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Abstract

Shortages of *’Mo, the most commonly used diagnostic
medical isotope, have caused great concern and have
prompted numerous suggestions for alternate production
methods. A wide variety of accelerator-based approaches
have been suggested. In this paper we survey and
compare the various accelerator-based approaches.

INTRODUCTION

The most widely used medical isotope today is *™Tc,
widely used for bone scans, cardiac perfusion studies, and
other diagnostic procedures. It decays with a 6-hour half-
life by emission of a high-energy electron. Various
chemical compounds can be tagged with *™Tc and
imaged with SPECT (single photon emission computed
tomography) scanners for these diagnostic studies.

Its short half-life makes this isotope difficult to
transport long distances. It must be produced very close to
its point of use. This can be done by use of Mo as a
9mT¢ “generator;” Mo decays to **"Tc with a 66-hour
half-life. The Mo can be transported for longer
distances, adsorbed onto an alumina column. The 9mTe
decay product can be rinsed out of the column to provide
daily doses. This ’Mo/”™Tc generator concept was
invented at BNL in 1958.

The current *’Mo production process utilizes the
25U(n,fission)””Mo reaction and requires a nuclear reactor
and HEU (highly enriched uranium). New reactors are
very expensive and are difficult if not impossible to build
due to regulatory and political concerns. HEU is highly
controlled and subject to increasing governmental
regulations and security concerns. The existing process
does not have a promising long-term outlook. Alternative
processes are needed. [1, 2]

SUPPLY

The only North American reactor to produce *’Mo is
the NRU reactor in Chalk River, Canada. When
operational, it normally provides about 40% of world
demand and 50% of US demand. Other reactors for
worldwide *Mo production include HFR in Petten, the
Netherlands, normally providing about 30% of world
demand, BR2 in Mol, Belgium, providing about 10% of
world demand, Safari in S. Africa, providing about 10%
of world demand, and OSIRIS in Saclay, France,
providing about 5% of world demand. The MARIA
reactor in Poland has recently been approved to produce
%Mo, and should be able to provide 5-10% of worldwide
demand. A few other reactors provide small amounts of
%Mo for regional usage, such as OPAL in Australia.

Reactor fission products are purified near the reactors,
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by Covidien (Netherlands), IRE (Belgium), NTP (S.
Africa), or Nordion (Canada). The purified Mo then
goes to generator producers. North America has only two
generator producers; Covidien and Lantheus.

The worldwide *’Mo supply is quite fragile, relying on
only a few aging, increasingly unreliable reactors. The
NRU reactor in Canada has been shut down since May
2009 to repair heavy water circuit leaks, and is now hoped
resume production in mid-2010. The HFR reactor in
Petten has been down since March 2010 for scheduled
maintenance. The loss of these two reactors is creating a
worldwide Mo shortage, which is being partially
addressed by increased production from the other
worldwide reactors. The supply chain to regions outside
of northern FEurope (e.g. North America, Asia) is
especially fragile and unreliable, and has been impacted
by recent Icelandic volcano eruptions.

DEMAND

The present worldwide need for *Mo/*™T¢ generators
totals approximately 70k Ci of *’Mo production per week.
There is roughly 10% loss due to incomplete chemical
separation and roughly 10-15% additional loss due to
decay during the processing time. The product is
measured and sold in “6-day Curies,” which is the activity
remaining 6 days after receipt of the isotope, or roughly
0.22x the original activity at time of receipt. Worldwide
delivery is about 12k 6-day Ci of Mo per week. The US
accounts for about 50% of worldwide usage, Europe
about 20%, Asia/Pacific about 20%, and Canada about
3.5%. This allows about 500k diagnostic procedures to be
performed per week, worldwide.

Demand is expected to grow at 5-10% per year,
worldwide. This demand is somewhat elastic. At least
25% of the current demand could be shifted to PET
isotopes, if necessary. This is presently more expensive
and less available than *’Mo, but provides higher
resolution images. Cardiac perfusion studies (perhaps
20% of current demand) can use **' Tl instead of *’Mo, but
with a loss of resolution. If necessary, a significant
fraction of current studies can be performed with lower
doses of *’Mo compensated by longer scanning times.

As of early 2009, the value of purified Mo (before
being made into a generator) was about $250 per 6-day
Ci, and the cost of a generator was $500-$1000 per 6-day
Ci. Current costs are higher and unstable due to the
present shortage; they may currently be a factor of 2-4
higher than the 2009 costs.

REACTOR PRODUCTION
HEU Fission

The predominant method of Mo production, and the
only method used for North American *’Mo, is the



5U(n,fission)”Mo reaction; fission of HEU by thermal
neutrons in a reactor. The HEU is generally weapons-
grade, about 95% U, in the form of a U-Al alloy.
Roughly 6% of the total fission yield is °Mo. Few other
Mo isotopes are produced, resulting in a “carrier-free,”
high specific activity product after chemical purification.
The specific activity is about 5000 Ci/g.

