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ABSTRACT

Gamma-radiation-induced depolymerisation causes signifi cant changes in wood properties 
that could infl uence on wood natural durability. Th erefore, Pinus sylvestris sapwood, sterilised by 
gamma irradiation and steam was exposed to white rot fungus Schizophyllum commune and brown 
rot fungus Poria placenta. According to EN 113 Cobalt 60Co was used at the dosage of 30 and 
150 kGy. Control specimens were steam sterilised. Signifi cant diff erences in mass loss between 
gamma irradiated and autoclaved specimens were determined after four weeks of exposure to 
S.commune. Irradiated specimens lose higher percentage of their masses than non-irradiated ones. 
During further exposure, diff erences decreased until they became insignifi cant. On the other hand, 
sterilization method doesn’t have signifi cant infl uence on specimens’ mass loss after 4 weeks of 
exposure to P. placenta. However, after 8, 12 and 16 weeks of exposure, irradiated specimens lose 
higher percentages of their masses than autoclaved ones. With increasing of exposure time, this 
diff erence became more and more signifi cant.

KEY WORDS: natural durability, Poria placenta, Schizophyllum commune, wood sterilisation, Pinus 

sylvestris

INTRODUCTION

Wood as a natural organic material is susceptible to biodeterioration by insects, fungi, and 
bacteria. Th erefore, depending on in-service conditions, it must be adequately preserved, particularly 
if used in wet conditions. Sterilization of wood is necessary for testing the eff ectiveness of wood 
preservatives. All European standard methods prescribes that wood specimens need to be sterilized 
before exposure to the test fungi. In general there are two methods of sterilization available; steam 
and gamma sterilisation. 
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Gamma radiation, as a high energy, ionising electromagnetic radiation, is known to be 
a very effective and fast sterilisation method (Shuler 1971). Since alpha and beta rays are 
stopped and in this way neutralised at the surface or in surface-close layers of irradiated 
objects, gamma radiation fully penetrates the wooden object ionising molecules or changing 
their chemical structure in the pest’s living cells (Tišler and Medved 1997). Such modified 
molecule structure leads to either inexpedient function of the cells or to a complete loss of 
their function.

Kunstadt (1998) mentioned that insects do not withstand dosages between 0.7 and 1.3 kGy, 
while elimination of fungi requires signifi cantly higher dosages. Freitag and Morrell (1998) 
reported on a gamma radiation dosage of 15 kGy to be adequate for mitigating pests in wood. 
Th e Standard EN 113 (1996) requires dosages between 25 and 50 kGy for wood sterilisation in 
lab testing procedures. Sterilisation by gamma radiation is very easy, fast and eff ective, but in the 
same time gamma radiation changes the molecular structure not only of pest’s living cells, but also 
of wooden cell walls. It was found in the early 1950s that treatment of wood with gamma rays 
causes random break-up of cellulose chains. Seifert (1964), Tabith et al. (1977) and Cutter et al. 
(1980) found that the holocellulose portion of wood cell walls was degraded by gamma irradiation. 
Loss (1962), Shuler et al. (1975) and El-Osta et al. (1985) verifi ed that gamma-radiation-induced 
depolymerisation causes a signifi cant decrease in wood strength. Divos and Bejo (2005) stated a 
linear correlation between dynamic MOE and gamma radiation dosage.

Seifert (1964) found an increasing amount of free radicals in wood after gamma radiation, 
which could support further destruction of polysaccharides chains. Fengel and Wegener (1989) 
and Tišler and Medved (1997) mentioned that the cellulose chains are continuously breaking 
down for at least 100 days after gamma treatment.

Seifert (1964), Klimentov et al. (1981), Ardica et al. (1984), Šimkovic et al. (1991), Magaudda 
et al. (2001), Struszczyk et al. (2004), Despot et al. (2006, 2007) reported gamma irradiated wood 
to be more susceptible to chemical and enzymatic degradation. Th erefore, we were interested in, 
whether gamma and steam sterilisation of pine specimens resulted in diff erent performance of 
untreated wood against white and brown rot fungi. 

MATERIAL AND METHODS

The present work attempts to assess the effect of gamma radiation on natural durability 
of wood against biological degradation. Control non-irradiated specimens were sterilised by 
autoclaving. The applied gamma radiation dosages were 30 and 150 kGy. The intensity of 
degradation as a function of exposure was assessed after 4, 8, 12 and 16 weeks of exposure 
to fungi according to EN 113, 1996 procedure.

