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The efficiency of various countermeasures (radioprotective measures) in agricultural production at the
radionuclide-contaminated territories after the radiation accidents in the South Ural, at the Chernobyl NPP and
NPP Fukushima | are compared. The influence of these accidents on the decreasing of radionuclides uptake
and accumulation in plant-breading and animal-breeding products, and consequently, on internal radiation
dose for the human being due to foodstuffs varies in different conditions and mainly depends on radionuclide
composition of contamination, soil type and manufacturing profile of production.
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One among the most severe environmental implica-
tions of the radiation incidents (nuclear weapon explo-
sions, emergencies in the nuclear power plants) is the
radioactive contamination of agricultural land and na-
tural ecosystems, i.e. meadows, pastures, forests, since
soil is not only the first and basic link, whereto radio-
nuclides fall from the atmosphere, but also their storage
battery and depositor. The radionuclides begin their
way to the human body and form the internal radiation
dose just from it by means of plant growing and animal
breeding products via trophic chains. In the popula-
tion inhabiting within the radionuclide-contaminated
territories the part of internal radiation dose obtained
with food products can be up to 70-90 per cent of total
radiation dose [1]. That is why, development and im-
plementation of special radioprotective steps (or, coun-
termeasures) decreasing the transition of radionuclides
into plant growing and animal breeding products is the
basic way of radiation dose reduction for the agrarian
manufacturing.

The emergencies in the South Ural, at the Cherno-
byl NPP, NPP Fukushima | (Fukushima Daiichi) have
in common not only their immensity, as these are the
greatest radiation emergencies during the entire nuclear
power history [2, 3], but also their agricultural effect,
even more, forest agricultural, while all three occurred
in the agrarian-developed zones significantly covered
with forests (Table 1). Thus, the population of the ra-
dionuclide-contaminated territories is mainly the rural
inhabitants often obtaining many times as large inter-
nal radiation dose, than the city dwellers, as a result
of the local agrarian products and also natural forest

food consumption. So, the radiation dose obtained not
only by the inhabitants of rural localities, but also the
city population also consuming these products depends
on the implementation of the countermeasures in the
agrarian production directed toward the decrease of ra-
dionuclides entering and accumulation in plant grow-
ing and animal breeding products. Consequently, the
agriculture manufacturers bear responsibility for radia-
tion safety of the state population.

Even during the so-called Kyshtym emergency miti-
gation in the South Ural, at the Mayak Enterprise in the
Chelyabinsk Region, that occurred in 1957, the basic
managerial and agrarian-technological principles of
agricultural production within the radionuclide-conta-
minated territories have been developed. The so-called
countermeasures, or radioprotective methods contri-
buted to the decrease of the radionuclides accumula-
tion in food products were approved for plant grow-
ing and animal breeding [4]. They successfully passed
tests under the conditions of after-emergency period in
the contaminated zone of the Chernobyl NPP, were im-
proved and augmented [5-7]. In the Polissia zone, on
the radionuclide-contaminated sod-podzol soils of the
various degree of podzolization, and also acid peat-bog
soils, poor practically in all nutrients, such methods
as liming, introduction of the increased standards of
phosphoric and potassium fertilizers, organic fertiliz-
ers, used both separately, and in various combinations,
allow decreasing the entering of **’Cs into the plants
in 2.5-4 times, while %*Sr — in 1.5-2.5 times, and con-
sequently, decreasing the internal radiation dose of the
human-being in 1.5-3 times [5-8].
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But these measures proved to be inefficient under
conditions of the radionuclide contamination of agri-
cultural land as a result of the NPP Fukushima | emer-
gency, where the loamy and clay red soil of heavy tex-
ture with the powerful humus horizon predominate.
First, these soils are slightly acid, close to neutral pH,
that is why, liming insignificantly influences on the ra-
dionuclides mobility. Secondly, under conditions of the
land contamination as a result of the Chernobyl NPP
emergency the lime, as the source of calcium, acts as
Sr radiation blocker. But this very radionuclide is
practically absent in the emergency ejections at the
NPP Fukushima I. For the same reason, there is no need
for the introduction of the increased standards of the
phosphoric fertilizers, as their effect is connected to the
formation of the weakly-dissoluble secondary and ter-
tiary phosphates of %°Sr. Thirdly, these soils are consi-
derably greater provided with the nourishing elements,
including potassium, so the introduction of both the po-
tassium and organic fertilizers insufficiently influences
on entering of *¥Cs into plants [9]. And, fourthly, due
to high content of the humus (up to 6 per cent), macro-
and micro-elements, powerful soil absorbing complex,
these soils are capable of this radionuclide’s fixation
and its acceleration of its so-called “aging” — transition
into the state almost inaccessible for the plants. The lat-
ter, surely, should be carried to the positive qualities of
these soils, since it gives evidences on their high auto-
rehabilitative potential.