LEU Fission

It is possible to use LEU (low enriched uranium, less
than 20% **°U) in a reactor rather than HEU targets. This
is better from a political and regulatory standpoint, but
requires about 5x the neutron flux to produce the same
amount of product, due to the 5x lower abundance of
3. This method is in limited use in Australia and
Argentina. It is being actively investigated in a number of
other countries for small scale, regional use, with the
encouragement and assistance of the IAEA. The US is
now pursuing this approach as a near-term solution to
continued shortages; this is the subject of the Markey
legislation currently in the US Senate.

Conversion to LEU causes a number of difficulties due
to the lower abundance of **°U. A 5x greater neutron flux
is required, but it is hoped that this can be partially offset
by development of denser U-foil targets. The proportion
of undesirable fission products will increase; this may
require modifications to the present chemical purification
process and will require new FDA regulatory approvals.

Conversion to LEU could be a good near-term solution
to the *’Mo supply problems. There is a possibility that
the University of Missouri Research Reactor (MURR)
could be added to the worldwide supply chain using LEU
targets. Babcock & Wilcox (B&W) and others are
investigating novel reactor concepts, such as liquid LEU
solutions for both fuel and target. But LEU may not be a
good long term solution to the *’Mo shortage due to the
expense and political difficulty of building new reactors.

Neutron Capture

The **Mo(n,y)”’Mo reaction can be used to produce
Mo, eliminating the need for uranium targets. This
process is in limited use in Kazakhstan and Romania. The
cross section for *’Mo production by neutron capture is
about 300x lower than by fission. The product has much
lower specific activity than the fission processes, on the
order of 1 Ci/g. Thus *™Tc generators must be much
larger, and purity of the eluted *™Tc is more difficult to
maintain. The commercial value of these low specific
activity products is estimated to be about 4x less than the
high specific activity fission products. This is not a
promising method for large scale production.

ACCELERATOR PRODUCTION

Hadrons
An accelerator-driven neutron source could be used for
these same *°U(n.fission)’Mo or **Mo(n,y)*’Mo

reactions. The most energy-efficient neutron accelerator is
an ADSR (accelerator driven subcritical reactor). ADSRs

have been proposed for *’Mo production by a number of
groups, including CERN [3], ANL [4], Ion Beam
Applications (IBA), and Advanced Medical Isotope
Corporation (AMIC).

Another possible neutron reaction is '*’Mo(n,2n)"’Mo
with 14MeV neutrons on an enriched '’Mo target. This
reaction has an order of magnitude larger cross-section
than the **Mo(n,y)’’Mo thermal neutron capture reaction,
but yields a similar low specific activity product [5].

The '"“Mo(p,pn)*’Mo proton-driven reaction has been
investigated by a number of researchers [e.g. 6], but it has
a relatively low cross section (subject to some
disagreement in the literature) and would produce a low
activity product. The deuteron reaction '"’Mo(d,p2n)*’Mo
has twice the cross-section of '“°Mo(p,pn)*’Mo, but also
requires higher energy beams [7].

Direct production of *™Tc has also been investigated
via the reaction '“°Mo(p,2n)*™Tc, which has a relatively
large cross section in the region of 20 MeV [6, 8]. This
approach could possibly use regional cyclotrons to
provide a local source of *™Tc¢ for large metropolitan
areas.

Electrons/Photons

Bremstrahlung photons from electron accelerators can
be used for *’Mo production. These possibilities have
been studied in depth by TRIUMF. [9]

The photofission process can be used with either of two
reactions:  2’U(y,fission)”’Mo or ***U(y.fission)”’Mo.
About 50% higher yield is obtained with *°U, but this
probably does not justify the additional target cost and the
difficulties of using HEU. For either reaction, roughly 6%
of the total photofission yield is Mo. The cross section is
relatively low; a high electron beam power is required to
make significant amounts of *’Mo. Multiple accelerators
with a total of hundreds of MW of electron beam power
would be needed to source the entire world demand.

A photoneutron '"Mo(y,n)*’Mo reaction has been
proposed by Kharkiv Institute of Physics and Technology
(KIPT) [10], Yerevan Physics Institute, and others. This
reaction with purified '*Mo yields about 17x more *’Mo
than the ***U(y.fission)”Mo reaction. The yield drops by
an order of magnitude for natural Mo targets, since '*’Mo
is about 10% of natural abundance. The *’Mo product is
low specific activity, in the range of 10-100 Ci/g for a
100kW electron beam. This is lower than the product
from photofission, but higher than the product from
%Mo(n,y)”’Mo. The radiation length in Mo is about 1 cm;
10-100g of '“Mo would be needed per week to make
good use of the photons. The cost of separated '’Mo for
targets is about $300/g in large quantities.

COMPARISONS

A comparison of accelerator production options is
presented in Table 1. Operating costs can be estimated by
assuming 30-50% wall plug to beam power efficiency and
$0.10 per kWh electricity costs. Construction of a multi-
MW electron linac is estimated at $50-100M [9]. Large



research reactors are estimated to cost roughly 4x this
amount, and MW-scale proton linacs and ADSRs would
be intermediate.

