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SUMMARY 

A conventional gas chromatograph with one system for split and splitless injec- 
tion and one on-column injection system for fused-silica capillary columns and the two 

selective nitrogen-phosphorus and electron-capture detectors is applied to pesticide 
residue analysis in food samples. The gas chromatograph is equipped with a two-chan- 
nel data processor that can be programmed with BASIC. Additionally an autosampler 
is used with the splitless injector. This automated injection system is connected to a 
25-m methylsilicone fused-silica column which is coupled via an effluent splitter parallel 
to both detectors and used for screening in routine analysis. Calibration is performed 
on this column by means of three calibration test mixtures which include three internal 
standards. All compounds are calibrated on both detectors in parallel and the response 
setiesis calculated as an additional identification parameter. After the analysis of a 
of food samples together with the calibration mixture a report is plotted, containing all 
pesticide residues which may be present in the samples and their tentative quantities. 
The final confirmation is achieved on the second column, coated with methylphenyl- 
silicone phase, connected to the on-column injector. 

INTRODUCTION 

Multiresidue analysis of pesticides in food and environmental samples must pro- 
vide reliable identification and quantitation of a large number of compounds at very 
low concentrations. Gas chromatography (GC) with the selective electron-capture 
(ECD) and nitrogen-phosphorus (NPD) detection offers selective detection of contam- 
inants at trace level in the lower ppb range in the presence of a multitude of/compounds 
extracted from the matrix to which these detectors do not respond. The number of 
compounds used in agriculture for plant protection and the input of pollutants in the 
environment has increased to the point where it is impossible to separate them all in 
a single chromatogram even when applying the high-performance capillary columns. 
Nevertheless GC with ECD and NPD has been established worldwide as the best ana- 
lytical method for daily food control, contributing very much to the improvement of 
consumer protection. 

0021-9673/83/$03.00 0 1983 Elsevier Science Publishers B.V. 



524 H. GOEBEL, H.-J. STAN 

The reliability of identification of any compound is a function of the resolution. 
Therefore, capillary columns are superior to packed columns for analysing complex 
mixtures. But until now, capillary GC has been applied to routine pesticide analysis 
only in a few laboratories. 

Early applications of glass capillary columns in food analysis demonstrated their 
tremendous resolution in the analysis of polychlorinated biphenyl (PCB) isomers and 
their separation from chlorinated pesticides (CPS) of the DDT group’+2. The deter- 
mination of organophosphorus pesticides (OPS) with glass capillary columns was re- 
ported by Krijgsman and Van de Kamp3 and Hild et ~1.~. Stan5q6 applied glass capillary 
columns to the analysis of OPS with GC-mass spectrometry (MS), demonstrating the 
merits of this method for food samples. Several authors reported on the analysis of test 
mixtures of other chemical classes of pesticides, such as triazines’, urea herbicides and 
triazines8, carbamate insecticides’ and dinitroaniline herbicides”. Some of these ex- 
amples are included in the catalogues of capillary column suppliers to demonstrate the 
utility and performance of their products. 

Analytical methods developed for pesticide residue determination in food with 
capillary columns were recently described for CPS and PCBS in milk and dairy prod- 
ucts” and for chlorophenoxy acid herbicides in flour r2. An automated analysis of PCB 
and CPS residues in agricultural products with capillary GC was reported by Tuinstra 
and Traag13. Residue analysis of OPS in food with two-dimensional capillary GC and 
a flamephotometric detector has been developed by our group14, and the extension of 
this method including CP has been reported15. 

In this paper we describe the multiresidue analysis of 95 pesticides in food on 
two fused-silica columns in a gas chromatograph equipped with two injection ports and 
two selective detectors (electron-capture and nitrogen-phosphorus) with-dual-channel 
data processing and autosampler. 

EXPERIMENTAL 

Znstrumentation 
The GC analysis was carried out on a gas chromatograph HP 5880 A 

(Hewlett-Packard, Avondale, CA, U.S.A.) equipped with two injection ports for cap- 
illary columns and the two selective detectors, electron-capture and nitrogen-phos- 
phorus. One injection port is designed for splitless injection, the other for on-column 
injection. Both injection ports were supplied by Hewlett-Packard. Our HP 5880 A in- 
strument is equipped with a HP 7671 A autosampler for 36 sample bottles. 

Data from the two detectors were processed simultaneously and reported on two 
separate terminals, one of which was provided with a cartridge tape device. 

