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ABSTRACT

Background: The phenomenon known as the “matrix-induced chromatographic response enhancement” 
commonly affects the sensibility, precision, and accuracy in pesticide residue analysis. The presence 
of matrix effects can be given by adsorption and/or thermal decomposition of pesticides on the gas 
chromatograph injection port. Objective: To reduce the matrix-induced chromatographic response 
enhancement on pesticide residues analysis in food through the use of several operational modes 
of programmable temperature vaporizer inlet. Methods: The analyses were carried out in potato 
(Solanum tuberosum) extracts by gas chromatography with mass spectrometry detector. In this study, four 
programmable temperature vaporizer splitless modes were investigated: hot, pulsed, cold and solvent 
vent. Another topic developed in this study has to do with the influence of injection volume, assessed for 
the matrix effects. Results: The analysis of variance (ANOVA) (α = 0.05) indicates that when the hot 
splitless is used most compounds are subjected to matrix-induced chromatographic response enhancement. 
Furthermore, with the pulsed splitless, a decrease in the number of compounds with matrix-induced 
chromatographic response enhancement was found, approximately 20% compared to the classic hot 
splitless. Finally, a remarkable decrease in matrix-induced effects was found when cold splitless mode 
was used, since there was up to 55% reduction in the compounds, relative to traditional hot splitless, that 
showed statistical differences between responses in matrix-free standards and matrix-matched standards. 
Conclusions: It was found that the use of conventional hot splitless and pulsed splitless modes caused 
matrix-induced effects in more than 70% of the studied compounds. In addition, the results indicate that 
for most compounds there is an inverse relationship between matrix-induced chromatographic response 
enhancement and the volume of injection.
Keywords: Pesticides, gas chromatography, food, mass spectrometry, residues.
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RESUMEN

Antecedentes: Diferentes investigaciones establecieron que el efecto matriz en el análisis de residuos de 
plaguicidas afecta la sensibilidad, precisión y exactitud de las metodologías; la presencia de este fenómeno 
se atribuye a la adsorción y/o descomposición térmica de los analitos en el puerto de inyección del croma-
tógrafo de gases. Objetivos: En el presente trabajo se evaluó la influencia de varios modos de operación 
del inyector de temperatura programada, con el objetivo de reducir el efecto matriz en la determinación de 
residuos de plaguicidas en alimentos. Métodos: El análisis se llevó a cabo en extractos de papa (Solanum 
tuberosum) mediante cromatografía de gases acoplada a espectrometría de masas. En este estudio se evaluó 
los modos de operación del inyector de temperatura programada sin división de la muestra, los cuales 
corresponden a: en caliente, con pulso de presión y en frío. Finalmente, también se evaluó el modo de 
venteo de solvente y el efecto del volumen de inyección sobre la variación de la respuesta cromatográfica 
(efecto matriz). Resultados: Los resultados mostraron que el modo sin división en caliente ocasiona 
que la mayoría de los compuestos presenten efecto matriz, mientras que al emplear un pulso de presión 
se encontró una reducción cercana al 20% de los compuestos que tienen efecto matriz. Por su parte, el 
sistema sin división en frío mostró el menor número de compuestos con efecto matriz. Conclusiones: 
Los resultados indicaron que los modos de inyección en caliente sin división y con pulso de presión 
ocasionaron la mayor presencia de efecto matriz en más del 70% de los compuestos estudiados. Por otro 
lado, el sistema sin división en frío mostró la mayor reducción de la presencia de efecto matriz, respecto 
a cualquiera de los sistemas sin división en caliente. Adicionalmente, los resultados mostraron que existe 
una relación inversa del efecto matriz con el volumen de inyección.
Palabras clave: Plaguicidas, cromatografía de gases, alimentos, espectrometría de masas, residuos.