All mentioned above suggests that if only the radia-
tion accident in the territory of Ukraine occurred not

in the Polissia zone, i. e. in the forest zone, but in the
steppe, where powerful chernozem soils predominate,
its consequences would be considerably less not only
in the agriculture, but also in total. This is another
evidence of the very unsuccessful selection of place
for building of the Chernobyl NPP and necessity for
thorough comprehensive approach for similar issues.

As the practical experience of the first years stated, in
Japan such methods, as the deep-plowing with a trench
plow or specially designed so-called soil horizons mix-
er proved to be effective (Fig. 1). This mounted equip-
ment allows removing the upper contaminated layer at
thickness up to 20-25 ¢cm and moving it at depth of
0.5-0.7 m by the trench plow and 0.8-1 m by the soil
horizons mixer [10].

Among efficient steps are: the upper contaminated
ground layer removal in thickness up to 3-5 cm (Fig.
2) [11], covering the surface with sorbent materials
followed with their collection and removal [12], water
turbidity in the rice paddyfields with its subsequent se-
lection and cleaning from radionuclides [13], as well.
These measures allow cleaning soil radionuclides,
decreasing their transition into the plants ten times or
even more, and consequently, lessen the internal radia-
tion dose of the human-being for 3-5 times.

Such well-known and even described in the text-
books methods, except for the last one, were tested and
applied at the radionuclide-contaminated agricultural
land after emergencies in the South Ural and at the
Chernobyl NPP. Concerning the deep-plowing method

Table 1. Common and Distinctive Characteristics of Three Greatest Radiation Accidents

Characteristic Mayak Enterprise

Emergency Location

Year 1957
Date September, 29
Region Asia
Geographic zone Forest

Regional economic profile
Emergency facility

Radioactive emission cumu-
lative volume, Bq

INIS emergency coefficient 6
Long-lived radionuclides 0Sr

Radionuclides’ physical-che- Aerosol, hydrosol
mical state

Crop farming, forestry
Radioactive waste storage
7.4-10%

Contaminated territory 23
square, thousand km?
Wind direction in the mo- NE

ment of the emergency
Prevailed soils

ex-USSR, Chelyabinsk Region

Grey forest, leached chernozem

Chernobyl NPP NPP Fukushima |
ex-USSR, Kyiv Region | Japan, Fukishima Prefecture
1986 2011
April, 26 March, 11
Europe Asia
Forest Forest
Crop farming, forestry Crop farming, forestry
NPP NPP
53-10% 1.4-10%
7 7
137C3, QOSr, 239Pu 137CS
Aerosol Aerosol
195 55
NW NW
Sod-podzol, peat-bog Red soil, forest
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Fig. 1. Deep-plowing method with soil horizons mixing
(Japan)

Fig. 2. Upper contaminated ground layer removal (Japan)

with soil horizons mixing, it is suitable for the fertile
soils with powerful humus layer typical for the Fuku-
shima Prefecture [14]. Though, as the Chernoby! expe-
rience proved, this technique was not suitable for the
light texture sandy and sandy loam soils in the Polis-
sia. Its drawback under these conditions is the actual li-

quidation of the fertile horizon and the large power re-
quirement of the technology that needs the use of heavy
muling vehicles.

The rest of the measures causes huge amount of ra-
dioactive wastes requiring utilization or burial. The
removal of only 3-5 cm of soil layer within 1 hectare
of agriculture land results in 300-500 m?® of radionu-
clide-contaminated soil, about 500—700 tons of total
weight.

