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Abstract This study investigates uptake of cesium and

strontium from aqueous solution similar to nuclear waste

on three samples of titanium molybdophosphate (TMP)

synthesized under various conditions. Effects of concen-

tration of sodium nitrate, pH and contact time on the uptake

of cesium and strontium have been studied by bath method.

The results showed that TMP has high affinity toward

cesium and strontium at pH [ 2 and relatively low con-

centration of sodium nitrate. Kinetic data indicated that

cesium uptake process to achieve equilibrium was faster

than strontium. Cesium and strontium breakthrough curves

were examined at 25 �C using column packed with H3O?

form of TMP and breakthrough curves showed symmetri-

cal S-shaped profiles. At the same time, the calculated

breakthrough capacity for cesium was higher than stron-

tium. The results of desorption studies showed that over

99% of cesium and strontium was washed out of column by

using 4 M NH4Cl solution. This study suggests that TMP

can have great potential applications for the removal of

strontium and specially cesium from nuclear waste

solution.
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Introduction

During the past 50 years, nuclear power plants operation and

consequently reprocessing of spent nuclear fuel have pro-

duced an enormous amount of nuclear waste containing

fission product. Among them, strontium-90 and cesium-137

are considered as two major constituents of the fission

products with regard to the contamination of the environ-

ment as well as their applications in industrial [1]. These ions

with concentrations of 10-3*10-7 M in the waste solutions

are the most hazardous and toxic radioisotopes to the envi-

ronment in terms of their long-term effects. Their interme-

diate half-lives of about 30 years suggest that they are not

only highly radioactive but also they have a relatively long

half life to be around for hundreds of years [2–4]. Therefore,

serious attention has been paid to manage the radioactive

waste and improve the disposal of nuclear waste for envi-

ronmental protection. Removing these radioactive nuclides

from nuclear wastes in an economical and safe manner not

only would result in a significant radioactivity and volume

reduction but would also prepare the eligible elements to

employ them in the field of medicine and industry.

Literature survey reveals that many different methods

such as solvent extraction, ion exchange, precipitation,

evaporation, bioaccumulation and adsorption have been

studied for the removal and separation of these radiotoxic

ions from aqueous solution [5–13]. Of the different meth-

ods, ion exchange method especially inorganic ion

exchangers due to unique selectivity for certain elements,

high thermal, chemical and radiation stability as compared
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to organic ion-exchange resins and carcinogenic solvent

used in conventional liquid–liquid extraction have been

found specific applications in the treatment and disposal of

nuclear liquid wastes [14]. In this regard, many classes of

inorganic ion exchangers have been studied to selective

removal of cesium and strontium ions. Among these

exchangers are zeolites, transition metal ferrocyanides,

some polyoxometalates and metal oxide as selective to

cesium or strontium [15–21]. However, polyoxometalates

exhibit improved properties over the simple salt of the

metals and other conventional inorganic ion exchanger due

to their high selectivity, thermal and radiolytical stabilities

[22].

In a continuation of our research work [22, 23], recently,

an amorphous titanium molybdophosphate (TMP) as a new

member of polyoxometalates family has been shown to

have outstanding characteristics as an inorganic ion-

exchanger on the basis of distribution coefficient studies of

many metal ions and its ion exchange capacity [24]. It was

also found to be high affinity toward cesium and strontium.

This study, an extension of our previous work, deals with

the investigation of adsorption behavior of TMP for cesium

and strontium under various conditions of media.

Experimental work

Chemical and reagents

All the chemicals and reagents used were of Analytical

Grade obtained from E. Merck or Fluka.

Apparatus

pH measurements were made with a Schott CG841 pH-

meter (Germany). Quantitative determinations of strontium

and cesium ions were carried out using an inductively

coupled plasma (Varian Turbo Model 150-Axial Liberty)

and atomic absorption spectrometer (Spectra AA-220

Varian, Australia), respectively. Waterbath shaker (model

CH-4311, Infors AG) was used in determination of distri-

bution coefficients of elements.