INTRODUCTION

Fruits and vegetables are an important part of 
a healthy diet as they are a significant source of 
vitamins and minerals. Nevertheless, these foods 
can also be a source of toxic substances, such as 
pesticides, antibiotics and heavy metals (1). Initially, 
pesticides are applied at various stages of food cul-
tivation and/or during their post-harvest storage, 
playing an important role in the agriculture intensi-
fication. The increasing demand of the consumers, 
along with the higher competition on the market 
emphasizes the importance of food analysis (2). 
Correct assessment of food quality, as well as the 
determination of food contaminants, is critical for 
the benefit of consumers. Therefore, the develop-
ing and use of analytical procedures, which helps 
to control the quality of the production process and 
final products, is important.

Nowadays, the analysis of pesticide residues is 
usually carried out by gas chromatography (GC) or 
high performance liquid chromatography (HPLC) 
(3, 4). The GC conventional detectors most com-
monly used for this purpose are the electron capture 
(ECD), nitrogen-phosphorus (NPD), and flame 
photometric (FPD) (5). However, gas chromatog-
raphy with a mass spectrometric detector (GC–MS) 
is preferred lately due to its high selectivity and 

sensitivity (6). The sample introduction into the 
gas chromatograph (GC) is a very important step 
that influence or affect its sensitivity, accuracy, 
precision, and chromatographic response (7). The 
most important injection techniques for pesticide 
residues analyses are split/splitless, on-column and 
programmed temperature vaporization (PTV) (8). 
PTV is considered the most universal injection 
technique due to their multiple modes of operation 
since within it both cold splitless and solvent vent 
mode are included (9-11).

The matrix induced enhancement effects 
(matrix effect) are known to seriously affect 
the measurement accuracy in GC analysis, 
mostly leading to overestimated results when the 
convenient matrix free calibration standards are 
used (12, 13). This phenomenon has been studied 
according to diverse parameters, such as sample 
clean up, chemical structure of analytes, analytes 
concentration, injection temperature, matrix type, 
matrix concentration and injection techniques (14). 
Because of this, cold splitless and solvent vent are 
two PTV operation modes that have great potential 
to prevent degradation processes of analytes from 
the injector to the column (10). This is due to the 
fact that at the time of the sample introduction into 
the injection port the temperature is low, compared 
to the classic splitless mode. Furthermore, the 
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used PTV inlet in splitless mode has an advantage 
of significantly smaller internal volume of 150 
μl, instead of conventional splitless inlet with 
internal volume in the ranges of 250 μl - 980 μl 
(15). A smaller internal volume is advantageous 
for the analysis of thermolabile compounds due 
to the shorter residence time of sample vapors in 
a hot vaporizing chamber, so a decreased thermal 
decomposition is expected (14). 

A previous work founded that potato (Solanum 
tuberosum) extracts causes the largest increase in 
chromatographic response compared to other 
fruits and vegetables (16). Based on these results, 
the aim of this study was to reduce the matrix 
effects produced by potato extracts through the 
use of different PTV injection modes. In our study, 
different operational modes of programmable 
temperature vaporizer inlet were used with the aim 
of reducing the matrix-induced chromatographic 
response enhancement on pesticide residues 
analysis in potato extracts. 

MATERIALS AND METHODS

Reference materials, reagents and solutions

Pesticide reference standards, all > 95% pu-
rity, were obtained from Dr. Ehrenstorfer GmbH 
(Augsburg, Germany) and Chemservice (West 
Chester, PA, USA). Stocks were prepared in a con-
centration around 500 μg/mL, using ethyl acetate 
as solvent, and were stored in amber glassware 
under appropriate conditions, such as -20 °C, and 
exclusion of moisture and light. The mixture of 
pesticides was made in ethyl acetate by measuring 
different volumes of each stock in order to obtain 
a concentration range between 1.0 μg/mL to 96.1 
μg/mL. The internal standard (I.S.) was prepared 
by dissolving tris (2-chloro-1-(chloromethyl) ethyl) 
phosphate in ethyl acetate to make a 500 μg/mL 
solution. All solvents used (ethyl acetate and cy-
clohexane) were residue grade (J.T. Baker, USA). 
Potatoes (Solanum tuberosum) were obtained from 
supermarkets and analysed to verify that they did 
not have pesticides or interfering signals; this matrix 
was selected according to previous studies (16). 

