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Design study of a high-resolution breast-dedicated PET system
built from cadmium zinc telluride detectors

Hao Peng, Member, IEEE, P. D. Olcott , G. Pratx, A. M. K. Foudray, G. Chinn, C. S. Levin , Member, IEEE

Abstract- We are developing a dual-panel cadmium zinc
telluride (CZT) detector positron emission tomography
(PET) system dedicated to breast imaging. The proposed
system consists of two 4 cm thick 12x15 c¢m® area CZT
panels with adjustable separation, which can be put in
close-proximity to breasts and/or axillary nodes and
results in high photon sensitivity. In this project, the
performance of the proposed CZT dual panel PET system
was investigated using Monte-Carlo simulation. Expected
system performance is predicted due to CZT’s superior
energy resolution, the high photon sensitivity, and the
uniform spatial resolution throughout field-of-view (FOV).
The dependency of system reconstructed resolution on
depth-of-interaction (DOI) resolution was also studied.

I. INTRODUCTION

Positron emission tomography (PET) has shown promise for
more specific identification of cancer due to its unique
ability to sense and visualize increased bio-chemical and
molecular changes in malignant compared to healthy tissue
[1]-[3]. However, PET has not been incorporated into standard
practice for breast cancer patient evaluation mainly due to
following factors [4]: awkward, low coincidence photon
detection efficiency geometry for breast imaging; non-optimal
spatial and energy resolutions for early breast cancer
identification; relatively long scan times; and the lack of
tracers with adequate specificity. Aiming to address the first
three issues, we are developing a compact, high performance
breast-dedicated PET system deploying novel CZT detectors.
The proposed system is shown in Fig .1. The system is
designed as two panels, which can be put in close-proximity to
breasts and/or axillary nodes. We believe that such dual-panel
geometry would result in high photon sensitivity, while
minimizing background effects from potential uptake of tracer
in the nearby heart. In addition, the open gap between two
panels can also facilitate the breast biopsy procedure. In
addition, compared to conventional scintillator based PET
detectors, CZT detectors exhibit much better energy resolution
for 511 keV photons (<3% full-width-half-maximum
(FWHM)) due to improved energy-to-signal conversion
though the time resolution is relatively poor (~ 8 ns FWHM)
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[5]. Moreover, the cross-strip readout scheme for CZT
detector implements the pixellation electronically instead of
cutting scintillator into small pixels, as shown in Fig. 1c. This
enables the system to maintain high intrinsic spatial resolution
and also reduce the required readout channels compared
against a square pixelled anode readout scheme. Furthermore,
in our proposed system, the 511 keV photon will enter the
detector in an edge-on manner, providing 4 cm thickness of
detector along the photon’s path to increase the detection
efficiency. The photon interaction depth information can be
realized by the cathode readout strips. Such three dimensional
spatial resolution will facilitate uniform spatial resolution
throughout the full field-of-view (FOV).
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Fig. 1: (a) Illustration of the proposed dual panel CZT-based PET system
for breast cancer imaging. (b) Diagram of dual panel breast-dedicated PET
system consisting of 180 cross-strip CZT detector modules each of size 4 x 4x
0. 5 cm” with 25 pm inter-module spacing, giving a packing ratio of over
99%. (c) Each panel has dimensions 4x12x15 cm~ and the separation between
the panels in this study is 4 cm.

II. MATERIAL AND METHODS

A. Simulation tool and system description

GATE (Geant4 Application in Tomographic Emission) was
used to study photon sensitivity and count rate performance
[6]. GRAY, a new photon transport simulation package we
have developed and validated against GATE, was used for the
system resolution and contrast study due to its significantly
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B. Point source coincidence photon sensitivity

A point source with 100 uCi was translated from the center
of FOV to the edge of the X, Y, and Z directions. The
coordinate location was indicated in Fig. 1. The detector
energy resolution was 3% FWHM at 511 keV and the
coincidence time resolution was 8 ns FWHM [5], which were
used for all simulation studies. The energy window and time
window settings were chosen to be twice those resolution
values. The number of coincidence 511 keV photons was
approximately 1 million.

C. Coincidence count rate studies

To investigate the performance of our proposed CZT based
PET system with superior energy resolution and relatively
poor time resolution, the noise equivalent count (NEC) rate
was studied. A simplified model was introduced to mimic the
geometry for PET breast imaging, as shown in Fig. 2. The hot
heart and warm torso compartment were put adjacent to the
breast tissue compartments. The breast compartment
completely filled the volume between two CZT panels. The
sizes for all compartments in our simulation are provided in
Fig. 2, though the accuracy of the model might be further
improved and the possibility of introducing lead shielding at
the edge of two panels is under study.

