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Abstract A novel approach for the determination of six

fungicides (triadimefon, procymidone, hexaconazole,

myclobutanil, diniconazole and iprodione) in fruit samples

is presented. Analytes were extracted using the dispersive

liquid–liquid microextraction technique and determined by

GC–ECD. Parameters affecting the dispersive liquid–liquid

microextraction performance, such as the kind and volume

of extraction and dispersive solvents, extraction time and

salt concentration, were studied and optimized. Under the

optimum extraction conditions, the linearities of the

method were obtained in the range of 0.5–20.0 lg kg-1 for

triadimefon, hexaconazole, diniconazole and procymidone,

and 1.0–40.0 lg kg-1 for myclobutanil and iprodione, with

the correlation coefficients ranging from 0.9902 to 0.9995.

The enrichment factors ranged from 685 to 820 and the

extraction recoveries ranged from 81.3 to 98.4%. The rel-

ative standard deviations varied from 3.1 to 7.8%. The

limits of detection of the method were in the range of

0.02–0.12 lg kg-1. Results showed that the method we

proposed can meet the requirements for the determination

of target fungicides in fruit samples. Several compounds

considered in this study were found in fruit samples.

Keywords Gas chromatography-electron capture

detection � Dispersive liquid–liquid microextraction �
Fungicides � Fruit samples

Introduction

Fungicides represent one of the most relevant groups of

pesticides applied to orchards. These compounds are

sprayed directly on fruit and leaves to prevent the attack of

fungi, which reduce the yield of fruit [1]. Some species of

fungicides have been widely used as fruit preservatives in

the storage and transport process. However, residues of

these compounds were believed to be one of the most

important pollution sources in food production and might

pose potential threat to public health. Thus, a simple, rapid

and sensitive method to evaluate and monitor these com-

pounds, at trace levels, in fruit matrices is required.

Sample preparation plays an important role in the field

of pesticide residue analysis. Solid phase extraction (SPE)

is the most common method of extracting fungicides and

renders high extraction yields [2, 3]. However, the SPE

technique is time-consuming, labor-intensive and expen-

sive. Solid phase microextraction (SPME) has been also

applied to the determination of fungicides [4–6]. Although

SPME normally provides a higher selectivity than SPE, the

matrix of sample reduces significantly its extraction effi-

ciency [7, 8]. These limitations are also common to stir-bar

sorptive extraction (SBSE), the applicability of which is

restricted to low polar fungicides, showing a high affinity

for the polydimethylsiloxane sorbent [9]. Some of these

drawbacks have been overcome by the dispersive liquid–

liquid microextraction (DLLME) technique, first intro-

duced by Assadi et al. [10]. This method consists of two

steps: (1) The first is the injection of an appropriate mixture

of extraction and disperser solvent into aqueous sample

containing analytes. In this step the extraction solvent was

dispersed into the aqueous sample as very fine droplets and

analytes were enriched into it. Because of the infinitely

large surface area between extraction solvent and aqueous

X. Huo � Q. Li � X. Lin � X. Chen � K. Bi (&)

Laboratory of Pharmaceutical Analysis, College of Pharmacy,

Shenyang Pharmaceutical University, 103 Wenhua Road,

Shenyang 110016, China

e-mail: bikaishun@yahoo.com

123

Chromatographia (2011) 73:313–319

DOI 10.1007/s10337-010-1875-4



sample, the equilibrium state was achieved quickly and

extraction was independent of time. (2) The second step is

the centrifugation of cloudy solution: After centrifugation,

the determination of analytes in sedimented phase can be

performed by instrumental analysis. Rapidity, high

enrichment factor, simplicity of operation and low cost are

some of the advantages of this method. Since its intro-

duction, DLLME has been used for the determination of

chlorobenzenes [11], chlorophenols [12], phenols [13],

organophosphorus and plasticizers [14], triazine herbicides

[15], amitriptyline and nortriptyline [16], polybrominated

diphenyl ethers [17], anilines [18] and halogenated organic

compounds [19] in liquid samples. To the best of our

knowledge, there were only three reports on extraction of

pesticides from fruit samples using DLLME procedure

[20–22].

