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For the determination of 21%Po in water samples, two alternative procedures (a) DDTC solvent extraction and (b) extraction chromatography using
Sr Resin were selected and then validated in terms of trueness, repeatability and reproducibility with a tap water spiked with a known amount of
219po, In this work the optimization conditions for the auto-deposition of Po for source preparation were also studied.

Introduction

Polonium-210 is a naturally occurring alpha-emitter
and exists in the environment as a decay product within
the 238U decay chain. 210Po is considered to be one of
the most toxic naturally occurring environmental
radionuclides,! due to its wide distribution and potential
for human radiation exposure through ingestion and
inhalation.2:3 In addition, for many sample types
(for example, soils and sediments) determination of
210po is commonly used as a means of determining its
progenitor 210Po.

The results of a recent proficiency test organized by
the IAEA demonstrated that a number of laboratories are
experiencing difficulty in obtaining reliable results for
210po determination in water samples.* This is most
likely due in part to the limited number of methods
available for its determination. The most commonly
used is alpha-spectrometry.® In addition, there is a
general lack of suitable, recently characterized reference
materials for use in quality control.

As a part of its activities to support its Member State
laboratories, the IAEA is developing recommended
procedures for the determination of selected
radionuclides in environmental samples. In the case of
210pg, this started with the collection and review of
about 130 papers from the scientific literature.> Based
on this review, two candidate methods for determination
of 210Po in water samples were selected for testing,
refinement and validation. The results of this work are
the subject of this paper.

For the determination of a low level activity
concentration of 210Po in a water sample, it is necessary
to handle a large volume of sample. As a simple process
the direct evaporation of the water samples has been
used for reducing to a small volume of the sample.%’
However, this method is very time consuming for a
large amount of a sample (>1L). Therefore,
coprecipitation with iron hydroxide®? or MnO,!0-12
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have commonly been used to preconcentrate Po from
water samples. When iron hydroxide is used for
preconcentration, it is necessary to remove Fe from the
sample solution using a solvent extraction step with an
extractant such as di-isopropyl ether,3 because bulk iron
may interfere with the purification of Po using solvent
extraction or extraction chromatography as well as in the
auto-deposition of Po. In the case when MnO, is used,
manganese can be removed easily from Po by several
alternative chemical separation procedures. Therefore, in
this work MnO, coprecipitation was selected as the
method for preconcentration.

Two Po separation procedures, based on DDTC
solvent extraction (DDTC-SE)!2 and extraction
chromatography using Sr Resin (Sr-EC),!3 were selected
for testing. Reports in the literature indicate that both
methods have been successfully wused for the
determination of 210Po in a variety of sample
matrices.”-14-16 The validation of both methods was
carried out in terms of trueness, repeatability and
reproducibility with tap water spiked with known
amount of 210Po. This paper also describes the
optimized conditions for auto-deposition of Po.

Experimental
Materials

All the reagents were of an analytical grade (Merck,
Germany). Deionized water (18 MQ-cm™!) was prepared
by a Milli-Q Plus system (Millipore, MA, USA) and was
used for all dilutions. 29°Po and 2!9Po standard solutions
were purchased from NIST (SRM 4326, NIST, USA)
and  Deutscher Kalibrierdienst (DKD-K-36901),
respectively. Sr Resin was purchased from Eichrom, Inc.
(Darien, IL, USA). Silver discs (17 mm, 0.3 mm
thickness) were stamped from a fine grade (>99.9%)
silver plate. 219Po was measured by alpha-spectrometry
(Ortec Octete alpha-spectrometry system, USA).
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Table 1. Semi-quantitative analytical result of elements in the tap
water of IAEA’s laboratories, Seibersdorf, Austria by ICP-MS

Element Concentration, ppb
Ca 93.1-10°
Mg 26.0'10°
Na 9.51'10°
K 7.04:10°
Al 2.80
As 0.59
Ba 54.4
Br 103
Cr 15.5
Cu 5.16
Mn 1.20
Pb 0.15
Se 2.01
Si 1.08:10°
Sr 493
U 11.3
7n 56.4

Sample preparation

Tap water collected at the TAEA’s laboratories,
Seibersdorf, Austria was used for preparation of test
water samples. Some elements in the tap water were
determined by ICP-MS (Elan 6000 Perkin-Elmer SCIEX
instrument, equipped with a Scott-type spray chamber, a
cross-flow nebulizer and a Gilson Minipuls 3 peristaltic
pump) in the totalquant mode to screen the elemental
composition. Therefore, the accuracy of the totalquant
measurements in ICP-MS was not better than 20-30%.
The semi-quantitative results of the tap water sample are
given in Table 1.