Equipment

In this study, analyses were conducted on an 
Agilent Technologies GC model 7890A coupled to 

a 5975 mass-selective detector equipped with a PTV 
and an Agilent 7673 auto-injector. A HP-5MS (30 
m x 0.25 mm ID x 0.25 μm) capillary column was 
used. The acquisition, control and data processing 
were performed using the MSD ChemStation 
version E02.00.493 software.

Chromatographic conditions

The carrier gas was ultrapure helium and was 
set at constant pressure mode (152 kPa) using 
the retention time locking (RTL) program with 
chlorpyrifos. The oven temperature program 
consisted of 70ºC (0.4 min) to 120 ºC at a rate of 
15ºC/min, then increased to 200ºC at a rate of 
3.5ºC/min, followed by a final ramp of 7ºC/min 

to 290 ºC (6 min), the total run time was 45.4 min. 
PTV was operated in splitless, pulsed splitless, cold 
splitless and solvent vent modes (17).

The temperature program for PTV in solvent 
mode was: from 63.6 ºC (0.53 min) to 267ºC (3.00 
min) at a rate of 625ºC/min, then the temperature 
increased to 300ºC (5.00 min) at 100ºC/min. The 
flow through split-valve was 40 mL/min and split-
valve was closed after 0.6 min and opened after 2.45 
min. The temperature program for PTV in cold 
splitless mode was: 61.7 ºC (0.8 min) to 267ºC (3.00 
min) at a rate of 631ºC/min, then the temperature 
increased to 300°C (5.00 min) at 100ºC/min. The 
purge time was 1.9 min.

For the pulsed splitless the conditions were: a 
pulse pressure of 448 kPa, a pulse time of 0.6 min, 
the temperature of injection port of 256ºC and 
the purge time was 0.8 min. The injection port 
temperature and purge time at classic hot splitless 
mode were 256ºC and 0.8 min, respectively. For 
all splitless modes the purge flow was 40 mL/min.

Mass spectrometer conditions

The mass spectrometer was operated in the elec-
tron impact (EI) mode at electron energy of 70 eV 
in selective ion monitoring (SIM) mode. For each 
pesticide two or three specific ions were selected 
and sorted into groups; the used dwell time was 25 
ms. The retention times, target ions, qualifier ions 
and start times of SIM groups for pesticides and for 
internal standards (I.S) are given in table 1. 
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Extraction procedure

For the extraction, a Stephan Blender homoge-
nizer 2010, an Ultraturrax high speed homogenizer 
(IKA T25) and a Buchi R-114 rotary evaporator 
were used. The Clean-up process involved a gel 
permeation chromatography in a Bt Redement, 
model KL-SX-3, equipped with a glass column 20 
cm x 10 mm id packed with gel Biobeads® S-X3 as 
stationary phase.

30 g of sample (homogenate) were blended for 2 
min (at 10 000 rpm) with 30 mL of ethyl acetate, 30 
g of anhydrous sodium sulphate and 4 g of sodium 
bicarbonate. The suspension was filtered through 
the layer of sodium sulphate (25 g) to collect 15 mL 
of the extract. Then the filtrate was concentrated 
by rotary evaporation (in water bath at 35°C) to ap-
proximately 250 μL, then was transferred quantita-
tively to a 2 mL volumetric flask with ethyl acetate. 

A 500 μL aliquot of crude extract was loaded onto 
the GPC column. The flow-rate of the mobile phase 
(cyclohexane–ethyl acetate, 1:1, v/v) was 1 mL/min. 
The eluate fraction (7–22 mL) was concentrated to 
0.5 mL using the rotary vacuum evaporator (in water 
bath at 35°C), and solvents were removed by a mild 
stream of dry nitrogen. Afterwards, this extract was 
quantitatively transferred into a 1 mL volumetric 
flask with ethyl acetate (Extract A).

