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Abstract In nuclear safeguards, precise and accurate iso-
topic analyses are needed for two major elements from the
nuclear fuel cycle: uranium and plutonium. This can be
achieved by Isotope Dilution Mass Spectrometry (IDMS),
which is one of the most reliable analytical techniques for the
determination of plutonium amount content to a high level of
accuracy. In order to achieve reliable isotope measurements
isotopic reference materials with certified amount of pluto-
nium and isotopic composition are required. At the Institute
for Reference Materials and Measurements (IRMM) various
plutonium spike reference materials for isotopes *’Pu,
24OPu, 242py and ?**Pu are available. This enabled the setup
of an inter-calibration campaign inter-linking selected plu-
tonium spikes on a metrological basis applying state-of-the-
art measurement procedures. The aim of this campaign is
threefold: firstly to perform measurements on selected plu-
tonium spike isotopic reference materials for quality control
purposes, secondly to verify the amount content and the
isotopic composition of the recently produced IRMM-
1027m large sized dried (LSD) spikes and thirdly to dem-
onstrate IRMM’s measurement capabilities for plutonium
analysis via external quality tools. The obtained results using
various spike isotopic reference materials will be presented
and discussed in this paper. The measurement uncertainties
of the IDMS results were calculated according to the guide to
the expression of uncertainty in measurement (GUM).
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Introduction

By signing the treaty on the non-proliferation of nuclear
weapons (NPT) non-nuclear weapon states officially
declare to abandon all efforts to develop nuclear weapons
and to conclude the safeguards agreements [1]. Nuclear
safeguards aims at the verification of the non-diversion of
fissile material from its intended and declared peaceful
use. A reliable nuclear material accountancy system has
to be established by the plant operator and a reliable
system of verification is the responsibility of the safe-
guards authority in charge. Furthermore, the INFCIRC/
540 [2], also referred to as the additional protocol (AP),
authorizes safeguards authorities to verify the absence of
undeclared nuclear activities in all parts of a state’s
nuclear fuel cycle.

The measurement of amounts of plutonium is recogni-
sed as one of the most important tasks in fissile material
control. Public opinion is very sensitive to this element,
which presents analysts with a difficult task of measuring
plutonium at all levels, from large (multi-gram) amounts
down to traces in the environment. Reliable, low uncer-
tainty isotopic measurements are needed that provide the
basis for a strong verification and detection system to
safeguard nuclear materials and activities in line with the
NPT and the AP. The fundamental role of reference
materials in measurements of amount of material is to
establish traceability of a measured value (i.e. the analyt-
ical result) to a primary unit of measurement as defined in
the SI system. Isotope Dilution Mass Spectrometry (IDMS)
is one of the analytical techniques widely used for the
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measurements of plutonium content determination. For
these reasons plutonium reference materials with certified
amount content and isotopic composition with the lowest
possible uncertainties are needed for the calibration of
mass spectrometers, for validation of a measurement
technique and to assess the reproducibility of measurement
results in compliance with quality control requirements.
IDMS in combination with the correct use of reference
materials and quality control tools is an important means
for the control of fissile material and verification of envi-
ronmental samples [3, 4].

The Institute for Reference Materials and Measurements
(IRMM) is one of the few institutes worldwide that pro-
duces and certifies plutonium reference materials. They are
part of a systematic IRMM programme to supply reference
materials of various isotopes, in particular uranium and
plutonium, at different concentrations. The production and
certification of nuclear reference materials involves
parameters such as stability, homogeneity, etc., that need to
be looked at in regular time intervals. Particularly for
plutonium, due to radioactive decay, the certified values
have to be regularly corrected: a process which leads to an
increase in measurement uncertainty depending on the
spike isotope composition. Moreover, the Pu spike solu-
tions also have a possibility of being unstable over time,
probably due to radiolysis.

