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Clonal variation of carbon content in wood of Larix kaempferi 
(Japanese larch)

Abstract Variations in carbon content in wood among 102 
clones, selected from almost the entire natural distribution 
area, were investigated in Larix kaempferi. The average 
carbon content was 50.50%, 50.94%, and 50.80% in sapwood, 
heartwood, and whole wood, respectively. The difference in 
carbon content between clones was signifi cant. The clonal 
repeatabilities were 0.46, 0.38, and 0.44 in heartwood, 
sapwood and whole wood, respectively. The coeffi cients 
of variation in the clonal mean carbon content were only 
0.43%, 0.42%, and 0.41% in heartwood, sapwood, and 
whole wood, respectively. This small genetic variation and 
resulting small relative genetic gain of carbon content indi-
cate that the genetic improvement of carbon content by 
selection has a small effect on the genetic improvement of 
carbon sequestration capacity by selection in L. kaempferi.
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Introduction

Carbon content in wood (C-content) has been considered 
to be approximately 50% (w/w), irrespective of species, and 
this value has been used to estimate carbon storage in the 
wood part of trees and forests.1,2 Recent reports,3–8 however, 
indicate that there is a large variation in C-content between 
species. Elias and Potvin3 measured the C-content in woods 
of 32 tropical broad-leaved trees and found C-content 
ranging from 44.4% to 49.4%. Lamlom and Savidge4 ana-
lyzed the heartwood of 19 conifers and 22 broad-leaved 
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trees. They reported that conifers (47.21%–55.20%) had a 
somewhat higher C-content than broad-leaved species 
(46.27%–49.97%). These reports suggest that variations in 
C-content between species should be taken into account for 
accurate evaluation of carbon sequestration in trees and 
forests.

Larix kaempferi (Lambert) Carrière (Japanese larch) is 
one of the most important tree species in Japan, covering 
10.2% of the plantation forest area,9 and the genus Larix is 
widely distributed across the cooler regions of Northern 
Hemisphere. C-contents of some species of Larix have 
already been reported: 47.21% in Larix laricina and 47.60% 
in Larix occidentalis.4 It is important to determine the C-
content in L. kaempferi to assess interspecifi c variations in 
the genus Larix and to more accurately estimate the amount 
of carbon storage in Japanese larch forests.

In many species, knowledge of the intraspecifi c genetic 
variations in C-content is very limited. Forests are expected 
to serve as a carbon sink to mitigate the increase in atmo-
spheric carbon dioxide, a greenhouse gas contributing to 
global warming.10 Hence, genetic improvement of the carbon 
sequestration capacity is an attractive objective in forest 
tree breeding. The carbon sequestration capacity of a tree 
depends on many traits, such as growth rate, wood density, 
and C-content. C-content will be more important for genetic 
improvement of the carbon sequestration capacity if there 
are large genetic variations in C-content and higher herita-
bility in this characteristic. To determine whether C-content 
is an important selection trait for genetic improvement of 
the carbon sequestration capacity, genetic variations in 
C-content should be examined. Tamura et al.7 reported that 
the clonal variation in C-content in Cryptomeria japonica 
(sugi) is very small (0.3% coeffi cient of variation). Fukatsu 
et al.8 reported that C-content varies little between half-sib 
families (0.23% coeffi cient of variation) in Chamaecyparis 
obtusa (hinoki). To our knowledge, the intraspecifi c varia-
tions in other species, including L. kaempferi, have not yet 
been studied.

In the present study, variations in C-content were mea-
sured in 102 plus-tree clones of L. kaempferi to obtain fun-
damental information for both evaluating carbon storage in 
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larch forests and for determining suitable traits for genetic 
improvement of the carbon sequestration capacity.

Materials and methods

Plant materials and sample preparation

Larix kaempferi clones planted in clonal archives at the 
Nagano Breeding Material Management Garden of the 
Forest Tree Breeding Center in Komoro, Nagano Pr efec-
ture, Japan (36°21′ N, 138°25′ E), were used for C-content 
measurements. The clonal archives were established in 
1960–1965 under a row plot design, in which there are ten 
ramets in each line without replication. The clones planted 
in the clonal archives were selected as plus trees from 
plantation and natural forests of L. kaempferi on Honshu 
Island for better growth and stem straightness in the 1950s 
and 1960s. We selected 102 clones, which covered almost 
all the natural distribution area of L. kaempferi from 
the clonal archives for this study (Fig. 1, adapted from 
Hayashi11). Sample trees were harvested from these 102 
clones (one to three ramets per clone, 2.71 on average, 277 
trees in total) in 1997. The average diameter at breast 
height (coeffi cient of variation) in the sample trees was 
26.6 cm (19.9%). The discs obtained at breast height from 
each tree were cut into strips from bark to pith (radial 
direction) from two directions with a 5-mm thickness and 
a width (tangential direction) of 3–5 cm. The heartwood 
ratio in the radius was measured in each strip. The strips 
were divided into heartwood and sapwood. Each part was 
milled into powder with a sample mill (CSM-F1, Shizuoka 
Seiki, Shizuoka, Japan).

