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Abstract The hydrocarbons 1,7-hexadecadiene (1,7-C16:2)
and 8-heptadecene (8-C17:1), which are used as markers
for identifying irradiated chilled beef, were easily detect-
able in chilled beef irradiated at 0.5 kGy or higher by using
a new method of headspace solid-phase microextraction,
gas chromatography and mass spectrometry (HS-SPME—-
GC-MS). The conditions for using SPME were optimized in
this study for qualitative and quantitative determination of
1,7-C16:2 and 8-C17:1 produced by 7y-radiation in chilled
beef. The relationship between irradiation dose and pro-
duction of hydrocarbons was also studied, which showed
good linear correlation with the coefficients of 0.9942 and
0.9943 for 1,7-C16:2 and 8-C17:1, respectively. HS-SPME—-
GC-MS is a simple and sensitive method for the analysis of
hydrocarbons in irradiated chilled beef.

Keywords SPME - Chilled beef - Hydrocarbons -
Gas chromatography

Introduction
Parasites and pathogenic bacteria in chilled beef can be

controlled by irradiation. Studies by Chiasson [1] and
Turgis [2] showed that Salmonella typhi and Escherichia
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coli in ground beef were sensitive to radiation. Countries
like China, America, Russia, and South Africa permit
chilled beef irradiation for microbial control [3, 4]. How-
ever, food irradiation polices, such as those governing
irradiation dose, product type, and labeling requirements,
vary from country to country [5]. These differences may
result in chaos in the international trade of irradiated food,
thereby affecting food exports. Thus, a reliable method is
needed to detect irradiated food and the allowed absorbed
dose of radiation.

According to Nawar [6], two types of hydrocarbons
were predominantly produced by irradiation of fatty acids
(Cn) in food: Cn-1 (with one carbon fewer than the parent
fatty acid) and Cn-2:1 (with two carbons fewer than the
parent fatty acid and with an additional double bond).
Thus, it is possible to verify whether food containing fat is
irradiated or not by analysis of the two types of hydro-
carbons. Vajdi [7] and Miyahara [8] studied the detection
of irradiated beef by the GC method and found the same
results: that 1,7-C16:2 and 8-C17:1 were the main hydro-
carbons produced by y-radiation of beef. Both of their
detection methods were similar to EN 1784:2003 [9],
which uses organic solvent extraction and separation by a
Florisil column for sample pretreatment. Those methods
involve many organic solvents and complex procedures.

SPME can be used either for a rapid analysis of volatile
compounds for qualitative purposes or for quantitative
analysis of particular compounds [10]. It is an analytical
technique for the extraction and identification of volatile
compounds of foods, because it integrates sampling,
extraction, concentration, and sample introduction to GC
[11]. The SPME-GC analysis was successfully used to
detect the headspace volatile compounds of soybean and
corn oils [12], and new fibers like carboxen-poly-
dimethylsiloxane (PDMS) have been shown to detect parts
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per billion levels of chemicals produced in light-irradiated
milk [13]. Kim [14] used the SPME method successfully to
enrich the volatile compounds, including hydrocarbons in
irradiated beef powder. However, the use of SPME for
work with hydrocarbons in irradiated chilled beef has not
been previously reported.

The objectives of the present study were to optimize the
conditions of SPME for the analysis of 1,7-C16:2 and
8-C17:1 produced in irradiated chilled beef, and to deter-
mine how irradiation affects production of these two
hydrocarbons in chilled beef. A quick and sample method
could thereby be developed for verification of irradiated
chilled beef and the estimation of irradiation dose.

Experimental Procedures
Materials and Reagents

Fresh chilled beef was purchased from a local supermarket
in Beijing, China. The hydrocarbon standards 1,7-C16:2,
8-C17:1 and C20:0 (n-eicosane) were purchased from
Sigma Chemical Co. (St. Louis MO, USA). Hexane was
purchased from Fisher Scientific Co. (USA).

Irradiation

Chilled beef was irradiated at 0.1, 0.5, 1, 2, 4, and 8 kGy
using a ®°Co radiation source at room temperature in the
radiation center of the Chemistry Institute, Peking Uni-
versity. All the samples were stored at 4 °C right after
irradiation treatment.