An inter-calibration campaign using state-of-the art
measurement procedures has therefore been carried out at
IRMM linking the plutonium spike reference materials
available at the institute. The following nuclear isotopic
reference materials were used in the campaign: IRMM-
049¢ (***Pu), IRMM-049b (>***Pu), IRMM-046b (***Pu and
23U), IRMM-083 (>**°Pu) and IRMM-081a (**°Pu) and one
external certified plutonium inter-laboratory comparison
test sample EQRAIN-11 (**°Pu) from CEA/CETAMA. All
the uncertainties for the IDMS measurements were esti-
mated according to the guide to the expression of uncer-
tainty in measurement (GUM) [5].

Experimental
Selection of Pu spikes

Different series of IDMS measurements on Triton Thermal
Ionization Mass Spectrometer (TIMS) were performed in
order to establish or to confirm the inter-relation between
different Pu spikes available at IRMM. The Pu spikes for
this inter-calibration campaign were selected according to
following criteria: availability, certified isotope, year
of certification and suspected to be candidate for
re-certification:
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e JRMM-1027m LSD spikes: certified amount in each vial
of about 2 mg plutonium, (n(***Pu)/n(Pu) = 0.978) and
about 50 mg uranium (n(*>*U)/n(U) = 0.195) as nitrate
covered with organic polymer CAB (cellulose acetate
butyrate).

e IRMM-049c: **?Pu spike solution, about 100 pg Pu/g
solution, 0.36665(49) pmol ***Pu/g, n(***Pu)/n(Pu) =
0.941.

e IRMM-049b: ***Pu spike solution, about 100 pg Pu/g
solution, 0.41738(28) pmol ***Pu/g, n(***Pu)/n(Pu) =
0.999.

e IRMM-046b: **U and ***Pu spike solution, about
1 mg U/g solution and about 100 pg Pu/g solution,
0.46571(70) pmol ***Pu/g, n(***Pu)/n(Pu) = 0.943.

e IRMM-083: >*°Pu spike solution, about 1000 pg Pu/g
solution, 4.4064(22) pumol **°Pu/g, n(**°Pu)/n(Pu) =
0.990.

e IRMM-081a: **°Pu spike solution, about 100 pg Pu/g
solution, 0.37480(23) pmol **°Pu/g, n(*°Pu)/n(Pu) =
0.978.

e EQRAIN-11: CETAMA inter-laboratory comparison
for *°Pu amount content.

Preparation of blend solutions

Blend solutions were prepared by metrological weighing
(substitution weighing). Four different series were prepared
in order to interlink IRMM-1027m LSD spikes with
IRMM-049¢c, IRMM-049b, IRMM-046b and IRMM-083
spikes from IRMM. Additional four series were prepared to
interlink IRMM-049c, IRMM-049b, IRMM-046b and
IRMM-083 spikes with IRMM-081a and Eqrain-11. The
Pu inter-calibration scheme is shown in Fig. 1.

Chemical treatment (separation) of Pu

The blend solutions were evaporated to near dryness and
the residue dissolved in 2 M HNO;. Plutonium oxidation
state was adjusted to Pu(IV) prior to separation on the
column. A redox cycle was done in which Pu was first
reduced to Pu(Ill) by addition of 1.25 M FeCl, and 1 M
NH,OHeHCI and then oxidised to Pu(IV) by addition of
1 M NaNO,. Finally, concentrated HNO5; was added to
obtain Pu(IV) in 8 M HNO:s.

The separation of Pu was accomplished by passing the
sample solution through a preconditioned anion-exchange
column (Bio-Rad AG1-X4, 100-200 mesh). The column
was washed with 8 M HNO; and finally, Pu was eluted
with 0.35 M HNOj; and evaporated to near dryness. This
separation (purification) procedure was repeated 3 times
for plutonium in order to avoid interferences with uranium
in mass spectrometric measurements. The purified Pu
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ded onto Re filaments for mass-spectrometry measure-
ments. The flowchart of IDMS is shown in Fig. 2.