Synthesis of titanium molybdophosphate

The preparation of TMP was also performed as described

elsewhere [24], Three samples of TMP were synthesized

by adding gradually aqueous solution of molybdophos-

phoric acid (MPA) to alcoholic solution of titanium (IV)

chloride under varying conditions given in Table 1. While

the reaction mixture was thoroughly stirred with a mag-

netic stirrer at room temperature (25 �C), the pH of the

system was increased slowly by adding NaOH for

completion of the precipitation formation. Then the solu-

tion containing precipitate was stirred for 1 h and was

refluxed at 75–80 �C for 24 h. The resulting precipitate

was decanted and washed five times with demineralized

water (DMW), filtered by suction and dried at 50 ± 2 �C

for 24 h. It was further treated with excess of 0.1 mol L-1

nitric acid solutions for complete replacement of counter

ions by H? ions. The excess of acid was removed by

repeated washing with DMW. Finally the material was

dried in an oven at 50 ± 2 �C.

Distribution coefficients

The distribution coefficients (Kd) for cesium and strontium

ions were determined in aqueous solution by batch opera-

tion [25]. 200 mg of ion exchangers in H? form were kept

in 20 mL of 1.2 9 10-4 M metal ion solution at

25 ± 1 �C for 5 h, with intermittent shaking to attain

equilibrium. Blank solutions were prepared without ion

exchanger, having the same concentration of metal ions.

This solution was treated in the same way as above. The

solution was then filtered and metal ions were determined

using ICP or AAS methods [26]. The Kd values were cal-

culated by the following equation;

Kd ¼ ½ðI � FÞ=F� � V=W ðmL g�1Þ

where I and F are the initial and final concentration (ppm)

of metal ions in the solution phase, V is volume of initial

solution in mL, and W is the dry mass of the ion exchanger

in grams. Standard deviation for Kd values were checked

by three determinations and were \10%.

Effect of hydronium ion concentration

To investigate the effect of hydronium ion concentration on

the cesium and strontium uptake, the initial H3O? con-

centration of Cs and Sr solutions were adjusted on 10-7,

10-3, 0.01, 0.1 and 0.5 M by using nitric acid solution.

Other conditions for the determination of distribution

coefficient such as the amount of ion exchanger, initial

concentration of cesium and strontium, shaking time and

temperature were the same as ‘‘Distribution coefficients’’.

Table 1 Conditions of synthesis of titanium molybdophosphate [22]

No Sample code Conditions of synthesis

Concn. of reagents

TiCl4, MPA (mol L-1)

Mixing

volume

ratio Ti:MPA

Final pHa

1 TMP-11 0.1, 0.05 1:1 0.8

2 TMP-21 0.1, 0.05 2:1 1.0

3 TMP-31 0.1, 0.05 3:1 1.3

a pH of the reaction mixture

224 R. Yavari et al.

123



Effect of ionic strength

The solutions with initial concentration of 0, 0.001, 0.01, 0.1,

4 M NaNO3 accompanied by cesium or strontium concen-

trations of 1.2 9 10-4 M in each of them, were chosen to

investigate the effect of the ionic strength on cesium and

strontium uptake. Other conditions for the determination of

distribution coefficient were the same way as above.

Effect of contact time

The shaking time of 10, 30, 60, 150, 300 and 600 min were

chosen to investigate the effect of contact time on the

percentage of cesium and strontium uptake onto three

samples of TMP. Other conditions were the same way as

‘‘Distribution coefficients’’.

Column experiments

For column breakthrough experiments, glass columns with

internal diameter of 6 mm and glass wool at the lower end as

a supporting surface for the exchanger were employed.

Slurry of 0.4 g of an accurately weighed amount of the

individual dried exchanger in H3O? form was poured in a

glass column. To avoid air bubbles, the loaded columns were

carefully packed under water and then, the sorbent bed was

washed with DMW. The loading process was carried out by

passing a feed solution containing 0.005 M nitrate salt of

each metal ion through the column at a constant flow rate of

0.3 mL min-1. 2 mL fractions of the fluent were collected

and the metal ion concentrations were determined by atomic

absorption spectrometry or inductively coupled plasma. This

was compared against the reference sample. The collection

of the fractions was continued till the metal ion concentra-

tions of the solution were roughly equal to that of the refer-

ence. The breakthrough capacities (meq g-1) for cesium and

strontium were measured directly in this technique and cal-

culated from the following equation;

Capacity ¼ ðV50% � Z � C0Þ=W

where V50% is the volume, at which the element uptake is

50%; Z is the charge of the ion; C0 is the initial concen-

tration of each element (M) and W is the weight of the

exchanging bed (g) [27].

