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Ammonium nitrate-impregnated woodchips: a slow-release nitrogen fertilizer 
for plants

Abstract Different types of fertilizers are widely used 
throughout the world for successful crop production. Chem-
ical fertilizers have some adverse effects on the environ-
ment if used indiscriminately and are a major source of soil 
and water pollution. To minimize environmental pollution, 
use of slow-release fertilizer (SRF) in agricultural practices 
is an important and effective method. Different materials 
have been used so far to formulate SRF, but SRF from wood 
is a unique technique which refl ects a new dimension of 
wood use. In this aspect, present study was designed to 
develop a slow-release nitrogen fertilizer using three kinds 
of woodchips: Japanese red pine (Pinus densifl ora S. et Z.), 
eunsasi poplar (Populus tomentiglandulosa T. Lee), and 
konara oak (Quercus serrata Thunb.). Fertilizers were pre-
pared from woodchips after full-cell treated with a satu-
rated solution (2140 g/l at 25°C) of ammonium nitrate 
(NH4NO3). The morphology of woodchip fertilizer was 
investigated by using a fi eld-emission electron microscope 
(FE-SEM) equipped with an energy-dispersive X-ray 
(EDX) spectrometer to locate NH4NO3 in woodchips. 
Deposition of nitrogen in the cell lumen was verifi ed by 
FE-SEM. Deposition inside the cell wall was confi rmed by 
EDX mapping. This study also evaluated the release pattern 
of nitrogen from impregnated woodchips in distilled water 
for 768 h and found that nitrogen was released from poplar, 
pine, and oak in a slow-release pattern. The encapsulated 
nutrient in the void volume of wood facilitated the slow 
release. The above fi ndings confi rm that woodchip fertilizers 
can be used as a slow-release nitrogen source for plants.
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Introduction

Fertilizer is one of the most important agricultural inputs in 
crop production. To ensure effi cient crop production, full 
recognition has been given to the importance of an ade-
quate supply of plant nutrients. However, about 40%–70% 
of nitrogen, 80%–90% of phosphorus, and 50%–70% of 
potassium in the fertilizers normally applied are leached out 
to the environment and cannot be absorbed in plants. This 
process leads not only to severe economic and resource 
losses but also to serious environmental pollution.1 One 
method of reducing fertilizer nutrient losses involves the 
use of slow-release fertilizer (SRF). The use of SRF repre-
sents an advantageous alternative to traditional soluble fer-
tilizer throughout the growing cycle of crops.2 It avoids a 
high salt level in the growing media, improves effi ciency of 
nutrient use, reduces nutrient leaching losses, and lowers 
labor costs.2–6 Moreover, application of SRF is a promising 
management practice that can ensure proper utilization of 
nutrients, and the economic gains are obvious with SRF 
technology. If the fertilizer products are formulated 
and applied properly, SRF could overcome problems 
normally associated with soluble fertilizer.7 The gradual 
release pattern of SRF provides a more consistent and 
sustained nutrient supply and exhibits better growth 
performance.8,9

Over the past decades, several types of SRF have been 
formulated from different materials. Formulation of SRF 
with woodchips represents a new dimension of wood uses. 
For example, Ahmed and Chun10 formulated woodchip fer-
tilizer and showed that application of woodchip fertilizer in 
cultivated cabbage fi elds increased agricultural productivity 
relative to soluble fertilizer by minimizing valuable nutrient 
losses. Principal factors affecting the release of nutrients 
from slow-release woodchip fertilizer are soil moisture and 
exposure time. In addition, the factors involved in nutrient 

Received: May 31, 2010 / Accepted: January 28, 2011 / Published online: May 25, 2011

J Wood Sci (2011) 57:295–301 © The Japan Wood Research Society 2011
DOI 10.1007/s10086-011-1178-x



296

release from commercial SRF are fertilizer particle size, 
soil (substrate) moisture content, pH, and microbial 
activities.2,11