Upon collection, the tap water sample was acidified
with concentrated HCl (10 mL/500 mL sample) and
spiked with a known activity of 210Po. An aliquot of
500 mL of the water sample was taken in a beaker and
about 30 mBq of 20%Po tracer was added. The sample
was stirred for 1 hour to ensure tracer equilibration.
Then, 5 mL of 0.2M KMnO, and 5 mL of 0.3M MnCl,
were added, and the solution was adjusted to pH 9 with
25% NH4OH. This solution was stirred for 1 hour and
kept overnight to allow the precipitate to settle. The
supernatant was decanted carefully so as not to disturb
the precipitate and the rest was centrifuged.

For solvent extraction, the precipitate was dissolved
with 10 mL of 1% H,0, in 5M HCL For Sr-EC, the
precipitate was dissolved with 10 mL of 1% H,0, in 2M
HCI. The sample solutions were heated on a hot plate at
80~90 °C for 30 minutes to decompose hydrogen
peroxide, and then Po was separated either by DDTC
solvent extraction or by Sr-EC.

Separation of Po

DDTC-SE: The sample solution obtained from the
sample preparation process was transferred into a
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separation funnel and the beaker was washed with
3x5mL of 5SM HCI to give a total of approximately
20 mL. A small amount of ascorbic acid was added to
the solution to reduce Fe3* to Fe2'. Po was extracted
with 10 mL of 0.1% diethylammonium
diethyldithiocarbamate (DDTC) in CH;CCl; for 5
minutes with a shaker (250 rpm), followed by two
further extractions with 5mL of 0.1% DDTC in
CH;CCl,. If the organic phase was colored, Po was
extracted with further aliquots until the color
disappeared. The organic phase was combined and
gently evaporated to dryness on a hot plate at less than
100 °C. The aqueous phase can be reserved for Pb, Ra,
Th and U analyses.!2 For decomposing a small portion
of organic material, the Po fraction was evaporated to
dryness with 1 mL of 65% HNO; and a few drops of
30% H,0,, and then twice evaporated to dryness with
I mL of 32% HCI and 1 mL 65% HNOj;. Finally, the
residue was gently evaporated to dryness with 1 mL
32% HCl at 90 °C.

Sr-EC: 3 g of Sr Resin (100—150 um) was soaked in
distilled water for 1~2 hours, then filled into a glass
chromatographic column (inner diameter 10 mm),
activated with 100 mL of 1M HNOj; and preconditioned
with 100 mL of 2M HCI. The sample solution obtained
from the sample preparation process was passed through
the column preconditioned in advance and the beaker
was washed with 3x2 mL of 2M HCI. The column was
then washed with 80 mL of 2M HCI. Po and Pb were
sequentially eluted through the column with 60 mL of
6M HNO; and 60 mL of 6M HCI, respectively. A small
portion of organic material remaining in the Po fraction
was treated in the same way as that used in the
DDTC-SE. The column with Sr Resin was four times
reused for analysis of subsequent samples after the
regeneration. The used Sr Resin was regenerated by
washing it with 50 mL of deionized water, 10 mL of
EDTA (pH adjusted to 7 with NH;) and 50 mL of
deionized water.

Source preparation and measurement

The residue obtained from the separation process
was dissolved in 10 mL of 0.5M HCI. The beaker was
further rinsed with 2x2.5 mL of 0.5M HCIl. A small
amount of ascorbic acid (~50 mg) was added to the
solution to reduce Fe3" to Fe2™. The pH of the solution
was adjusted to pH 1-2 with 6M NaOH and transferred
to a Teflon deposition cell. Polonium was spontaneously
deposited on a silver disc (active area: 133 mm?) at
90 °C for 90 minutes with mechanical stirring. After
completion of the deposition, the silver disc was
removed, rinsed with distilled water and dried in an
electric oven. Polonium was measured by o-
spectrometry.
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Repeatability, reproducibility and linearity test
of DDTC-SE and Sr-EC methods

Unfortunately, no matrix reference materials are
available for 219Po in water. Consequently, the
repeatability and reproducibility of the two separation
procedures of 219Po were tested by 10 replicate analyses
of two tap water samples spiked with 1.53 Bq-L! and
13.0 mBq'L! of 210Po standard, respectively. The
concentration of 210Po in the tap water sample was
measured separately and added to the spike value to give
the actual concentration in the spiked test water sample.
The concentration of 210Po from the tap water sample
was in every case less than 6% of the spike. The
repeatability limit and the reproducibility limit were
calculated in accordance with ISO 5725-4.17

The relative bias of the two separation procedures
was calculated by the following formula:

C=Xi 100

5(%) =

where C is the theoretical concentration of 210Po in the
tap water sample spiked with a certified standard of
210pg, X; is the measurement result of 210pg in the tap
water sample.