Measurement of C-content

Each sample powder (4–6 mg) was placed in a preweighed 
tin boat and oven-dried at 70°C for 72 h. Each tin boat was 
then cooled to room temperature in a small glass bottle 
half-fi lled with silica gel in a desiccator to prevent the re-
absorption of moisture. The tin boats containing sample 
were sealed and then weighed with an ultra-micro electrical 
balance (MT5, Mettler-Toledo, Columbus, OH, USA) imme-
diately after cooling. Net sample weights were then calcu-
lated by subtracting the tare weights. The C-content (w/w) 
of each sample powder was measured in a gas chromato-
graphic elemental analyzer (Vario EL III, Elementar, 
Hanau, Germany). Calibration curves were based on acet-
anilide (C6H5NHCOCH3) standards. Approximately 5 mg of 
acetanilide was measured after every 20 sample measure-
ments to compensate for measurement error due to atmo-
spheric pressure fl uctuation. The measurement for each 
sample was replicated at least three times. Measurements 
were repeated until the standard deviation for the C-content 
in the replications was smaller than 0.3%. The mean of the 
replications for each sample was used for statistical analysis. 
The order of measurements for samples and replications 
was randomized to avoid systematic errors.

The C-content of whole wood was calculated for each 
tree as the weighted mean of the C-content of sapwood and 
heartwood. The proportions of heartwood area to sapwood 
area, which were calculated from the heartwood ratio in the 
radius, were used as the weighting factors.

Statistical analysis

One-way analysis of variance (ANOVA) was used to 
estimate the clonal effect on the variation in C-content. 
Repeatability was calculated as an indicator of heritability 
as follows:

R2 = sc/(sc + se) (1)

where R is the repeatability, sc is the variance due to inter-
clonal differences, and se is the error variance. Each vari-
ance was derived from the result of the ANOVA. Because 
each clone was planted in only one line with several ramets, 
there was no environmental replication. Therefore, it was 
not possible to separate the variance due to genotype from 
variance due to that portion of environmental effects that 
might have varied orthogonal to row direction in the clonal 
archive. Estimates of clonal repeatability were thus based 
on the assumption of environmental uniformity at the site, 
at least in terms of environmental factors that might infl u-
ence the C-content. The relative genetic gain in the genetic 
improvement by selection is calculated as follows:12

Gr = i · R2 · sPr (2)

where Gr is the relative genetic gain based on the average 
value of preselected population, sPr is the relative pheno-
typic standard deviation (coeffi cient of variation), i is the 
intensity of selection.

The signifi cance of the differences between sapwood and 
heartwood was examined by the Wilcoxon matched-pairs 

Fig. 1. The natural distribution region of Larix kaempferi and the loca-
tions where sample clones were selected. The gray regions are the 
natural distribution regions of L. kaempferi (from Hayashi11). Filled 
circles indicate the location where sample clones used in this research 
were selected. Clones selected from the same municipalities are 
depicted in the same fi lled circle
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signed-ranks test. The correlation in C-content between 
sapwood and heartwood was examined by Pearson’s 
correlation coeffi cient. The normality of the C-content dis-
tribution was tested by the Kolmogorov-Smirnov test. All 
statistical analyses were performed with the statistical 
package R.13

Results

The clonal means of the C-content were distributed as 
shown in Fig. 2, and the average C-content for all clonal 
means was 50.50%, 50.94%, and 50.80% in sapwood, heart-
wood, and whole wood, respectively. Departures from the 
normal distribution in the clonal means of C-content were 
not signifi cant (P = 0.24 in sapwood, P = 0.69 in heartwood, 
and P = 0.96 in whole wood), as indicated by Kolmogorov-
Smirnov tests. The C-content differed signifi cantly between 
sapwood and heartwood (P < 0.001, Wilcoxon matched-
pairs signed-ranks test). In almost all clones, the C-content 
was higher in the heartwood than in the sapwood (Fig. 3). 
The coeffi cient of variation was 0.42% in both the sapwood 
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Fig. 2. Frequency distribution of carbon content (C-content) of 
sapwood (top), heartwood (middle), and whole wood (bottom). Clonal 
means were used. n = 102
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Fig. 3. Relation between C-content of sapwood and C-content of 
heartwood. All 102 clonal means are plotted. The diagonal line shows 
x = y

and heartwood. There was a signifi cant correlation in the 
clonal mean C-content between sapwood and heartwood 
(Fig. 3, r = 0.63, P < 0.001).