However, none of the published papers have reported

the determination of fungicides in fruit samples by

DLLME. In this study, the selected fungicides (triadime-

fon, procymidone, hexaconazole, myclobutanil, dinico-

nazole and iprodione) were recommended by the Chinese

Agricultural Ministry and have been extensively applied to

fruits in mainland China. The aim of the present work was

to assess the suitability of DLLME coupled with GC–ECD

for the determination of these six fungicides in four kinds

of fruits. In addition, the effects of different parameters on

the efficiency of DLLME method were investigated.

Experimental Method

Standards and Reagents

Triadimefon, hexaconazole, myclobutanil, diniconazole,

procymidone and iprodione were supplied from the Agro-

Environmental Protection Institute of Ministry of Agri-

culture (Tianjin, China). The working standard solution

was prepared daily by appropriate dilution of the stock

solution. Carbon tetrachloride (CCl4), tetrachloroethane

(C2H2Cl4), chlorobenzene (C6H5Cl), chloroform (CHCl3),

acetonitrile, acetone and tetrahydrofuran were of HPLC

grade. Pear, strawberry, apple and grape samples were

purchased from local supermarkets.

Instrumentation

The instrumental analysis was conducted with an Agilent

Mode 6890N GC system equipped with electron capture

detection (ECD) system. Agilent Chemstation was used for

instrument control and data analysis. Analytes were sepa-

rated on an Agilent DB-1 type capillary column

(30 m 9 0.32 mm i.d., df 0.25 lm, Agilent Technologies)

operated at a constant nitrogen flow of 0.8 mL min-1. The

oven temperature was programmed as follows: started at

120 �C, first ramp at 10 �C min-1 until 200 �C, then ramp

at 0.5 �C min-1 to 210 �C, finally ramp at 5 �C min-1 to

220 �C and held for 2 min. Injector and detector were set at

250 and 280 �C, respectively. The total analytical time was

32 min. The identification of the analytes was confirmed

based on the retention time.

Sample Preparation

As much as 200 g of fruit sample was homogenized by a

food processor. Then 20 g of previously homogenized

sample was weighed and transferred into centrifuge tubes.

After centrifugation for 5 min at 12,000 rpm, the supernate

was filtered through a 0.45-lm membrane into a 10-mL

volumetric flask with doubly distilled water to the volume

for the DLLME procedure.

DLLME Procedure

A 5.0-mL of fruit sample solution previously obtained was

placed in a 10-mL glass test tube with conical bottom, and

1% (w/v) of sodium chloride (NaCl) was added to the glass

tube. The organic solution containing 0.8 mL acetonitrile

as dispersive solvent and 14.0 lL C2H2Cl4 as extraction

solvent was rapidly injected into the sample solution. Then

the sample was gently shaken for 30 s, and a cloudy

solution was formed in the test tube. In this step, the ana-

lytes in sample solution were extracted into the fine drop-

lets of C2H2Cl4 rapidly. In order to separate the organic

phase from the aqueous phase, the sample was centrifuged

for 5 min at 3,200 rpm. After this process, the dispersed

fine droplets of C2H2Cl4 were sedimented at the bottom of

the test tube. The sedimented phase (6 ± 0.5 lL) was

transferred to a small sample vial and 1 lL of sedimented

phase was injected to GC for further instrument analysis.

Results and Discussion

Optimization of Dispersive Liquid–Liquid

Microextraction

The effects of various experimental parameters were

studied and optimized, including the kind and volume of

extraction and dispersive solvent, extraction time and salt

addition. To evaluate the extraction efficiency under dif-

ferent conditions, extraction recovery and enrichment fac-

tor were used. Equations 1 and 2 were used for calculation

of enrichment factor (EF) and extraction recovery (R).

EF ¼ Csed

C0

ð1Þ
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R ¼ Csed � Vsed

C0 � V0

� 100 ð2Þ

where Csed, C0, Vsed and V0 are the concentration of analyte

in sedimented phase, initial concentration of analyte in

aqueous sample, volume of sedimented phase and volume

of aqueous sample, respectively.

