of 100, 200, 300, 400, 500 and 600ml spiked with 
200 pg 1-' of each pesticide were also used to obtain the breakthrough vol- 

Good recoveries were obtained using sample volumes 1 500ml. A 
breakthrough took place for all pesticides when 600 ml were extracted, therefore, 
a volume of 500 ml was chosen. 

Comparing the results obtained for LLE and SPE methods by GC-ECD analy- 
sis, the SPE technique was selected because it was efficient, less harmful to the 
analyst, more sensitive, and much faster than the LLE method. 

Finally, the efficiency of the proposed SPE method was also assessed by quan- 
tifying the results with GC-MS (full scan) and GC-MSMS. Recoveries and 
repeatability studies, at a 400 ng 1-' (100 ng 1-' for fenpropathrin and acrinath- 
rin) concentration level, in Milli-Q water, are shown in Table VI. 

LOD and LOQ were suitable to allow the determination of pesticide residues in 
water at 100 ng l-', except for naled and folpet in the MS mode. In general, good 
recoveries were obtained for all the pesticides, with RSD values between 6.3 and 
21.2 % for MS and 5.8-35.4 % for MSMS mode. 

Comparing the results obtained with the different detectors, ECD and MS/MS 
have proved their capability for the determination of pesticides in water samples 
at the required levels. a- and P-endosulfan present less repeatability using ECD 
220 %) than MSMS (19.9 %). Most of the pesticides have good recoveries and 
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178 MARIA C. PABLOS-ESPADA et al. 

RSD independently of the detector used. The best LOD and LOQ values were 
obtained with ECD and MSMS detection. 

TABLE VI Recovery percentages and (RSD W) in the SPE approach with GC-MS and GC-MSMS 
quantifications 

GC-MS GC- MS/MS 
Pesticide 

R (a)' LOD (ng r') LOQ (ng rl) R (%)* LOD (ng rl) LOQ (ng rl) 
dichlorvost 

naled 

lindane 

diazinon 

chlorpyrifos-m 

dichlofluanidt 

chlorpyrifos 

folpet 

a-endosulfan 

P-endosulfan 

endosulfan-s 

fenpropathrint 

acrinathrint 

64(7.3) 

153(2 1.2) 

95(8.3) 

98(7.5) 

83(9.2) 

95(7.6) 

M(9.9) 

116(14.5) 

97( 10.6) 

103(6.7) 

102(6.3) 

I22(6.8) 

104(6.3) 

12.5 

81.5 

3.9 

27.8 

2.4 

28.7 

4.1 

48.4 

17.9 

29.5 

13.0 

3.8 

8.1 

41.7 

271.7 

13.0 

92.5 

8.1 

95.6 

13.5 

160.8 

59.6 

98.3 

43.3 

12.5 

27.0 

83(9.0) 

106(23.8) 

84(3.8) 

gO(6.3) 

86(8.3) 

77(6.2) 

75(6.0) 

94( 15.3) 

77(9.9) 

M(6.3) 

9 l(5.8) 

95(20.7) 

84(35.4) 

12.3 

28.4 

3.1 

1.1 

0.8 

2.2 

0.4 

22.5 

2.0 

I .3 

4.8 

1.4 

0.8 

40.9 

95.1 

0.2 

3.5 

2.5 

7.5 

I .3 

80.4 

6.8 

4.2 

16.1 

4.8 

2.8 

*. (n=3); spiking level: 400 ng I-' (100 ng 1-') 
7. Height relative to that of the ISTD; 

CONCLUSIONS 

A pesticide multiresidue method using SPE with detection and quantification by 
GC-ECD and GC-MSNS has been proposed after comparing the results 
obtained with LLE and GC-MS. The sensitivity was enough for the quantifica- 
tion of the pesticides at the level of 100 ng 1-I. The repeatability expressed as 
RSD (%) was 2.6-35.5 % for ECD and 3.8-35.4 for MSMS, and the recoveries 
of the pesticides were 71-103 % for ECD and 75-103 % for MSMS. When 
complex water samples are analyzed, better results are obtained using 
GC-MSMS. 
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