Sample Preparation

Non-irradiated or irradiated chilled beef samples were well
homogenized, and 2 g of homogenate were weighed into a
headspace bottle.

SPME

The SPME fiber was DVB-PDMS, which was 75 pm and
double-polar [15]. The fiber was activated at 250 °C for
10 min before use [16]. It was inserted into a headspace
bottle containing 2 g of chilled beef. The hydrocarbon
standards were added in the non-irradiated sample to opti-
mize the SPME temperature, time, and desorption time [17].

GC-MS Analysis of Hydrocarbons
The fiber was inserted into a GC-2010 instrument

(Shimadzu, Japan) after extraction, with a desorption
temperature of 250 °C. The GC machine was equipped

&\ Springer ANOCS &

with an MS detector in EI mode. Helium was used as the
carrier gas. The DB-5 column was 0.25 mm i.d. x 30 m
column with 0.25 pm film thickness. The initial column
temperature was held at 50 °C for 2 min, and then pro-
grammed at 10 °C/min up to 130 °C, then 5 °C/min to up
to 200 °C for 2 min, then 25 °C/min up to 250 °C, with a
final hold of 5 min [18-21]. The interface temperature was
200 °C. The ion source temperature was kept at 200 °C.
The ionization energy was 70 eV. The scanning range was
30-400 m/z in SIM mode, as the hydrocarbons to be
detected were known already [22, 23].

Qualitative and Quantitative Determination Method

1,7-C16:2, 8-C17:1, and C20:0 (internal standard) were
qualitatively determined by chromatographic retention
time and characteristic ions through GC-MS analysis of
hydrocarbon standards. Hydrocarbon standards were added
to the samples, which were not irradiated for the internal
standard curve. The concentrations were 0.0025, 0.005,
0.025, 0.05, 0.25, and 0.5 pg/g beef. C20:0 was used as the
internal standard with a concentration of 0.25 pg/g beef.
All experiments were in duplicate unless otherwise stated.

Results and Discussion
Qualitative Analysis Results

As shown in Fig. 1, all the peaks were of good shape and
interferants were not apparent. The retention time of
1,7-C16:2, 8-C17:1, and C20:0 were at 16.8, 18.9, 25.3 min,
respectively. Abundant ions with preferred characteristics
can remove interferents and enhance the detection sensi-
tivity. Figure 2 shows the fragment peaks. For 1,7-C16:2,
ions with preferred characteristics were observed at m/z 67,
m/z 82 and m/z 96. For 8-C17:1, such ions were observed at
m/z 83, m/z 97, and m/z 111. For C20:0, such ions were
observed at m/z 57, m/z 71, and m/z 85.

Optimization of the Extraction Temperature

Temperature is an important factor for SPME. Temperature
increases cause an increase in volatiles, but a high temper-
ature may enhance the desorption of volatiles absorbed onto
the fiber [15]. The effect of temperature on extraction effi-
ciency was studied at 60, 70, 80, 90, and 100 °C. As shown in
Fig. 3, SPME temperature had a significant effect on the
concentrations of 1,7-C16:2 and 8-C17:1. More and more
hydrocarbons evaporated from the sample as the temperature
of the water bath increased. However, the contents of
these two hydrocarbons decreased when the temperature
reached 100 °C. The main reason might be that lots of water
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evaporated, which affected the adsorption. And the desorp-
tion of hydrocarbons was enhanced by the high temperature.
Thus, 90 °C would have been the best choice.

Optimization of the Extraction Time

The effect of time on the extraction efficiency was studied
at 30, 40, 50, 60, and 70 min. As shown in Fig. 4, the peak
areas of 1,7-C16:2 and 8-C17:1 increased with time.
However, the trend proceeded slowly when 60 min had
been reached. The fiber adsorbed more and more volatiles
with time, and became stable so that hydrocarbons could
not be adsorbed. If the fiber was still working, the amount

Fig. 5 The standard curves of the internal standard method. a 1,7-
C16:2, b 8-C17:1; (A/Ap) peak area ratio of standard to internal
standard, (w;/wg) concentration ratio of standard to internal standard

of target compounds might have decreased as other vola-
tiles increased. Figure 4 shows that extraction equilibrium
was achieved in 60 min.

