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Abstract Matrix effects observed during the multiresidue analysis of seven organochlorine pesticides
in six different agricultural products with GC-ECD were assessed. The presence of matrix coextractives,
a major cause of observed matrix effects, directly and/or indirectly influenced the chromatographic
responses of some pesticides. Two types of external calibrations, solvent calibration (SC) and matrix-
matched calibration (MC), were used to assess matrix effects. Greater matrix effects were observed at
the lower concentrations of each pesticide. The extent of matrix effects varied unpredictably with
matrix type. Among the analyzed pesticides, iprodione, cyhalothrin, and cypermethrin exhibited
greater matrix effects (>150%) for almost all matrices. The pesticide recovery rates obtained with MC
were not statistically different from a 100% recovery rate in most samples, which indicates that MC

may diminish the overestimates occurred due to matrix effects in GC analysis.
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Introduction

The consumption of pesticide-contaminated products is regarded as
a potential health threat to humans. Pesticide residues provoke
serious food and environmental safety issues, as residues exceeding
the tolerance of maximum residue levels may accumulate in the
edible portions of vegetables. A large number of multiresidue extraction
methods (MRMs) have been developed to simultaneously and
accurately analyze various pesticide residues in commodities (1).
These MRMs provide an effective means of quickly determining the
levels of various pesticides in a sample, but it is practically impossible
to obtain optimum results for all pesticides measured because of the
different physicochemical properties of individual pesticides and the
atypical characteristics of components (e.g., pigments, lipids, sterols
etc.) coextracted from samples (2). The matrix components that
coelute with pesticide residues during solvent extraction may
increase the inaccuracy and uncertainty of results in multiresidue
analytical methods (3). This phenomenon was first reported by Erney
et al. (4) in 1993, and it was referred to as the “matrix-induced
chromatographic response enhancement effect” or simply “matrix
effect”. Matrix effects during GC analysis of various kinds of
pesticides have been reported for various matrices by several
laboratories, but most of them were conducted with no clean-up
processes in order to exclude the influences of purification on matrix
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effects (5-13). The factors influencing matrix effects and various
methods of diminishing matrix effects were also proposed by several
researchers (14-21). During pesticide analysis using GC, non-volatile
matrix components coexisting with analytes in an injected sample
usually accumulate in the GC inlet and/or in the front part of a
column, masking active sites in the GC liner, and decreasing the loss
of susceptible and thermolabile pesticides (18). Consequently, such
masking may increase the transfer of target pesticides to the GC
detector, and induce the enhancement of chromatographic response
when compared to the analysis of matrix-free analytes dissolved in
pure solvent (10). In most cases, unexpectedly high recovery rates
exceeding 120% are usually due to this phenomenon, which has
been known to be the main cause of erroneous results in
instrumental quantification of pesticide residues (3,15).

Of the effective methods used to compensate for matrix effects,
matrix-matched calibration (MC) was most commonly utilized
despite the inconvenience of preparing a blank matrix extract (18).
However, the US Environmental Protection Agency (EPA) and the
Food and Drug Administration (FDA) prohibit the application of MC
for pesticide analysis because of the possibilities of manipulating
results (16). In contrast, the European Union (EU) usually recommends
the use of MC for ensuring method validation in pesticide analysis
(22), and the assessment of matrix effects is regarded as a core
component of method validation.
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It has been established that MRMs, including clean-up steps,
cannot completely eliminate coextractives during pesticide residues
analysis, and the response of chromatographic signal may be
increased or decreased by the matrix components existing in a final
sample preparation. The intensity and extent of matrix effects can be
influenced by the type and concentration of a matrix, and matrix
effects may also differ based on the analyte (2).

The objective of this study was to evaluate the extent of matrix
effects in the multiresidue analysis of six agricultural products
(broccoli, welsh onion, pepper, cucumber, leek, and rice) for seven
organochlorine pesticides (chlorothalonil, chlorpyrifos, procymidone,
chlorfenapyr, iprodione, cyhalothrin, and cypermethrin), which were
the most frequently detected pesticides during monitoring
experiment with GC-ECD. The recovery rates of the target pesticides
were obtained by using calibration curves separately prepared in
pure solvent and blank matrix extracts.

Materials and Methods

Commodities All the agricultural products -broccoli, welsh onion,
pepper, cucumber, leek, and rice- used in this experiment were
obtained from retail markets located in the northern area of Seoul,
Korea. All commodities with no pesticide residues were screened out
using GC-ECD and GC-MSD. The selected samples were ground
homogeneously using blender mixer (Robot-Coupe, Vincennes,
France) and kept in a refrigerator at —20°C until use.

