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Abstract In the paper the results of determination of
210pg, 238y and #°72*°Py radionuclides in the biggest
Polish rivers are presented. Our results show the Vistula
and the Oder as well as three Pomeranian Rivers are
important sources of these radionuclides for the southern
Baltic Sea.
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Introduction

Alpha emitters play a significant role in radiological effects
connected with their accumulation in organisms [1]. 210p,
is the most radiotoxic nuclide to man [2]. Natural concen-
tration of polonium in the environment can be enhanced due
to human activity (industry, fossil fuel combustion, phos-
phate fertilizers) [3]. 2'°Po concentration in the atmosphere
ranges from 13 to 240 uBq m > and its deposition varies
between 10 and 500 Bq m~2 year™ ' and depends on many
processes such as rock erosion and coal combustion [4-6].
The main reservoir of polonium retention is the aquatic
environment, e.g. the residence time of dissolved 210pg in
an estuary was estimated as 18-30 days [4].

In rocks, uranium isotopes are generally in radioactive
equilibrium, but in natural waters the activity of >*U is a
little higher than that of ***U (***U/**"U activity ratio is
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1.2-1.7) [7]. Uranium from rocks, soils and sediments is
dissolved in water and transported to rivers [1, 8]. In sea-
water and river water, natural uranium exists predomi-
nantly in the dissolved form of uranyl carbonate anions [9].

Plutonium isotopes belong to the group of anthropo-
genic radionuclides. They are important from the radio-
logical point of view due to their high radiotoxicity, long
physical half-life and long residence times in biological
system [10]. The principal source of plutonium in the
environment is atmospheric fallout from nuclear weapon
tests [1, 11]. Other plutonium sources such as releases from
spent fuel reprocessing facilities are less important. Since
26 April 1986 also plutonium from the Chernobyl accident
has to be taken into account [12].

The Vistula and the Oder Rivers

Over 95% of the water supply in Poland originates from
atmospheric precipitation. The total annual runoff from
Poland to the Baltic Sea is approximately 60,000 m> year™",
and 50% of this amount is discharged by the Vistula and 34%
with the Oder River [13, 14]. The Vistula and the Oder
catchments cover more than 80% of Poland and transport
about 2.1 x 10° m® of water per year with various fluvial
material (i.e. 1.8 x 10° ton of salt from coal mines of the
Upper Silesian Coal Factory) [15]. Also phosphate fertilizers
have large influence on polonium and uranium concentra-
tions in rivers [16]. Cultivated soils in Poland cover about
16.6 x 10° ha where about 18.7 kg ha™"' of phosphate fer-
tilizers are used [14, 17].

The aim of this work was the determination of ?'°Po,
238U and 2°7**°Pu in the biggest Polish rivers and the
calculation of total runoff of Po, U and Pu to the southern
Baltic Sea.
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Materials and methods

Unfiltered river water grab samples of 60200 dm® volume
(3 per sampling point) were taken every quarter from
Polish rivers (the Vistula, the Oder and Pomeranian—the
Rega, the Pasteka, the Stupia) between 2002 and 2004. The
sampling sites are shown in Fig. 1. In laboratory, the
samples were spiked immediately after their delivery with
about 50 mBq of **’Po, 100 mBq of ***U and 5 mBq of
242py as yield tracers. All the nuclides were coprecipitated
with MnO,. Po was electrodeposited on silver discs; U and
Pu, after separation on Dowex anion-exchange resins, were
electrolyzed on stainless steel discs [18, 19]. The activities
of 2'°Po, **¥U and #°"?*°Pu were measured using alpha
spectrometry with semiconductor silicon detectors (Can-
berra-Packard, USA).

The minimum detectable activity (MDA) was 0.3 mBq
of polonium and uranium for 2 days counting time and
0.1 mBq of plutonium for 10 days. The accuracy and
precision of the radiochemical methods were estimated as
better than 7% by participation in intercomparison exer-
cises and analysis of IAEA reference materials. The
polonium and uranium yield in analyzed samples ranged
between 70-96%, for plutonium it was 40-75% [18, 19].
The results of 210Po, 2381 and 2224y activities are given
with standard deviation (SD) calculated for 95% confi-
dence intervals (20).