Matrix-induced effects study

Due to the objective of this work, the reduction 
of the matrix effects using different PTV injection 
modes, two different types of GC system calibration 
solutions were prepared as follows:
i. Solutions prepared in solvent (matrix-free solu-

tion): They were prepared taking 16 μL of pesti-
cide mixture solution, then adding the internal 
standard and diluting to 1 mL with ethyl acetate.

ii. Solutions prepared in potato matrix (matrix-
matched solution): these solutions were prepared 
as described above (i), but adding 0.5 mL of 
potato extract (Extract A) and internal standard 
before filling up to the final volume of 1 mL 
with ethyl acetate. These extracts were obtained 
by applying the extracting method explained 
above to potato, which had not been treated with 
any pesticide, and the final matrix content was 
1g/mL.

Comparison of PTV injection modes

Two experiments were necessary to evaluate 
the PTV injection modes over the matrix-induced 
effects, the first was related to the use of the 
PTV splitless modes, and the second experiment 
concerning to the effects of sample injection 
volume.

Table 1. GC-MSD/SIM retention time (RT), Target (T) and qualifier ions (Q1 and Q2) of the pesticides studied.

Compound RT (min) TI (m/z) Q1 (m/z) Q2 (m/z) Compound RT (min) TI (m/z) Q1 (m/z) Q2 (m/z)

Methamidophos 7.1 141 94 95 Isofenphos 29.3 213 255 345

Dichlorvos 7.4 109 185 79 α- Endosulfan 30.2 241 339 -

Acephate 11.7 136 94 - Fenamiphos 31.0 303 288 -

Heptenophos 15.4 124 109 89 Profenophos 31.3 339 337 -

Monocrotophos 18.8 127 192 223 β -Endosulfan 32.5 207 241 195

HCB 19.2 284 286 282 Tris I.S 34.0 381 381 383

Dimetoate 19.8 125 87 93 4,4’-DDT 34.2 235 237 -

BHC-γ 20.6 219 217 183 Tebuconazole 34.7 250 125 127

Diazinon 22.0 179 304 137 Propargite 35.0 173 350 201

Chlorothalonil 22.5 266 264 268 Tetradifon 36.7 356 227 -

Methyl-parathion 24.4 263 109 125 λ Cyhalothrin 37.7 181 197 208

Metalaxyl 25.4 206 249 - Pirazophos 38.1 221 373 -

Dichlofluanid 26.4 224 226 123 Permethrin 38.8 183 163 165

Malathion 26.8 173 125 127 β Cyfluthrin 39.9 163 165 206

Clorpyrifos 27.2 199 314 316 Cypermethrin 40.5 163 181 281

Captan 29.0 79 149 264 Difenoconazole 42.9 323 325 265

Thiabendazole 29.1 201 174 - Deltamethrin 43.7 181 253 255

Iprodione 37.7 314 316 187
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Studies with Splitless injection modes

A factorial design was used to evaluate and to 
compare the effect of PTV splitless modes on the 
matrix effect. The first factor comprised the injec-
tion in matrix-free standard (solvent injection) and 
matrix-matched standard. The second factor was 
the PTV splitless modes: hot splitless (2 μL), pulsed 
splitless (2 μL), cold splitless (2 μL) and cold splitless 
with injection volume of 4 μL. Four replicates were 
performed for each experiment and all samples were 
injected randomly. 

Studies with Solvent vent mode and injection volume

The evaluation of the solvent vent mode was 
performed using a factorial design with three levels 
of injection volume (10 μL, 15 μL and 20 μL), injec-
tions in matrix-free and matrix-matched solution. 
There were four replicates of each experiment and 
all samples were injected randomly.

Statistical analysis

In order to determine the extent in which the 
co-extractives effectively affect the response, the 
results of this completely randomized design were 

analysed using an analysis of variance (ANOVA). 
The performance of this analysis was only done 
after a careful and systematic checking of the as-
sumptions hereafter: first of all, the experimental 
error is an independent random variable due to a 
random sequence analysis; secondly, that it follows 
a normal distribution proved by the Shapiro-wilk 
test; thirdly, that its mean is equal to zero, reckoned 
by least squares method; and finally, that the design 
has homogenous variances tested by Levene’s test.