The activity concentration in breast phantom is 0.1 uCi/cm3
and the total activity inside breast phantom is 200 uCi, which
are chosen from published studies for clinical breast cancer
imaging [4]. The NEC is calculated as:

T2
T T+S+2R

where T, S and R are rates of true, scatter, and random
coincidence events. Since T, S and R all depend on the preset
energy window and time window, the dependency of NEC on
various ranges of energy window and time window were
studied. The optimum operating window settings were
necessary to complete other studies in this work. For each set
of simulations, the number of coincidence 511 keV photons
was approximately 6 million.

NEC (D

D. System spatial resolution study

To investigate system spatial resolution, a plane (at X=0,
refer to Fig.1) consisting of spherical sources of various
diameters was imaged. No hot background was considered in
the resolution study. The spherical source diameters were 2.5
mm, 3.0 mm, 3.5 mm and 4.0 mm and they were located in
four quadrants of the plane, respectively, as shown in the
Results section. For each quadrant, the distance between the
centers of two tumor sources is twice the diameter of sources.

For the cross strip readout scheme, the space between anode
strips determines the Z direction resolution. The space
between cathode strips determined system DOI resolution
along X direction. The position along Y direction can be
extracted from the ratio between signals from anodes and
cathodes. In this study, the system resolution along Y and Z
direction were assumed to be | mm based on previous studies
[5] while the resolution along X direction was varied to study
DOI effect on reconstructed system resolution. The

coordinates obtained from simulation events were rebinned to
the center of the nearest 3D detector voxel element. A list-
mode 3D Ordered-Subset Expectation Maximization (OSEM)
image reconstruction algorithm was used and the FWHM for
reconstructed sphere sources as a function of depth-of-
interaction (DOI) resolution was studied.
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Fig. 2: The simulated model for system NEC studies. A hot spherical heart
with 10 cm diameter and a warm torso of dimensions of 30x20x30 cm’ are
adjacent to breast phantom. Activity concentration ratio assumed for breast-
heart-torso was 1:10:1 and the detectors were unshielded.

III. RESULTS

A. Coincidence photon sensitivity

The photon sensitivity as a function of distance from the
center is shown in Fig. 3 for a point source. At the center of
FOV, the system sensitivity is about 32.5%, which is much
higher than that of conventional whole body PET systems [4].
Though the sensitivity decreases as the point source moves
away from the center, the system is able to achieve a high
sensitivity better than 15% within 4 cm of the center of the
FOV for all three directions. Such increased sensitivity is
attributed the dual panel locating in close proximity to the
breast as well as the high packing ratio of 4 cm thick detector
modules. Such advantages will help to improve system signal-
to-noise ratio and lesion contrast recovery, or alternatively
reduce the image time.

B. Coincidence count rate studies

Fig4 shows the system NEC as a function of both
coincidence time window and energy windows.

The NEC reaches a peak value (~42000 cts/sec) around 8-
10 ns time window and 459-463 keV energy window, as
shown in Fig. 4a. The decrease following the peak for all
energy windows is attributed to the higher random events due
to the heart and torso background. Moreover, it is noticed that
for those narrower energy windows (507-515 keV and 503-
519 keV), NEC peaks at a larger time window (~14 ns)
compared to that of wider energy windows due to the fact that
a portion of random events are rejected by applying a narrow
energy window. As shown in Fig. 4b, the NEC reaches a
plateau of the same amplitude as shown in Fig. 4a, at around
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10% energy windows for all time windows. Further increasing
energy window will have no effect on NEC performance.

The high NEC is attributed to the good energy resolution,
which can improve the rejection of both scatter coincidences
as well as single photons that have scattered, thus also
rejecting random coincidences.

C. Reconstructed spatial resolution study

Fig.5 shows the reconstructed image of spherical sources
(no background) of three different DOI resolutions (2 mm, 5
mm and 10 mm) respectively, using list mode 3D-OSEM
algorithm (subset: 1, iteration: 3). No normalization and
attenuation correction was made for the image reconstruction.

The proposed system’s resolution, both in-plane (Fig. 5a)
and cross-plane (Fig. 5b) is dependent on DOI resolution. The
in-plane resolution is defined as the reconstructed sphere
FWHM in YZ plane (along Y or Z direction). The cross-plane
resolution is defined as the reconstructed sphere FWHM in XZ
plane (along X direction). As shown in Fig. 5, for both cases,
the spheres are better resolved as DOI improves and this is
more significant for the cross-plane resolution. The resolution
improvement is likely due to the decreased spacing and the
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Fig. 3: System sensitivity with a point source of 100uCi at the system

center as a function of distance (mm) from the center along X, Y, Z directions.
The energy window is 10% and the time window is 10 ns.
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Fig. 4: System NEC as a function of different time window and energy
window centered at 511 keV for 4 cm panel separation. The peak NEC
reaches a plateau at ~42,000 counts/sec around 8-10 ns time window (a) and
10% energy window at 511 keV (b).

increased density of line-of-responses (LORs), as DOI
resolution improves.
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Fig. 5: Reconstructed planes through spherical sources for different depth-
of-interaction (DOI) resolution (2 mm, 5 mm and 10 mm), X=0. The
simulated tumor diameters are 2.5 mm, 3.0 mm, 3.5 mm and 4.0 mm placed
on a plane midway between the two panels separated by 4 cm. (a) The
reconstructed sphere in-plane FWHM and (b) cross-plane (XY).