Optimization of the Desorption Time

As described above, the fiber was immediately transferred
to the injection port of a GC instument after extraction. For
optimization of desorption time, injections were carried out
at 0.5, 1, 1.5, 2, and 2.5 min. As shown in Fig. 5, the
desorption efficiency became stable at 2 min, and the peak
areas of these two hydrocarbons did not increase.
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Fig. 6 GC-MS Chromatograms of 1,7-C16:2 and 8-C17:1 in irradiated chilled beef with different doses. a 0 kGy, b 2 kGy, ¢ 8 kGy

Table 1 The linearity range, relative coefficient, detection limit, and RSD of this method

Hydrocarbons Linear range (ug/g beef) Linear correlation coefficient Detection limit (pg/g beef) RSD/% (n = 3)
1,7-C16:2 0.005-0.500 0.9991 2299 x 1072 6.5
8-C17:1 0.005-0.500 0.9994 1.125 x 107 8.7

Therefore, the final choice as the optimum desorption time
was 2 min.

Quantitative Characteristics of the Proposed Method

Quantitative characteristics of the proposed method were
studied after optimization of the conditions involved. The
concentration ranges from 0.005 to 0.5 pg/g of 1,7-C16:2
and 8-C17:1 were studied. The peak areas for the two
hydrocarbons were not stable at the concentration of
0.0025 pg/g, so standard curves were drawn during the
linear range, as shown in Fig. 6. C20:0 was used as an
internal standard. The linear ranges, detection limits and
precision levels of these two hydrocarbons were measured
as shown in Table 1.

Analysis of Hydrocarbons in Irradiated Chilled Beef

Chilled beef samples irradiated with different doses were
analyzed by using the optimized SPME method described
above. As shown in Fig. 6, hydrocarbons 1,7-C16:2 and
8-C17:1 did not exist in non-irradiated chilled beef.
However, they were both detected in the sample irradiated
with the doses of 0.1-8 kGy. 1,7-C16:2 and 8-C17:1 were
so sensitive to irradiation that they were suitable to be used
as markers to identify whether the chilled beef was irra-
diated or not. They were also easily produced, even with
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low doses of radiation. As shown in Table 2, with the dose
of 0.1 kGy, the concentration of 1,7-C16:2 and 8-C17:1 in
chilled beef measured 0.021 and 0.019 pg/g, respectively.
This also means the HS-SPME-GC-MS method can be
used to identify low-dose irradiated chilled beef.

Relationship between Radiation Dose
and Concentrations of Hydrocarbons

Radiation dose has a significant impact on the radiolysis
products. The absorbed dose of samples increased with the
increase in radiation dose. Consequently, the yields of
radiolytic products increased, too. As shown in Table 2, the
greater the radiation dose, the greater the concentrations of
hydrocarbons. In the range of 0.1-8 kGy, 1,7-C16:2 and
8-C17:1 had a good linear relationship with the radiation
doses (Table 2). According to this linear relationship and
under certain conditions, the radiation dose can be deter-
mined by the concentration of hydrocarbons. However,
basing sample analyses on this linear relationship, can only
provide rough estimates of the radiation doses. To make an
accurate determination, the factors of storage time and
storage temperature should be considered. Hwang [19]
reported the hydrocarbons detected in eggs in their shells
stored at 30 °C for 10 days or at 5 °C for 8 weeks were a
little different from those detected on day 0. Therefore, the
change of hydrocarbons during storage remains to be
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Table 2 The concentration of 1,7-C16:2 and 8-C17:1 in irradiated
chilled beef with different doses