The analysis of variance (ANOVA) of the ob-
tained data was performed using the version 9.0 
of the Software SAS®. The significance level was 
stated at 95%, with p-value 0.05.

RESULTS 

Matrix Effect: splitless injection modes

The ratio between matrix and solvent areas 
for each compound (matrix standard/matrix-free 
standard x100%) is known as percentage of matrix 
effect, and is the first indication of the presence of 
this phenomenon (18). Table 2 lists the percentages 
of matrix effect calculated for some compounds 
under study. 

Table 2. Matrix-induced response enhancement (matrix standard/matrix-free standard x 100%) for splitless 
injection modes (RSD was < 10%).

Compound Concentration (µg/mL)
Percentage of matrix effect (%)

Hot Splitless Pulsed Splitless Cold Splitless (2 µL) Cold Splitless (4 µL)
Chlorpyrifos 0.04 170.0 165.3 128.9 114.5
Thiabendazole 1.02 205.4 154.6 141.4 110.3
Captan 0.07 192.9 157.0 141.7 124.2
Isofenphos 0.09 157.3 147.5 117.4 99.7
α -Endosulfan 0.05 133.0 121.4 96.9 81.3
Fenamiphos 0.05 409.4 367.7 354.7 224.1
Profenophos 0.06 258.0 245.3 190.6 152.5
HCB 0.03 128.6 109.2 101.7 100.8
β-Endosulfan 0.05 127.8 108.4 89.9 86.8
4,4’-DDT 0.03 180.5 147.8 133.4 121.8
Tebuconazole 0.46 163.5 153.6 133.9 106.9
Propargite 1.54 172.9 176.5 143.7 119.6
Tetradifon 0.09 133.7 115.8 100.6 87.4
λ-Cyhalothrin 0.18 218.5 174.8 140.1 121.9
Pyrazophos 0.14 203.7 185.3 167.7 136.0
Permethrin 0.05 283.0 153.2 115.6 113.6
β Cyflutrin 0.09 167.2 141.5 135.4 112.2
Cypermethrin 0.05 136.5 118.1 249.7 134.0
Difenoconazole 0.38 148.7 133.2 106.5 89.7
Deltamethrin 0.03 164.2 143.6 120.8 87.8
Captan 0.07 192.9 157.0 141.7 124.2
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The ANOVA demonstrates significant differences 
(p < 0.05) between matrix standard and matrix-free 
standard for some pesticides. Figure 1 shows a sum-
mary of the results obtained from the corresponding 
analysis of variance (ANOVA) with a significance level 
of 0.05. This figure shows the number of compounds 
having statistical differences (p < 0.05) between chro-
matographic responses of matrix-matched standard 
and matrix-free standard, that is, for those compounds 
to which matrix effect was found. 
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Figure 1. Number of pesticides with significant differences (p < 0.05) between matrix matched standard and 
solvent standard in different PTV splitless modes. Percentage was calculated according to the 33 pesticides included 
in the study. 

Figure 2. Percentages of matrix effect for organochlorines, pyrethroids and miscellaneous compounds by using 
the solvent vent mode at different injection volumes.

Matrix Effects: Solvent vent mode and 
injection volume

Figure 2 shows the percentage of matrix effect 
at different injection volumes (10 μL, 15 μL and 
20 μL) for organochlorines (OC), pyrethroids, 
miscellaneous compounds and the figure 3 shows 
the percentages for organophosphorus. 
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Figure 3. Percentages of matrix effect for organophosphorus compounds by using solvent vent mode at different 
injection volumes.

Figure 4. Comparison of two injections of dimethoate in cold splitless mode. 
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Table 3. ANOVA results for the determination of matrix 
effect at different PTV injection volumes. X indicates 
matrix-induced effects (p < 0.05).