Selection of Extraction Solvent

Extraction solvents were selected on the basis of higher

density than water, extraction capability of interested

compounds, immiscibility with water but miscibility in the

dispersive solvent and good gas chromatography behavior.

Based on these considerations, C6H5Cl, CCl4, C2H2Cl4 and

CHCl3 were selected as potential extraction solvents. A

series of sample solutions was tested by using 0.8 mL of

acetonitrile containing different volumes of extraction

solvent to achieve 10.0 lL volume of sediment phase.

Thereby, 18.0, 25.0, 28.0 and 32.0 lL of C2H2Cl4, CCl4,

C6H5Cl and CHCl3 were used, respectively. As shown in

Fig. 1, C2H2Cl4 had the highest extraction efficiency in

comparison to the other tested solvents. Consequently,

C2H2Cl4 was selected as the optimal extraction solvent.

Selection of Dispersive Solvent

Miscibility of dispersive solvent in organic phase and aque-

ous phase is the main point for selection of dispersive solvent.

Accordingly, acetonitrile, acetone, methanol and tetrahy-

drofuran were evaluated for this purpose. Figure 2 indicates

the enrichment factors using acetonitrile, acetone and tetra-

hydrofuran as dispersive solvents. According to the results,

acetonitrile was chosen as dispersive solvent in this work.

Effect of Extraction Solvent Volume

To examine the effect of extraction solvent volume, 0.8 mL

of acetonitrile containing different volumes of C2H2Cl4
(14.0, 18.0, 22.0 and 26.0 lL) was subjected to the same

DLLME procedures. Figures 3 and 4 present the plots of

extraction recoveries and enrichment factors versus volume

of extraction solvent C2H2Cl4, respectively. It was obvious

that extraction recoveries for most of the analytes varied

slightly, but enrichment factors decreased by increasing the

volume of C2H2Cl4. As a consequence, 14.0 lL C2H2Cl4
was selected to obtain high enrichment factor, good recovery

and low detection limit in the subsequent experiments.

Effect of Dispersive Solvent Volume

To obtain optimized volume of acetonitrile, 0.3, 0.5, 0.8,

1.0 and 1.2 mL of acetonitrile containing the correspond-

ing volume of C2H2Cl4 were studied to attain the constant

volume of the sedimented phase (6.0 ± 0.5 lL). As seen in

Fig. 5, enrichment factors increased with the increase of

volume of acetonitrile when it was less than 1.0 mL, but

decreased after the volume of acetonitrile exceeded

1.0 mL. Therefore, 1.0 mL was chosen as the optimum

volume of the dispersive solvent.

Effect of Extraction Time

The effect of extraction time was examined in the range

of 3–30 min with constant experimental conditions.

Fig. 1 Effect of different extraction solvents on enrichment factors of

six fungicides obtained from DLLME. Extraction conditions: sample

volume, 5.0 mL; dispersive solvent (acetonitrile) volume, 0.8 mL;

sedimented phase volume, 10 ± 0.5 lL; concentration of each

pesticide, 2 ng mL-1 for triadimefon, hexaconazole, diniconazole

and procymidone, and 4 ng mL-1 for iprodione and myclobutanil

Fig. 2 Effect of different dispersive solvents on enrichment factors

of six fungicides obtained from DLLME. Extraction conditions:

sample volume, 5.0 mL; extraction solvent (C2H2Cl4) volume, 14 lL;

dispersive solvent volume, 0.8 mL; sedimented phase volume,

6.0 ± 0.5 lL; concentration of each pesticide, 2 ng mL-1 for

triadimefon, hexaconazole, diniconazole and procymidone, and

4 ng mL-1 for iprodione and myclobutanil
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According to Fig. 6, the variations in enrichment factors

were not remarkable. It was revealed that after formation of

a cloudy solution, the surface area between extraction

solvent and fruit sample phase was infinitely large.

Thereby, transition of analytes from fruit sample phase to

extraction solvent was fast. Subsequently, equilibrium state

was established rapidly so that the extraction time was very

short. In this study, 5 min was suitable for the procedure.

