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ABSTRACT  

Optimization of measurements procedures for beta emitters with proportional counter 
recently installed at the Hot Cells Facility (HCF) of the Jozef Stefan Institute (JSI) is 
described. 

Specific detection efficiencies for 40K, 90Sr, 90Y, 210Pb and 210Bi were determined that 
allows for more accurate determination of the particular radionuclides as a single 40K 
efficiency most frequently used. In addition, self-absorption curves for different surface 
densities for the same nuclides were derived. The detection efficiencies obtained ranged from 
10 to 52 %, depending on the beta energy emitted and surface density used including the 
chemical composition of the salts used or precipitates obtained following radiochemical 
separation in the experiment. 

Two empirical equations were constructed allowing for accurate determination of 
detection efficiencies for 90Sr and 210Pb accounting for the surface densities of the sample and 
the time of measurement after the radiochemical separation of each nuclide concerned. The 
procedures and formulae developed and applied include calculation of minimal detectable 
activities for individual nuclides and uncertainty budgets for the determinations concerned. 

As an example, determination of total beta activities of mineral waters according to the 
relevant ISO (International Organisation for Standardisation) standard is presented. The 
procedure applied is based on calibration using the 40K detection efficiency curve. The values 
obtained ranged from 0,06 to 1,4 Bq/L, with typical uncertainties of 10 % relative. 

1 INTRODUCTION 

In contrast to gamma and alpha emitters, beta emitters have broad energy spectrum 
which is responsible for different detection efficiencies even for beta emitters with almost the 
same maximum energy released by beta decay. Detection efficiencies vary even more when 
the samples have different surface density. So it is important for accurate determination of 
beta emitters to use the same nuclide, which we want to measure also for calibration and to 
derive self-absorption curves for different surface densities of the sample.  

Another difficulty in determining detection efficiencies cause nuclides such as 90Sr and 
210Pb which have daughters 90Y and 210Bi, respectively, which are also beta emitters. When 
we make radiochemical separation, activity and also detection efficiency grows up so long as 
we achieve secular radioactive equilibrium. For 90Y this time is approximately 14 days and 
for 210Bi approximately 30 days. Usual procedures use detection efficiency for the 
determination of 90Sr by measuring it in secular radioactive equilibrium with 90Y [1] or 
separation of 90Y from the 90Sr followed by determination of 90Sr by measuring 90Y [2]. These 
procedures usually neglect effect of surface density because it is expected that samples have 
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the same surface densities as the standard. But in laboratory practise it is very difficult to 
obtain similar surface densities for all samples and standard. It is also supposed that the effect 
of surface density because of high energy beta particles from 90Y can be neglected. 210Pb is 
usually determined with proportional counter by measuring its daughter nuclide 210Bi [3].  

In our case detection efficiencies were determined with empirical equation that allows 
us to accurately determine 90Sr over a whole ingrowth period of 90Y and for different surface 
densities. This improvement allows us to define detection efficiency for 90Sr independently of 
the time after radiochemical separation from the 90Y and independently of surface density. 
Equation 1 describes ingrowth of detection efficiency where εSr–90,Y–90 is total detection 
efficiency, εSr–90 is detection efficiency for 90Sr, εY–90 is detection efficiency for 90Y, λY–90 is 
decay constant for 90Y and t2,Sr–90 is the time which elapsed from the separation of 90Sr.  

 
( )( )90Sr,290Y90Y90Sr90Y90Sr exp1 −−−−−+− −−+= tλεεε  (1) 

 
If we substitute εSr–90 and εY–90 in Equation 1 with empirical equations for self-absorption 
curves, we obtain the Equation 3 which allows for the determination of detection efficiency 
for 90Sr for different surface densities and for various time elapsed from the separation. 
Determination of empirical equation for detection efficiency of 210Pb is done in the same 
manner.  

 

2 EXPERIMENTAL 

2.1 Detection efficiency for 40K 

KCl was weighted on analytical balance within stainless steel planchets. Different 
surface densities were obtained. KCl was dispersed on planchets by adding small amount of 
acetone to achieve homogenous deposit of KCl. When the acetone was evaporated, KCl was 
mounted with the glue and measured with proportional counter. Self-absorption curve was 
fitted to the experimental data with program CurveExpert 1.3.  

 
2.2 Detection efficiency for 90Sr and 90Y 

Detection efficiency for 90Sr and 90Y was determined by two methods which differ in 
way of separation of 90Sr from 90Y. In the first method this was done by extraction and in the 
second method by precipitation. These two methods were used to ensure that separation 
process of 90Sr from 90Y is really selective.  