One-way ANOVA revealed a signifi cant difference 
(P < 0.001) in C-content between clones in both sapwood 
and heartwood. The clonal repeatability in C-content was 
higher in heartwood (R2 = 0.46) than in sapwood (R2 = 0.38) 
and in whole wood (R2 = 0.44). The relative genetic gain of 
C-content was 0.16%, 0.19%, and 0.18% in sapwood, heart-
wood, and whole wood, respectively, when the intensity of 
selection is 1.0.

Discussion

The natural distribution of Larix kaempferi is limited to the 
central part of the mainland (Honshu) in Japan, except for 
the relict population in the northern part. The origin of the 
plus-tree clones sampled in this study covers almost the 
entire area of the L. kaempferi natural distribution (Fig. 1). 
The results of the present study are therefore representative 
of the genetic variations in C-content of L. kaempferi.

The average C-content in L. kaempferi was in the range 
reported for other coniferous species.1,4,5,7,8 We summarize 
the average C-content and its variation in Table 1. The 
average C-content of the two other main plantation species 
in Japan, Cryptomeria japonica and Chamaecyparis obtusa, 
is 51.7%7 and 51.6%,8 respectively; L. kaempferi has a 
slightly lower C-content (50.80%). Knowledge of the C-
content in wood is necessary for estimation of the carbon 
storage in woody biomass of forest stands, in addition to the 
stem volume and wood density.1 The amount of stem volume 
of the major coniferous species in the forest of Japan is 
already estimated from the database of forest registers.14 
Information for the average wood density of each major 
species has also been compiled. There is no compiled infor-
mation about the average C-content of the major plantation 



250

species in Japan obtained from various genotypes. The 
results of the present study joined with former studies5,7,8 
provide C-content of major plantation species, occupying 
79% of the plantation forest area,9 and allow us to estimate 
the amount of carbon storage more reliably in a large part 
of the plantation forests in Japan. Lamlom and Savidge6 
reported that the C-content in Larix laricina and Larix 
occidentalis is 47.21% and 47.60%, respectively. These two 
Larix species have the lowest C-content of the 21 coniferous 
species that they analyzed.6 The C-content in L. kaempferi 
in the present study is near the midpoint of their range. Our 
fi ndings indicate that there is a relatively large intergeneric 
variation in C-content in the genus Larix.

In L. kaempferi, the C-content in heartwood was signifi -
cantly higher than that in sapwood. Lamlom and Savidge6 
studied the radial variations in C-content in Sequoiaden-
dron giganteum (giant sequoia) and reported that the C-
content in heartwood has little radial variation but is higher 
in heartwood than in sapwood. Similarly, Tamura et al.5 
reported that the C-content in C. japonica is higher in the 
heartwood than in the sapwood. Our fi ndings in L. 
kaempferi were consistent with these previous results. In 
addition, the difference in the C-content between heart-
wood and sapwood was determined by analyzing 102 clones, 
suggesting the generality of this fi nding through the various 
genotypes. The high C-content in heartwood is associated 
with the heartwood extractives.5,6 The genus Larix has a 
high extractive content in the heartwood and the extractives 
affect several wood properties, such as wood density,15 decay 
resistance,16 and strength.17 The high C-content in the heart-
wood in L. kaempferi might also be due to its relatively high 
extractive content.

The clonal variation in C-content in L. kaempferi was 
very small, similar to that reported for C. japonica7 and 
C. obtusa8 (Table 1), whereas the repeatability was relatively 
high. The carbon storage in the trunk of a tree is calculated 
as the product of the volume of the trunk, the average wood 
density, the C-content, and some constants. The relative 
genetic gain of C-content is directly proportional to the 

genetic gain of carbon storage in the trunk when the other 
two traits are not improved. The small relative genetic gain 
in C-content therefore means that the genetic improvement 
of C-content by selection has a fairly small effect in the 
improvement of carbon storage capacity. Nakada et al.18 
obtained coeffi cients of variation of 8% for wood density 
and 21% for diameter at breast height between clones in L. 
kaempferi. Because of the higher coeffi cients of variation, 
these other two traits would show higher relative genetic 
gain and have higher effect on the improvement of carbon 
storage capacity than the C-content accordingly. These fi nd-
ings suggest that a genetic improvement in C-content by 
selection is not effi cient for the improvement of CO2 seques-
tration capacity in L. kaempferi.