To manufacture woodchip fertilizer, nutrient solutions 
are impregnated in woodchips using a pressurizing method.10 
Thus, it is clear that nutrient content in woodchip fertilizer 
is related directly to the permeability of wood species. The 
permeability of wood varies greatly, with factors such as 
anatomical features, wood type, moisture content, and the 
properties of the permeable liquid.12–14 Furthermore, the 
permeability of wood is related to the treatment conditions 
such as the applied pressure and treatment time.15 Pressure 
impregnation is an important method for increasing the 
nutrient content of woodchips. When the nutrient-impreg-
nated woodchips are applied in the fi eld, nutrient from 
inside the wood void structures enters the soil solution over 
a long period of time through diffusion and capillary phe-
nomena. Moreover, the woodchip itself can increase the 
organic matter content of the soil after decomposition.16,17

Fertilizer-grade ammonium nitrate normally contains 
about 34% nitrogen and is popular in many European coun-
tries as well as in North America.18 Although ammonium 
nitrate contributes greatly to increase crop production, con-
siderable and rapid loss of applied nitrogen has produced 
air and water pollution. Indeed, the reason for this loss is 
that ammonium nitrate is relatively prone to leaching and 
denitrifi cation.19 Therefore, the present investigation sought 
to formulate ammonium-nitrate-impregnated SRF using 
woodchips in order to ensure gradual nutrient release for 
plants without producing any adverse effects on the 
environment.

Materials and methods

Woodchip fertilizer preparation

Woodchips were obtained from three wood species: 
Japanese red pine (Pinus densifl ora S. et Z.), eunsasi poplar 
(Populus tomentiglandulosa T. Lee), and konara oak 
(Quercus serrata Thunb.). Samples were collected from non-
leaning defect-free trees obtained from Jiamri, Sabuk-
meyon, Chuncheon, Gangwon-do, Republic of Korea 
(37°58′N, 127°35′E, 290 m above sea level). Small-diameter 
logs of these three wood species were chipped to an average 
size of 25 mm × 15 mm × 3 mm. Commercial-grade ammo-
nium nitrate, NH4NO3 (Huchems, Korea), was used as the 
nutrient solution. A large amount of nutrient in the wood-
chips is required to reduce the bulk volume of woodchip 
fertilizer applied in the fi eld. Therefore, the woodchips were 
impregnated with a fully saturated NH4NO3 solution 
(2140 g/l at 25°C). The initial moisture content of the wood-
chips before impregnation was maintained at 10%–12%. 
About 500 g of pine, poplar, and oak woodchips were full-
cell treated with about 2 l of saturated NH4NO3 solution. 
The treatment schedule was as follows: 15 min vacuum 
(−82.7 kPa) followed by pressure (1471 kPa) for 60 min at 
room temperature. Impregnated woodchips were then oven 
dried in the oven at 60°C for 72 h to fi x the NH4NO3 solu-
tion. Further details about pressure impregnation of liquid 
can be found in elsewhere.10,20

Air-dried woodchips were placed in the digestion 
chamber of a digester machine (Fig. 1). Vacuum pressure 

Fig. 1. Schematic of the digester20
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was applied to remove the air from within the cells of the 
woodchips. Nutrient solution was introduced to soak the 
woodchip inside the digestion chamber. When woodchips 
were fully immersed in nutrient solution, pressure was 
applied to enhance maximum penetration of nutrient solu-
tion into the woodchips. After applying continuous pressure 
for 60 min, nutrient solution was drained from the digestion 
chamber, and the treated woodchips were dried. The wood-
chip fertilizer is ready for use after drying (Fig. 2).

Field-emission scanning electron microscopy

The deposition of nutrient in woodchip fertilizer was 
observed by FE-SEM (Hitachi S-4300, Japan) equipped 
with an energy dispersive X-ray spectrometer (EDX, 
EMAX 6853-H, Horiba EPS, Japan). The FE-SEM was 
operated at 15 kV for EDX analysis and mapping. Sample 
blocks 2 mm × 2 mm × 1 mm were used for FE-SEM obser-
vation. For SEM-EDX mapping, very thin cross-sectional 
slices (15–20 μm) were used. After vacuum drying, samples 
were adhered onto aluminum stubs with double-sided tape 
and coated with platinum (Pt) by using an ion sputter appa-
ratus (Hitachi E-1010, Japan). The recording times for EDX 
analysis and mapping were 5 and 60 min, respectively.