An ADSR with an LEU target is an attractive solution
for large-scale *’Mo production. Electrical power costs
plus amortized construction costs should result in less
expensive *’Mo than the amortized cost of a new reactor.
An ADSR solution may even be marginally cost-effective

at current market prices. An electron linac with an
enriched Mo target would use a more mature
accelerator technology and would be less expensive to
construct, but would likely result in more expensive *’Mo
than a new reactor. Due to economies of scale and cost of
separated targets, an ADSR or electron linac would be
most cost-effective for high-power systems, in the 100
kW to 3 MW power range.

Particle Accelerator Reaction Energy Beam Target 6-day- kWh/6-
Power Ci/wk day-Ci

Proton [3] ADSR “U(n,fission) Mo | 1 GeV 1 MW LEU ~6000 ~25
Proton [3] ADSR “Mo(n,y)”’Mo 1 GeV 1 MW %Mo ~3000 ~50
Proton [4] ADSR “3U(n,fission)”Mo | 200 MeV | 100 kW | LEU ~7000 ~2.5
Electron[9] RF Linac ¥U(y,fission)”Mo | 50 MeV | 1 MW Natural U | ~180 ~900
Electron[9] RF Linac "Mo(y,n)”"Mo >30 MeV | 500 kW | Mo ~500 ~170
Electron[10] RF Linac "Mo(y,n)”"Mo 25MeV | 20 kW Natural Mo | ~5 ~800
Proton [6] cyclotron "Mo(p,pn)”Mo 45MeV | 45kW | ™Mo ~2.5 ~270
Proton [6] cyclotron "Mo(p,pn)”’Mo 45 MeV | 4.5kW Natural Mo | ~0.25 ~2700

Table 1: Comparison of various accelerator options for *’Mo production.

For low-power distributed systems in the 10 kW power
range, a proton accelerator (linac or cyclotron) with a
Mo target could be considered, but this is not very
power-efficient. Low power proton accelerators are
probably better suited to direct production of “instant”
#MT¢ than to production of ’Mo. A proton accelerator of
5 kW beam power should be able to produce about 10
Ci/hr of “instant” *™Tc¢ [6, 8]. Small electron linacs do
not seem to be competitive; they could only produce
9MT¢ at about half this power efficiency, and to be cost
effective would require development of recirculating
gigquid Mo solution thick targets with continuous elution of

"Te.

SUMMARY AND CONCLUSIONS

The current production process for Mo does not have
a long-term future due to its reliance on HEU and nuclear
reactors. In the long term, new production sources will be
needed.

Existing reactors were built with large government
subsidies. New solutions will likely require large
subsidies or increased Mo market prices to be
economically viable. Assuming one of these occurs, a
number of accelerator production options could be
considered. For high-power systems, ADSRs are
attractive and electron accelerators with '"’Mo targets
somewhat less so. Low-power proton accelerators for
local production of “instant” *™Tc are also interesting.

REFERENCES

[1] Committee on Medical Isotope Production Without
Highly Enriched Uranium, National Research
Council, Medical Isotope Production Without
Highly Enriched Uranium, National Academies
Press (2009).

[2] European Commission Health and Consumers
Directorate-General, “Preliminary Report on Supply

of Radioisotopes for Medical Use and Current
Developments in Nuclear Medicine” (2009);
http://ec.europa.eu/health/healthcare/docs/radioisotop
es_report_en.pdf

[3] S. Buono, N. Burgio, and L. Maciocco, “Technical
evaluation of an accelerator-driven production of Mo-
99 for Tc-99m generators at CERN (MolyPAN
project)” (2010);
http://66.71.178.219/files/files_dwl1/00060 .pdf

[4] W. Henning et al, “Radioisotopes for Science and
Medicine,” Accelerators for America’s Future
Symposium, Washington DC (Oct, 2009).

[5] Y. Nagai and Y. Hatsukawa, “Production of Mo for
Nuclear Medicine by '®Mo(n,2n)*Mo,” J. Phys. Soc.
Japan, 78(3) 033201 (March 2009).

[6] M.C. Lagunas-Solar, “Cyclotron Production of NCA
#“"Tc and Mo. An Alternative Non-reactor Supply
Source of Instant *™Tc and *Mo-""Tc Generators,”
Appl. Radiat. Isot. 42(7) 643-657 (1991).

[7] A. Hermanne, F. Tarkanyi, and S. Takacs, “Production
of medically relevant radionuclides with medium
energy deuterons,” DOI: 10.1051/ndata:07153.

[8] H. Targholizadeh et al, “Cyclotron production of
technetium radionuclides using a natural metallic
molybdenum thick target and consequent preparation
of [Tc]-BRIDA as a radio-labelled kit sample,”
Nukleonika 55(1) 113-118 (2010).

[9] A. Fong, T.I. Meyer, and K. Zala, eds, “Making
Medical Isotopes: Report of the Task Force on
Alternatives  for Medical-Isotope  Production,”
TRIUMEF, Vancouver (2008).

[10]Y. Tur, “Linear Electron Accelerator for the Medical
Isotopes Production,” Proceedings of EPAC 2000,
Vienna, p. 2560ff (2000).




<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /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 false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