Effect of Salt Concentration

The salting-out effect is an important parameter in

DLLME. Generally, addition of salt decreases the solu-

bility of target compounds in the aqueous sample and

enhances their partitioning into the organic phase. For

investigating the influence of ionic strength on extraction

efficiency of DLLME, various experiments were per-

formed by adding different amounts of NaCl (0–10%, w/v).

The increase in ionic strength led to a decrease in C2H2Cl4
solubility in aqueous phase, which increased the volume of

sedimented phase but decreased the enrichment factor. As

seen in Figs. 7 and 8, enrichment factors decreased when

the salt addition exceeded 1%, but extraction recoveries

were almost constant. As a result, a salt concentration of

1% was utilized.

Analytical Performance

To investigate the applicability of the proposed method,

several factors including enrichment factor, linearity range

and limit of detection were evaluated. The performance of

Fig. 3 Effect of different

volumes of C2H2Cl4 on

extraction recoveries of six

fungicides obtained from

DLLME. Extraction conditions:

sample volume, 5.0 mL;

dispersive solvent (acetonitrile)

volume, 0.8 mL; concentration

of each pesticide, 2 ng mL-1

for triadimefon, hexaconazole,

diniconazole and procymidone,

and 4 ng mL-1 for iprodione

and myclobutanil

Fig. 4 Effect of different volumes of C2H2Cl4 on enrichment factors

of six fungicides obtained from DLLME. Extraction conditions:

sample volume, 5.0 mL; dispersive solvent (acetonitrile) volume,

0.8 mL; concentration of each pesticide, 2 ng mL-1 for triadimefon,

hexaconazole, diniconazole and procymidone, and 4 ng mL-1 for

iprodione and myclobutanil

Fig. 5 Effect of different volumes of acetonitrile on enrichment

factors of six fungicides obtained from DLLME. Extraction condi-

tions: sample volume, 5.0 mL; extraction solvent (C2H2Cl4) volume,

14 lL; sedimented phase volume, 6.0 ± 0.5 lL; concentration of

each pesticide, 2 ng mL-1 for triadimefon, hexaconazole, diniconaz-

ole and procymidone, and 4 ng mL-1 for iprodione and myclobutanil
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this technique is shown in Table 1. Linearities of calibra-

tion curves were observed at the range of 1.0–40 lg kg-1

for myclobutanil and iprodione, and 0.5–20 lg kg-1 for

the other four kinds of fungicides, with correlation coeffi-

cients in the range of 0.9902–0.9995. The limits of detec-

tion, based on signal-to-noise ratio (S/N) of 3, ranged from

0.02 to 0.12 lg kg-1, which was very low using ECD. The

enrichment factors ranged from 685 to 820. The extraction

recoveries were evaluated by extracting the spiked fruit

samples at two different concentration levels of six fungi-

cides. Each treatment was carried out five times

Fig. 6 Effect of extraction time on enrichment factors of six

fungicides obtained from DLLME. Extraction conditions: sample

volume, 5.0 mL; extraction solvent (C2H2Cl4) volume, 14 lL;

dispersive solvent (acetonitrile) volume, 0.8 mL; sedimented phase

volume, 6.0 ± 0.5 lL; concentration of each pesticide, 2 ng mL-1

for triadimefon, hexaconazole, diniconazole and procymidone, and

4 ng mL-1 for iprodione and myclobutanil

Fig. 7 Effect of salt addition on enrichment factors of six fungicides

obtained from DLLME. Extraction conditions: sample volume,

5.0 mL; extraction solvent (C2H2Cl4) volume, 14 lL; dispersive

solvent (acetonitrile) volume, 0.8 mL; sedimented phase volume,

6.0 ± 0.5 lL; extraction time, 5 min; concentration of each pesticide,

2 ng mL-1 for triadimefon, hexaconazole, diniconazole and pro-

cymidone, and 4 ng mL-1 for iprodione and myclobutanil

Fig. 8 Effect of salt addition on extraction recoveries of six

fungicides obtained from DLLME. Extraction conditions: sample

volume, 5.0 mL; extraction solvent (C2H2Cl4) volume, 14 lL;

dispersive solvent (acetonitrile) volume, 0.8 mL; sedimented phase

volume, 6.0 ± 0.5 lL; extraction time, 5 min; concentration of each

pesticide, 2 ng mL-1 for triadimefon, hexaconazole, diniconazole

and procymidone, and 4 ng mL-1 for iprodione and myclobutanil

Table 1 Quantitative results of DLLME and GC–ECD of fungicides

from fruit samples

Fungicides Fruit EF LR

(lg kg-1)

r LOD

(lg kg-1)