Compound
Injection Volume

10 µL 15 µL 20 µL

Methamidophos 0 0 X

Acephate 0 0 X

Monocrotophos X X X

Metalaxyl 0 0 X

Chlorpyrifos 0 0 X

Thiabendazole X X 0

Fenamiphos X 0 0

Profenophos X X X

4,4’-DDT X 0 0

Propargite 0 0 X

Pyrazophos X 0 0

TOTAL COMPOUNDS 6 3 7

Table 3 lists the results of the statistical evalu-
ation performed using ANOVA, for all injection 
volumes, for those compounds to which matrix 
effect was found in some volumes (p < 0.05). 

DISCUSSION

Table 2 shows the percentage of matrix effect, 
which is the ratio between the response of the 
pesticide in extract and the response of pesticide 
in pure solvent. According to some authors, ratios 
over 120% suggests occurrence of matrix-induced 
effects; thereby, observing table 2, it should be noted 
that some compounds, such as chlorpyrifos, thia-
bendazole, fenamiphos, profenofos, permethrin, 
among others, have values above this criterion in 
almost all splitless injection modes, which suggests 
presence of matrix effects (18). On the contrary, 
table 2 shows that pesticides, such α –Endosulfan 
and HCB in cold splitless mode, have values   close 
to 100%, indicating that probably these pesticides 
are not sensitive to matrix effect. 

Regarding the use of different PTV splitless 
modes, table 2 shows that hot splitless mode causes 
the greatest percentages of matrix effect, these re-
sults are in agreement with previous studies. Even 
for this splitless mode, it was found that some 
compounds such as HCB have high values (matrix 
standard/matrix-free standard), which is not very 
common (19, 20). The odd behaviour of HCB is un-

expected and there are no experimental evidences 
that could explain this event; however, these results 
can also be attributed to some analytical error, 
instrumental variations, and/or decomposition of 
analytes in blank extract, among others (21). 

When the results of conventional hot splitless 
with pulsed splitless (with a pressure pulse at the 
injector) were compared, a decrease in the pesticides 
with ratios up to 120% was found. For example, 
table 2 shows a considerable percentage decrease of 
matrix effect for compounds such as thiabendazole, 
4,4’-DDT, captan and permethrin. Moreover, a 
significant decrease in these ratios was not noted 
in pesticides such as chlorpyrifos, tebuconazole, 
profenophos and propargite. This indicates that 
pressure pulse does not decrease the adsorption 
and/or decomposition of these molecules at the 
injection port, which can be explained because 
these molecules possibly have high adsorption and 
degradation kinetics.

Furthermore, the cold splitless (2 μL) results 
shows that some pesticides had a significant im-
provement in the percentages (regarding as hot 
splitless and pulsed splitless); this improvement is 
reflected in values closer to 100%, which indicates 
a reduction in matrix-induced effects. As can be 
noted, for cold splitless injection, when comparing 
the results between the two injection volumes, it 
was found that chlorpyrifos, thiabendazole, tebu-
conazole and deltamethrin have percentages of 
matrix effect closer to 100% when a volume of 4 μL 
is injected, which indicates that the increase in the 
injection volume decreases matrix effects. 

Several authors have reported different variables 
that influence the chromatographic response en-
hancement or matrix effects; one of the most im-
portant is the pesticide concentration (14, 22), which 
has an inverse relationship with matrix-induced 
effects. This relationship is due to low concentra-
tions, since it has a lower number of molecules in 
the injection port; consequently, the loss of these 
molecules is more significant that when is working 
with high concentrations of pesticide (13). Thus, the 
chromatographic response enhancement decreases 
with the increase of the injection volume, which can 
be attributed to a greater number of molecules in 
the injection port when cold splitless (4 μL) mode 
is used. 

In the statistical evaluation we sought to 
determine the influence of different PTV splitless 
modes. For this purpose, we considered the 
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factorial design that was shown in the experimental 
section. Results of analysis of variance (ANOVA) 
of this design showed that there was no interaction 
between the variables included. In this context, 
the results presented below correspond exclusively 
to the statistical evaluation for the comparison of 
chromatographic responses of matrix-matched 
standard and matrix-free standard.