As may well be imagined, what will happen to a field
of sod-podzol sandy soil in the Polissia zone, where the
fertile layer is measured by the depth of the arable hori-
zon, after the application of the soil horizons mixer. Or,
just picture the piles of radioactive soil after the upper
5-cm layer removal.

Both the research works and rehabilitative measures
implemented in Japan are caused by struggle for each
are (100 m?) of agricultural land (in Japan there are 4
ares of arable land per capita, while in Ukraine — al-
most 70 ares per capita). Relatively small amounts of
contaminated soil are stored in the large plastic bags
and temporarily placed within the concrete construc-
tions limiting it as the source of external radiation in
Japan. There are attempts to decrease the amount of
such wastes due to the burning-out of radioactive cesi-
um from the soil by heating in special furnaces at tem-
perature 1300 °C with their subsequent catching with
filters, concentrating and burial. It is believed that the
mineral product appearing after soil burning-out can be
used both as a construction material and also for road
furnishing. However, the usefulness of this technology
is negligible thus far [15] and, of course, it is also very
energy-consuming.

Both under conditions of emergencies at the Mayak
Enterprise, or Chernobyl NPP and at NPP Fukushima
| the soil phyto-decontamination techniques has de-
monstrated its low effectiveness. It means cleaning
from radionuclides by means of those plants culti-
vation, which have the high ability to accumulate ra-
dionuclides while forming large biomass (sunflower,
amaranth, lupine and others) [16, 17]. Moreover, its ap-
plication is also accompanied with the formation of ra-
dioactive wastes in immense amount. Furthermore, in
whole it is acknowledged inadvisable to use the plants —
radionuclides accumulators for soil cleaning [18].

In the animal production forage improvement is
highly effective for the limitation of the radioactive
cesium accumulation in milk and meat due to the
meadows and pastures management, especially radi-
cal one, also addition of enterosorbent, in particular
hexacyanoferrate (Prussian blue) to the nutrient budget
of animals, first of all the cattle. As the experience of
the Russian [19], Belorussian [20] and Ukrainian [1]
scientists, also confirmed by the Japanese researchers
[21-23] proves, these methods allow to reduce the rate
of ¥Cs in production of animal breeding for 3-6 times
and so, decrease the radiation dose of the human-being
correspondingly.
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Table 2. Multiplicity of Radionuclides Rate Decrease in the Agricultural Products, and so — the Radiation Dose For the

Human-Being, Applying the Countermeasures

Multiplicity of Rate Decrease in Approximate
Countermeasures Agricultural Products Multip_lic_ity
of Radiation
B1Cs Sy Dose Decrease
Deep-plowing method with soil horizons mixing 6-10 3-7 3-5
Upper contaminated ground layer removal 4-8 3-6 2-5
Acid soils liming 1.5-4 15-25 2-3
Introduction of the increased standards of potassium fertilizers 2-4 0-1.5 1.5-25
Introduction of the increased standards of phosphoric fertilizers 0-1.5 15-25 1.5-2
Introduction of organic fertilizers 2-3 1.5-2 1.5-2
Meadows and pastures radical management 2.5-10 2-6 2-5
Addition of hexacyanoferrate to the nutrient budget of animals 2-8 - 1.5-4
Milk dehydration 10-30 5-10 3-5
Meat, vegetables, mushrooms, etc boiling-out 1.5-3 1.5-3 upto 1.5
Clean nutrient budget of animals for one month before butchering 2 0-1.5 upto 1.5

Table 2 gives the averaged data on the influence of
separate basic countermeasures on the radionuclides
accumulation decrease in plant growing and animal
breeding products taken in whole and based on the
experience of the Ukrainian, Russian, Belorussian
and Japanese scientists. While taking into account the
average rate of various agricultural products in the diet
of an ordinary person (no doubt, the diets in the Fuku-
shima Prefecture and Ukrainian or Belorussian Polis-
sia is difficult to be compared), it was tried to estimate
approximately the multiplicity of the radiation dose
decrease due to one or another countermeasure apply-
ing the standard methods of estimation and calculation
of internal radiation dose for the human-being [8]. The
results give evidences on the great potential of the ef-
ficiency of the latter.