Chemicals and materials The pesticide analytical standards,
chlorothalonil, chlorpyrifos, chlorfenapyr, procymidone, iprodione,
cyhalothrin, and cypermethrin were purchased from Dr. Ehrensforfer
GmbH (Augsburg, Germany), Chem Service (West Chester, PA, USA),
and Sigma-Aldrich (St. Louis, MO, USA). The purity of all pesticide
standards was higher than 98%, except for cypermethrin (91.5%).
The organic solvents used were pesticide residue analysis grade.
Acetonitrile was purchased from JT&Baker (Center Valley, PA, USA).
Acetone and n-hexane were supplied from Kanto Chemical Co., Inc.
(Tokyo, Japan). Anhydrous sodium chloride for phase separation was
obtained from Merck (Darmstadt, Germany). An Omni Macro
Homogenizer (Kennesaw, GA, USA) was used for extracting pesticide
residues. The Florisil SPE cartridge (1GM, 6 cc) used for purifying
samples was purchased from Agilent Technologies (Santa Clara, CA,
USA). A SUPELCO VISIPREP™ vacuum manifold from Sigma-Aldrich
was used to support the SPE cartridge. An N-EVAP™ 112 from
Organomation Associates, Inc. (Berlin, MA, USA) was used for solvent
evaporation.

Instruments and conditions of GC analysis An HP 6890 gas
chromatography (Agilent Technologies) equipped with a microelectron
capture detector (LECD) and a 7683B autosampler was used. Samples
were injected on splitless mode (25.3 mL/min, 0.75 min) using an
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injector equipped with a 10 pL syringe and a 4 mm i.d. tap GW liner
(Agilent Technologies). The separation of pesticides was carried out
with a HP-5 capillary column (30 m length, 0.32 mmi.d., 0.25 um film
thickness) containing a 5% phenyl methyl siloxane as stationary
phase (Agilent Technologies). The GC-ECD operating conditions were
as follows: injector temperature, 230°C; detector temperature,
280°C; initial oven temperature, 150°C for 1 min, then raised at 12°C/
min to 240°C, held at 240°C for 2 min, then raised at 10°C/min to
280°C, and held at 280°C for 11 min. The total analysis time was 25.5
min. Nitrogen was used as a carrier gas at a flow rate of 1 mL/min.

Extraction of pesticide residues The target pesticides from various
products were extracted using the multiclass pesticide multiresidue
method provided by Korea Food & Drug Administration (KFDA) with
slight modifications (23). A 50 g portion of homogeneously ground
samples was extracted with 100 mL of acetonitrile in a glass bottle
for 2 min at 2000 rpm using the Omni Macro Homogenizer. The
homogenized samples were filtered using a qualitative filter paper
with 18.5 cm diameter (Ahlstrom Filtration LLC, Mt. Holly Springs, PA,
USA), and then the filtrates were vigorously shaken in a milk bottle
containing 10 g of sodium chloride. For phase separation, the bottle
was left stationary for 10 min. A 10 mL aliquot of the upper layer
(acetonitrile layer) was then taken and evaporated to solid dryness in
a water bath at 40°C.

SPE clean-up The SPE florisil cartridges were placed on a vacuum
manifold and washed consecutively with 5mL of n-hexane and
acetone:n-hexane (2:8, v/v). The sample extracts dissolved with 5 mL
of acetone:n-hexane (2:8, v/v) were loaded onto the top cartridge
and collected into a glass conical tube at a flow rate of one or two
drops per second. Repeatedly, 5 mL of acetone:n-hexane (2:8, v/v)
was added to the cartridge and eluted into the same tube. The
eluates were evaporated to solid dryness using a nitrogen evaporator
at 40°C. The dried extracts were redissolved in 2 mL of acetone:n-
hexane (2:8, v/v) and prepared as test solutions.

Preparation of calibration curves A stock solution of each standard
was dissolved in acetone at a concentration range of 100-160 mg/L.
These solutions were used to make a standard mixture containing all
pesticides at 10 mg/L. In order to assess the influence of a sample
matrix on chromatographic signals, two different calibration curves
were prepared with concentrations of 0.1, 0.5, 1.0, and 2.0 mg/L,
obtained by serial dilution of the standard mixture. The first
calibration curve (solvent calibration, SC) was prepared in pure
acetone:n-hexane (2:8, v/v) solvent using the above concentrations.
For the second calibration curve, the matrix extracts obtained from
each product were prepared using the following procedure. The
dried extracts were dissolved in 2 mL of the standard mixture at the
same concentration as for the SC, and used for the matrix-matched
calibration (MC) curve. The concentration of matrix in the MC was
adjusted to 2.5 g/mL.