Triadimefon Pear 730 0.5–20 0.9985 0.02

Procymidone 690 0.5–20 0.9979 0.06

Hexaconazole 785 0.5–20 0.9995 0.03

Myclobutanil 806 1.0–40 0.9980 0.12

Diniconazole 750 0.5–20 0.9988 0.04

Iprodione 801 1.0–40 0.9993 0.05

Triadimefon Grape 725 0.5–20 0.9900 0.02

Procymidone 685 0.5–20 0.9976 0.06

Hexaconazole 780 0.5–20 0.9987 0.03

Myclobutanil 799 1.0–40 0.9925 0.12

Diniconazole 747 0.5–20 0.9953 0.04

Iprodione 795 1.0–40 0.9986 0.05

Triadimefon Apple 736 0.5–20 0.9990 0.02

Procymidone 694 0.5–20 0.9985 0.06

Hexaconazole 790 0.5–20 0.9950 0.03

Myclobutanil 809 1.0–40 0.9983 0.12

Diniconazole 756 0.5–20 0.9955 0.04

Iprodione 810 1.0–40 0.9939 0.05

Triadimefon Strawberry 742 0.5–20 0.9922 0.02

Procymidone 700 0.5–20 0.9936 0.06

Hexaconazole 798 0.5–20 0.9914 0.03

Myclobutanil 816 1.0–40 0.9932 0.12

Diniconazole 768 0.5–20 0.9966 0.04

Iprodione 820 1.0–40 0.9902 0.05

EF enrichment factor

LR linearity range

LOD limit of detection for S/N = 3
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successively. The results are presented in Table 2.

Acceptable recoveries and repeatability could be obtained.

These results demonstrated that the different fruit matrices

used in this experiment had little effect on DLLME effi-

ciency. Chromatograms of non-spiked and spiked pear

sample obtained by using DLLME are shown in Fig. 9.

Real Fruit Sample Analysis

Three batches of apple, grape, pear and strawberry were

collected from different local supermarkets. The samples

were pretreated as described in ‘‘Sample preparation’’,

extracted using DLLME method, followed by ‘‘DLLME

procedure’’ and analyzed by GC–ECD. The results are

summarized in Table 3. It is revealed that the

recommended method could be applied for the trace

analysis of selected fungicides in real fruit samples.

Conclusion

In this research, DLLME combined with GC–ECD has

been applied to the simultaneous determination of selected

fungicide residues in fruit samples. Compared with other

extraction methods, DLLME is a very rapid, simple and

inexpensive pretreatment technique with lower consump-

tion of organic solvent. To our knowledge, this is the first

report on the application of DLLME for analysis of fun-

gicides in fruit samples, and the present study broadens the

applicability of the DLLME technique to more complicated

Table 2 Relative recoveries and relative standard deviations (n = 5) for spiked fruit samples at two different concentration levels of fungicides

from fruit samples

Fungicides Spiked

(lg kg-1)

Pear Grape Apple Strawberry

RR

(%)

RSD

(n = 5)

(%)

RR

(%)

RSD

(n = 5)

(%)

RR

(%)

RSD

(n = 5)

(%)

RR

(%)

RSD

(n = 5)

(%)