In the extraction method different amounts of 20 mg/mL Sr carrier were added to the 
standard 90Sr/90Y solution to achieve different surface densities of SrCO3. To these solutions 
15 mL of 0,15 mol/L HNO3 were added and then 90Y extracted with 15mL of 0,2 mol/L 
dibutylphosphate in chlorophorm. The time of this extraction is separation time of 90Sr from 
90Y. Water phase was stored. Organic phase was three more times extracted by adding 10 mL 
of 0,15 mol/L HNO3. Organic phase was discharged. Water phases were filtered through filter 
paper and then 0,2 g (NH4)2CO3 and NH4OH was added to achieve alkalinity. This solution 
was heated on a hot plate to accomplish precipitation of SrCO3.  

This precipitate was then transferred to the plastic centrifuge beaker and centrifuged. 
Supernatant was discharged. Precipitate was washed with deionized water and again 
centrifuged. Supernatant was discharged and precipitate quantitatively transferred to the 
plastic tube with aluminium planchet on the bottom. 2 mL of ethanol was added to the tube 
and then centrifuged. Supernatant was discharged and precipitate, which was deposited on 

Proceedings of the International Conference Nuclear Energy for New Europe, 2006 



907.3 

planchet, was dried up under a heating lamp. So prepared precipitates were weighted on 
analytical balance to determine chemical yield of separation and then measured in 
proportional counter over a whole ingrowth period of 90Y. 

In the precipitation method the same quantities of Sr carrier and standard 90Sr/90Y 
solution as for the extraction method were used. 10 mL of deionized water was added to the 
samples and heated on a hot plate. Then 1 mL of 10 mg/mL Ba carrier and 1 ml of 5 mg/mL 
Fe carrier were added. After Fe(OH)3 coagulated, solution was filtered through filter paper. 
Precipitate was discarded and time of filtration was written down as a separation time of 90Sr 
from 90Y. To filtrate 1 mL of concentrated CH3COOH, 2 mL 25% NH3 acetate and 1 mL of 
saturated solution (NH4)2CrO4 were added. Then the solution was heated 10 min on a hot 
plate and filtered through the filter paper. BaCrO4 precipitate was discarded. To the filtrate 0,2 
g (NH4)2CO3 and NH4OH were added to achieve alkalinity. This solution was heated on a hot 
plate to accomplish precipitation of SrCO3. 

The precipitate was centrifuged, washed, dried up, weighted and measured in 
proportional counter in the same way as in extraction method. 

The experimental data obtained from extraction and precipitation were plotted versus 
time after separation and fitted with CurveExpert 1.3 to the Equation 1 in order to determine 
detection efficiency for 90Sr at the time of separation and detection efficiency for 90Y at the 
time when 90Y was in secular equilibrium with 90Sr. These detection efficiencies were plotted 
to the different surface densities obtained and fitted with CurveExpert 1.3 to obtain the self-
absorption equations for 90Sr and 90Y. These self-absorption equations were inserted into 
Equation 1 instead of the detection efficiency for 90Sr and the detection efficiency for 90Y. As 
a result the empirical equation for determination of the detection efficiency for 90Sr was 
obtained, which is dependent on the surface density of SrCO3 and on time of measurement 
after the separation from 90Y. 

 
2.3 Detection efficiency for 210Pb and 210Bi 

Different amounts of PbCl2 were added to the standard solution of 210Pb/210Bi to achieve 
different surface densities of PbSO4. Then 10 mL of deionized water was added to dissolve 
PbCl2 and 2 mL of concentrated H2SO4 to form PbSO4 precipitate. This was quantitatively 
transferred to a plastic tube with aluminium planchets on the bottom, 2 mL of alcohol was 
added and then centrifuged. Supernatant was discarded. Precipitate, which was deposited on 
planchet, was dried up under a heating lamp. So prepared precipitates were weighted on 
analytical balance to determine chemical yield of separation and then measured in 
proportional counter over a whole ingrowth period of 210Bi. 

Experimental data was processed in the same way as in the case of 90Sr to get the 
empirical equation for determination of detection efficiency for 210Pb which is dependent on 
surface density of PbSO4 and time of measurement after the separation from 210Bi. 