The quantitative analysis is provided in Fig. 6. The 6x6
sphere array in each quadrant was analyzed to study the
resolution uniformity throughout the FOV. The average and
uncertainties of FWHMs of six Gaussian functions were
referred to as “reconstructed sphere FWHM” as shown in Fig
6. The goodness of all fits varies from 0.90 to 1.10. The
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significant error bars are attributed to the resolution
degradation from the center of the plane towards the edge of
the plane. It should be noted that the spheres smaller than 2.5
mm were not chosen since it would be difficult to achieve
good fitting results since we used 0.5 mm pixel size in the
image reconstruction.

As shown in Fig. 6a and 6b, the dependence of in-plane and
cross-plane resolution on the DOI resolution was achieved, for
the central plane (X=0). The results provide the general
guidance regarding how to design cathode strip spacing for a
given resolution requirements in systems deploying a dual
panel geometry. For smaller tumor sizes (<3.0 mm diameter),
DOI resolution (pitch of cathode cross strips) should be better
than 5 mm.

The uniformity of the spatial resolution of the proposed
CZT system across the FOV is shown in Fig. 6¢ and 6d. The
row index corresponds to the different positions of six rows
within a single YZ plane and ranges from 1 to 6, as illustrated
in Fig. 5a. For both X=0 and X=1.5 cm, the reconstructed in-
plane and cross-plane resolution show no dependency on the
row index, which means that the system is able to achieve
uniform resolution from the center towards the edge of the
FOV for a single YZ plane. However, the dependence of in-
plane resolution on the plane’s position (X value) is observed
in Fig. 6¢c and this is most noticeable for 2.5 mm spheres.
Cross-plane resolution shows no such dependency on the row
index (Fig. 6d). More detailed studies regarding why DOI
resolution has different effects on in-plane resolution and
cross-plane resolution are being investigated.
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Fig. 6: The measured sphere FWHM as a function of DOI resolution for in-
plane resolution (a) and cross-plane resolution (b) for X=0 and the panel
separation is 4 cm. The resolution uniformity study for both central plane
(X=0) and off-center plane (X=1.5 cm). The in-plane resolution is shown in
(c) and the cross-plane resolution is shown in (d). DOI resolution is chosen to
be 2 mm for the results in (c¢) and (d).

V. CONCLUSIONS

This work studies the performance of a CZT dual PET
dedicated for breast cancer. The improved geometry enables
the system to achieve ~32% sensitivity for a point source at
the center (4 cm panel separation). For a simplified breast
phantom surrounded by heart and torso compartments, the
peak NEC rate was studied to be ~42,000 cts/sec at the 10%
energy window around 511 keV and 10 ns coincidence time
window. The dependency of system in-plane and cross-plane
resolution on DOI resolution (defined by cross-strip cathode
pitch) was studied. The results can guide the design of cathode
strip pitch to meet pre-defined reconstructed resolution and
resolution uniformity requirements. We are working towards
further optimizing the system by taking lesion contrast
recovery into account and building a prototype CZT dual
panel sub-system.

3703

Authorized licensed use limited to: Stanford University. Downloaded on May 21,2010 at 15:28:10 UTC from IEEE Xplore. Restrictions apply.



IV. REFERENCES

W. M. Moses, et al. “Instrumentation optimization for positron emission
mammography”, Nucl. Instr. Methods Phys Res. A, 527 76-82, 2004

N. K. Doshi, et al. “Design and evaluation of an LSO PET detector for
breast cancer imaging”. Med Phys, 27 1535-43, 2000.

R. R. Raylman, et al. “The potential role of positron emission
mammography for detection of breast cancer: a phantom study”, Med
Phys, 27 1943-54, 2000.

J. Zhang, et al. Study of the performance of a novel | mm resolution
dual-panel PET camera design dedicated to breast cancer imaging using
Monte Carlo Simulation. Med Phys, 34 1-14, 2007.

C.S. Levin, et al. “Characteristics and Performance of Cadmium Zinc
Telluride Detectors for Positron Emission Tomography”, IEEE
NSS/MIC, # M2-117, 2004.

P. D. Olcott, et al. “GRAY: High Energy Photon Ray Tracer for PET
applications”, IEEE NSS/MIC, # M06-217, 2006.

3704

Authorized licensed use limited to: Stanford University. Downloaded on May 21,2010 at 15:28:10 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