For desorption study, the relevant ion was eluted with

4 M NH4Cl solution from the above column containing

saturated beds of TMP at flow rate of 0.3 mL min-1.

Results and discussion

Figures 1 and 2 show the effect of hydronium ion con-

centration on the distribution coefficient value of cesium

and strontium. For both of metal ions, the uptake is seen to

be strongly influenced by the pH of the solution. As it can

be seen from both figures, the distribution coefficient of

cesium and strontium decrease with the increase of

hydronium ion concentration in all three samples. But this

trend is observed to be less for the distribution coefficient

of cesium. The decrease of distribution coefficient can be

ascribed to the competition between the hydronium ion and

cesium/strontium ions on the active sites of TMP. As

shown in both figures, the high affinity of the sorbent

towards strontium and cesium in the presence of relatively

large concentration of hydronium ion ([H3O?] B 0.01)

points to the possibility of its use for efficient removal of

radiocesium and radiostrontium from acidic media loaded

wastewater solutions. Also, According to these figures the

high affinity sequences for cesium and strontium in three

samples of TMP was TMP-21 [ TMP-11 [ TMP31 and

TMP-11 [ TMP-21 [ TMP-31, respectively.

The effect of sodium ion concentration on the uptake

behavior (distribution coefficient) of cesium and strontium

Fig. 1 The effect of H3O? ion concentration on Kd values of cesium

on synthetic TMP

Fig. 2 The effect of H3O? ion concentration on Kd values of

strontium on synthetic TMP
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onto three samples of TMP is given in Figs. 3 and 4. As

can be seen in both figures, with increasing in concentra-

tion of sodium ion, a decreasing pattern of the distribution

coefficient of both Cs and Sr is observed. This phenomena

can be explain by the fact that the increase of solution ionic

strength decrease the activity coefficient of cesium and

strontium ions, which limited their transfer to active site on

the surfaces of TMP. At the same time, the competition

between sodium ions and metal ions can be other important

parameter to decrease of distribution coefficients of them.

From both figures can be inferred that all the samples of

TMP can remove cesium and strontium ions very well from

aqueous solution with the concentration of below 1 M

NaNO3.

Adsorption kinetics, indicating the adsorption rate, is

another important character for sorbents. Higher adsorption

rate means shorter adsorption time and shorter equilibrium

time is one of the most important parameters for eco-

nomical wastewater treatment plant applications. The

uptake percentage of cesium and strontium from aqueous

solution by TMP at pH 6.5 as a functional of contact time is

shown in Figs. 5 and 6. As shown in Fig. 5, the uptake rate

of cesium on all the samples of TMP reached abruptly 80%

within only 10 min of contact time and then slowly reached

equilibrium within 80 min.

As it can be seen in Fig. 6, in the first 50 min the uptake

rate of strontium for all samples reaches to the maximum.

But the sorption of strontium on the sample TMP-31 is not

complete and reaches to 60% after 5 h. From Fig. 6, the

initial steep uptake suggests that strontium uptake occurs

rapidly on TMP-11 and TMP-21 and then slowly reached

equilibrium. For both of figures, this behavior may be

explained by the fact that in the initial stage, the ion exchange

on TMP occurs mainly on its external surface and the internal

surface of its micropores. While in the later stage, because of

the internal surface of the micropores is approximately

Fig. 3 Variation of Kd values of cesium on synthetic TMP as a

function of Na? ion concentration

Fig. 4 Variation of Kd values of strontium on synthetic TMP as a

function of Na? ion concentration
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saturated with the metal ions exchanged, the exchange

reaction takes place mainly on the internal surface of mi-

cropores. So the exchange speed is relatively slow [18].