Assessment of matrix effects With the objective of evaluating the
influence of matrix coextractives on the chromatographic responses
of the target pesticides, matrix effects were assessed by comparing
the chromatographic responses (area) obtained from MC with those
from SC at the above mentioned concentration using the following
calculated formula. All experiments were performed in triplicate for
each level.

Matrix effect(%)=(CRuc/CRsc)x100 (1)

where CRyc and CRsc mean the average value of the chromatographic
response (area) obtained with MC and SC at the same concentration,
respectively.

Recovery study A 50 g sample of each produce that had been
confirmed not to have pesticide residues was fortified with the
standard mixture at 0.5 mg/L to perform the recovery study. The
spiked samples were then treated by the previously described
extraction method. The recovery experiments were performed in
triplicate, and the recovery rates were determined using the
following equations.

Rsc=Csc/Cadded (2)
RMC=CMC/Cadded (3)

where Ry is the recovery rate obtained with SC; Ry is the recovery
rate obtained with MC; Csc is the concentration of pesticide
quantified with SC; Cy is the concentration of pesticide quantified
with MC; Cuq4eq is the concentration of pesticide spiked in samples.
Statistical analysis In order to statistically compare the recovery
rates obtained using SC and MC with a 100% recovery rate, a t-test
was applied. Using Eq. 4, a t-statistic was calculated, t.,; and
compared with a t-tabulated, t,, for a confidence level of 95% (24).
Statistical significance exists if t., is not less than t;,;, meaning that
the calculated recovery rates are statistically different from the 100%
recovery rate.

_Jnx|R—100|
tea™ S—R

(4)

where n is the number of data in each calibration; R is the recovery
rate determined with each calibration; Sy is the standard deviation of
the recovery rate.

Results and Discussion

Calibration curves of SC and MC To measure matrix effects and
recovery rates for organochlorine pesticides in six agricultural
products, SC and MC calibration curves were separately prepared.
The calibration curves for all analyzed pesticides were linear for all
matrices (*>0.99). The slopes of the calibration curves varied based
on the type of pesticide and matrix. In almost all cases, the analytical
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Fig. 1. Comparison of calibration curves between SC and MC prepared
in agricultural product extracts for cypermethrin.

curves prepared for MC exhibited steeper slopes than those
prepared for SC. The differences in the slope of each calibration
curve between SC and MC for cypermethrin are shown in Fig. 1. The
slopes of the calibration curves for broccoli, leek, and rice differed
significantly from those of the other products. Considering these
results, it is evident that matrix effects may be greatly influenced by
the matrix components in each sample.

The disparities in the slopes of SC and MC calibration curves
induce a proportional systematic error in GC chromatographic
analysis, which are mainly caused by matrix components coextracted
with analytes, and this error is generally attributed to the occurrence
of matrix effects (25,26). Matrix effects can usually be expressed as
positive (more than 100%) when the slope of MC is greater than that
of SC. On the contrary, if the slope of MC is smaller than that of SC,
matrix effects can be expressed as negative (less than 100%).
Evaluation of matrix effects Matrix blanks from broccoli, welsh
onion, pepper, cucumber, leek, and rice, in which the absence of
pesticide residues had previously been confirmed prior to the main
experiment, were prepared by the previously described extraction
method in order to assess matrix effects. The GC-ECD chromatograms
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Fig. 2. GC-ECD chromatograms of blank sample extracts containing 2.5 g/mL of matrix concentration. (A) carrot; (B) welsh onion; (C) leek; (D)

cucumber; (E) broccoli; (F) rice

of the matrix blanks are presented in Fig. 2. Each produce has a
different composition of water, sugars, lipids, and colors, and these
cannot be entirely eliminated in spite of cleanup steps in pesticide
residue analysis (1,27). The matrix components present in an
injected sample hinder the accurate analysis of pesticides and
produce a peculiar chromatogram pattern for matrix blanks analyzed
by GC. As shown in Fig. 2, the chromatograms of blank extracts from
carrot, welsh onion, leek, and broccoli showed a lot of ghost
(unknown) peaks, which are believed to originate from sulfur
compounds and chlorophylls (27). Schenck et al. (28) reported that
the ghost peaks in GC analysis were attributed to vegetables
containing organic sulfur compounds (e.g., leek, onion, and welsh
onion etc.) and suggested that the sulfur compounds could not be
eliminated through the SPE cleanup process.