 
2.4 Determination of total beta activity in mineral waters [4] 

Samples were obtained from different wells of mineral waters, filtered trough 0,45 µm 
filter paper and acidified with 10 ml of concentrated HNO3 per 1 L of sample to prevent 
absorption of nuclides on the wall of a plastic container.  

80 mL of the sample was carefully evaporated on a hot plate and residue was weighted 
to determine the total solids content. From this value the volume of sample required to 
achieving surface density of 10 mg/cm2 on a planchet was calculated. 0,5 L of four samples 
and 2 L of one sample were evaporated on a hot plate to a small volume, transferred to the 
150 mL previously weighted beakers and then evaporated to a volume of 10 mL. Then 1 mL 
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of concentrated H2SO4 per gram of total solids was added to each sample to precipitate 
sulphates. These were again slowly evaporated to dryness and ignited in a furnace at 350 °C 
for 1 h.  

The resulting sulphates were weighted on analytical balance to determine mass of 
sulphates per litre of the sample. Different quantities of sulphates were weighted on analytical 
balance into stainless steel planchets to achieve different surface densities. The samples 
prepared in such way were measured in proportional counter. 

 

3 RESULTS AND DISCUSSION 

3.1 Detection efficiency for 40K 

Detection efficiency and self-absorption curve derived from experimental data for 40K is 
shown in Figure 1. Surface densities from 10 mg/cm2 to 235 mg/cm2 were considered. 
Detection efficiency ranges from 47 % for the lowest surface density applied to the 18 % for 
the greatest surface density. Equation 2 shows plotted self-absorption curve which was 
calculated by CurveExpert 1.3. In this equation εK–40 is detection efficiency of K–40 and ρA,KCl 
is surface density of the KCl. 

 
( )( )K 40 ,KCl0, 4215 0,1804 exp 0,0060 Aε − = − − − − ρ  (2) 
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Figure 1: Detection efficiency for 40K in KCl and self-absorption curve 

 
3.2 Detection efficiency for 90Sr and 90Y 

Detection efficiencies for 90Sr and 90Y and self-absorption curves derived with program 
CurveExpert 1.3 are presented in Figure 2. Surface densities ranged from 10 mg/cm2 to 72 
mg/cm2. Detection efficiency for 90Sr ranges from the 32 % for the smallest surface density to 
the 17 % for the greatest. In the same manner detection efficiency for 90Y is in the range from 
52 % to 44 %. Equation 3 represents the empirical equation for determination of total 
detection efficiency which is dependent on the surface density of the SrCO3 and on the time 
of measurement after the separation from 90Y.  
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( )( )
( )( ) ( )( )

Sr 90 Y 90 ,SrCO3

,SrCO3 Y 90 2,Sr 90

0,3449 0,0854 exp 0,0159

0,1881 1,8751 exp 0,0130 1 exp

A

A t

ε ρ

ρ λ

− + −

− −

= − − − −

− − − − ⋅ − −
 (3) 
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Figure 2: Detection efficiencies for 90Sr and 90Y versus surface density of SrCO3 
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Figure 3: Ingrowth of total detection efficiency for different surface densities of SrCO3; 
precipitation 
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Figure 4: Ingrowth of total detection efficiency for different surface densities of SrCO3; 
extraction 
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Figures 3 and 4 presents ingrowth of 90Y from 90Sr which is indicated as an increase in 
total detection efficiency. The curves in these two figures are derived from Equation 3 and as 
we can see that they are in good accordance with the experimental data. If we compare 
detection efficiencies for 90Sr and 90Y for precipitation and for extraction, we can see that the 
detection efficiencies for precipitation method are slightly higher than for extraction, as 
evident from Figure 2. Accordingly the curves derived from Equation 3 in Figure 3 are below 
the experimental data and in Figure 4 above the experimental data. 

 
3.3 Detection efficiency for 210Pb and 210Bi 

Detection efficiencies for 210Pb and 210Bi versus surface density are presented in Figure 
5. In this figure self-absorption curves are also presented, which are derived with program 
CurveExpert 1.3. Surface densities ranged from 2,7 mg/cm2 to 21 mg/cm2. Detection 
efficiency for 210Pb ranged from 13 % for the lowest surface density to the 11 % for the 
greatest. Detection efficiency for the 210Bi ranged from the 36 % to 20 %. Equation 4 shows 
the empirical equation for the determination of total detection efficiency (εPb–210,Bi–210) as 
function of the surface density (ρA,PbSO4) and the time of the measurement after separation 
from the 210Bi (t2,Pb–210). This equation was also derived with help of the program CurveExpert 
1.3.  