Fig. 1 Sampling sites. The Vistula 1 Krakoéw, 2 Nida, 3 Dunajec, 4
Sandomierz, 5 San, 6 Wieprz, 7 Deblin, 8 Pilica, 9 Warszawa, 10 Bug
and Narew, /] Bug, 12 Narew, /3 Bzura, /14 Drweca, 15 Torun, 16
Brda, /7 Grudziadz, 18 Leniwka, 19 Nogat. The Oder 1 Chatupki, 2
Mata Panew, 3 Nysa Ktodzka, 4 Bystrzyca, 5 Barycz, 6 Glogow, 7
Bobr, 8 Nysa Luzycka, 9 Stubice, 10 Warta, 11 Noteé, 12 Gozdowice,
13 Widuchowa. The Pomeranian Rivers I Rega, 2 Parseta, 3 Stupia

@ Springer

Results and discussion
The Vistula River

The activities of 210Po, 23831 and 2*°*?*°Py in water sam-
ples from the Vistula River and their tributaries in different
seasons are presented in Table 1, where variations in the
activities with season and sampling site can be seen.
Generally, Po activities are higher in spring [20]. In sam-
ples from the Vistula catchment radioactive disequilibrium
between uranium isotopes was observed, the values of
234U/%8U activity ratio ranged from 1.00 (the Bug & the
Narew) to 1.74 (the Vistula) [21].

Using seasonal and annual flow of the Vistula and its
tributaries, the seasonal and annual runoff of polonium, ura-
nium and plutonium from the Vistula drainage were calcu-
lated and are presented in Table 2. Annual flow of *'°Po in
both Vistula’s delta branches (the Leniwka and the Nogat) was
73.71 GBq year ' (Table 2). It confirms that the Vistula
drainage is an important source of >'°Po in the Baltic Sea [20].

The results of seasonal uranium and plutonium inflow
with the Vistula (Kiezmark) were the highest in spring
(Table 2). Annually, the south-eastern Baltic Sea is enriched
with about 507 GBq uranium isotopes when, in comparison,
the Mahanadi River transports 885.6 GBq year™ "' of total
uranium to the Bengal Bay (India) [6, 22]. The uranium
inflow is mostly caused by human activity, mainly in agri-
culture and coal mining industry—a source of huge amount
of waste containing large quantities of natural radionuclides
[15]. Annually mine waters from the Silesian Coal Factory
enrich the river with 75 GBq of **°Ra and 145 GBq of ***Ra
[23-26]. Phosphate rocks contain usually uranium and
radium (**°Ra) [27, 28]. During phosphate fertilizers pro-
duction about 10% of the initial amount of 22°Ra, 20% of
uranium and about 85% of *'°Po is found in the waste—
phosphogypsum which is an important problem [16, 29, 30].
The vicinity of phosphogypsum waste located in Wislinka
(at delta of the Vistula) is strongly polluted and rich in
polonium and uranium [31].

The Oder River

The activities of >'°Po, ***U and ****2*°Py in samples from
the Oder River and its tributaries are presented in Table 3,
where similar features can be found as in Table 1 for the
Vistula. The highest activities of 2'°Po were again observed
in spring season [32]. In the Oder water radioactive dis-
equilibrium between ***U and ***U ranged from 1.03 (the
Note¢) to 1.84 (the Oder). The highest activities of
239+240py were determined in autumn.

The seasonal and annual runoff of polonium, uranium
and plutonium are shown in Table 4. The highest values of
219po flow in the Oder were found in winter and spring and
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Fig. 2 Annual surface runoff of 2'°Po from the Vistula and the Oder
tributaries drainages (kBq km 2 year™ ")

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 >150

Fig. 3 Annual surface runoff of uranium from the Vistula and the
Oder tributaries drainages (g km™> year™")

the Oder is an important source of *'°Po for the Baltic Sea
[6]. The annual surface runoff of polonium, uranium and
plutonium per square kilometer of Oder tributaries catch-
ments is presented in Table 4 as well as in Figs. 2, 3 and 4.

The Pomeranian Rivers

Three Pomeranian Rivers (the Stupia, the Pars¢ta, the Rega)
were examined in spring 2004 to determine the

@ Springer
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Fig. 4 Annual surface runoff of >**?*°Py from the Vistula and the
Oder tributaries drainages (Bq km ™2 year ')

concentrations of >!'°Po, 2*%U and **°*?*°Pu and the results
are presented in Table 5. On the basis of activities the sea-
sonal flow was calculated and the data are also given in
Table 5.

Inflow of 2'°Po, 238U, 2*®Pu and 2*°72*°pu
radionuclides from the Vistula, the Oder
and the Pomeranian Rivers to the Baltic Sea