Installation of capillary columns 
One fused-silica capillary column, coated with “bonded phase”dimethylsilicone 

BP 1 (SGE, Ringwood, Australia), 25 m x 0.2 mm I.D., was connected to the splitless 
injector; the second fused-silica capillary, coated with “bonded phase” methylphenyl- 
silicone BP 10 (SGE), 12 x 0.2 mm I.D., was connected to the on-column injector, 
Both columns were joined in an effluent splitter constructed by using fused silver chlo- 
ridei6. The ends of the two fused-silica columns, together with two short deactivated 
fused-silica capillaries (0.2 mm I.D.) connected to the two detectors, were sealed into 
a glass sleeve. 
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Fig. 1. Effluent splitter. 

Recently we modified this splitting device by using the new outlet splitter from 
SGE (VSOS-123630) shown in Fig. 1. 

Gas chromatography 
Helium was used as carrier gas and make-up gas for NPD (20 ml/mm); the 

electron-capture detector was purged with 25 mlimin argon and 10% methane. The 
temperature of both detectors was 300°C and that of the splitless injector was 240°C. 
The sample volumes were 1 ~1 for both the autosampler and the manual injection, on 

both columns. Splitless injection according to Grob and Groblrf into the y-old~~ column 

at 100°C was carried out with the split valve closed 30 set, on-column injection with 
a lo-p1 syringe and a fused-silica needle at 90°C. One minute after injection, the fol_ 
lowing temperature program was started: 30”C/min to 150°C; 2 min; 3”C/min to 205°C; 
1OWmin to 240°C; 2Wmin to 260°C; 10 min; stop; cool to the initial temperature (100 
or 9O’C). 

Materials 

Pesticides were purchased from Dr. Ehrenstorfer, Augsburg, F.R.G., in 97.99% 
purity. Solvents and chemicals for clean-up of food samples were analytical-grade prod- 
ucts of E. Merck (Darmstadt, F.R.G.). 

Internal standards for determination with NPD, 0-phenyl dimethylthiophos- 
phinate (PT) and 0-2-naphthyl dimethylhiophosphinate (NT), were prepared as 
described’s, 

METHODS 

Clean-up of food samples 
The clean-up followed the methods of Becker” and Specht and TillkeszO. Inter- 

nal standards were added to the homoigenized food samples before the first solvent ex- 
traction step. The final concentration of the purified extracts was the equivalent of 2 

g food in 1 ml. 

Automatic GC with data processing 
The HP 5880 A chromatograph is provided with a series of prepared integration 

and calibration methods for chromatogram data processing. The internal standard cal- 
ibration method including peak recognition with name annotation was used throughout 
this work. 

Using the cartridge tape device, analytical methods can be stored in specified 
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analysis files. The entire pesticide GC analysis procedure is stored on three separate 
analysis files, each containing the following information: (a) all instrument settings 
for producing a chromatogram; (b) two calibration tables, created in parallel for the 
corresponding pesticide test mixture from the detector signals of ECD and NPD with 
the internal standard method. 

The parameter setting in all three analysis files is identical, whereas the calibration 
tables correspond to the three calibration test mixtures. After entering sample numbers 
and names via the alphanumeric keyboard, the automatic analysis is controlled by a BA- 
SIC program*t . The structure of the computer program is outlined in the following scheme. 

BASIC program for controlling automatic pesticide analysis in food samples 
Calibration 
(1) Load analysis file for test mixture I 
(2) Perform GC analysis of test mixture I 
(3) Recalibration according to actual values 
(4) Repeat the calibration procedure (l-3) with other test mixtures 
Analysis of samples 
(5) Plot all chromatograms on the two channels without analysis report 
(6) Save integration data of all samples on tape 
Calculation 
(7) Load integration data of first sample 
(8) Load the two calibration tables of test mixture I 
(9) Recognition of all pesticides and calculation of concentrations with internal 

standard method 

(10) Comparison of identification and quantitative data of the two channels 
(ll)Report of results 
(12) Repeat steps 8-11 with other test mixtures for first sample 
(13) Final report for first sample 
(14) Repeat steps 7-13 for each sample. 
Examples of printed reports are given in Figs. 7 and 8. 

RESULTS AND DISCUSSION 

The automatic pesticide analysis with data processing, as described under 
Methods, is carried out only on the BP 1 column, connected to the splitless injector. 
The purpose of these GC analyses is to screen the food samples for positive results. A 
threshold is set after the recognition and quantitation procedure to reject all results 
giving residue concentrations of less than 10 ppb. The confirmatory analysis for positive 
results is performed on the BP 10 column by applying on-column injection. This tech- 
nique is the most adequate one for quantitation in capillary work and for labile com- 
pounds. It will be described in detail elsewhere22. 