References

 1. Anonymous (2003) Wood volume and woody biomass: review of 
FRA 2000 estimates. Forestry Department, Food and Agriculture 
Organization of the United Nations

 2. Sedjo RA (1989) Forests: a tool to moderate global warming. 
Environment 31:14–20

 3. Elias M, Potvin C (2003) Assessing inter- and intra-specifi c varia-
tion in trunk carbon concentration for 32 neotropical tree species. 
Can J Forest Res 33:1039–1045

 4. Lamlom SH, Savidge RA (2003) A reassessment of carbon content 
in wood: variation within and between 41 North American species. 
Biomass Bioenerg 25:381–388

 5. Tamura A, Fujisawa Y, Iizuka K, Kubota M (2005) Variation of 
carbon content in the stem of Sugi (Cryptomeria japonica D. Don) 
plus-tree clones (in Japanese). J Jpn Forest Soc 87:52–57

 6. Lamlom SH, Savidge RA (2006) Carbon content variation in 
boles of mature sugar maple and giant sequoia. Tree Physiol 26:
459–468

 7. Tamura A, Kurinobu S, Fukatsu E, Iizuka K (2006) An investigation 
on the allocation of selection weight on growth and wood basic 
density to maximize carbon storage in the stem of Sugi (Crypto-
meria japonica D. Don) (in Japanese). J Jpn Forest Soc 88:15–20

 8. Fukatsu E, Takahashi M, Fujisawa Y, Kurinobu S (2006) The effects 
of several traits on family variation of carbon content in stem of 
Hinoki Cypress (Chamaecyparis obtusa) (in Japanese). Proceed-
ings of the 57th Kanto Regional Meeting of Japanese Forest Society 
57:143–145

Table 1. Carbon content and its variation in major coniferous species and in genus Larix

Tree species Carbon contenta (%) Number of strains Number of individuals Reference

Major coniferous species
 Worldwide
  Abies amabilis 48.55 (NC) – 1 4
  Chamaecyparis nootkatenis 52.84 (NC) – 1 4
  Picea glauca 50.39 (NC) – 1 4
  Pinus strobus 49.74 (NC) – 1 4
 Japan
  Cryptomeria japonica 51.7 (0.3)  47b 336 7
  Chamaecyparis obtusa 51.6 (0.23)  27c 162 8
 Genus Larix
  Larix laricina 47.21 (NC) – 1 4
  Larix occidentalis 47.60 (NC) – 1 4
  Larix kaempferi 50.8 (0.41) 102b 277 This study

NC, not calculated
a Data given as mean with coeffi cient of variation in parentheses
b Number of clones
c Number of half sibs



251

 9. Ministry of Agriculture, Forestry and Fisheries (2000) The 2000 
world census of agriculture and forestry. Ministry of Agriculture, 
Forestry, and Fisheries of Japan, Tokyo

10. Intergovernmental Panel on Climate Change (IPCC) (2001) IPCC 
third assessment report—climate change 2001: mitigation. IPCC 
Secretariat, Geneva

11. Hayashi Y (1960) The natural distribution of Larix leptolepis. In: 
Taxonomical and phytogeographical study of Japanese conifers. 
Nourin shuppann, Tokyo, appendix 45

12 Falconer DS, Mackay T (1996) Introduction to quantitative genetics. 
Pearson Education, Harlow, UK

13. R Development Core Team (2007) R: a language and environment 
for statistical computing. R Foundation for Statistical Computing, 
Vienna, Austria. http://www.R-project.org. Accessed 7 Jun 2007

14. Ministry of the Environment (2007) National greenhouse gas 
inventory report of Japan. Ministry of the Environment, Tokyo, 
Japan, Chap. 7

15. Grabner M, Wimmer R, Gierlinger N, Evans R, Downes G (2005) 
Heartwood extractives in larch and effects on X-ray densitometry. 
Can J Forest Res 35:2781–2786

16. Gierlinger N, Jacques D, Schwanninger M, Wimmer R, Paques LE 
(2004) Heartwood extractives and lignin content of different larch 
species (Larix sp.) and relationships to brown-rot decay resistance. 
Trees 18:230–236

17. Grabner M, Muller U, Gierlinger N, Wimmer R (2005) Effects of 
heartwood extractives on mechanical properties of larch. IAWA J 
26:211–220

18. Nakada R, Fujisawa Y, Taniguchi T (2005) Variation of wood 
properties between plus-tree clones in Larix kaempferi (Lamb.) 
Carrière (in Japanese). Bull For Tree Breed Center 21:85–105



<<
  /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 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