On the basis of annual flow of analyzed radionuclides from
the rivers studied, the annual inflow of *'°Po, ?**U and
239+240py to the southern Baltic Sea was calculated and the
results are presented in Table 6 [20, 21, 32, 33].
Annually, the south-eastern Baltic is enriched with
73.7 GBq of ?!°Po, about 507 GBq of ***U and ***U and
88.9 MBq of ***™2*°py flow with the Vistula River. From
this amount 86.0 MBq ***™2*°Pu (96.6%) go with the
Leniwka to the Gdanisk Bay. The inflow of analyzed ra-
dionuclides from the Oder River is smaller in comparison
with the Vistula River. The annual flows of Po, U and Pu
with the Oder River to the Szczecin Lagoon (southern
Pomeranian Bay) were calculated as 14.8 GBq of *'°Po,
100.8 GBq of ***U and 45.9 MBq of ******°Pu. The inflow
of analyzed radionuclides with the Pomeranian Rivers is
less important in comparison with the Vistula or the Oder
River. Total annual runoff of polonium, uranium, pluto-
nium with the Vistula, the Oder and the Pomeranian Rivers
to the Baltic Sea was calculated as about 95 GBq of *'°Po,
750 GBq of »**238U and 166 MBq of 23+239+240py
These data indicate, that the Vistula, the Oder and to a



Polonium (*'°Po), uranium (238U) and plutonium (B9+20py) in the biggest Polish rivers

379

Table 5 Activity concentration and the surface runoff of 2'°Po, **U and %*****°Pu in the Pomeranian Rivers in spring

Sampling site Average activity concentrations

Surface runoff

210p,, 2385 239+240p,, 210p, 2384 239+240p,,
(Bq m73) (Bq m73) (mBq m™3 ) (GBq quarterfl) (GBq quarterfl) (MBq quarterf')
Rega 3.82 +0.24 8.97 £ 0.52 3.38 + 0.98 0.18 0.41 0.16
Parseta 5.50 £ 0.33 6.19 + 0.30 11.58 £ 3.49 0.87 0.96 1.80
Stupia 4.84 £+ 0.21 5.10 + 0.29 3.90 + 1.08 0.45 0.47 0.36
;’3;’: 26381Ajn;;1;12§3i1§4f()fp?1f from Radionuclide/quantity V.istula O.der P(}meranian Total
the Vistula, the Oder and the River River Rivers
Pomeranian Rivers to the Baltic 210p5 (GBq year ™) 737 14.8 6.0 94.5
Sea 28 (GBq year ™) 2306 100.8 74 338.8
U total (ton year’l) 18.8 8.2 0.6 27.6
239+249py (MBq year™ ") 88.9 459 9.3 144.1

lesser extent the Pomeranian Rivers are important sources
of polonium, uranium and plutonium radionuclides in the
southern Baltic Sea environment.

Conclusions

On the basis of the study we can conclude that the annual
surface runoff of 210Po, 2381 and 2*°T2*°Py from the Vis-
tula drainage was higher in mountain catchments.

The results of our investigation indicated the Vistula, the
Oder and to a lesser extent the Pomeranian Rivers as
important sources of polonium, uranium and plutonium
radionuclides in the southern Baltic Sea environment.
Annually, the southern Baltic Sea is enriched by 95 GBq of
219po, 750 GBq of 2**2%U and 160 MBq of 287239 240py,

Acknowledgments The authors would like to thank the Ministry of
Science and Higher Education of the financial support of this work
under grant DS/8460-4-0176-0.

References

1. Skwarzec B (1995) Polonium, uranium and plutonium in the
southern Baltic ecosystem. RiM, 10 PAN, 6, Sopot (In Polish)

2. McDonald P, Fowler SW, Heyraud MW, Baxter MS (1986)
Polonium-210 in mussels and its implications for environmental
alpha-autoradiography. J Environ Radioact 3:293-303

3. Daish SR, Dale AA, Dale CJ, May R, Rowe JE (2005) The
temporal variations of "Be, 210py and 2'°Po in air in England.
J Environ Radioact 84:457-467

4. Carvalho FP (1997) Distribution, cycling and mean residence
time of **°Ra, 2'°Pb and >'°Po in the Tagus estuary, Portugal. Sci
Total Environ 196:151-161

5. Skwarzec B (2002) Environmental radiochemistry and radiolog-
ical protection. DJ. Gdansk (In Polish)

6. Skwarzec B, Kabat K, Astel A (2009) Seasonal and spatial
variability of *'°Po, ***U and ****?*°Pu levels in the river

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

catchments area assessed by application of neural-network based
classification. J Environ Radioact 100:167-175

. Skwarzec B, Borylo A, Struminska DI (2004) Activity disequi-

librium between **U and **®U isotopes in southern Baltic. Water
Air Soil Pollut 159:165-173

. Ku TL, Knauss KG, Mathieu GG (1977) Uranium in open ocean:

concentration and isotopic composition. Deep Sea Res 24:
1005-1017

. Langmuir D (1978) Uranium solution—mineral equilibria at low

temperature with applications to sedimentary are deposits. Geo-
chim Cosmochim Acta 42:547-569

Coughtrey PJ, Jackson D, Jones CH, Kane P, Thorne MC (1984)
Radionuclide distribution and transport terrestrial and aquatic
ecosystems. A critical review of data. AA Balkema, Rotterdam
Hardy EP, Krey PW, Volchok HL (1973) Global inventory and
distribution of fallout plutonium. Nature 241:444-445