Material and methods
All specimens were made from sapwood of one eighty years old pine tree (Pinus sylvestris 

L.) grown in Croatia. Three central planks were sawn out of a 4.2 m long log and air dried 
for 152 days up to a moisture content (MC) of 24.5 %, kiln-dried below 65 °C to MC = 12 
%. After kiln drying, sapwood laths were sawn from each board. Specimens of 25 × 15 × 50 
[± 0.2 mm] (R×T×L) were cut and successively-axially selected from sapwood lattices and 
exactly assorted to each group of parameter combination for each test (Tab. 1).

All specimens were stored and conditioned in standard climate of 20 °C and 65 % relative 
humidity before and after radiation. Specimens were exposed to fungi10 days after radiation.
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Groups of specimens for each parameter combination were packed into polyethylene 
(PE) plastic bags (Tab. 1). All plastic bags for the same gamma dosage were packed 
together in one larger PE bag. Cobalt 60Co was used as a gamma radiation source at the 
Institute of Ruđer Bošković, Zagreb, Croatia. A standard dosage of 30 kGy and f ive time 
grater dosage of 150 kGy were applied for sterilisation, as proposed by standard EN 113 
procedure (1996). As a control, non-irradiated specimens were sterilised by autoclaving 
(123 °C, 1.8 ± 0.1 bar, 30 min).

Tab. 1: Number of specimens for each parameter combination.

Determination of natural durability 
White rot fungus Schizophyllum commune Fr.: Fr. and brown rot fungus Poria placenta 

(Fries) Coke sensu J. Erikson. were used in this research. As a relatively easy and fast method for 
determination of natural durability in laboratory conditions, a standard EN 113 (1996) method 
was used. Th e mass loss (Δm) caused by fungal decay was measured after 4, 8, 12 and 16 weeks of 
exposure and calculated as follows:

 (1)

where:
Δm is mass loss of specimen,
m1 is oven-dry mass of specimen before exposure to fungi and
m3 is oven-dry mass of specimen after exposure to fungus.
M of specimens exposed to fungal degradation was calculated at the end of each exposure 

period as follows:

 (2)

where:
MC is moisture content of specimen after exposure to fungus,
m2 is wet mass of specimen after exposure to fungus and
m3 is oven-dry mass of specimen after exposure to fungus.
Experiment was performed in seven individual replicates (Tab. 1). 

Time of exposure, weeks [w]Fungus Gamma radiation 
dosage, G [kGy] 4 8 12 16

0 7 7 7 7
30 7 7 7 7
0 7 7 7 7

Schizophyllum commune

150 7 7 7 7
0 7 7 7 7

30 7 7 7 7
0 7 7 7 7Poria placenta

150 7 7 7 7
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RESULTS AND DISCUSSION

After ten days of exposure of the wood specimens to wood decay fungi, it was clearly 
visible, that irradiated specimens were more overgrown, than control steam sterilised 
specimens. This observation is the f irst prove that the irradiated wood is more susceptible 
to biodegradation than non-irradiated one.

Durability against Schizophyllum commune Fr.: Fr.
Almost no difference in appearance between irradiated and autoclaved decayed wood 

even after 16 weeks of exposure was established (Fig. 1).

Fig. 1: Appearance of irradiated and autoclaved specimens after 16 weeks of exposure to fungus 

S. commune.

On the other hand, signif icant difference in Δm between autoclaved and with 30 kGy 
irradiated specimens was established after 4 weeks of exposure. During further exposure, 
the difference decreased and became less signif icant until the end of exposure when 
no signif icant difference was determined (Fig. 2). If considering the type of decay and 
decay preferences of the S. commune observed tendency and changes of mass loss between 
autoclaved and gamma irradiated wood became reasonable. Namely, in the beginning 
of decay white rot fungus uses simple carbohydrates – the ones incurred during gamma 
radiation. Therefore, the mass loss of wood irradiated with 30 kGy was signif icantly greater 
after fourth week of decay than mass loss of steam sterilised specimens. As the fungus 
grows and spend all the simple sugars is starts decaying lignin mainly. Consequently, Δm 
became less and less signif icant over exposure time. During all exposure time mass loss of 
wood irradiated with 150 kGy was smaller or equal to mass loss of the controlled ones due 
to very high sampler carbohydrates content as reported by Despot et al. (2006, 2007) (Fig. 
2). Another possible reason for lower mass losses of specimens sterilised with the highest 
dosage are free radicals formed (Divos and Bejo 2005). These radicals on the f irst place 
causes depolymersation of polysacharides, and on the other hand negatively inf luence on 
the development and decay processes of wood decay fungi. This consumption is further 
supported by, fact that particularly, white rot fungi uses radical mechanisms to degrade 
lignin. These radical mechanisms can be disturbed if there are other radicals present in 
wood (Kirk and Cullen 1998).
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Fig. 2: Mass loss (Δm) of autoclaved and irradiated specimens during exposure to fungus S. 