 
( )( )
( )( ) ( )( )

Pb 210 Bi 210 ,PbSO4

,PbSO4 Bi 210 2,Pb 210

0,0492 1,8007 exp 0,0373

0,2648 0,7469 exp 0,1811 1 exp

A

A t

ε ρ

ρ λ

− + −

− −

= − − − −

− − − − ⋅ − −
 (4) 
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Figure 5: Detection efficiencies for 210Pb and 210Bi versus surface density of PbSO4 

Figure 6 shows ingrowth of 210Bi from the 210Pb which is indicated as the ingrowth of 
total detection efficiency. Curves in this figure are derived from Equation 4 and are in good 
agreement with the experimental data which are shown as points in the Figure 6. 
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Figure 6: Ingrowth of total detection efficiency for different surface densities of PbSO4

 
3.4 Determination of total beta activity in mineral waters 

In Table 1 the results of determination of total beta activity in mineral waters are 
presented. Second column shows total solids content per liter. Sample 2 has almost thirty 
times lower total solids content per liter in comparison with the others, which reflects in 
approximately ten times lower specific activity as seen in the third column. The fourth 
column represents the combined uncertainties which are 10 % relative and in the last column 
are the minimum detectable activities which range from 0,01 to 0,34 Bq/L. 

Table 1: Measurement results of total beta activity in mineral waters 

Sample 
ρ  

g/L 
a  

Bq/L 
as  

Bq/L 
MDA  
Bq/L 

1 13,1080 1,3704 0,1241 0,3276 
2 0,4443 0,0553 0,0042 0,0105 
3 10,9524 0,7604 0,0904 0,2534 
4 10,5100 1,0794 0,0993 0,2612 
5 13,5134 0,5867 0,1122 0,3396 

 

4 CONCLUSIONS 

The results obtained showed that beta detection efficiency varies with the surface 
density and also with the type of the precipitate as shown in Figure 7. We can see that 
detection efficiency of 210Bi in PbSO4 is lower than for 90Sr in SrCO3, although 90Sr has lower 
maximum beta energy than 210Bi. This is due to greater molecular mass of the PbSO4. From 
the Figure 7 can be assumed that the detection efficiency for 210Pb is almost independent from 
the surface density but that is due to the low energy of the beta particles emitted by 210Pb.  

All derived self-absorption curves and empirical equations follow the experimental 
results well. The derived empirical equations present a new possibility for accurate 
determination of beta emitters which have daughters that are also beta emitters and come into 
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secular radioactive equilibrium with their parents. The main advantages of using these 
empirical equations are the facts that one does not need to wait for achieving secular 
radioactive equilibrium and worry if the surface density of the sample is the same as for the 
standard. 
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Figure 7  Detection efficiencies versus surface density 

 

REFERENCES 

[1] G. Manjon, F. El-Daoushy, R. Garcia-Tenorio, 90Sr in lake sediments, Journal of 
Radioanalytical and Nuclear Chemistry, vol. 209, no. 1, 1997, pp. 95-98. 

[2] F. Goutleard, R. Nazard, C. Bocquet, N. Coquenlorge, P. Letessier, D. Calmet, 
Improvement in 90Sr measurements at very low levels in environmental samples, 
Applied Radiation and Isotopes, vol. 53, 2000, pp. 145-151. 

[3] G. A. Peck, J. D. Smith, Determination of 210Po and 210Pb using measurement of 
210Po and 210Pb, Analytica Chimica Acta, vol. 422, 2000, pp. 113-120 

[4] ISO 9697:1992(E), Water quality – Measurement of gross beta activity in non-
saline water, ISO, Geneve, 1992 

 

Proceedings of the International Conference Nuclear Energy for New Europe, 2006 


	1 INTRODUCTION
	2 EXPERIMENTAL
	2.1 Detection efficiency for 40K
	2.2 Detection efficiency for 90Sr and 90Y
	2.3 Detection efficiency for 210Pb and 210Bi
	2.4 Determination of total beta activity in mineral waters [4]

	3 RESULTS AND DISCUSSION
	3.1 Detection efficiency for 40K
	3.2 Detection efficiency for 90Sr and 90Y
	3.3 Detection efficiency for 210Pb and 210Bi
	3.4 Determination of total beta activity in mineral waters

	4 CONCLUSIONS


<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 0.15
    /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 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 0.15
    /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