Isotope measurements by TIMS

IDMS was applied for the determination of the plutonium
amount content in the samples. Using a spike reference
material, the plutonium content in an unknown sample (C,)
can be determined through a measurement of the isotope
ratio in a blend (sample + spike) following the equation
below:

Cx Cyn’lx Rb _ Rx Z(R[);
where c, is the element content of the spike used in the
determination, m, and m, are the masses of sample and
spike, respectively, R,, R, and R,, are the isotope amount
ratios of the sample, spike and the blend, respectively, and
Z(R)), and X(R;), are the sums of all isotope ratios in the
sample and spike, respectively.

Thermal Ionization Mass Spectrometry (TIMS) was
used to measure the plutonium isotope ratios. The IRMM
Triton TIMS (Thermo Fisher Scientific) is equipped with
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Fig. 2 The flowchart of the IDMS

nine Faraday cups, one conventional discrete dynode
electron multiplier (SEM), and seven continuous dynode
electron multipliers (CDEMs). The isotopic measurements
were performed in total evaporation (TE) mode, which is a
frequently used technique in order to minimize the influ-
ence of mass fractionation effects in the ion source. In total
evaporation mode the filament current is regulated to
achieve a steady count rate intensity during the measure-
ment. This is continued until the sample is completely
consumed. The isotopic reference material (IRMM-290/
A3) was measured with the same technique as the samples
on the same sample magazine to measure the mass frac-
tionation [6, 7].

Results and discussion
Measurements against IRMM-1027m

IRMM-1027m LSD spikes are large-sized dried spikes,
containing about 50 mg of uranium with *>U mole frac-
tion of 19.5% and about 1.8 mg of plutonium with ***Pu
mole fraction of 97.8% which are certified for the Pu
amount content and for the isotope abundances. They are
prepared from accurately weighed high purity metals. The
values of the uranium and plutonium isotopic contents of
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the final certified spike solution are directly traceable to the
SI via the masses of the starting materials and have low
uncertainties. LSD spikes are produced by IRMM in sup-
port to EURATOM safeguards and used to measure the
uranium and plutonium content of dissolved fuel solutions
using IDMS at the ‘On Site Laboratory (OSL)* at Sellafield
(UK) and the ‘Laboratoire sur Site (LSS)’, La Hague
(France), the sites of the two large European reprocessing
plants [8, 9]. In the last 10 years LSD spikes have become
a fundamental part of the fissile material control of irra-
diated nuclear fuel.

The Pu amount content of IRMM-049¢, IRMM-049b,
IRMM-046b and IRMM-083 spike reference solutions was
verified against the IRMM-1027m prepared from primary
reference materials.

The verification measurements were performed by
IDMS on the Triton TIMS. The results are shown in Fig. 3.

The measurement results using IRMM-049¢c, IRMM-
049b, and IRMM-083 agreed well with the IRMM-1027m
values for plutonium amount content calculated from the
amounts of dissolved metal and solution (mass metrology).
The ratios, certified vs. measured, for IRMM-049¢, IRMM-
049b and IRMM-083 were 1.0001, 0.9991 and 1.0004,
respectively. The certified value in Fig. 3 is shown with a
solid line and the mean (average) of the measured values
with a dotted line with the respective expanded uncer-
tainties (k = 2).

The results for IRMM-046b showed a difference of
about 0.14% from its certified value. This spike material
has already been suspected to be due for re-certification.
This small deviation could be due to instability of the spike
solution; however, more tests need to be done to confirm
that. This observation could also be explained with the fact
that the certification of IRMM-046b reference materials
was originally done in 1995 applying different measure-
ment equipments and standards which resulted in higher
measurement uncertainties. Since that time, mass spectro-
metric measurements and equipment have improved,
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Fig. 3 Amount concentration of **°Pu in IRMM-1027m (from the
weights of metals and solution) compared with the measured values
by IDMS (with expanded uncertainties, k = 2)
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leading to results with better precision and accuracy and
thus much smaller uncertainties could be achieved.