Estimation of nutrient content in woodchip fertilizer

Solid woodchip fertilizers were Wiley-milled using a 1-mm 
(40-mesh) screen. After wet digestion by H2O2-H2SO4, total 
Nitrogen (T-N) was estimated by the Kjeldahl method.21 
The content of Ca, Fe, Cu, Zn, Cd, Cr, and Ni was deter-
mined with an inductively coupled plasma spectrometer, 
ICP (LEEMAN PS950, Leeman Labs, USA).21

Slow-release test of woodchip fertilizer

Woodchip fertilizer weighing of 1.5 g each was immersed in 
1000 ml distilled water. The mixture was then incubated at 

room temperature. The release test for each species was 
replicated three times. The supernatant solutions were 
sampled (1 ml) at predetermined time intervals (24, 48, 96, 
192, 384, and 768 h) and replaced by fresh distilled water. N 
as the sum of ammonium and nitrate in the samples was 
estimated by an ion chromatograph (DIONEX DX-320, 
USA) equipped with an AS11-HC column (4 × 250 mm, 
anion exchange) and a CS 12A column (4 × 250 mm, cation 
exchange). Suppressed conductivity detection was used. An 
Ultra (4-mm) anion self-regenerating suppressor (ASRS) 
and an Ultra (4-mm) cation self-regenerating suppressor 
(CSRS) from Dionex were utilized for the anion and cation 
separations, respectively. Ion chromatographic conditions 
were as follows: eluent, 30 mM KOH for anions; 18 mM 
H2SO4 for cations; fl ow rate, 1 ml/min; injection volume, 
25 μl; temperature, 25°C. The nitrogen release for different 
soaking times from three woodchip fertilizers was analyzed 
by using one-way ANOVA. When signifi cant differences 
occurred (P ≤ 0.05), the Duncan signifi cant difference post 
hoc test was run to distinguish the species effects on nitro-
gen release (SPSS, Version 12.0.1, 2003).

Results and discussion

Nutrient composition

The content of chemical components of prepared nitrogen 
(N) SRFs using woodchip is shown in Table 1. Of the three 
kinds of woodchip fertilizer tested, poplar woodchip 
retained the highest amount of N, whereas oak retained the 
lowest amount. Poplar and pine woodchip fertilizers retained 
56% and 38% more N than did oak woodchip fertilizer. 
Toxic metals such as Cr, Cd, Ni, and Zn were not detected, 
and the content of Cu was considerably lower than the 
limits set in the standard for Korean Fertilizer Regulation.22 
Some trace elements, including Ca, Fe, and Cu, were found 
in the woodchip fertilizers. Accordingly, woodchip fertilizer 
can supply some secondary and micronutrients in addition 
to N.

Fig. 2. Oak woodchips before 
(A) and after (B) impregnation 
with NH4NO3 solution (N 
fertilizer)
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The permeability of wood varies depending on several 
factors including wood anatomy and the characteristics of 
the liquid. Liquid uptake is affected by the poor wettability 
of the surface of the cell lumen.13 Banks15 stated that the 
permeability of liquid in several commercial timbers is infl u-
enced by the properties of the impregnated molecules and 
the affi nity between the solution and the wood. The content 
of nitrogen and other trace elements in woodchip therefore 
varies from species to species (Table 1). Owing to the 
greater porosity of poplar (74%) than of pine (70%) 
and oak (55%) at 12% moisture content,23 poplar retained 
the highest amount of N. In the hardwood species, the 
vessel arrangement of poplar is diffusely porous, whereas 
that of oak is ring-porous. It is in agreement with Hassler 
et al.24 that diffuse-porous wood has a greater permeability 
than ring-porous wood.

The presence of air in the cell lumen is the main obstacle 
preventing rapid penetration of liquid.25 When liquid starts 
to enter the woodchip, the existing air inside the void spaces 
begins to compress. Penetration of liquid is slowed and 
eventually stopped because of the increasing back pressure. 
Once pressure equilibrium is achieved, further penetration 
can be made possible either by increasing or by decreasing 
the pressure. When penetration is allowed from both sides 
of the woodchip, the back pressure of trapped air is increased 
by capillary forces that soon stop further penetration.26 
Although removal of air from dry woodchips is effective,27 
it can be limited by the specifi c characteristics of wood 
capillaries because some air can be trapped within the capil-
laries. Complete penetration can be achieved only if most 
of the trapped air is removed prior to penetration. Evacua-
tion of dry woodchips has been found to be very effective 
for removal of air. In practice, complete removal of air is 
diffi cult to achieve. Even though the complete removal of 
air is not possible, it was found that woodchips retained a 
considerable amount of N when pressure was applied in 
combination with vacuum (Table 1).