For evaluating the column efficiency of the investigated

exchangers toward cesium and strontium, breakthrough

curves were obtained for both cations by plotting the

breakthrough ratio (C/C0) against the effluent volume,

where C0 and C are the concentration of the initial solution

and the effluent, respectively. Figures 7 and 8 show the

breakthrough curves of cesium and strontium for three

samples of TMP. Both breakthrough curves for sorbents

exhibit rather symmetrical shapes that indicate the high

selectivity of ion-exchanger toward cesium and strontium

[28]. The breakthrough capacities for cesium and strontium

on TMP were calculated from the corresponding curves

and represented in Table 2. As it can be seen from Table 2,

cesium has higher breakthrough capacity than strontium

and it can be concluded that the divalent metal ions (Sr2?)

may be exchanged with two exchangeable sites on the

surface of the column bed compared with one site in the

case of monovalent Cs? ions [29]. Also, as shown in

Table 2, TMP-21 and TMP-11 show highest breakthrough

capacity for cesium and strontium, respectively.
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Fig. 7 Break-through curve of cesium ions on TMP, influent

concentration 0.005 M, flow rate 0.3 mL min-1, 0.4 g resin, at

25 ± 1 �C
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Fig. 8 Break-through curve of strontium ions on TMP, influent

concentration 0.005 M, flow rate 0.3 mL min-1, 0.4 g resin, at

25 ± 1 �C

Table 2 Breakthrough capacities of Cs? and Sr2? ions on titanium

molybdophosphate ion-exchanger at 25 ± 1 �C

Metal ions Capacity (meq g-1)

TMP-11 TMP-21 TMP-31

Cs? 0.2 0.24 0.08

Sr2? 0.14 0.07 0.06

0

10

20

30

0 4 8 12 16 20

Volume of effluent (mL)

C
on

ce
nt

ra
ti

on
 (

ar
bi

tr
ar

y 
un

it
)

TMP-11

TMP-21

TMP-31

Fig. 9 Desorption of cesium from TMP using 4 M NH4Cl, flow rate

0.3 mL min-1
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Fig. 10 Desorption of strontium from TMP using 4 M NH4Cl, flow

rate 0.3 mL min-1
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Cesium and strontium desorption from the cesium and

strontium saturated bed of all the samples of TMP using

4 M ammonium chloride are shown in Figs. 9 and 10. As

shown in both figures, by using 15 and 11 mL of 4 M

NH4Cl, over 99% of cesium and strontium was washed out

from the column, respectively. In both figures, the Gauss-

ian type peaks are the reasons for the reversible interaction

of ions with the exchanger [28].

Conclusions

TMP, as an inorganic ion exchanger was used to investi-

gate the uptake behavior of cesium and strontium from

aqueous solution by bath and column methods. In batch

studies, the uptake of cesium and strontium is dependent on

the concentration of hydronium and sodium ions. At the

same time, experimental results indicate that the uptake of

cesium and strontium is favorable at pH [ 2 and relatively

lower ionic strength. The maximum uptake of cesium and

strontium is observed on TMP-21 and TMP-11, respec-

tively. In column studies, the breakthrough capacity for

cesium on all samples of TMP is higher than strontium and

elution curves indicate that desorption of cesium and

strontium is done completely by using 4 M NH4Cl.

The short equilibrium time accompany by the high

uptake of cesium and strontium at solution containing

relatively high concentration of hydronium and sodium

ions reveal that TMP can be a very useful ion exchanger in

treatment with nuclear waste solution for removal of them.
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11. Apak R, Atun G, Gucülu K, Tutem E (1995) Sorptive removal of