Aarkrog A (1988) The radiological impact of the Chernobyl
debris compared with that from weapons fallout. J Environ
Radioact 6:151-162

Makinia J, Dunnette D, Kowalik P (1996) Water pollution in
Poland. Eur Water Pollut Control 6(2):26-33

. GUS (Major Statistical Office) (2005) Environmental protection

in 2005. Warszawa (In Polish)

Flues M, Morales M, Mazzilli BP (2002) The influence of a coal-
fired plant operation on radionuclides in soil. J Environ Radioact
63:285-294

Boryto A, Nowicki W, Skwarzec B (2009) Isotopes of polonium
(210P0) and uranium (234U and 238U) in the industrialized area
of Wislinka (North Poland). Int J Environ Anal Chem 89:
677-685

GUS (Major Statistical Office) (2005) The using soils, sowings
area and domestic animals of farm. Warszawa (In Polish)
Skwarzec B (1997) Radiochemical methods for the determination
of polonium, radiolead, uranium and plutonium in environmental
samples. Chem Anal 42:107-115

Skwarzec B (2010) Determination of radionuclides in aquatic
environment. In: Namie$nik J, Szefer P (eds) Analytical
measurement in aquatic environment. Taylor & Francis PE,
London

Skwarzec B, Jahnz A (2007) The inflow of polonium 219pg from
Vistula River catchments area. J Environ Sci Health A 42:1-6
Jahnz A (2007) Inflow of polonium, uranium and plutonium from
Vistula River catchments area. PhD thesis, Gdansk University,
Gdansk (In Polish)

@ Springer



380

D. I. Struminska-Parulska et al.

22.

23.

24.

25.

26.

217.

28.

Ray SB, Mohanti M, Somayajulu BLK (1995) Uranium isotopes
in the Mahandai River—estuarine system, India. Estuar Coast
Shelf Sci 40:635-645

Jasinska M, Mietelski JW, Pociask-Karteczka J (1996-1997)
Influence of coal mines for content of natural radionuclides in
sediments from Upper Silesia. Folia Geogr, Ser Geogr-Phys 28
(In Polish)

Chatupnik S, Michalik B, Wysocka M, Skubacz K, Mielnikow A
(2001) Contamination of setting points rivers as a discharge of
radium-bearing waters from Polish coal mines. J Environ Ra-
dioact 54:85-98

Pociask-Karteczka J, Jasinska M, Mietelski JW. (2001) Influence
of setting points rivers on concentration of radium **°Ra in
Vistula River waters. Gosp Wodna 5 (In Polish)

Chatupnik S, Molenda E (2002) Purification of coal mining water
from radium. Aura 4 (In Polish)

Bem H (2005) Radioacivity in natural environment. PAN, £.6dz,
Komisja Ochrony Srodowiska (In Polish)

Bolivar JP, Garcia-Tenorio R, Garcia-Ledn M (1995) Fluxes and
distribution of natural radionuclides in the production and use of
fertilizers. Appl Radiat Isot 46(6/7):717-718

@ Springer

29.

30.

31.

32.

33.

Carvalho FP (1995) 219py and 2'°Po in sediments and suspended
matter in the Tagues estuary, Portugal. Local enhancement of
natural levels by wastes from phosphate ore processing industry.
Sci Total Environ 159:201-214

Carvalho FP, Oliveira JM, Lopes I, Batista A (2007) Radionuc-
lides from post uranium mining in rivers in Portugal. J Environ
Radioact 98:298-314

Skwarzec B, Borylo A, Kosinska A, Radziejewska S (2009)
Polonium (2'0P0) and uranium (234U and 238U) in water, phos-
phogypsum and their bioaccumulation in plants around phospho-
gypsum waste heap in Wislinka (northern Poland). Nukleonika
55(2):187-193

Tuszkowska A (2009) Inflow of polonium, uranium and pluto-
nium radionuclides from Odra River catchments area. PhD thesis,
Gdansk University, Gdansk. (In Polish)

Skwarzec B, Tuszkowska A (2008) Inflow of 2!°Po from the Odra
River catchments area to the Baltic Sea. Chem Anal 53:809-820



	Polonium (210Po), uranium (238U) and plutonium (239+240Pu) in the biggest Polish rivers
	Abstract
	Introduction
	The Vistula and the Oder Rivers

	Materials and methods
	Results and discussion
	The Vistula River
	The Oder River
	The Pomeranian Rivers
	Inflow of 210Po, 238U, 238Pu and 239+240Pu radionuclides from the Vistula, the Oder and the Pomeranian Rivers to the Baltic Sea

	Conclusions
	Acknowledgments
	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


