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Solutions to matrix-induced response enhancement in
pesticide residue analysis by gas chromatography
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Abstract The sample matrix can cause an enhancement in the observed chromatographic re-
sponse for pesticide residues in a matrix extract compared with the same concentration in a ma-
trix-free solution. The matrix increases the transfer of pesticides from the hot vaporizing injec-
tors by reducing the thermal stress for labile compounds and by masking the active sites in the
injector responsible for the adsorption or decomposition of polar pesticides. The use of differ-
ent injector types and matrix simplification procedures can reduce matrix-induced enhancement
but do not eliminate it. The most effective strategy is to use matrix-matched calibration stand-
ards or analyte protectants which equalize the response enhancement for calibration standards
and sample extracts. From a practical point of view it is important that the method used to
correct for matrix-induced enhancement is compatible with low system maintenance. The dif-
ferent approaches for correcting matrix-induced enhancement for calibration in pesticide resi-
due analysis are discussed and compared in this review.
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Table 1 Effect of matrix type and injection temperature
on matrix-induced response enhancement for
some organophosphorus pesticides using on-

column injection *

Temp. / . . .

C Matrix Acephate Omethoate Dimethoate Chlorpyrifos
170  milk 1.67 1.79 1.32 1.33
butterfat  1.50 1.18 1.14 1.15
210  milk 1.61 1.79 1.46 1.33
butterfat  1.42 1.52 1.31 1.03
230 milk 1.59 1.58 1.24 1.23
butterfat  1.28 1.30 1.10 0.94

- sl # The data are the ratio of matrix standard to matrix-free
10 23 24 13 14 20 25 standard.

2 6 26 -30

Table 2 Effect of concentration on the recoveries of pesti-
cides from tomatoes peppers and cucumbers

Recoveries/%
Contents/ . X e —

mg/ke Pesticide Matrix matrix-  matrix-

; . 6 free matched
Lentza-Rizos <0.02  chlorothalonil  tomatoes 253 120
LOQ peppers 154 80
Jestoi 22 cucumbers 105 80
captan tomatoes 245 210
peppers 257 120
cucumbers 184 70
procymidone tomatoes 196 102
peppers 160 96
cucumbers 212 120
iprodione tomatoes 176 90
peppers 227 90
cucumbers 157 95
primicarb tomatoes 114 85
peppers 117 80
cucumbers 87 87
0.21 -2 chlorothalonil ~ tomatoes 230 115
peppers 88 86
cucumbers 99 95
captan tomatoes 146 106
Erney peppers 104 90
cucumbers 150 82
procymidone tomatoes 150 90
peppers 105 70
1 cucumbers 135 95
iprodione tomatoes 185 105
peppers 150 89
cucumbers 124 109
4 mg/mL 2 mg/mL primicarb tomatoes 106 100
peppers 118 102
cucumbers 93 93
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Table 3 Matrix-induced response enhancement for apples after cleanup by solid-phase extraction techniques *
Pesticide GCB Amino GCB SAX GCB SAX PSA GCB PSA PSA GCB None
Omethoate 1.20 1.23 1.08 1.16 1.15 1.41 1.45
Malaoxon 1.05 1.11 1.00 1.03 1.05 1.26 1.32
Phosmet 1.20 1.08 0.92 1.10 1.11 1.20 1.29
Acephate 1.12 1.17 1.04 1.08 1.05 1.25 1.22
Malathion 0.99 1.00 0.99 0.99 1.00 1.04 1.06
Terbufos 0.99 1.01 1.05 1.02 0.99 1.00 0.99

GCB graphitized carbon black SAX strong anion exchange Amino aminopropylsiloxane-bonded silica gel PSA primary sec-
ondary amine None no solid-phase extraction clean-up. #* The data are the ratio of matrix standard to matrix-free standard.
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