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Abstract This article describes the procedure of the

testing the stability of compounds during sample process-

ing for the pesticide residue analysis in cucumber,

including matrix matched assessment. To find out signifi-

cant differences, one-tailed t test was applied to the data at

95% confidence level. Our results showed that the calcu-

lated value was bigger than the critical value (tcalc [ tcrit),

which means the pesticides were decomposed under our

processing conditions.

Keywords Pesticide stability �
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Sampling, sample processing and analysis may influence

the uncertainty of the residue data. The reason of the

uncertainty of the sample processing is the losses of

compound that can occur during comminution and mixing.

Losses of pesticides at this stage and subsequent analytical

steps will result in an underestimation of the residue level,

with implications for MRL compliance monitoring and

consumer risk assessments. Therefore, the stability of res-

idues during sample processing has to be studied in the

method validation procedure. The efficiency of sample

processing can be improved by applying dry ice to the

sample. Stability of pesticides depends on physical and

chemical properties of pesticides, sample matrix involved,

and the processing condition (Hill et al. 2000; Fussell et al.

2002; Anonymous 2006).

A number of workers have investigated the stability of

pesticides during the processing (Hajslova et al. 1998;

El-Bidaoui et al. 2000; Ambrus 2004). A systematic study

(Hill et al. 2000) revealed decreases 40%–70% in the

concentration of pesticides during sample processing at

ambient temperature. Various chemical reactions and

evaporation during processing can be responsible for the

losses. In a similar work (Fussell et al. 2002), an assess-

ment of the stability of pesticides during the cryogenic

sample processing of apples has been undertaken. The

result demonstrated that cryogenic processing improved

the stability.

The assessment of matrix effect is also important as

reported in literature (Gonzalez et al. 2002; Patel et al.

2003; Poole 2007). Matrix-induced effect leads to sys-

tematic error in the quantification of the pesticides if a

solvent calibration is used. It can be reduced by using

effective cleanup methods. Despite the use of such mea-

sures, matrix effects can still affect the results. There are

two approaches to eliminate matrix-effects: (1) to use

matrix-matched calibration standards or analyte protec-

tants, (2) to set correction function and to use this function

with the solvent calibration. The most usual and recom-

mended way to avoid such effects is the use of matrix-

matched calibration, which corresponds matrix contain in

the sample.

This work focused to present calculations for the sta-

bility testing of compounds during sample processing

including matrix effect, for the pesticide residue analysis.

Materials and Methods

The standard chlorpyrifos-ethyl and malathion, with puri-

ties of 99.5%, were obtained from Dr. Ehrenstorfer
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Laboratories GmbH, Germany, via IAEA. All other sol-

vents such as, ethylacetate (EtAc), cyclohexane and

isooctane were analytical grade from Merck, with the

purity of 99.5%, 99.9% and 99.5%, respectively.

A-5 unit of cucumber was cut into half in the longitu-

dinal direction. The units with their cut surface were placed

on a tray covered with clean aluminium foil, then 1 mL of

stability fortification solution (0.030 mg/mL), including

chlorpyrifos and malathion, was applied as surface treat-

ment at the 0.2 mg/kg level (hereafter it will be referred as

STB-F level). Sample materials were kept under fume hood

for 15 min to allow the pesticide interact with the matrix.

The units were placed in the bowl of the blender (Waring

Commercial Blender, USA) by avoiding to touch the

treated part. To obtain homogenous material, all of the

samples were processed with Waring blender at ambient

temperature and at high speed for 2 min.

Analytical portions of 30 g sample were withdrawn

from blended sample and this was replicated for 7 times.

Five grams of NaHCO3 was added to the analytical portion,

and mixed. Na2SO4 and EtAc were added to the sample at

the ratio of 1/1 w/w and 2/1 v/w, respectively, too. The

mixture was extracted by using Ultra Turrax (T25 basic

Ika-Werke) at 25�C for 30 s for all samples. The extracted

material was centrifuged (Beckman Model TJ-6) for

10 min, at 2,500 rpm. The liquid part of the material in the

tube was collected, and the volume and weight of extracts

recorded.