It should also be mentioned that the combinations
of separate countermeasures, for example, liming and
simultaneous introduction of potassium, phosphoric
and organic fertilizers or, forage improvement together
with hexacyanoferrate addition to the animals diet, and
so on, have not been researched yet. Indisputably, the
strengthening effect will be observed in that case, since
the decreasing mechanisms of the radionuclides transi-
tion into products are various, although it is not worth
expecting their additivity, as simple summation. How-
ever, some combinations allow to hope for the pro-
bability of the internal radiation dose reduction for the
human-being by an order less.

Clean nutrient budget of cattle for one month before
butchering allows to decrease the *¥'Cs content in meat
twice, and the same for two months — for four times.

The particular role in cleaning of agrarian products
can belong to the primary cooking and processing con-

cerning some kinds of plant growing and stock breed-
ing products: in particular, to the meat, vegetables,
mushrooms boiling-out during 10-30 min, the milk
dehydration, as it is the basic supplier of radionuclides,
due to the serum and skim milk separation. That allows
to delete up to 90 per cent of radionuclides.

Conclusions. 28-year experience of the Chernobyl
NPP emergency consequences minimization in the
agrarian sphere together with three-year experience of
Japan (the latter is not so small — judging from the large
amount of the executed works) give clear evidences on
the necessity of the differentiated approach to the ap-
plication of the peculiar countermeasures in the case of
the agricultural land radioactive contamination in the
result of the radiation incidents. This approach can be
determined by many factors, but first of all — the ra-
dionuclide composition of contamination, the physical-
chemical state of radionuclides, soil type and regional
economic profile.

IopiBHsIIbHA eeKTUBHICTH KOHTP3aX0/1iB
B arpapHoMy BUPOOHUUTBI Ha 3a0pyIHEHUX
palioHyKJIi1aMU TepUTOPisiX

I. M. T'ynxoB
e-mail: ingudkov@ukr.net

HauionanbHuii yHiBepcHuTeT 6iopecypceis i
MIPUPOJOKOPUCTYBaHHS YKpaiHU
Byn. I'epois O6oponu, 15, Kuis, Ykpaina, 03041

[opiBHIOETBCS €(EKTHBHICTE Pi3HUX KOHTP3axomiB (pasio-
3aXHUCHUX JIifl) TIPH BEIEHHI CITbCHKOTOCIONAPCHKOTO BHU-
poOHMIITBA Ha 3a0pYIHEHHX PaliOHYKIIIaMH TEPUTOPISIX
y 30Hax paniamniitaux aBapiii Ha [liBgennomy VYpami, Yop-
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noomnbcekii AEC 1 AEC «®ykycima-1». Tlokaszano, mio
iXHIl BIUIMB Ha 3HMKEHHS HAJXO/DKEHHS 1 HAKOIMYECHHS
PalioOHYKJIIIIB Y MPOAYKIIT POCITUHHUIITBA | TBAPUHHUIITBA
Ta, BIAMOBIZHO, HA (POPMYBAHHS /03U BHYTPIIIHBOTO OIPO-
MIHCHHS JIFOAMHU 32 PI3HUX YMOB HE € OJHAKOBUM 1
3aJICKUTh, TOJIOBHUM YUHOM, BiJl PAIIOHYKIJIITHOTO CKIIAILy
3a0pyHEHHs, TUIY IPYHTIB Ta NPODUILHOI CIIPIMOBAHOCTI
i crienianizanii BAPOOHHUIITB.

Kuarouosi cioBa: paniarmiitai aBapii, YoproOunbceka AEC,
AEC «®yxycima-1», arpapHe BUpOOHHUIITBO, PaIiOHYKIII TH,
pamioakTHBHE 3a0pYIHEHHS, KOHTP3aXOIH.