The mean values of matrix effects calculated using Eq. 1 at
concentrations of 0.1, 0.5 1.0, and 2.0 mg/L in the six types of
agricultural product extracts are presented in Table 1. It was
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observed that the matrix effect values for each pesticide were
affected by the pesticide concentration and the matrix type.
Generally, the greatest matrix effects were observed at the lowest
concentration (0.1 mg/L) of each pesticide. These results were
similar to previous results reported by Freita and Lancas (11) and
Sousa et al. (12). This is because when a pesticide standard in pure
solvent at low concentration is injected into a GC, a large amount of
the pesticide interacts with the active sites in the liner and with the
front parts of column, decreasing the chromatographic response. On
the other hand, when a pesticide standard in a matrix extract at the
same concentration is injected into a GC, the matrix components
block the active sites of the liner, thus more amounts of the pesticide
can get to the GC detector without interacting with the active sites,
leading to increased chromatographic response (12). In addition,
different values of matrix effects were acquired at the same
concentration because of matrix diversity. The ranges of matrix
effects observed from each produce were as follows: broccoli, 26.2-
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Fig. 3. GC-ECD chromatograms from standard mixture at 2.0 mg/L (A, B, C) and 0.5 mg/L (D, E, F). (A, D) STD in acetone; (B) STD in a blank welsh
onion extract; (C) enlarged peak of chlorothalonil in overlaid chromatograms between (A) and (B); (E) STD in a blank carrot extract; (F) enlarged

peak of chlorpyrifos in overlaid chromatograms between (D) and (E)

298.0%; welsh onion, 12.9-234.5%; carrot, 77.6-725.2%; cucumber,
106.8-205.4%; leek, 110.6-334.8%; rice, 104.6-248.4%.

The direct effect of the ghost peaks originating from matrix
components on pesticide analysis are shown in Fig. 3. For chlorothalonil
at 2.0 mg/L in welsh onion, the peak of chlorothalonil prepared in
acetone was much bigger than that prepared in a blank welsh onion
extract (Fig. 3C). Thus, the assessed matrix effects were in the range
of ND-15.0% at all concentrations. The decrease in the chromatographic
signal of chlorothalonil prepared in the blank welsh onion extract
may be attributed to the matrix components of welsh onion, which
possibly interact with chlorothalonil. As shown in Table 1, the values
of matrix effects for chlorpyrifos in carrot were relatively large
compared to those in other samples. As can be seen in Fig. 3E, a
ghost peak with the exact retention time originating from a blank
carrot extract overlapped with the chlorpyrifos peak, and enhanced

the signal response of chlorpyrifos prepared in the blank carrot
extract. When analyzing pesticide residues with GC, these effects are
likely to result in analytical errors and inaccurate results.

The mean values of matrix effect for the analyzed pesticides in rice
are presented in Fig. 4. Iprodione, cyhalothrin, and cypermethrin
showed higher average values of matrix effects at 224.7, 157.4, and
208.7%, respectively. Meanwhile, chlorothalonil, chlorpyrifos, procy-
midone, and chlorfenapyr showed less matrix effects. Sugitate et al.
(29) reported similar results, with matrix effects for cypermethrin
and cyhalothrin in potato and brown rice using GC-MS of 319-353%.
According to Fig. 4, a trend was observed in which some pesticides
with longer retention times showed higher matrix effects. Sousa et
al. (21) reported that similar results were observed in pesticides
eluted at the end of a chromatographic run. Sanchez-Brunete et al.
(17) suggested that the pyrethroid pesticides, such as cyhalothrin
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Table 1. Matrix effects of organochlorine pesticides with different concentrations in agricultural product extracts

Pesticide conc.