Prime factors responsible for governing the fl ow are the 
pressure, fl uid viscosity, solvent contact angle, wood pore 
radius, and wood capillary length.24 An increase in pressure 
will enhance the penetration of liquor into the wood-
chips.26,28 High pressure is required to overcome the nega-
tive effect of surface tension in the liquid–air menisci 

formed by the capillary condensation of vapor.29 In addi-
tion, high pressure could cause the stretching and bulging 
of the pit membranes due to plasticity of wood, thus making 
the pit membrane openings larger.30 When higher pressure 
is applied, air is more soluble in the liquid. Thus, more air 
dissolves, and a higher degree of penetration is achieved. In 
both sapwood and heartwood, liquid permeability is 
increased at high pressure. In combination with vacuum and 
pressure, a considerable amount of nitrogen retention was 
obtained for different woodchip fertilizers in this study 
(Table 1).

FE-SEM observation and EDX analysis

EDX spectra of treated samples were taken at different 
magnifi cations in order to obtain information on NH4NO3 
deposits in the cell lumen (Fig. 3C) and in the wood cell 
wall. Figure 3D shows the EDX spectrum of NH4NO3-
treated samples. The characteristic signal for N was detected 
clearly at 0.393 keV and provided qualitative evidence for 
nitrogen deposition in the samples. A suitable higher mag-
nifi cation allowed observation of the deposition of nitrogen 
within the cell wall. The same characteristic signal for N was 
detected at 0.393 keV when measurements were made 
inside the cell wall of the pine sample. The EDX mapping 
function furnished information on the relative nitrogen dis-
tribution. Figure 4 shows a FE-SEM micrograph of a part 
of the cross section at 500× magnifi cation. In addition, the 
fi gure also shows the nitrogen distribution map. The areas 
with high nitrogen concentration are shown as bright dots. 
These results confi rmed that NH4NO3 solution penetrated 
into the cell wall. Furthermore, the EDX mapping did not 
indicate any systematic concentration gradients across the 
cell wall.

Release pattern of nitrogen from woodchip fertilizer

Different types of fertilizer exhibited signifi cant differences 
in release patterns over time. Soaking time affected the 
absolute amount of N released during the experimental 
period. Owing to the micro-structural differences among 
wood species, the release patterns of nitrogen varied (Fig. 
5). For poplar woodchip fertilizer, a marked rapid release 
of N occurred incrementally during the fi rst 192 h of the 
experiment. Thereafter, steady rates of release were 
observed in poplar and oak. However, the rate of nitrogen 
release from oak was signifi cantly less than that of poplar. 
In contrast, no signifi cant difference in nitrogen release was 
observed between oak and pine, particularly after 96 h of 
incubation time. Even though the oak woodchip fertilizer 
retained the lowest amount of N, oak showed the slowest 
nitrogen release of the three wood species studied. After 
768 h of incubation, pine, poplar, and oak were found to 
have released only about 47%, 56%, and 42%, respectively, 
of their impregnated nitrogen. Thus, woodchip fertilizers 
can be used as SRFs.

Table 1. Chemical properties of slow-release nitrogen fertilizer made 
from different woodchips

Element Treated woodchip Untreated woodchip

Pine Poplar Oak Pine Poplar Oak

N (%) 22.7 25.7 16.5 0.1 0.1 0.3
Ca (mg/kg) 171.3 240.2 89.7 75.1 80.3 40.4
Fe (mg/kg) 112.0 157.0 58.6 36.8 29.5 ND
Cu (mg/kg) 59.4 83.2 31.1 15.4 41.5 10.2
Zn (mg/kg) ND ND ND ND ND ND
Cd (mg/kg) ND ND ND ND ND ND
Cr (mg/kg) ND ND ND ND ND ND
Ni (mg/kg) ND ND ND ND ND ND