commune for different periods of exposure; (for irradiated specimens n=7; for autoclaved specimens 

n=14)

The dependency between mass loss and time of exposure to fungus tend to be logarithmic. 
The difference in mass loss between irradiated and control autoclaved specimens decreased 
and became less signif icant during exposure time as stated above what is clearly visible in 
the Figure 3.

However, it has to be considered, that white rot fungi predominantly decays hardwood, 
but in this experiment softwood specimens were used. Therefore, even more prominent 
inf luence of sterilisation method could be observed on the specimens made of beech exposed 
to white rot fungi.

Fig. 3: Correlation between mass loss (Δm) of autoclaved (control) and irradiated groups of specimens and 

exposure time to fungus S. commune

∆
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Average MC of each group of irradiated specimens was equal or higher than the MC of 
controls during all exposure time, except after 16 weeks where 30 kGy irradiated specimens had 
signifi cantly lower MC than the control ones. It confi rms the increased concentration of simpler 
carbohydrates incurred during radiation (Fig. 4). Th is data further supported fact, that gamma 
radiation resulted in depolymerisation of wood polysaccharides. It is well known, that glucose and 
other simple sugars makes wood considerably more hygroscopic (Fengel and Wegener, 1989).

Fig. 4: Moisture content (MC) of autoclaved and irradiated specimens during exposure to fungus S. 

commune for different periods of exposure; (for irradiated specimens n=7; for autoclaved specimens 

n=14).

Durability against Poria placenta (Fries) Coke sensu J. Erikson.
Fungus P. placenta causes brown cubic rot with broad and deep cracks. Clearly visible diff erence 

in appearance (cracks and irregular shape) between irradiated and autoclaved specimens after 16 
weeks of exposure has been shown in the Figure 5.

Fig. 5: Appearance of irradiated and autoclaved specimens after 16 weeks of exposure to fungus P. 

placenta.

Th e diff erence in mass loss between 30 kGy irradiated and autoclaved specimens is slight and 
not signifi cant after 4 weeks of exposure, while specimens irradiated with 150 kGy had signifi cantly 
greater mass loss. Since P. placenta mainly uses carbohydrates, it was expected that mass loss of 
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irradiated specimens increased faster than mass loss of autoclaved ones during exposure time due to 
easier accessibility of simpler carbohydrates (Fig. 6).

Fig. 6: Mass loss (Δm) of autoclaved and irradiated specimens during exposure to fungus P. placenta for 

different periods of exposure; (for irradiated specimens n=7; for autoclaved specimens n=14).

Th e dependency between mass loss and time of exposure to fungus tend to be logarithm. Th e 
diff erence in mass loss between irradiated and autoclaved (control) specimens increased and became 
more signifi cant during exposure time (Fig. 7). As brown rot decay mechanisms, particularly decay 
mechanism of P. placenta, are less radical dependent, higher irradiation does not infl uence on the 
decay patterns of this brown rot fungus. On contrarily, higher irradiation resulted in higher degree 
of depolymerization, what makes wood signifi cantly more susceptible (Despot et al. 2006, 2007). 

Fig. 7: Correlation between mass loss (Δm) of autoclaved (control) and irradiated groups of specimens and 

exposure time to fungus P. placenta

∆
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Increased MC of irradiated specimens during fungal nutrition has been observed as well. 150 
kGy irradiated specimens had the greatest MC, while autoclaved controls had the smallest MC 
(Fig. 8). We presume that there are two important reasons for increased MC; higher mass loss and 
higher percentages of simple sugars what make decayed wood more hygroscopic. 