Dose (kGy) Hydrocarbons (ug/g beef)*
1,7-Cl16:2 8-Cl17:1
0.1 0.021 £ 0.002 0.019 £ 0.003
0.5 0.035 £ 0.001 0.026 £ 0.002
1.0 0.039 £ 0.002 0.029 £ 0.001
2.0 0.069 £ 0.005 0.036 & 0.002
4.0 0.148 £ 0.01 0.064 £ 0.004
8.0 0.301 & 0.06 0.116 & 0.009
Linear equation y = 0.0358x + 0.0089 y = 0.0122x + 0.0166
Linear correlation ~ 0.9942 0.9943

coefficient

% Means + standard deviations (n = 3)

studied further. The temperature of irradiation and oxygen
level in the packaging might be two more factors that effect
the formation of hydrocarbons. Miyahara [24] reported that
the yields of hydrocarbons in fatty acid methyl esters were
higher as the temperature of irradiation rose and a signifi-
cant reduction of hydrocarbon yields was observed in the
packaging that contained oxygen absorbers.

Generation Mechanism of Hydrocarbons

Dubravcic’s studies have shown that when the fatty acid
was irradiated by gamma rays, there were at least four
radiolytic hydrocarbons produced because of the break of
C-C bonds at the position of a-carbonyl and f-carbonyl
[6]. Two of them were typical and had a relatively higher
concentration. One is produced by breaking the a-carbonyl
C-C bond, resulting in a hydrocarbon that has one carbon
fewer than the parent fatty acid; the other is produced by
breaking the f-carbonyl C-C bond, resulting in a hydro-
carbon that has two carbons fewer than the parent fatty
acid, and an additional double bond. According to this
theory, 1,7-C16:2 and 8-C17:1 were produced by oleic acid
(C18:1) in the carbonylation of the «-C-C and f-C-C
bonds of the decomposition products, respectively. In
addition, the oleic acid in beef has a high level (26-50%) of
total fat, which helps explain why the concentrations of
1,7-C16:2 and 8-C17:1 in irradiated chilled beef are rela-
tively high.

In conclusion, detection of the prominent radiolytic
hydrocarbons 1,7-C16:2 and 8-C17:1 in irradiated chilled
beef by the HS-SPME-GC-MS method may make it pos-
sible to identify whether chilled beef has been previously
irradiated at 0.1 kGy or higher. Therefore, detection of
hydrocarbons by HS-SPME-GC-MS can be applicable to
identifying the post-irradiation of chilled beef. The dose
versus quantity of marker response was indicative of the

irradiation dose, probably because of the quickness and
sample procedure during analysis. Thus, this methodology
could be used for detecting of irradiation dose.

Acknowledgments This research was supported by a Common-
wealth grant from the Ministry of Agriculture (200803034). The
authors gratefully acknowledge the ®°Co-y Radiation Center of the
Chemistry Institute, Peking University for sample irradiation and
the Research Center of Food Science of the Institute of Agro-Food
Science and Technology, CAAS for HS-SPME-GC-MS analysis.

References

1. Chiasson F, Borsa J, Ouattara B, Lacroix M (2004) Radiosensi-
tization of Escherichia coli and Salmonella typhi in ground beef.
J Food Prot 67:1157-1162

2. Turgis M, Han J, Millette M, Salmieri S, Borsa J, Lacroix M
(2009) Effect of selected antimicrobial compounds on the radi-
osensitization of Salmonella typhi in ground beef. Lett Appl
Microbiol 48:657-662

3. Shi PX (2004) The theory and technology of food irradiation.
Chinese Agriculture Science and Technology Press, Beijing

4. Ha YM (2006) Irradiated food and its security. Chemistry
Industry Press, Beijing

5. Chauhan SK, Kumar R, Nadanasabapathy S, Bawa AS (2009)
Detection methods for irradiated foods. Compr Rev Food Sci
Food Saf 8:4-16

6. Dubravcic MF, Nawar WW (1968) Radiolysis of lipids: mode of
cleavage in simple triglycerides. ] Am Oil Chem Soc 45:656-660

7. Vajdi M, Nawar WW, Merritt C (1979) Identification of radio-
lytic compounds from beef. ] Am Oil Chem Soc 56:611-615

8. Miyahara M, Saito A, Kamimura T, Nagasawa T, Kobayashi Y,
Ito H, Maitan T (2003) Detection of hydrocarbons in irradiated
foods. J Health Sci 49:179-188