As a result of this inter-calibration campaign it was
confirmed that IRMM-1027m LSD spikes can be used to
re-certify the Pu amount content and isotope abundances in
IRMM-046b. The results for the IRMM-1027m measured
against IRMM-046b using this new provisional certified
value are shown in Fig. 4. In the scope of this inter-cali-
bration study and with the results from IRMM-1027m and
Eqrain-11 a re-certified value for the Pu content of IRMM-
046b will be derived.

Measurements against IRMM-081a

Results of the verification measurements of IRMM-049b
and IRMM-083 against IRMM-081a are shown in Figs. 5
and 6. Agreement between the certified and the measured
values could be confirmed. Similar conclusions can be
drawn for IRMM-049c.
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Fig. 4 Amount concentration of *°Pu in IRMM-1027m (from the
weights of metals and solution) compared with the measured values
by IDMS (with expanded uncertainties, k = 2) using the new
provisional values of re-certified IRMM-046b
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Fig. 5 Amount concentration of **’Pu in IRMM-08la (certified
value) compared with the measured values by IDMS with IRMM-
049b (with expanded uncertainties, k = 2)

3.770E-07
3.765E-07
3.760E-07
3.755E-07

3.750E-07

3.745E-07 :
3.740E-07
3.735E-07

3.730E-07
3.725E-07

certified value
mean

C%*Pu (mol/g)

IRMM-083
0.9995 (14)

Fig. 6 Amount concentration of ***Pu in IRMM-08la (certified
value) compared with the measured values by IDMS with IRMM-083
(with expanded uncertainties, k = 2)

Measurements against EQRAIN-11

One main activity of CETAMA (Commission d’ETA-
blissement des Méthodes d’Analyse du CEA) is the inter-
laboratory comparisons programme, called EQRAIN,
organised at regular intervals for the analysis of uranium
and plutonium (http://www-cetama.cea.fr). The certified
test sample in EQRAIN-11 is a plutonium nitrate solution
with undisclosed value for isotope amount content. IRMM
successfully linked the participation in EQRAIN-11 to this
inter-calibration campaign by determining the plutonium
isotope amount content of the EQRAIN-11 certified test
sample applying IDMS using IRMM-049¢c, IRMM-049b,
IRMM-083 and the provisionally re-certified IRMM-046b
obtained from IRMM-1027m. The results reported by
IRMM were in excellent agreement with the reference
value provided by CETAMA to participants after result
reporting. EQRAIN-11 is still ongoing and therefore the
plutonium amount content is not disclosed in this paper.
Figure 7 shows instead the measurement results normalised
to the EQRAIN-11 reference value.
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Fig. 7 Normalised amount concentration of **°Pu in EQRAIN-11
compared with the measured values by IDMS (with expanded
uncertainties, k = 2)
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Conclusion

IRMM carried out an inter-calibration campaign on a
selection of certified plutonium spike reference materials
against an IRMM “primary reference material” and an
external certified test sample. All three envisaged aims of
this campaign, namely verification measurements, quality
control of Pu reference materials and demonstration of
measurement capability, were met. As a result of this study
the amount content and the isotopic composition of the
gravimetrically produced and certified IRMM-1027m large
sized dried (LSD) spikes was verified and at the same time
the compatibility of IRMM-049¢, IRMM-049b, IRMM-083
and IRMM-081a was confirmed. Furthermore 12 IDMS
re-certification measurements of IRMM-046b were per-
formed in the scope of interlinking the various Pu reference
materials. An external certified inter-laboratory test sample
was also successfully interlinked to this comparability
study. In general it can also be concluded that there is a
strong indication that the IRMM plutonium spike solutions
are homogeneous even years after production. However, to
confirm that additional samples need to be analysed in the
future. This inter-calibration campaign using state-of-the
art measurement procedures demonstrates IRMM’s mea-
surement capability, confirms the traceability of the values
of the plutonium isotopic contents to the SI and underpins
the confidence in the use of isotopic plutonium reference
materials for safeguards verification and environmental
measurements. It also underlines IRMM’s leading role as a
provider of isotopic plutonium reference materials. In the
next stage new plutonium isotope reference materials will
be linked to this compatibility study.