Triadimefon 0.5 86.0 4.1 85.6 5.9 86.7 6.7 88.5 4.7

4.0 87.6 3.4 87.0 4.3 88.3 4.4 89.0 3.2

Procymidone 0.5 81.9 5.8 81.3 7.9 82.4 3.9 85.2 5.4

4.0 82.8 5.1 82.2 6.8 83.3 3.1 84.1 3.6

Hexaconazole 0.5 92.4 6.0 92.7 5.7 94.5 7.8 93.1 6.5

4.0 94.2 5.2 93.6 4.9 94.8 4.5 95.8 5.7

Myclobutanil 1.0 92.3 4.4 93.4 7.0 93.6 7.8 95.9 6.3

8.0 96.7 3.8 95.9 6.2 97.1 6.2 97.9 5.1

Diniconazole 0.5 89.5 3.3 87.6 5.4 88.2 5.4 91.3 7.0

4.0 90.0 4.9 89.6 4.2 90.7 4.3 92.2 5.9

Iprodione 1.0 94.6 4.3 96.0 6.6 91.0 5.6 97.4 7.6

8.0 96.1 3.2 95.4 5.6 97.2 4.0 98.4 7.2

RR relative recovery

Fig. 9 Chromatogram of

(a) non-spiked and (b) spiked

pear sample by using DLLME

combined with GC–ECD under

optimized conditions. Peak

identification: (1) triadimefon,

(2) procymidone, (3)

hexaconazole, (4) myclobutanil,

(5) diniconazole, (6) iprodione.

Spiked concentration level:

0.5 lg kg-1 for triadimefon,

hexaconazole, diniconazole and

procymidone, and 1 lg kg-1 for

iprodione and myclobutanil
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matrices successfully. The results of this study demonstrate

that the proposed method provides high enrichment factor,

low limit of detection, and acceptable extraction recovery

and repeatability. Performance of the proposed method fits

the requirements for the determination of selected fungi-

cides in real fruit samples.
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14. Garcı́a-López M, Rodrı́guez I, Cela R (2007) J Chromatogr A

1166:9–15

15. Nagaraju D, Huang SD (2007) J Chromatogr A1161:89–97

16. Yazdi AS, Razavi N, Yazdinejad SR (2008) Talanta

75:1293–1299

17. Li Y, Wei G, Hu J, Liu X, Zhao X, Wang X (2008) Anal Chem

615:96–103

18. Chiang JS, Huang SD (2008) Talanta 75:70–75

19. Leong MI, Huang SD (2008) J Chromatogr A 1211:8–12

20. Zhao E, Zhao W, Han L, Jiang S, Zhou Z (2007) J Chromatogr A

1175:137–140

21. Fu LY, Liu XJ, Hu J, Zhao XN, Wang HL, Wang XD (2009)

Anal Chim Acta 632:289–295

22. Zhou X, Zang XH, Wang DY, Cui PL, Wang Z (2009) Chin J

Anal Chem 37:41–45

Table 3 Concentrations of six fungicides in three batches of fruit samples

Sample Batch

no.

Triadimefon Procymidone Hexaconazole Myclobutanil Diniconazole Iprodione

Founded

(lg kg-1)

Founded

(lg kg-1)

Founded

(lg kg-1)

Founded

(lg kg-1)

Founded

(lg kg-1)

Founded

(lg kg-1)

Pear 1 ND ND ND ND ND ND

2 ND ND ND ND ND ND

3 ND ND ND ND ND ND

Grape 1 ND ND ND ND ND ND

2 ND ND ND ND ND ND

3 ND ND ND 1.39 ND ND

Apple 1 0.22 0.70 ND ND ND ND

2 ND ND ND ND ND ND

3 ND ND 0.88 ND ND ND

Strawberry 1 ND 4.11 5.28 ND ND 3.74

2 ND 12.63 ND ND ND ND

3 ND ND ND ND ND 2.88

ND not detected

Analysis of Six Fungicides in Fruit Samples by GC–ECD 319

123


	Application of Dispersive Liquid--Liquid Microextraction for the Analysis of Six Fungicides in Fruit Samples by GC--ECD
	Abstract
	Introduction
	Experimental Method
	Standards and Reagents
	Instrumentation
	Sample Preparation
	DLLME Procedure

	Results and Discussion
	Optimization of Dispersive Liquid--Liquid Microextraction
	Selection of Extraction Solvent
	Selection of Dispersive Solvent
	Effect of Extraction Solvent Volume
	Effect of Dispersive Solvent Volume
	Effect of Extraction Time
	Effect of Salt Concentration

	Analytical Performance
	Real Fruit Sample Analysis

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