Figure 1 shows that the hot splitless injection 
presents the greatest number of compounds with 
matrix-induced effects. It also shows that by ap-
plying a pressure pulse the number of compounds 
with matrix effects decrease. This behaviour indi-
cates, as expected, that the pressure pulse decrease 
the possibility of compounds adsorption and/or 
decomposition in the inlet, thus matrix-induced 
effects are reduced by nearly 20%.

Figure 1 illustrates that the use of cold splitless 
injection has reduced significantly the matrix effect, 
because with an injection volume of 2 μL only nine 
pesticides presented matrix-induced effects (triflu-
murone, monocrotophos, dichlofluanid, malathion, 
captan, fenamiphos, profenophos, λ-Cyhalothrin 
and pyrazophos). With 4 μL in cold splitless mode, 
the number of compounds with matrix effect also 
decreased.

Finally, when comparing the results shown in 
figure 1 with the matrix effect percentages listed 
for some compounds in table 2, a good correlation 
between them was found. Similarly, both results 
show that the increase of injection volume decreases 
the number of compounds having matrix effect.

Experiments with solvent vent mode were not 
carried out in splitless modes because the injec-
tions of 10 μL, 15 μL, and 20 μL produced high 
chromatographic responses. Thus, for these experi-
ments it was used five times lower concentrations 
than those reported in table 2. On the other hand, 
the injection volume was included in the second 
experimental design to observe its influence on 
the matrix effect, which was not included in the 
previous experiment (studies with splitless injection 
modes) because it would require a more complex 
design.

Matrix Effects: Solvent vent mode and 
injection volume

The figure 2 shows that the organochlorine 
pesticides (first five in figure 2) presented the low-
est percentage of matrix effect. These compounds 
(OC) have lower polarity, hence less susceptible to 

adsorption in the injection liner; in addition, this 
type of molecules are relatively thermo-stables. In-
terestingly, other authors have reported chromato-
graphic responses enhancement similar to those 
found in our study (14). In general, it was found 
that for these compounds there are percentages 
around 100%, indicating that matrix effect is not 
present. Only in the case of 4,4’-DDT a relatively 
high percentage was found, which agrees with the 
sensitivity of this compound to decompose at 4,4-
DDD in the injection port.

Synthetic pyrethroids (next five pesticides in 
figure 2) compounds, with high molecular masses 
(over 400 g/mol), generally were compounds that 
have some degree of matrix effect (23). In this study, 
they presented similar results to OC pesticides since 
all the percentages presented values around 100%.

In general, organophosphorus compounds have 
greater probability to have matrix-induced effects, 
due to their relatively high polarity, therefore for 
these pesticides values up to 500% have been report-
ed (22). Figure 3 shows that some organophospho-
rus (P = O) pesticides (acephate, monocrotophos, 
Fenamiphos, profenophos and iprodione) have 
values considerably greater than 100%. However, 
some organophosphorus containing P = S groups, 
chlorpyrifos and malathion, the incidence of ma-
trix effect was less pronounced in some injection 
volumes. On the contrary, compounds as diazinon, 
parathion-methyl and isofenphos presented per-
centages close to 100% for all injection volumes. 

It is also noted in figure 3 that some compounds, 
such as metamidophos, acephate and dimethoate, 
have the highest ratios of matrix standard to ma-
trix-free standard with 20 μL injection. However, 
for compounds such monocrotophos, malathion, 
phenamiphos, profenophos, tetradifon, iprodione 
and pyrazophos, it was found that the percentage 
of matrix effect decreases as the injection volume 
increases.

Table 3 shows the results only for pesticides 
that presented statistical differences (p < 0.05) 
between the injection volumes and for the remain-
ing compounds, and no matrix-induced effect was 
found (statistically; p > 0.05). Regarding table 3, 
the results agree satisfactorily with those presented 
previously because compounds such as HCB, that 
presented low percentages of matrix effect, does 
not present statistically differences (p > 0.05) at 
different injection volumes evaluated, and other 
compounds such as monocrotophos or fenamiphos 
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(with high percentages of matrix effect) presents 
statistical differences (p < 0.05).