ND, not detected
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Fig. 3. Field-emission electron microscope (FE-SEM) micrographs 
and energy-dispersive X-ray (EDX) spectra of oak large vessels in 
untreated (A and B) and treated woodchips (C and D). The white box 

indicates the area for which the spectrum was measured. The large 
arrow shows the nitrogen deposition. L, T, and R are the longitudinal, 
tangential, and radial planes, respectively

Waldron et al.31 showed that release occurs by means of 
a number of concurrent and consecutive phenomena, 
each affected by variation in wood product, nutrient 
solutions, and exposure conditions. Dissociation of precipi-
tated or reacted nutrients and their diffusion from the 
cell walls to free water inside the cell lumens create the 
concentration gradient that drives the diffusion process. 
This diffusion rate is associated with different factors such 
as wood permeability, direction of movement in wood, 
nutrient concentration, temperature, and moisture content, 
among others. Once the nutrients on the surface are 
removed, a concentration gradient is again created and 
drives the diffusion process. This repeating phenomenon is 
believed to cause nitrogen components to dissolve out from 
the woodchip fertilizer. In this study, nitrogen release from 
the three wood species varied depending on the pore 
distribution.

Based on the nutrient demands of the plants, woodchip 
fertilizers can be recommended according to their nutrient-
release pattern. For example, short duration plants can be 
fertilized with poplar woodchip fertilizer, whereas oak 
woodchip fertilizer can be used for plants that need nutri-
ents over a long period of time. As no coating material was 
used for manufacturing woodchip fertilizer, application of 

this kind of fertilizer to cultivated land will ensure environ-
mental safety.

Conclusions

Saturated solution of NH4NO3 was successfully impreg-
nated into the microspores of different woodchips to for-
mulate SRFs from pine, poplar and oak. The specifi c fi ndings 
of this study were:

1. Among the three wood species tested, poplar retained 
the highest and oak retained the lowest amount of N 
after impregnation.

2. Some secondary and microelements such as Ca, Fe, and 
Cu were also found in woodchip fertilizers.

3. Once woodchips were dried after treatment with NH4NO3 
solution, nitrogen deposits were found in the cell lumens. 
Furthermore, EDX analysis confi rmed the occurrence of 
nitrogen deposition inside the cell wall.

4. The soaking experiment using distilled water for a 768 h 
incubation period showed that oak woodchip fertilizer 
had the slowest pattern of release, and poplar woodchip 
fertilizer the highest.
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Fig. 4. FE-SEM micrographs and EDX mapping of untreated (A and B) and treated pine woodchip (C and D). The areas with high nitrogen 
concentrations are displayed as bright dots
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Based on the above fi ndings, it is suggested that woodchips 
impregnated with NH4NO3 could be used as slow-release 
nitrogen fertilizers for plants.

Acknowledgments This study was supported by the Korea Environ-
mental Industry & Technology Institute and Kangwon National Uni-
versity, Republic of Korea.

References

 1. Akelah A (1996) Novel utilizations of conventional agrochemicals 
by controlled release formulation. Mater Sci Eng C4:83–98

 2. Shaviv A (2000) Advances in controlled-release fertilizers. Adv 
Agron 71:1–49

 3. Catanzaro CJ, Williams KA, Sauve RJ (1998) Slow release versus 
water soluble fertilization affects nutrient leaching and growth of 
potted chrysanthemum. J Plant Nutr 21:1025–1036

 4. Rathier TM, Frink CR (1989) Nitrate in runoff water from con-
tainer-grown juniper and Alberta spruce under different irrigation 
and N fertilization regimes. J Environ Hort 7:32–35

 5. Sharma GC (1979) Controlled-release fertilizers and horticultural 
applications. Scientia Hort 11:107–129

 6. Wang FL, Alva AK (1996) Leaching of nitrogen from slow-release 
urea sources in sandy soil. Soil Sci Soc Am J 60:1454–1458

 7. Fan A, Moore JA, Wenny DL (2004) Growth and nutrition of 
container-grown ponderosa pine seedlings with controlled-release 
fertilizer incorporated in the root plug. Ann For Sci 61:
117–124

 8. Reddell P, Webb MJ, Poa D, Aihuna D (1999) Incorporation of 
slow-release fertilisers into nursery media. New Forest 18:
277–287