9. BS EN1784:2003 (2003) Foodstuffs-Detection of irradiated food
containing fat-gas chromatographic analysis of hydrocarbons.
http://www.bzl3.com/EN115.htm1

10. Jelen HH, Szkudlarz SM, Jasinska I, Wasowicz E (2007) A
headspace-SPME-GC-MS method for monitoring rapeseed oil
autoxidation. J Am Oil Chem Soc 84:509-517

11. Arthur CL, Pawliszyn J (1990) Solid-phase microextraction with
thermal desorption using fused silica optical fibers. Anal Chem
62:2145-2148

12. Steenson DF, Lee JH, Min DB (2002) Solid phase microextrac-
tion of volatile soybean oil and corn oil compounds. J Food Sci
67:71-76

13. Marsili RT (1999) Comparison of solid-phase microextraction
and dynamic headspace methods for the gas chromatographic-
mass spectrometric analysis of light-induced lipid oxidation
products in milk. J Chromatogr Sci 37:17-23

14. Kim H, Cho WJ, Ahn JS, Cho DH, Cha YJ (2005) Identification
of radiolytic marker compounds in the irradiated beef extract
powder by volatile analysis. Microchem J 80:127-137

15. Xi XL, Chen J, Huang HJ (2003) Determination of hexane in
edible oils by headspace solid-phase microextraction and gas
chromatography. Food Sci 24:97-98

16. Cai Y, Zhao YZ, Jiang YM, Zhu X, Zhang B (2006) Determi-
nation of volatile compounds of Hezuo swine by GC-MS and
headspace solid-phase microextraction. J Northwest Norm Univ
(Nat Sci) 42:74-78

17. Matin AA, Maleki R, Farajzadeh MA, Farhadi K, Hosseinzadeh
R, Jouyban A (2007) Headspace SPME-GC method for acetone
analysis and its biomedical application. Chromatographia
66:383-387

&) Springer AOCS &


http://www.bzl3.com/EN115.htm1

736

J Am Oil Chem Soc (2010) 87:731-736

18.

19.

20.

21.

Park JY, Hwang KT (1999) Hydrocarbons as markers for iden-
tifying postirradiated peanuts. ] Am Oil Chem Soc 76:125-129
Hwang KT (1999) Hydrocarbons detected in irradiated shell eggs
during storage. J Am Oil Chem Soc 76:1183-1187

Hwang KT, Hong JS, Yang JS, Sohn HS, Weller CL (2001)
Detection of alkanes and alkenes for identifying irradiated cere-
als. J Am Oil Chem Soc 78:1145-1149

Choi CR, Hwang KT (1997) Detection of hydrocarbons in irra-
diated and roasted sesame seeds. J Am Oil Chem Soc 74:469-473

&\ Springer ANOCS &

22.

23.

24.

Farag SEA (1996) Detection of irradiated fruits by gas-chro-
matographic methods. Z Lebensm Unters Forsch 202:451-457
Lee HJ, Byun MW, Kim KS (2000) Detection of radiation-
induced hydrocarbons and 2-alkylcyclobutanones in irradiated
perilla seeds. J Food Prot 63:1563-1569

Miyahara M, Saito A, Kamimura T, Nagasawa T, Ito H, Toyoda
M (2002) Hydrocarbon productions in hexane solutions of fatty
acid methyl esters irradiated with gamma rays. J Health Sci
48:418-426



	Detection of Hydrocarbons in Irradiated Chilled Beef by HS-SPME--GC--MS and Optimization of the Method
	Abstract
	Introduction
	Experimental Procedures
	Materials and Reagents
	Irradiation
	Sample Preparation
	SPME
	GC--MS Analysis of Hydrocarbons
	Qualitative and Quantitative Determination Method

	Results and Discussion
	Qualitative Analysis Results
	Optimization of the Extraction Temperature
	Optimization of the Extraction Time
	Optimization of the Desorption Time
	Quantitative Characteristics of the Proposed Method
	Analysis of Hydrocarbons in Irradiated Chilled Beef
	Relationship between Radiation Dose and Concentrations of Hydrocarbons
	Generation Mechanism of Hydrocarbons

	Acknowledgments
	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