Fig. 8: Moisture content (MC) of autoclaved and irradiated specimens during exposure to fungus P. 

placenta for different periods of exposure; (for irradiated specimens n=7; for autoclaved specimens n=14).

However, it has to be taken into consideration that depolymerization of wood components 
by gamma irradiation is one aspect that could explain us diff erences in natural durability of pine 
wood. On the other hand, we have to be aware, that steaming of wood in the autoclave could have 
some eff ect on natural durability as well, as we are all familiar with diff erent modifi cation methods 
using heat. 

CONCLUSIONS

Method of sterilisation has considerable infl uence on the natural durability of pine wood. 
However, method of sterilisation has diff erent infl uence on white rot and brown rot fungal 
species. 

Signifi cantly greater mass loss of gamma irradiated than autoclaved specimens have been 
established after 4 weeks of exposure to fungus S. commune. During exposure, the diff erence 
decreased and became less signifi cant. 

After 4 weeks of exposure to P. placenta, autoclaved specimens lost more mass. During further 
exposure, mass loss of irradiated wood became greater than autoclaved ones and these diff erences 
became more and more prominent.

It is obvious that gamma irradiated wood is more susceptible to fungal degradation than 
autoclaved wood, particularly to brown rot fungi. Gamma radiation at a level of 30–150 kGy causes 
irreversible and permanent changes in chemical structure in wood cell wall. Degradation of gamma-
irradiated wood is greater and faster due to easier accessibility of simpler carbohydrates to fungi. 

WR_4_2008_03_250_Hasan.indd   30WR_4_2008_03_250_Hasan.indd   30 18.12.2008   16:47:3118.12.2008   16:47:31



31

Vol. 53 (4): 2008

REFERENCES

1. Ardica, S., Calderaro, E., Cappadona, C., 1984: Radiation pretretments of cellulose 
materials for the enhancement of enzymatic hydrolysis – II. Wood chips, paper, grain 
straw, hay, kapok. Instituto di Applicazioni e Impianti Nucleari, University of Palermo, 
Italy

2. Cutter, B.E., McGinnes Jr, E.A., Schmidt, P.W., 1980: X-ray scattering and X-ray 
diffraction techniques in studies of gamma-irradiated wood. Wood and Fibre Science 
11(4): 228-232

3. Despot, R., Hasan, M., Glavaš, M., Rep, G., 2006: On the changes of natural durability 
of wood sterilised by gamma radiation. Document No. IRG/WP 06-10571, International 
Research Group on Wood Protection, Tromsø, Norway

4. Despot, R., Hasan, M., Brischke, C., Welzbacher, C.R., Rapp, A.O., 2007: Changes 
in physical, mechanical and chemical properties of wood during sterilisation by gamma 
radiation. Holzforschung 61(3): 267-271

5. Divos, F., Bejo, L., 2005: The effect of gamma irradiation on the MOE of various 
species. Wood Science and Technology 40(2): 87-93

6. El-Osta, M.L.M., El-Miligy, A.A., Kandeel, S.E., El-Lakany M.H., El-Morshedy, 
M.M., 1985: Mathematical description of the change in properties of Causaria wood 
upon exposure to gamma radiation. 1. Changes in the compressive and tensile strength. 
Wood and Fibre Science 17(1): 2-10

7. European Standard, 1996: EN 113 Wood preservatives – Test method for determining 
the protective effectiveness against wood destroying basidiomycetes – Determination of 
the toxic values

8. Fengel, D., Wegener, G., 1989: WOOD, Chemistry, Ultrastructure, Reactions. Reprint-
Kessel Verlag 2003. Germany, Pp. 364-372

9. Freitag, C.M., Morrell, J.J., 1998: Use of gamma radiation to eliminate fungi from wood. 
Oregon State University (OSU), Pp.76-78

10. Ifju, G., 1964: Tensile strength behaviour as a function of cellulose in wood. Forest Prod. 
J. 14: 366-372

11. Kenaga, D.L., Cowling, E.B., 1959: Effect of gamma radiation on ponderosa pine: 
hygroscopicity, swelling and decay susceptibility. Forest Prod. J. 9: 112-116

12. Kirk T.K., Cullen D., 1998: Enzymology and molecular genetics of wood degradation 
by whote-rot fungi. V: Young A. (Ed.) in Akhtar M. (Ed.), Environmental friendly 
technologies for the pulp and paper industry. New York. John Wiley & Sons. Pp. 273-
292