@ Springer

References

1. International Atomic Energy Agency (1970) Treaty on the non-
proliferation of nuclear weapons, INFCIRC/140. http://www.iaea.
org/Publications/Documents/Infcircs/Others/infcirc 140.pdf

2. International Atomic Energy Agency (1997) Model protocol
additional to the agreement(s) between state(s) and the Interna-
tional Atomic Energy Agency for the application of safeguards,
INFCIRC/540. http://www.iaea.org/Publications/Documents/Infcircs/
1997/infcirc540c.pdf

3. Jakopi¢ R, Richter S, Kiihn S, Aregbe Y (2010) Determination of
240Pu/239Pu, 24py23py and 2*?Pu/**Pu isotope ratios in envi-
ronmental reference materials and samples from Chernobyl by
thermal ionization mass spectrometry (TIMS) and filament carbu-
rization. J Anal At Spectrom 25:815-821

4. Mayer K, Wellum R, (2004) Reference materials for destructive
analysis in nuclear safeguards. ESARDA Bull 32:75-81

5. Joint Committee for Guides in Metrology (2008) Uncertainty of
measurement-part 3: guide to the expression of uncertainty in
measurement ISO/IEC guide 98-3:2008. http://www.bipm.org/
utils/common/documents/jcgm/JCGM_100_2008_E.pdf

6. Richter S, Goldberg SA (2003) Improved techniques for high
accuracy isotope ratio measurements of nuclear material using
thermal ionization mass spectrometry. Int J Mass Spectrom
229:181-197

7. Callis EL, Abernathey RM (1991) High-precision isotopic anal-
yses of uranium and plutonium by total sample volatilization and
signal integration. Int J] Mass Spectrom 103:93-105

8. Mayer K, Duinslaeger L, Cromboom O, Ottmar H, Wojnowski D,
Van der Vegt H (2001) Analytical quality control concept in the
euratom on-site laboratories. In: Proceedings symposium on
international safeguards, IAEA-SM-367/5/02. http://www-pub.
iaea.org/MTCD/publications/PDF/ss-2001/Start.pdf

9. Verbruggen A, Bauwens J, Eykens R, Jacobsson U, Jakopic R,
Kehoe F, Kiihn H, Kushigeta Y, Richter S, Aregbe Y (2009)
Preparation and certification of IRMM-1027m, large-sized dried
(LSD) spike, EUR 24119 EN. http://www.irmm.jrc.be/html/
reference_materials_catalogue/catalogue/IRMM_certificates_and_
reports/EUR_24119_1027m_report.pdf


http://www.iaea.org/Publications/Documents/Infcircs/Others/infcirc140.pdf
http://www.iaea.org/Publications/Documents/Infcircs/Others/infcirc140.pdf
http://www.iaea.org/Publications/Documents/Infcircs/1997/infcirc540c.pdf
http://www.iaea.org/Publications/Documents/Infcircs/1997/infcirc540c.pdf
http://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf
http://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/ss-2001/Start.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/ss-2001/Start.pdf
http://www.irmm.jrc.be/html/reference_materials_catalogue/catalogue/IRMM_certificates_and_reports/EUR_24119_1027m_report.pdf
http://www.irmm.jrc.be/html/reference_materials_catalogue/catalogue/IRMM_certificates_and_reports/EUR_24119_1027m_report.pdf
http://www.irmm.jrc.be/html/reference_materials_catalogue/catalogue/IRMM_certificates_and_reports/EUR_24119_1027m_report.pdf

	An inter-calibration campaign using various selected Pu spike isotopic reference materials
	Abstract
	Introduction
	Experimental
	Selection of Pu spikes
	Preparation of blend solutions
	Chemical treatment (separation) of Pu
	Isotope measurements by TIMS

	Results and discussion
	Measurements against IRMM-1027m
	Measurements against IRMM-081a
	Measurements against EQRAIN-11

	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