For the linearity test, tap water samples spiked with
210pPo in the range of 0.01 Bq'L™! to 1.6 Bq:'L~! were
analyzed by two separation procedures, respectively. A
blank was prepared for a set of samples in the same way
as the sample.

Test for optimization condition of auto deposition

In auto deposition of Po on a silver disc, the
deposition yield of Po depends on several parameters
such as pH, solution volume, deposition time,
temperature, mechanical stirring and interfering
elements existing in the solution.!® To find optimized
conditions for auto deposition of Po, the deposition yield
of Po was examined with a known activity of 209Po
tracer while varying pH, deposition time, sample volume
and temperature with or without stirring. The auto
deposition of Po was three times replicated in each
condition.

Results and discussion

Repeatability, reproducibility and linearity test
of DDTC-SE and Sr-EC methods

Two sets (each set consisted of ten samples) of tap
water samples with 1.53 Bq'L™! and 13 mBq-L~! of
210po  were analyzed by DDTC-SE and Sr-EC,
respectively. The results are summarized in Table 2. The
mean values obtained from both methods are in a good
agreement with each other. The relative repeatability and
reproducibility limits for both methods were in the range
of 10-12%. The relative bias of both methods ranged
from 4% to 8.5%, as shown in Fig. 1. The chemical
recovery for the DDTC-SE ranged from 54-97% with
an average value of 82%. The recovery for Sr-EC with
fresh resin ranged widely from 20 to 94% (Fig. 2). The
low chemical recovery observed in some cases for the
Sr-EC method was probably caused by non-decomposed
organic material in the deposition solution. The recovery
gradually decreased with reuse of Sr Resin column and
dropped suddenly in the fourth reused column (Fig. 3).
The results of the linearity test are depicted in Fig. 4.
The results showed a good linearity in the tested
concentration range for both separation methods.

Measurement of blank

One blank was prepared for each set of samples to
correct the contribution of blank to the sample, because
the 210Po in the blank is mostly due to chemical reagents
used during the separation procedure and influenced by
the environment of laboratory where the separation of
Po is carried out. The control chart of the count rates of
blank samples in DDTC-SE and Sr-EC is given Fig. 5.
The count rates of the blanks for the DDTC-SE ranged
from 0.0001 to 0.002 cps with an average of 0.0005 cps,
while the count rates of the blanks in Sr-EC was in the
range of 0.00009 to 0.004 cps with an average of
0.0009 cps. The latter was about two times higher than
the former. The elevated count rate in the blank in the
Sr-EC may be attributed to the memory effect of Po on
the column due to the reuse of Sr Resin. It is desirable to
take care of the memory effect of Po in the reused Sr
Resin column when in particular ultra low level samples
are analyzed. As the count rate of the blank can change
with experimental conditions, the detection limit should
be estimated based on the count rate of the blank.
Assuming that the counting efficiency is 25%; the
counting time is 250,000 seconds, the chemical recovery
is 80% and the sample volume is 500 mL, the minimum
detectable activity (MDA) in DDTC-SE and Sr-EC
ranged from 2.2 mBq-L~! to 3 mBq-L~!, depending on
the experimental environment.
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Table 2. Results of repeatability and reproducibility tests

Validation parameter Method
P DDTC-SE Sr-EC
Repeatability
Mean ( X ) in repeatability test, Bq'L™! 1.55 1.58
Repeatability standard deviation (S,), Bq'L™! 0.06 0.05
Repeatability limit (), Bq'L™" 0.17 0.14
Reproducibility
Mean ( X 1) in reproducibility test, mBq-L™! 12.7 13.1
Reproducibility standard deviation (S;), mBq'L™! 0.46 0.57
Reproducibility limit (R;), mBq'L™! 1.29 1.60
6
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Optimized auto deposition condition of Po

As a part of the review of the scientific literature,
data were collected on the reported Po deposition
conditions.? These data are summarized in Table 3. It is
apparent that the Po deposition conditions used in
laboratories are still variable. The majority of the
reported deposition times were 2 hours or longer, and it
is likely that the laboratories could save time in this step
by optimization of the conditions used.