13. Klimentov, S.A., Skvortsov, S.V., Ershov, B.G., 1981: Inf luence of gamma radiation on 
the chemical composition of wood hydrolysates. J. Appl. Chem. of USSR 53:1254-1257

14. Kunstadt, P., 1998: Radiation disinfestations of wood products. Radiat. Phys. Chem. 52: 
617-623

15. Loos, W.E., 1962: Effect of Gamma Radiation on the Toughness of Wood, Forest 
Product Journal, (7), 1962, Pp. 261-264

16. Magaudda, G., Adamo, M., Rocchetti, F., 2001: Damage caused by destructive insects 
to cellulose previously subjected to gamma-ray irradiation and artificial ageing. Restaur.-
Int. J. Preserv. Libr. Arch. Mater. 22: 242-250

17. Seifert, K., 1964: Zur Chemie gammabestrahlten Holzes. Holz als Roh- und Werkstoff 
22(7): 267-275.

WR_4_2008_03_250_Hasan.indd   31WR_4_2008_03_250_Hasan.indd   31 18.12.2008   16:47:3118.12.2008   16:47:31



32

WOOD RESEARCH

18. Sharman, C.V., Smith, R.S., 1970: Gamma radiation sterilization of ponderosa pine and 
birch sapwood. Wood Fiber Sci. 2: 134-143

19. Shuler, C.E. 1971: Gamma Irradiation Effects On Modulus of Elasticity Of Engelman 
Spruce. Forest products journal 21(7): 49-51

20. Shuler, C.E., Shottafer, J.E., Campana, R.J., 1975: Effect of Gamma Irradiation In Vivo 
On the Flexural Properties of American Elm. Wood Science and Technology 7(3): 209-
212

21. Struszczyk, H., Ciechańska, D., Wawro, D., Niekraszewicz, A., Strobin, G., 2004: 
Review of alternative methods applying to cellulose and chitosan structure modification. 
Radiation processing of polysaccharides, International Atomic Energy Agency – IAEA. 
November, 2004. pp. 55-65

22. Šimkovic, I., Mlynár, J., Alföldy, J., Lübke, H., Micko M.M., 1991: Increased 
Extractability of Irradiated Wood Meal. Holzforschung 45(3): 229-232

23. Tabith, P.K., McGinnes Jr, E.A., Kay, M.A., Harlow, C.A., 1977: A note on anatomical 
changes of white oak wood upon exposure to gamma radiation. Wood and Fibre Science 
9(3): 211-215

24. Tišler, V., Medved, S., 1997: Spremembe v kemijski zgradbi lesa zaradi delovanja žarkov 
γ. Les wood 49(4): 85-89

Marin Hasan, MSc.
Faculty of Forestry

Wood Technology Department
Institute of Wood Science

Svetošimunska 25
HR-10002 Zagreb

Croatia
Phone: +385-(0)1-235-2533

Fax: +385-(0)1-235-2410
E-mail: hasan@sumfak.hr

Radovan Despot, PhD.
University of Zagreb
Faculty of Forestry

Wood Technology Department
Zagreb
Croatia

Tomislav Sinkovi, PhD.
University of Zagreb
Faculty of Forestry

Wood Technology Department
Zagreb
Croatia

WR_4_2008_03_250_Hasan.indd   32WR_4_2008_03_250_Hasan.indd   32 18.12.2008   16:47:3118.12.2008   16:47:31



33

Vol. 53 (4): 2008

Vladimir Jambrekovi, PhD.
University of Zagreb
Faculty of Forestry

Wood Technology Department
Zagreb
Croatia

Andrija Bogner, PhD.
University of Zagreb
Faculty of Forestry

Wood Technology Department
Zagreb
Croatia

Miha Humar, PhD.
University of Ljubljana
Biotechnical Faculty

Department of Wood Science and Technology
Ljubljana
Slovenia

WR_4_2008_03_250_Hasan.indd   33WR_4_2008_03_250_Hasan.indd   33 18.12.2008   16:47:3118.12.2008   16:47:31



34

WOOD RESEARCH

WR_4_2008_03_250_Hasan.indd   34WR_4_2008_03_250_Hasan.indd   34 18.12.2008   16:47:3118.12.2008   16:47:31



<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 (None)
  /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

  /CreateJDFFile 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