Pesticide residue analysis, as outlined, requires a daily calibration of the instru- 
ment with all pesticides as test compounds. This procedure is indispensable because 
the whole system must be tested for inertness with all labile compounds. Although 
calibration for a limited number of substances is a trivia1 task, it grows to challenging 
proportions when the analyst must analyze 100 compounds. In Fig. 2, the chromato- 
gram of our test mixture III containing 35 CPS together with the internal standard is 
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Fig. 2. Chromatogram by ECD and report of test mixture III on the BP 1 column. RT = Retention time in 
min; amount in ng. 

shown. By application of the sophisticated temperature program, nearly all pesticides 
and the internal standard can be separated, with the exception of four critical pairs. 
These critical pairs are represented in the test mixture by only one compound, which 
is denominated in the report in the first position, followed by a dash and the name of 
the non-calibrated pesticide. Discrimination between the two compounds is achieved 
on the second, more polar column. Several pesticide names in the report are followed 
by a cross. This indicates that these pesticides respond to NPD and must be found in 
the corresponding report. The coincidence of the recognition and quantitation in both 
channels is important information about the identity of a pesticide. Comparison of the 
results of the two channels is carried out by the computer program and reported for 
each sample (see Figs. 7, 8). 

A chromatogram of Test Mixture I, containing 37 OPS together with two internal 
standards, is shown in Fig. 3. 

The record of the NPD signal demonstrates a sufficient separation of these 39 
substances on the 25-m BP 1 capillary column. Many of the OPS respond to ECJJ as 
shown in Fig. 4. In the reports of both calibration tables, again crosses following the 
pesticide names are included in order to indicate the response and calibration in the 
other detector and data channel. Considering the great number of OPS in use, one 
cannot expect to find any chromatographic system able to separate them all. Therefore, 
we created a second test mixture (II) including 20 OPS which would form critical pairs 
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Fig. 3. Chromatogram by NPD and report of test mixture I on the 25-m BP 1 column. 
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Fig. 4. Chromatogram by ECD and report of mixture in Fig. 3. 
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Fig. 5. Chromatogram by NPD and report of test mixture II on the 25-m BP 1 column. 
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Fig. 6. Chromatogram by ECD of mixture in Fig 
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Fig. 7. Determination of two pesticides in a mixture, demonstrating the data processing. 

Fig. 8. Pesticide screening in a real food sample. 
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with compounds in test mixture I. In Figs. 5 and 6 the chromatograms recorded with 
both detectors and the corresponding reports are shown. 

The following example is selected to demonstrate how the system works. Two 
pesticides responding to both detectors were mixed with three internal standards. The 
chromatograms recorded in parallel are shown in Fig. 7. In addition to the internal 
standards, two peaks representing the two pesticides are found in both records. One 
of these peaks is recognized as fenitrothion on both channels, and the comparative 
calculation confirms the identity. The other peak is recognized by using the various 
calibration tables as either fensulfothion, chlorthiophos or binapacryl, because all three 
pesticides exhibit similar retention. Additionally, they all respond to both detectors, 
but the response factors are quite different, allowing the discrimination (see Fig. 7). 
A discrimination window has been set in the BASIC program, tolerating not more than 
a 30% difference in the quantitative results on both channels. This limit has proved to 
give reliable results in routine analysis for all critical pairs. 

Finally we want to document a real sample from our routine work. In winter 
time, cabbage lettuce is cultivated in greenhouses where it is common practice to pro- 
tect it with fungicides and insecticides. Many of these pesticides can be detected by the 
multiresidue analysis described here. In Fig. 8 the chromatograms of a cabbage lettuce 
sample are shown, together with the report of the data system. The fungicide dichlo- 
fluanid and the insecticide fenthion were identified and tentatively quantitated in the 
automated screening test and were later confirmed by on-column injection on the BP 
10 column. 

CONCLUSIONS 

Automated GC on “bonded-phase” fused-silica columns with parallel detection 
of the effluent, split for ECD and NPD, is very suitable for pesticide multiresidue analy- 
sis of food samples. Applying the splitless injection technique, a detection in the lower 
ppb(l0’) range is obtained for the majority of pesticides as required to meet legal limits. 
For the screening of food samples for pesticide residues, dual-channel on-line data pro- 
cessing is a valuable aid to the analyst in selecting the samples suspected of contami- 
nation. The application of microprocessors, programmed according to the analyst’s 
special needs, has been demonstrated to facilitate the decision making in the screening 
procedure. The final confirmatory test and the quantitation, however, must be carried 
out by the analyst manually by using appropriate test mixtures for each sample, com- 
posed individually on the basis of the screening results. It must be emphasized that the 
entire pesticide analysis can be performed with only one gas chromatograph and two 
capillary columns of different polarities, connected to the two selective detectors. The 
method described here has been successfully used with other capillary columns for more 
than 2 years in the routine analysis of food samples and is ready for the incorporation 
of additional compounds. 
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