Matrix effect+SD (%)Y

(mg/L) Broccoli Welsh onion Carrot Cucumber Leek Rice
Chlorothalonil
0.1 26.249.2 ND? 103.0+4.6 161.5+7.0 118.8+7.2 123.546.1
0.5 45.618.3 15.0+2.6 103.8+4.4 117.846.5 113.617.3 110.545.2
1.0 56.416.3 14.4+3.1 101.5#4.1 115.746.3 113.416.0 109.845.5
2.0 61.416.0 12.942.6 101.343.8 114.745.3 110.616.1 100.74.3
Chlorpyrifos
0.1 117.546.1 76.5+11.1 367.317.2 135.3+5.9 135.845.2 112.345.2
0.5 108.615.2 100.445.3 234.5+8.1 125.945.6 127.646.3 112.744.2
1.0 102.545.1 102.745.8 163.748.3 124.8+4.7 121.445.0 110.443.9
2.0 101.615.4 101.743.3 147.547.3 121.8+4.5 121.144.8 109.7+4.1
Procymidone
0.1 126.616.2 86.215.9 77.6x7.4 112.5+6.1 141.345.2 111.3+4.9
0.5 108.413.0 105.3+4.1 96.1+6.0 106.8%5.7 132.745.4 109.8+4.2
1.0 107.5+2.2 110.0£2.5 96.516.3 107.545.1 128.1+4.4 105.443.2
2.0 107.8+2.4 116.7+2.1 96.714.2 107.1+5.1 126.814.2 104.613.1
Chlorfenapyr
0.1 136.245.5 103.316.2 116.945.5 133.51#5.0 111.646.1 120.516.3
0.5 131.7+6.1 105.2+4.6 101.0+4.6 118.615.0 113.045.5 120.745.3
1.0 126.315.8 104.1+4.9 101.5+6.0 111.2+3.8 113.445.3 118.5+5.1
2.0 120.745.3 103.5#4.1 98.3+3.2 111.5+3.1 114.5+5.1 117.6+3.9
Iprodione-1
0.1 202.5+11.0 104.216.8 725.2+19.9 176.5+9.1 175.318.0 248.4+11.0
0.5 193.619.3 94.615.1 591.8+13.5 133.5¢7.1 173.747.9 207.248.8
1.0 190.419.1 83.245.1 407.4+12.4 130.816.1 171.947.3 202.7+7.2
2.0 184.917.5 79.545.2 300.3+10.9 124.5+5.1 166.116.8 190.416.1
Iprodione-2
0.1 298.0+7.7 234.5+10.2 371.9+17.6 205.4+8.0 334.8+10.2 247.4+11.3
0.5 285.918.3 229.8+10.2 337.4+12.0 195.448.1 343.7+10.1 237.619.1
1.0 269.5+7.3 219.748.1 313.7+10.0 196.415.1 344.618.7 233.1+6.5
2.0 245.5+7.1 198.748.3 304.7+9.1 194.145.9 344.4+9.3 230.416.1
Cyhalothrin-1
0.1 172.7£7.0 149.54+3.9 151.246.0 165.9+7.7 158.0+6.4 155.649.1
0.5 169.0+7.3 126.944.5 128.245.8 142.746.3 156.417.2 150.548.2
1.0 159.616.1 125.442.9 121.846.2 137.146.9 146.316.8 145.618.2
2.0 156.5+6.3 125.942.5 115.945.7 135.445.2 144.846.2 144.616.8
Cyhalothrin-2
0.1 165.5¢7.1 124.3+7.9 ND 135.3+6.9 132.146.5 171.2+8.9
0.5 159.35.7 115.445.8 124.06.3 129.045.6 122.846.2 166.0+8.8
1.0 158.545.1 112.446.9 118.746.1 129.3146.2 122.51£5.0 164.518.3
2.0 157.1+4.9 110.516.3 110.645.1 128.1+4.8 119.4+4.5 160.817.0
Cypermethrin
0.1 231.8+9.1 194.3146.1 157.247.0 167.146.9 225.449.8 213.4+9.4
0.5 220. +6.5 145.615.3 145.5+6.3 140.3+6.7 210.949.8 209.4+9.1
1.0 214.4+6.0 140.546.3 127.445.2 136.416.2 204.1+7.8 209.7+8.1
2.0 196.746.3 139.545.3 123.745.3 133.616.1 195.547.2 202.1+6.6

YMean values+standard deviation (SD) as repeatability (n=3)
2ND, not detectable

and cypermethrin, have a high molar mass (over 400 g/mol), which
make them remain at the GC inlet longer and delay their
volatilization when injected into the GC. Owing to this phenomenon,
the pesticides may have a longer time to interact with the active sites
of the GC inlet, thus much higher matrix effects can be obtained.
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Comparison of recovery rates A study of recovery rates obtained
with SC and MC separately was performed for pesticides spiked into
agricultural products at 0.5 mg/L, and the results are presented in
Table 2. Each recovery rate was calculated using Eq. 2 and 3, and then
the calculated recovery rates were statistically compared with
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theoretical 100% recovery rate using a statistical paired t-test. A
statistic t value, t-calculated, was obtained using Eq. 4.

Hill et al. (30) suggested that the matrix effect should be
determined if a matrix effect is observed in the analytical range of
pesticides, and the recovery rate of analyzed pesticides should be
evaluated to validate an analytical method. The matrix effect has
been known to be one of several factors that induce a higher
recovery rate. In order to compensate the higher recovery rate, MC
has been used as a validation tool. Generally, a recovery rate in the
range of 70-110%, with a standard deviation of less than 20% is
accepted as a reliable validation result (22).