0.5M HCI was used as a deposition solution in 80%
of the literature searched. Some authors reported the pH

of the deposition solution, and in about 60% of these
cases a pH of 2 was used. The solution volumes and
temperatures used were quite variable.

In general, the time required for deposition may be
minimized by minimizing the solution volume,
maximizing the solution temperature, and agitating by
stirring, or by spinning the disc.!8 In the present work an
optimized deposition condition for Po on a silver disc
(active area: 133 mm?) was examined in the pH range
from 1 to 5 and in the temperatures between 30 and
90 °C, while varying the volume of the deposition
solution from 5 to 35 mL.
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Table 3. Summary of deposition conditions reported in the literature

Parameter Deposition condition Percentage, % Reference

Deposition time, hours 1-2 27 53
2-3 32
>3 41

Molality of HCl, M 0.1 7 43
0.5 79
1 9
2 5

pH of deposition solution, mL 1 18 17
1.5 23
2 59

Volume of deposition solution, mL 10 10 30
20 27
30 3
40 10
50 24
80 3
100 20
150 3

Temperature, °C <70 12 67
70-80 19
80-90 63
90-95 6

Figure 6 shows the means and standard deviations of
two replicate measurements of the yield of Po for a
number of pH values of the deposition solution. Based
on these data, the optimized conditions for Po deposition
appear to be in the range around pH 0-1. It was found
that Po can be deposited even at a pH between 0 and —1.
Nevertheless, the resolution (FWHM: 0.0319 MeV) of
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the alpha source prepared in the deposition solution at
pH -1 was worse than for that at pH 0 (FWHM:
0.0236 MeV) due to corrosion of the surface of the
silver disc (Fig. 7). Conversely, if the deposition
solution is pH 3 or higher, the polonium is easily
adsorbed onto the surface of the beaker, resulting in a
reduced recovery (Fig. 6).
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Another factor affecting the deposition yield of Po is
the organic material in the deposition solution. The
solution obtained from the separation procedure of Po
using DDTC-SE or Sr-EC was generally evaporated to
dryness before the preparation of the source. Sometimes,
a small portion of DDTC or crown ether partially
extracted from Sr Resin would remain in the residue
after evaporation to dryness. It is important to
completely decompose any such organic materials
before the source preparation, as they can significantly
affect the deposition yield of Po. A small portion of
DDTC was easily decomposed with a few mL of 65%

nitric acid. On the other hand, it was relatively difficult
to decompose a small portion of crown ether extracted
from the Sr Resin with only nitric acid.

The deposition yield of Po increased with extending
the deposition time from 30 to 90 minutes and was
almost uniform between 90 minutes and 180 minutes.
About 95% of the polonium was deposited onto the
silver plate over 1.5 hours.

Decreasing the volume of the Po deposition solution
resulted in an increase in the deposition yield. The
maximum deposition yields were obtained with a
volume of 5mL. However, SmL of the deposition
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solution was too small to quantitatively transfer Po into
the beaker to the deposition apparatus. For this reason,
15 mL of deposition solution was used in this work. The
deposition yield increased with the temperature of the
deposition solution. With mechanical stirring with a
glass rod for 1.5 hour, the recovery of 209Po was nearly
100% at 90 °C. An improvement in the deposition at
higher temperatures with rotation has been explained by
the removal of ozone, which is coated onto the surface
of the silver disc as silver oxide or peroxide, formed
from the dissolved oxygen in the solution.!?

In summary, the Po deposition conditions found to
be optimal in this study (using a silver disc of active
area: 133 mm?) were 15 mL of deposition solution, pH
0-1, 90°C and 90 minutes of deposition time with
stirring. It should be added that optimal conditions may
vary somewhat with different experimental setups used
in different laboratories (e.g., shape and size of the
deposition apparatus, size of silver disc, method and
speed of stirring), however, the conditions given here
should be a reasonable starting point.