For the lowest fortification level (0.02 mg/kg) of method

validation experiment, 60 lL from 0.01 mg/mL fortifica-

tion solution (hereafter it will referred as F1 level) was

added to each processed analytical portion just before EtAc

addition.

A 1/3 portions of total extract volume from each extract,

which corresponds 10 g sample equivalent, was filtered

through 60 g Na2SO4 in a round bottomed flask. Then the

filter cake was washed for three times with 20 mL EtAc,

and allowed for the removal of solvent completely. The

filtrate was concentrated to 1–2 mL in a rotary evaporator,

then concentrated extract was transferred to a calibrated

conical test tube in which the evaporation was continued

until 1 mL was obtained with gentle N2 stream. For

changing the solvent, 1 mL of the solvent mixture of EtAc/

cyclohexane 1/1 v/v was added and finally evaporated to

0.8 mL. The final volume of extract was adjusted exactly to

1 mL for the GPC (semi-automatic KL-SX-3) cleanup

(Tiryaki and Aysal 2005).

The GPC column (20 cm 9 1 cm glass column) was

filled with 10 g Bio-Bead SX-3 (200–400 mesh, Bio-Rad

Lab.) gel and calibration of the column was performed with

chlorpyrifos and malathion mixture in triplicate. An aliquot

of 500 lL from 0.001 mg/mL pesticide mixture containing

500 ng of mixture was injected, then the pesticides were

eluted with EtAc/cyclohexane 1/1 v/v at the 0.9 mL/min

flow rate. The extracts were cleaned up in the GPC system

by injecting 500 lL sample extract (corresponding 5 g of

original sample matrix) at flow rate of 0.9 mL/min.

According to our determined elution profile, 7–20 mL of

pesticide fractions were collected. After changing the sol-

vent, the final volume of combined collected eluent was

adjusted with isooctane to 4 mL which corresponded

1.25 g sample equivalent/mL. This procedure was the same

for all the samples including fortification and blank. A 2-

mL of GPC cleaned extract was evaporated to 0.5 mL and

added 1 mL isooctane. After the evaporation final volume

was again adjusted to 1 mL (corresponded 2.5 g sample

equivalent/mL) in isooctane for GC analysis.

For the GC analysis of cleaned up extracts, HP 6890 GC-

NPD were used at the following conditions: capillary column

(30 m length 9 320 lm id 9 0.25 lm nominal film thick-

ness, HP 19091S-433, HP-5MS 5% Phenyl Methyl

Siloxane); carrier gas nitrogen 2.0 mL/min, hydrogen

3.0 mL/min; air 60.0 mL/min. Operating Conditions; Col-

umn temperature: 70–270�C; initial time 1 min at 70�C; rise

(I):20�C/min to 160�C–0 min, rise (II): 4�C/min to 270�C–

10 min, total run time: 43 min; detector temperature: 300�C,

injector temperature: 200�C (splitless), injection volume:

2 lL. To perform analysis in one calibration curve, at the

range of 20–60 pg/lL, fortification samples were diluted to

fit the calibration range. Matrix contents after the dilution

were 0.25 and 2.5 g sample equivalent/mL, for STB-F and F1

samples, respectively. Therefore, to compensate for matrix

effect for the quantiation of STB-F and F1, matrix calibration

solutions were prepared in blank extract, containing 0.25 g

and 2.5 g sample equivalent/mL, respectively. Hereafter

they will be referred as matrix calibration/0.25 g seq and

matrix calibration/2.5 g seq. GC injections, including sol-

vent calibration2 and both level matrix calibration, were

performed in duplicate, except in case of STB-F, where in

triplicate. Schematic diagram of all the analytical steps were

illustrated in Fig. 1.

Results and Discussion

Calibration curves prepared in solvent were compared with

calibration curves prepared in a blank matrix extract (F0).

This helps to establish whether the matrix induces sys-

tematic or proportional errors in the quantification of the

pesticides. The linearity of all 3 calibration curves were

determined by computing r and SDy/ŷ value (Huber 2004).