cesium-137 and strontium-90 from water by unconventional

sorbents. II. Usage of coal fly ash. J Nucl Sci Technol 32:1008–

1017

12. Llobet JM, Colomina MT, Domingo JL, Corbella J (1993)

Evaluation of potential strontium chelators in an octanol-water

system. Health Phys 65:541–545

13. Ebner AD, Ritter JA, Navratil JD (2001) Adsorption of cesium,

strontium, and cobalt ions on magnetite and a magnetite-silica

composite. Ind Eng Chem Res 40:1615–1623

14. Abe M, Kataoka T, Suzuki T (1991) New developments in ion

exchange. Elsevier, Kodansha, Tokyo

15. Faghihian H, Marageh MG, Kazemian H (1999) The use of

clinoptilolite and its sodium form for removal of radioactive

cesium, and strontium from nuclear wastewater and Pb2?, Ni2?,

Cd2?, Ba2? from municipal wastewater. Appl Radiat Isot

50:655–660

16. Mardan A, Ajaz R, Mehmood A, Raza SM, Ghaffar A (1999)

Preparation of silica potassium cobalt hexacyanoferrate com-

posite ion exchanger and its uptake behavior for cesium. Sep

Purif Technol 16:147–158

17. Maragheh MG, Husain SW, Khanchi AR (1999) Selective sorp-

tion of radioactive cesium and strontium on stannic molybdo-

phosphate ion exchanger. Appl Radiat Isot 50:459–465

18. Zhang HY, Wang RS, Lin CS, Zhang XY (2001) A new eco-

material of zirconyl molybdopyrophosphate for the removal of Cs

and Sr from HLLW. J Radioanal Nucl Chem 247:541–544

19. Moller T, Clearfield A, Harjula R (2002) Preparation of hydrous

mixed metal oxides of Sb, Nb, Si, Ti and W with a pyrochlore

structure and exchange of radioactive cesium and strontium ions

into the materials. Microporous and Mesoporous Mater 54:187–

199

20. Shabana EI, El-Dessouky MI (2002) Sorption of cesium and

strontium ions on hydrous titanium dioxide from chloride med-

ium. J Radioanal Nucl Chem 253:281–284

21. Gupta AP, Varshney PK (2000) Studies on a new heteropolyacid

based inorganic ion exchanger: zirconium (IV) selenomolybdate.

Reac Funct Polym 43:33–41

22. Yavari R, Ahmadi SJ, Huang YD, Bagher G (2008) Synthesis,

ion exchange properties, and applications of amorphous cer-

ium(III) tungstosilicate. Sep Sci Technol 43:3920–3925

23. Yavari R, Khanchi AR, Maragheh MG, Waqif-Husain S (2006)

Sorption of radionuclides on thorium tungstophosphate: a new

inorganic ion-exchanger. J Radioanal Nucl Chem 267:685–690

24. Yavari R, Ahmadi SJ, Huang YD, Khanchi AR, Bagheri G, He

JM (2009) Synthesis, characterization and analytical application

of a new inorganic cation exchanger: titanium(IV) molybdo-

phosphate. Talanta 77:1179–1184

25. Varshney KG, Agrawal S, Varshney K, Sharma U, Rani S (1984)

Radiation stability of some thermally stable inorganic ion

exchangers. J Radioanal Nucl Chem 82:299–308

26. Winge RK, Fassel VA, Peterson VJ, Floyed MA (1985) Induc-

tively coupled plasma atomic emission spectroscopy. Elsevier

Science, Amsterdam

228 R. Yavari et al.

123



27. El-Gammal B, Shady SA (2006) Chromatographic separation of

sodium, cobalt and europium on the particles of zirconium

molybdate and zirconium silicate ion exchangers. Colloids Surf A

287:132–138

28. Khanchi AR, Yavari R, Pourazarsa SK (2007) Preparation and

evaluation of composite ion-exchanger for the removal of cesium

and strontium radioisotopes. J Radioanal Nucl Chem 273:141–145

29. Aly HF, EI-Naggar IM (1998) Synthesis of tetravalent metal

antimonates: characteristics and use in treatment of radioactive

waste solutions. J Radioanal Nucl Chem 228:151–158

Uptake behavior of titanium molybdophosphate for cesium and strontium 229

123


	Uptake behavior of titanium molybdophosphate for cesium and strontium
	Abstract
	Introduction
	Experimental work
	Chemical and reagents
	Apparatus
	Synthesis of titanium molybdophosphate
	Distribution coefficients
	Effect of hydronium ion concentration
	Effect of ionic strength
	Effect of contact time
	Column experiments

	Results and discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