Table 3 shows that, for an injection volume of 10 
μL, pesticides such as thiabendazole, fenamiphos, 
4,4’-DDT and pyrazophos have matrix-induced 
effects; however, if the volume increases no statisti-
cal difference (P > 0.05) appears between matrix-
matched and matrix-free solutions, which implies 
that the matrix effects disappears. This behaviour 
is given by the previously mentioned concentration 
process in the liner.

In contrast, metamidophos, acephate, chlorpy-
rifos, metalaxyl and propargite have a different be-
haviour. As can be seen when larger volumes were 
used the matrix-induced effects increased. This 
may be attributed to the concentration of matrix 
components along with the pesticides, at the time 
of solvent elimination; consequently, there are more 
matrix compounds. This facilitates the transfer of 
pesticides to the analytical column and therefore 
chromatographic responses are higher in matrix-
matched solution (14). 

From table 3 it can also be seen that for some 
compounds it was not possible to reduce matrix-
induced effects, indicating that these molecules 
are extremely sensitive to decomposition and / or 
adsorption, which agrees or confirms literature 
reports (13, 14). Moreover, it is possible that these 
processes of loss of molecules were carried out in 
the chromatographic column and not in the liner 
injection (24).

In addition, in our study, although a significant 
reduction of matrix effects was found in potato ex-
tracts by using cold splitless and solvent vent modes, 
we noticed that the stability of the chromatographic 
signals by using matrix-matched standards is greater 
than the matrix-free standards. Thus, although 
the area of some compounds in solvent was sta-
tistically equal to the matrix-matched areas, the 
characteristics of the chromatographic signals were 
completely different. The figure 4 shows some 
chromatograms obtained in matrix-free standards 
and matrix standards. For example, for most com-
pounds, injections with matrix-matched solutions 
had more symmetric signals and a better peak 
height to peak width ratio (H/A) compared with 
the matrix-free solutions, while the solvent signals 
showed low symmetries, peak widths and variation 
in retention times. 

Limitations

Finally, it is important to note that although this 
study was limited to the use of extracts of potato, the 
choice of this extract was based on a previous study 
which found that potato extracts causes the largest 
increase in chromatographic response compared to 
other fruits, vegetables and cereals (16). However, 
it is believed that the results found in this study 
cannot be directly extrapolated to other types of 
food and other pesticides, because the effects that 
can cause the different matrices on the chromato-
graphic responses depend on many factors, such as 
chemical composition (e.g. lipids, carotenoids, water 
content, chlorophylls, among others), the extraction 
solvent, the  amount of extractable matrix,  the 
clean-up procedure, the extraction procedure and, 
last but not least, the physicochemical properties of 
pesticides. Despite all of this, it is important to note 
that the objective of this study was not to perform 
the above, but to reduce the matrix effect through 
the use of the PTV injector, and the results showed 
that this is possible.

CONCLUSIONS

In this study it was found that the use of clas-
sic hot splitless and pulsed splitless modes cause 
matrix-induced effects in more than 70% of the 
studied compounds in potato extracts. On one 
hand, it was warned that the use of pulse pressure 
decreases the decomposition and / or degradation of 
the compounds by about 20%. On the other hand, a 
remarkable decrease in matrix-induced effects was 
achieved using cold splitless mode, since there was 
up to 55% reduction in the compounds that showed 
statistical differences between responses in matrix-
free standards and matrix-matched standards, 
compared with the traditional hot splitless mode.

For most compounds in cold splitless and solvent 
vent modes an inverse relationship between the in-
jection volume and the presence of matrix-induced 
effects was found, but it was not possible to clearly 
determine the effect of the injection volume on the 
matrix-induced effects, since in some compounds 
these effects increased with the injection volume.
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