Conclusions

Two procedures for 219Po analysis in water, DDTC-
SE and Sr-EC were selected as potential recommended
procedures. Both methods showed good repeatability
and reproducibility with 4% of relative repeatability and
reproducibility standard deviations. The relative bias of
both methods ranged from 4% to 8.5%. The chemical
recovery of Po obtained in these trials was higher for
DDTC-SE than that for Sr-EC.

Even though Sr Resin can be reused, the analysis
cost of DDTC-SE is lower than that of Sr-EC, because
of the high cost of the Sr Resin. In addition, the analysis
time is less for the DDTC-SE than that required for the
Sr-EC. However, in the case that 219Pb and 2!0Po are to
be simultancously determined Sr-EC would be faster
than the DDTC-SE, because in the DDTC-SE 2!10pp
should be purified using an anion-exchange chromato-
graphy after the extraction with DDTC. The results of
the validation for both methods showed that either
method can be used for the determination of 210Po in
water samples, and selected properly according to the
purpose of analysis and available facilities.

The deposition conditions for Po found to be optimal
in this study were 15 mL of deposition solution, pH 0-1,
90 °C and 90 minutes of deposition time with stirring.

646

This work was financially supported under the IAEA
subprogramme ‘Supporting Quality in the Analysis of Terrestrial
Environmental Samples’. The authors would like to thank Ms. Renate
SCHORN for her technical support in the laboratory, and Mr. Andras
TORVENYTI for performing the determination of elements in the tap
water of IAEA’s laboratories, Seibersdorf, Austria.

References

1. United Nations, Sources and Effects of lonizing Radiation, United
Nations Scientific Committee on the Effects of Atomic Radiation,
2000 Report to the General Assembly, with Scientific Annexes,
United Nations, New York, 2000.

2. N. MOMOSHIMA, LI-X. SONG, S. OSAKI, Y. MAEDA, J. Environ.
Radioact., 63 (2002) 187.

3. P. MARTIN, B. RYAN, Sci. World J., 4 (2004) 77.

4. Report on the IAEA-CU-2007-09 Proficiency Test on the
Determination of 2!%Po in Water, 2008 (draft)

5. K. M. MATTHEWS, C-K. KiM, P. MARTIN, Appl. Radiation
Isotopes, 65 (2007) 267.

6. G. KATZLBERGER, G. WALLNER, K. IRLWECK, J. Radioanal. Nucl.
Chem., 249 (2001) 191.

7. P. MARTIN, G. J. HANCOCK, A. JOHNSTON, A. S. MURRAY,
J. Environ. Radioact., 40 (1998) 37.

8. H. NARITA, K. HARADA, W. C. BURNETT, Talanta, 36 (1989) 925.

9.J. GUOGANG, M. BELL], M. BLASI, A. MARCHETTI,
S. ROSAMILIA, U. SANSONE, J. Radioanal. Nucl. Chem., 247
(2001) 491.

10. F. P. CARVALHO, Sci. Total Environ., 196 (1997) 151.

11. P. STEPNOWSKI, B. SKWARZEC, J. Environ. Radioact., 49 (2000)
195.

12. P. MARTIN, G. J. HANCOCK, Routine Analysis of Naturally
Occurring Radionuclides in Environmental Samples by Alpha-
Particle Spectrometry, Supervising Scientist Report 180, AGPS,
2004, Canberra,
http://www.environment.gov.au/ssd/publications/ssr/180.html

13. N. VAIDA, J. LAROSA, R. ZEISLER, P. DANESI, G. KIS-BENEDEK,
J. Environ. Radioact., 37 (1997) 355.

14. R. ROBERTS, G. WALSH, A. MURRAY, J. OLLEY, R. JONES,
M. MORWOOK, C. TuNiz, E. LAWSON, M. MACPHAIL,
D. BOWDERY, I. NAUMANN, Nature, 387 (1997) 696.

15. P. VRECEK, L. BENEDIK, B. PIHLAR, Appl. Radiation Isotopes, 60
(2004) 717.

16. T. MIURA, K. KAWABE, H. KIRITA, J. Radioanal. Nucl. Chem.,
246 (2000) 327.

17. ISO, Accuracy (trueness and precision) of Measurement Methods
and Results, Part 4: Basic Methods for the Determination of the
Trueness of a Standard Measurement Method, 5725-4, 1994.

18. J. D. SMITH, T. F. HAMILTON, Anal. Chim. Acta, 160 (1984) 69.

19. P. VESTERBACKA, T. K. IKAHEIMONEN, Anal. Chim. Acta, 545
(2005) 252.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