The virtue of GC calibration mostly can be characterized

by the standard deviation (SDy/ŷ, n-2) of the relative resid-

uals (residuals/predicted Dyi = yi-ŷ; Yi = Dyi/ŷ), which is

calculated with n-2 degrees of freedom by using Eq. 1

(Miller and Ambrus 2005).
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sDy=ŷ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

P

ðYi � �YÞ2

n� 2

s

ð1Þ

where yi is the response obtained from injecting analytical

standard. ŷi is the point corresponding with analytical

standard on the regression line. �Y is the mean value of Yi.

n is the total number of standard injections.

The curves of chlorpyrifos and malathion were linear

over the range 20–60 pg/lL, with r, SDy/ŷ and regression

equation. This is given in Table 1, for 3 different calibra-

tion. As shown in the table, the calculated SDy/ŷ were less

than the required limit of 0.1. Calculations of the analyte

concentration were performed with weighted linear

regression. The straight line determined is referred to as a

weighted calibration line: the calculation is more complex,

as the weights for the individual points must be included

(Miller and Ambrus 2005). An excel template, developed

by Agrochemicals Unit of IAEA-Seibersdorf Laboratory,

was used for the calculation.

The matrix effect varies depending on the type and

concentration of matrix in the extract, condition of chro-

matographic column and the analyte concentration in the

extract, which may vary from day to day (Soboleva et al.

2000). Quantitation of pesticide was performed by using

matrix equivalent calibration. Thus, matrix calibration/

2.5 g seq and matrix calibration/0.25 g seq were used to

quantify the residues in the F1 and STB-F samples,

respectively. By applying calculations and calibrations, the

recoveries of chlorpyrifos and malathion from the fortified

F1 and STB-F samples are given in Table 2. The average

recovery, Sd and RSD% are also included in the table.

Table 2 also summarizes the comparison of the average

recoveries of compounds, calculated based on solvent

calibration and both matrix calibration. The figures showed

that the recoveries based on solvent calibration were less

than matrix calibration. For instance, the average recovery

of chlorpyrifos for F1 samples in solvent calibration, and

corresponded matrix calibration/2.5 g seq calibration were

56.22% and 65.08%, respectively. Similarly, chlorpyrifos

average recoveries were 52.80% and 80.91% in solvent

Laboratory sample Laboratory sample 

Sample preparation Sample preparation 

Homogenisation of 
cucumber in a  Waring 
blender

Cutting of five unit of 
cucumber (weighted 1.5 kg) 
into half in longitudinal 
direction 

Analytical Sample 

Applying pesticide mixture at 

0.2 mg kg-1 level on upper 

surface of cucumber 

7x30 g  analytical portion 

Fortification of analytical 
portion at 0.02 mg kg-1 level Homogenisation of 

cucumber in a Waring 
blender

Analytical Sample 

7x30 g  analytical portion 

Extraction with Ultra Turrax 

Centrifusing 

Filtration & evaporation 

Changing solvent to EtAc/cyclohexane  

GPC cleanup 

Changing solvent to isooctane 

GC analysis 

F1 Samples STB-F Samples 

Fig. 1 Overview of analysis used to assess stability of pesticides

Table 1 Summary of calibration parameters for the compounds for GC-NPD detection with five-level calibration, in solvent and sample matrix

Analyte Linear range,

pg/lL

Calibration and/or analytic

function,a y = a+bx
Correlation

coefficient, r
Relative residual

standard deviation, SDy/ŷ

Calibration in solvent

Chlorpyrifos 20–60 y = -3.624 + 2.4597x 0.970 0.059

Malathion 20–60 y = -4.853 + 1.8229x 0.962 0.079

Calibration in sample matrix (0.25 g/mL seq)

Chlorpyrifos 20–60 y = 1.393 + 1.6978x 0.971 0.071

Malathion 20–60 y = 4.799 + 1.2821x 0.958 0.087

Calibration in sample matrix (2.5 g/mL seq)

Chlorpyrifos 20–60 y = -6.968 + 2.2278x 0.977 0.052

Malathion 20–60 y = -3.339 + 1.7321x 0.976 0.049

a Based on weighted linear regression; x = injected amount to GC, y = NPD detector responseas area
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calibration and corresponded to matrix calibration/0.25 g

seq respectively, for STB-F samples. The same situation

was also valid for malathion. That is why quantitation of

residue was performed matrix matched calibration which

based on sample content of the injected extract volume. On

the other evaluation, the recovery of fortified F1 samples is

lower than fortified STB-F samples for chlorpyrifos. The

reason may be the higher sample mass of F1 samples in the

injected volume.