As shown in Table 2, it was observed that the recovery rates
obtained with SC were higher for iprodione-1 (83.0-506.8%), iprodione-2
(189.3-334.4%), cyhalothrin-1 (114.8-158.8%), cyhalothrin-2 (109.6-
150.8%), and cypermethrin (125.5-201.0%) for almost all matrices.
This suggests that the higher recovery rates are influenced by matrix
effects. Erney et al. (4) proposed that some pesticides exhibiting
greater matrix effects also showed higher recovery rates, which was
consistent with our results. Menkissoglu-Spiroudi et al. (2) reported
that pyrethroid pesticides showed higher recovery rates, with a
range of 135-320%, in tomato and pepper. Hajslova et al. (7) also
reported a range of recovery rates for cypermethrin and iprodione in

Table 2. Comparison between recovery rates obtained using SC and those using MC of organochlorine pesticides spiked in agricultural product

extracts at 0.5 mg/L

Commodity
Broccoli Welsh onion Carrot Cucumber Leek Rice
Pesticide = = = = = =

RsctSe” tcaLscs) RsctSg teal sc RsctSp teal sc RsctSp teal sc RsctSg teal sc RsctSg teal sc

RwctSg? tcaI_MCA) RmctSr teal_mc RmctSr teal_mc RmctSr teal_mc RmctSr teal_mc RmctSg teal_mc

Chlorothalonil 64.2+7.9 15.7 16.2+3.6 80.6 88.0+4.1 10.1 87.016.2 7.3 103.8+6.3 2.1 97.0£4.5 2.3
101.945.1 11 101.6+2.8 2.0 102.4+3.8 2.2 101.6%5.7 1.0 97.845.8 13 99.7+4.1 0.2

Chlorpyrifos 100.445.1 0.3 99.0+6.7 0.5 211.3+7.1 543 85.0%5.2 10.0 115.6%5.7 9.5 104.8+3.7 4.5
102.414.2 2.0 102.145.8 1.4 102.81t7.4 1.1 102.1+4.8 1.5 102.915.4 1.9 101.31+3.8 1.1

Procymidone 112.4+3.2 134 103.244.6 2.4 90.2+5.4 6.3 97.615.2 1.6 1254446 19.1 105.2#4.3 4.2
100.5+2.7 0.6 102.615.2 1.7 102.614.8 1.9 101.0+4.5 0.7 100.7+4.1 0.6 102.314.4 1.8

Chlorfenapyr 114.415.5 9.1 101.445.2 0.9 95.0+4.2 4.1 102.814.5 2.2 110.245.1 6.9 116.814.8 12.1
101.4+4.3 1.1 102.614.6 2.0 101.2+4.1 0.9 101.243.3 1.0 102.414.2 2.0 101.3#4.1 1.1

Iprodione-1 190.319.2 34.0 83.0+124 4.7 506.8+11.3 124.7 90.8%6.5 49 156.4+17.4 264 181.6+8.1 349
98.6+6.4 0.8 104.5+115 13 104.2¢t104 14 96.316.7 1.9 102.746.5 1.4 97.2+6.4 15

Iprodione-2 263.6£8.2 69.1 201.2+11.2 313 334.4+105 773 189.3+7.8 39.7 322.1+94 81.8 216.847.8 51.9
101.4+5.4 09 102.8t104 0.9 103.6+10.1 1.2 102.847.1 14 103.17.5 1.4 97.8+6.6 1.2

Cyhalothrin-1 158.8+7.1 28.7 120.6t5.6 12.7 114.8#+51 10.1 116.0+6.2 89 148.4+6.3 26.6 142.848.1 183
102.345.3 15 102.745.9 1.6 104.8+4.6 3.6 102.615.6 1.6 102.746.1 1.5 97.4+7.5 1.2

Cyhalothrin-2 150.8#5.5 32.0 116.8%6.6 8.8 113.05.7 7.9 109.6%5.2 6.4 114.4+6.1 8.2 147.7+¢8.2 20.1
99.2+4.6 0.6 97.2+5.8 1.7 97.216.2 1.6 102.845.6 1.8 102.845.3 1.8 96.8+7.2 1.5

. 201.0¢6.1 574 136.8#6.2 20.6 132.4+6.2 18.1 125.5+6.2 14.2 183.1+8.8 32.7 190.848.8 35.7
Cypermethrin 1) 0457 12 1025466 13 10L6#51 11 1034861 20 1029¢75 13  988:74 06

”Eso The mean value of recovery rates of the spiked sample quantified with SC; Sg, Standard deviation of recovery rates (n=3)
YRy, The mean value of recovery rates of the spiked sample quantified with MC

3 tal s The value of t calculated applying recovery rates quantified with SC
4 tcal mc, The value of t calculated applying recovery rates quantified with MC

twap=2.2, The value of t tabulated for degree of freedom f=11 at 95% confidence level
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various vegetables of 151-319% and 118-204%, respectively.