CpasHuTebHast 3pGeKTHBHOCTL KOHTPIIPHEMOB
B arpapHoOM MPOM3BOJACTBE HA 3arpsi3HEHHBIX
PaANOHYKJINIAMHU TePPUTOPHUSX

U. H. I'ynkos
e-mail: ingudkov@ukr.net

HarmmonansHeIi YHUBEpCUTET OHOPECYPCOB
1 TIPUPOJIOTIONB30BAHUS YKPAUHbI
V1. I'epoeB O6oponsl, 15, Kues, Ykpanna, Kues, 03041

CpaBuuBaercs 3()()EKTUBHOCTh PA3IMYHBIX KOHTpIIpHUE-
MOB (paauo3allMTHBIX ICHCTBUIT) MPH BEACHHU CEIbCKO-
XO3HCTBEHHOTO NPOM3BOACTBA HA 3arpsA3HEHHBIX PaaNO-
HYKJIUJAMU TEPPUTOPUSAX B 30HAX PAJUALMOHHBIX aBapHi
Ha fOxxHom VYpane, YepnoOsuibckoii ADC n ADC «Dyxky-
cuma-1». TlokasaHo, 4TO WX BIMSHHE Ha CHI)KCHHE IIOC-
TYIUIEHUS ¥ HaKOIUICHUS PAJMOHYKIIMIOB B TIPOAYKINU
pPacTeHNEBOJICTBA M JKMBOTHOBOJACTBA M, CIIEIOBATENIBHO,
(dopMupoBaHue 036l BHYTPEHHEr0 OOIydYCHHs YeIOBeKa
3a CYET MPOAYKTOB MHTAHMS, B PA3IMYHBIX YCIOBHIX He-
OIMHAKOBO M 3aBHCHUT, INIABHBIM 00pa3oM, OT paJHOHYyK-
JIUTHOTO COCTaBa 3arps3HEHMS, THIA TOYBBI U MPOQHIB-
HOM HamNpaBJICHHOCTH U CIICINAJIN3AINHU TPOU3BOJICTBA.

KuroueBble ciioBa: paauaiyioHHble aBapuu, YepHOOBIIbC-
kag ADC, ADC «®Dykycuma-1», arpapHoe NpOU3BOJCT-
BO, paAUOHYKJIMUABI, PAaJUOAKTUBHOC 3arpA3HCHUEC, KOHTP-
MPUEMBI.

REFERENCES

1. Twenty-five years after Chernobyl accident: Safety for
the future (National report of Ukraine). — Kyiv : KIM,
2011.-328p.

2. Prister B. S. Safety — absolute priority in atomic energy //
Safety in Technosphere. — 2012. - N 5. - P. 10-17.

3. Yarowyi S. S., Skalozubov V. I. Estimate of radioactive
environmental impact as a result of heavy emergencies
at the NPP Chernobyl and Fukushima | // Ecological
Sciences. —2013. — N 3. — P. 98-113.

4. Gulayakin I. V., Yudintseva E. V. Agricultural radio-
biology. — Moscow : Kolos, 1973. — 272 p.

5. Prister B. S. The Consequences of accident at the

10.

11.

12.

13.

14.

15

16.

Chernobyl NPP for agriculture of Ukraine. — Kyiv :
CPER, 1999. - 103 p.

Prister B. S., Gudkov I. M., Tarariko Yu. O. Particularities
housekeeping of agriculture at radionuclide-contaminated
territories in consequence of accident at the Chernobyl
NPP // Scientific securing of steady development of
agriculture in the Ukrainian Polissia. — Kyiv : Alefa,
2004. -\ol. 2. - P. 662-722.

Housekeeping of agriculture at radionuclide-contami-
nated territories in consequence of the Chernobyl
catastrophe in the distant period (Guideline / Ed. B. S.
Prister. — Kyiv : Atika-H, 2007. — 196 p.

Gudkov I. M., Khaichenko V. A., Kashparov V. O.,
Kutlakhmedov Yu. O., Hudkov D. I., Lazarev M. M.
Radioecology. — Kherson : Oldi-plus, 2013. — 462 p.

Nakao A., Ogasawara S., Sano O., Ito T., Yanai J.
Radiocesium sorbtion in relation to clay mineralogy of
paddy soils in Fukushima, Japan // Sci. Total Environ. —
2014. — 468-469. — P. 523-529.