The assessment of stability studies were done based on

various references (Anonymous 2005; and Personal com-

munication with Dr A. Ambrus-Center for Plant Protection

and Soil Conservation, Budaörsi, Hungary: Calculations

for stability testing). The fortification mixture prepared for

the surface treatment contained the residues of malathion

and the reference compound which is indicated with R. The

expected residue of the analyte (A) is calculated with the

Eq. 2.

A = ðRref aQaÞ=QR ð2Þ

where Rref is the expected residue of reference compound.

The a value is the ratio of the analyte and the reference

compound in the treating solution, which is equal 1 in our

cases since the both chlorpyrifos and malathion concen-

trations are the 0.1 lg/lL. Qa and QR are the average

analytical recoveries of analyte and reference compounds,

respectively, which were determined from the fortified

analytical portions (F1, i.e., 0.02 mg/kg level) during

method validation before the experiment.

The Rref is calculated from its average recovery:

Rref ¼ Rref
0=QR ð3Þ

where Rref’ is the measured/survived residue of reference

compound.

The stability of residues during sample processing was

assessed by comparing the mean recovery of F1 with the

mean survival recovery of STB-F samples. Performing the

STB-F analysis; the measured residue, expected residue

which were calculated with the Eq. 3, and their reliability

such as the standard deviation (Sd) and relative standard

deviation (RSD%) between the 3 GC run were summarized

in Table 3. The data indicated that Sd and RSD values

between the injections are within the required limits

(Anonymous 2006). As shown in Table 3, average differ-

ences (xd) between the survived and expected residues,

corresponding each measurement pairs, were calculated,

and the average, and Sd of differences as well, by using

Excel programme (Personal communication with Dr. A.

Ambrus, Testing the stability of residues during sample

processing). There was a consistent negative difference

between measurement pairs.

To test significance of difference (tcalc), one-tailed t test

was applied at 95% confidence level with the Eq. 4 (Miller

and Ambrus 2005).

tcal =
xd

sd=
ffiffiffi

n
p ð4Þ

where n is the total number of test.

The tabulated t values (tcrit) for checking the differences

with the (n-1) = 20 degrees of freedom is 1.725. If the test

statistics calculated with Eq. 4 is equal or lower than the

critical value (tcalc B tcrit) the difference is not significant

and the residue did not decompose. Since our tcalc [ tcrit

Table 2 Recoveries of compounds from the fortified cucumber samples at both F1 and STB-F level, based on solvent calibration and both matrix

matched calibrations

APa Solvent (isooctane) calibration F1 samples with matrix

calibration/2.5 g seq

STB-F samples with matrix

calibration/0.25 g seq

F1 samples STB-F samples

Chlorpyrifos Malathion Chlorpyrifos Malathion Chlorpyrifos, QR
b Malathion, Qa

b Chlorpyrifos Malathion

1 52.11 63.10 49.64 48.68 60.54 64.66 66.01 54.16

2 50.07 62.67 62.03 68.76 58.29 64.21 83.95 82.71

3 53.37 67.39 70.33 61.49 61.93 69.17 95.98 72.36

4 70.20 75.02 77.70 49.31 80.51 77.20 106.66 55.05

5 44.84 58.28 49.23 43.96 52.51 59.58 65.41 47.44

6 61.52 65.99 60.56 52.88 70.92 67.71 81.82 60.13

7 61.44 62.43 50.01 44.56 70.84 63.96 66.54 48.29

Av 56.22 64.98 59.93 52.80 65.08 66.64 80.91 60.02

Sd 0.086 0.059 0.112 0.092 0.095 0.056 0.162 0.13

RSD 15.29 8.14 18.63 17.38 14.58 8.35 19.99 21.74

a Analytical portion
b The definitions of QR and Qa are given in Eq. 2
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(14.541 [ 1.725) it means the analyte decomposed during

sample processing (Table 3). So, samples must be pro-

cessed in the presence of dry ice, for the analysis of

chlorpyrifos and malathion residues in cucumber.
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