As shown in Table 2, the values of t., sc were greater than t.,,=2.2
in most cases except for chlorothalonil in leek (t,_sc=2.1), chloropyrifos
in broccoli (t sc=0.3) and welsh onion (te_sc=0.5), procymidone in
cucumber (t sc=1.6), and chlorfenapyr in welsh onion (. sc=0.9)
and cucumber (t; sc=2.2), which meant that the recovery rates
obtained with SC statistically differed from a 100% recovery rate in
most matrices. On the other hand, the recovery rates obtained with
MC showed different results, and are also presented in Table 2. The
recovery rates quantified with MC were in the range of 96.3-104.8%,
indicating that the values of t., wc were less than t;, in almost all
matrices except for cyhalothrin-1 in carrot (te_wc=3.6), which meant
that the recovery rates quantified with MC did not statistically differ
from a 100% recovery rate.

In conclusion, matrix effects due to the presence of matrix
coextractives from six different agricultural products have been
determined during the analysis of pesticide residues with GC-ECD.
The standard mixture was dissolved in pure solvent and blank matrix
extracts to prepare two calibration curves, SC and MC, which were
utilized to calculate matrix effects. It was confirmed that the intensity
and variability of matrix effects are dependent on the matrix type
and the concentration of pesticides studied. The recovery rates
quantified with MC were not statistically different from a 100%
recovery rate, meaning that the overestimation and/or underestimation
of recovery rates were largely due to matrix effects. The application
of MC to overcome matrix effects in pesticide multiresidue analysis
using GC-ECD may be a useful tool to acquire more accurate results.

Disclosure The authors declare no conflict of interest.

References

1. Schenck FJ, Wong JW. Determination of pesticides in food of vegetable origin.
pp.151-176. In: Analysis of pesticides in food and environmental samples.
Tadeo JL (ed). CRC Press, Inc., Boca Ranton, FL, USA (2008)

2. Menkissoglu-Spiroudi U, Fotopoulou A. Matrix effect in gas chromatographic
determination of insecticides and fungicides in vegetables. Int. J. Environ. An.
Ch. 84: 15-27 (2004)

3. Egea Gonzalez FJ, Hernandez Torres ME, Almansa Lopez E, Cuadros-Rodriguez
L, Martinez vidal JL. Matrix-effects of vegetable commodities in electron-
capture detection applied to pesticide multiresidue analysis. J. Chromatogr. A
966: 155-165 (2002)

4. Erney DR, Gillespie AM, Gilvydis DM, Poole CF. Explanation of the matrix-
induced chromatographic response enhancement of organophosphorus
pesticides during open tubular column gas chromatography with splitless or
hot on-column injection and flame photometric detection. J. Chromatogr. A
638: 57-63 (1993)

5. Erney DR, Pawlowski TM, Poole CF. Matrix-induced peak enhancement of
pesticides in gas chromatography: Is there a solution? J. High Res. Chromatog.
20: 375-378 (1997)

6. Hajslova J, Holadova K, Kocourek V, Poustka J, Godula M, Cuhra P, Kempny M.
Matrix-induced effects: A critical point in the gas chromatographic analysis of
pesticide residues. J. Chromatogr. A 800: 283-295 (1998)

Food Sci. Biotechnol.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Hajslova J, Zrostlikova J. Matrix effects in (ultra)trace analysis of pesticide

residues in food and biotic matrices. J. Chromatogr. A 1000: 181-197 (2003)

. Martinez Vidal JL, Arrebola FJ, Garrido Frenich A, Martinez Fernandez J,

Mateu-Sanchez M. Validation of a gas chromatographic-tandem mass
spectrometric method for analysis of pesticide residues in six food
commodities. Selection of a reference matrix for calibration.
Chromatographia 59: 321-327 (2004)

. Georgakopoulos P, Foteinopoulou E, Athanasopoulos P, Drosinos E, Skandamis

P. Recoveries of four representative organophosphorus pesticides from 18
plant products belonging to different botanical categories: Implication for
matrix effects. Food Addit. Contam. 24: 360-368 (2007)