Nagasakan Y., Kobayashi K., Watanabe Y. Deconta-
mination method using agricultural machinery and
implement // Int. Sci. Symp. on Combating Radionuclide
Contamination in Agro-soil Environment: Materials. —
Tokyo : MAFF, 2012. — P. 305-311.

Endo K. Research of the radioactive substance removal/
reduction technology in the Fukushima Prefecture
(animal production) // Int. Sci. Symp. on Combating
Radionuclide Contamination in Agro-soil Environment:
Materials. — Tokyo : MAFF, 2012. — P. 346-352.

Yoshioka K. Research and development of radioactive
substance removal/reduction technology in the Fu-
kushima Prefecture (land and crops) // Int. Sci. Symp.
on Combating Radionuclide Contamination in Agro-
soil Environment: Materials. — Tokyo : MAFF, 2012. —
P. 329-338.

Naka T. Development of decontamination technologies
for farmland soil — Physical decontamination // Int. Sci.
Symp. on Combating Radionuclide Contamination in
Agro-soil Environment: Materials. — Tokyo : MAFF,
2012. - P. 312-316.

Nakanishi T., Matsunaga T., Koarashi J., Atarashi-
Andoh M. ¥Cs vertical migration in deciduous forest
soil following the Fukushima Dai-ichi Nuclear Power
Plant accident // J. Environ. Radioact. — 2014. — 128. —
P. 9-14.

.Ohsugi T., Nakashio N., Okoshi M., Tokizawa T.,

Nakayama S., Kimura T. Partitioning behavior of Cs
during pyrolysis process of plant matter and soil // Int.
Sci. Symp. on Combating Radionuclide Contamination
in Agro-soil Environment. Materials. — Tokyo : MAFF,
2012. - P. 375.

Kimura N. Approach to countermeasures for reducing
radiocaesium contamination in agricultural soil and

76 AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 2014



COMPARATIVE EFFICIENCY OF COUNTERMEASURES IN AGRICULTURE

crops // Int. Sci. Symp. on Combating Radionuclide
Contamination in Agro-soil Environment. Materials. —
Tokyo: MAFF, 2012. — P. 300-301.

17.Suzuki Y., Saito T. Phytoremediation of radiocesium
in various soils using cultivated plant // Int. Sci. Symp.
on Combating Radionuclide Contamination in Agro-
soil Environment. Materials. — Tokyo : MAFF, 2012. —
P. 403.

18. Aleksakhin R. M. About International scientific sym-
posium on liquidation of consequences of soil and
agricultural sphere radioactive contamination // Radia-
tion biology. Radioecology. — 2012. — 52, N 3. — P. 335—
336.

19. Annenkov B. H., Egorov A. V., llyazov R. G. Radiation
accidents and liquidation of their consequences in agra-
rian branch. — Kazan : Fen, 2004. — 408 p.

20. Quarter century after the Chernobyl catastrophe: Results

and perspectives of overcoming (National report of ther
Republic Belarus). — Minsk : Ministry of Extraordinary
Situations of the Republic Belarus, 2011. — 90 p.

21. Togamura Y. Reducing radionuclide contamination of
forage crops// Int. Sci. Symp. on Combating Radionuclide
Contamination in Agro-soil Environment. Materials. —
Tokyo : MAFF, 2012. — P. 319-328.

22.Matsuzawa T., Muto K., Yoshida Y., Takase T. Plowing
meadow inhibit absorption of radioactive cesium // Int.
Sci. Symp. on Combating Radionuclide Contamination in
Agro-soil Environment. Materials. — Tokyo : MAFF, 2012. —
P. 412,

23.0inuma H., Yanai K., Matusuyama H., Miyaji M. Effect
of zeolite and bentonite on radioactive caesium in daily
forage budget of the cattle // Int. Sci. Symp. on Combating
Radionuclide Contamination in Agro-soil Environment.
Materials. — Tokyo : MAFF, 2012. — P. 416.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 2014 77




<<
  /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
  /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 false
  /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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 <>
    /DEU <>
    /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.)
  >>
  /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