 9. Puértolas J, Gil L, Pardos JA (2003) Effects of nutritional status 
and seedling size on fi eld performance of Pinus halepensis planted 
on former arable land in the Mediterranean basin. Forestry 
76:159–168

10. Ahmed SA, Chun SK (2007) Effects of environmental friendly 
slow-releasing woodchip fertilizer on cabbage production. For Stud 
China 9:246–250

11. Tlustoš P, Blackmer AM (1992) Release of nitrogen from ureaform 
fractions as infl uenced by soil pH. Soil Sci Soc Am J 56:
1807–1810

12. Ahmed SA, Chong SH, Hong SH, Kim AJ, Chun SK (2010) Effect 
of moisture content and wood structure on the amenability of 
Japanese red pine (Pinus densifl ora S. et Z.) to liquid treatment. J 
Korean Wood Sci Technol 38:108–116

13. Iida I, Yusuf S, Watanabe U, Imamura Y (2002) Liquid penetration 
of precompressed wood VII: combined treatment of precompres-

sion and extraction in hot water on the liquid penetration of wood. 
J Wood Sci 48:81–85

14. Chen PYS, Sucoff EI, Hossfeld R (1970) The effect of cations on 
the permeability of wood to aqueous solution. Holzforschung 
24:65–67

15. Banks WB (1972) Factors affecting the introduction of preserva-
tives into wood. Pesticide Sci 3:219–227

16. Bulmer C (2000) Reclamation of forest soils with excavator 
tillage and organic amendments. Forest Ecol Manag 133:157–
163

17. Entry JA, Wood BH, Edwards JH, Wood CW (1997) Infl uence of 
organic by-products and nitrogen source on chemical and micro-
biological status of an agricultural soil. Biol Fertil Soils 24:
196–204

18. Tisdale SL, Nelson WL, Beaton JD (1985) Soil fertility and fertil-
izers. Macmillan, New York

19. Eviner VT, Chapin FS, Vaughn CE (2000) Nutrient manipulations 
in terrestrial ecosystems. In: Sala OE, Jackson RB, Mooney HA, 
Howarth RW (eds) Methods in ecosystem science. Springer-Verlag, 
New York

20. Ahmed SA, Park HD, Chun SK (2005) Effect of pressure on liquid 
absorbance in main wood species of Pinaceae grown in Korea using 
safranine under vacuum. J Korea Furnit Soc 16:2–11

21. Plank CO (1992) Plant analysis reference procedures for the south-
ern region of the United States. South Coop Ser Bull 368

22. Kim BJ, Back JH, Lee BG (2000) Chemical properties of slow-
released nitrogen fertilizer using waste paper slurry. Korean J Soil 
Sci Fert 33:109–113

23. Ahmed SA (2010) The effects of woodchip fertilizer on rice and 
tree seedlings. Ph.D. Thesis, Kangwon National University, Gang-
won-do, Chuncheon, Republic of Korea

24. Hassler CC, Slahor JJ, DeGroot RC, Gardner DJ (1998) Preserva-
tive treatment evaluation of fi ve Appalachian hardwoods at two 
moisture contents. Forest Prod J 48:37–42

25. Maass O (1953) The problem of penetration. Pulp Pap Mag Canada 
54:98–103

26. Rydholm SA (1965) Pulping processes. Interscience, New York, p 
1269

27. Stamm AJ (1953) Diffusion and penetration mechanism of liquids 
into wood. Pulp Pap Mag Canada 54:54–63

28. Hoadley RB (2000) Understanding wood. Taunton Press, Newtown, 
p 211

29. Stamm AJ (1963) Permeability of wood to fl uids. Forest Prod J 
13:503–507

30. Paranyi NI, Rabinovitch W (1955) Determination of penetration 
rate of liquid media into wood using a quartz spiral balance. Pulp 
Pap Mag Canada 56:1164–1170

31. Waldron L, Cooper P, Ung T (2006) Modeling in the leaching of 
inorganic components of wood preservatives in service. In: 
Townsend TG, Solo-Gabriele H (eds) Environmental impacts of 
treated wood. Taylor and Francis, Florida, pp 139–155



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