Poole CF. Matrix-induced response enhancement in pesticide residue analysis
by gas chromatography. J. Chromatogr. A 1158: 241-250 (2007)

Freitas SS, Lancas FM. Matrix effects observed during pesticides residue
analysis in fruits by GC. J Sep. Sci. 32: 3698-3705 (2009)

Sousa FA, Costa AIG, Queiroz MELR, Teofilo RF, Neves AA, Pinho GP. Evaluation
of matrix effect on the GC response of eleven pesticides by PCA. Food Chem.
135: 179-185 (2012)

Rahman MM, El-Aty AMA, Shim JH. Matrix enhancement effect: A blessing or
a curse for gas chromatography? -A review. Anal. Chim. Acta 801: 14-21
(2013)

Godula M, Hajslova J, Alterova K. Pulsed splitless injection and the extent of
matrix effects in the analysis of pesticides. J. High Res. Chromatog. 22: 395-
402 (1999)

Schenck FJ, Lehotay SJ. Does further clean-up reduce the matrix enhancement
effect in gas chromatographic analysis of pesticide residues in food? J.
Chromatogr. A 868: 51-61 (2000)

Anastassiades M, Mastovska K, Lehotay SJ. Evalution of analyte protectants to
improve gas chromatographic analysis of pesticides. J. Chromatogr. A 1015:
163-184 (2003)

Sanchez-Brunete C, Albero B, Martin G, Tadeo JL. Determination of pesticide
residues by GC-MS using analyte protectants to counteract the matrix effect.
Anal. Sci. 21: 1291-1296 (2005)

Mastovska K, Lehotay SJ, Anastassiades M. Combination of analyte
protectants to overcome matrix effects in routine GC analysis of pesticide
residues in food matrixes. Anal. Chem. 77: 8129-8137 (2005)

Garrido Frenich A, Martinez Vidal JL, Fernandez Moreno JL, Romero-Gonzalez
R. Compensation for matrix effects in gas chromatography-tandem mass
spectrometry using a single point standard addition. J. Chromatogr. A 1216:
4798-4808 (2009)

Rahman MM, Choi JH, EI-Aty AMA, Abid MDN, Park JH, Na TW, Kim YD, Shim
JH. Pepper leaf matrix as a promising analyte protectant prior to the analysis
of thermolabile terbufos and its metabolites in pepper using GC-FPD. Food
Chem. 133: 604-610 (2012)

Sousa FA, Costa AlG, Queiroz MELR, Teofilo RF, Pinho GP, Neves AA. Influence
of pH and matrix components in the chromatographic response of pesticides.
Chromatographia 76: 67-73 (2013)

Quality control procedure for pesticide residue analysis. Document SANCO/
10232/2006. European Commission, Brussel, Belgium (2006)

Lee YD. Practical guide of pesticide residues analysis method in food code. 3rd
ed. National Institute of Food and Drug Safety Evaluation, Osong, Korea (2012)
Statistics Mentor. Available from: http://www.statisticsmentor.com/tables/
table_t.htm. Accessed Dec. 5, 2014.

Cuadros-Rodriguez L, Gamiz-Gracia L, Almansa-Lopez EM, Bosque-Sendra JM.
Calibration in chemical measurement processes. Il. A methodological
approach. Trends Anal. Chem. 20: 620-636 (2001)

Cuadros-Rodriguez L, Garcia-Campana AM, Almansa-Lopez E, Egea-Gonzalez
FJ, Castro Cano ML, Garrido Frenich A, Martinez-Vidal JL. Correction function
on biased results due to matrix effects application to the routine analysis of
pesticide residues. Anal. Chim. Acta 478: 281-301 (2003)

Cai CP, Liang M, Wen RR. Rapid multiresidue screening method for
organophosphate pesticides in vegetables. Chromatographia 40: 417-420
(1995)

Schenck FJ, Lehotay SJ, Vega V. Comparison of solid-phase extraction sorbents
for cleanup in pesticide residue analysis of fresh fruits and vegetables. J. Sep.
Sci. 25: 883-890 (2002)

Sugitate K, Nakamura S, Orikata N, Mizukoshi K, Nakamura M, Toriba A,
Hayakawa K. Search of components causing matrix effects on GC/MS for
pesticide analysis in food. J. Pest. Sci. 37: 156-163 (2012)

Hill ARC, Reynolds SL. Guidelines for in-house validation of analytical methods
for pesticide residues in food and animal feeds. Analyst 124: 953-958 (1999)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


