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Abstract A spectrophotometric assay based on the color
reaction between N,N-didecyl-N-methyl-poly(oxyethyl)
ammonium propionate (DMPAP) and 4-[4-(dipropyl-
amino)phenylazo]-benzenesulfonic acid (propyl orange)
was used to determine DMPAP concentrations as a wood
preservative. The assay was carried out using a propyl
orange solution at pH 2.9. The visible absorption spectrum
of propyl orange showed an absorption maximum at 510 nm,
which decreased linearly with increasing DMPAP concen-
tration from 0 to 10 ppm. To apply this assay method to
determine DMPAP retention in treated wood, the influence
of wood extractives on the assay was investigated. Extrac-
tives from Japanese cedar, hinoki cypress, and Japanese
larch were found to increase apparent DMPAP concentra-
tion. However, it was also found that measuring visible
absorption at 477 nm prevented overestimation and gave
precise values. This assay can be a viable alternative to the
current methods for the determination of DMPAP
concentrations.

Key words N,N-didecyl-N-methyl-poly(oxyethyl) ammo-
nium propionate (DMPAP) - Quaternary ammonium chlo-
ride - Propyl orange - Treated wood - Wood preservative

Introduction

To mitigate global warming by using wooden products, pre-
servative treatments are expected to extend the service life
of wooden materials and thus delay the emission of carbon
dioxide gas.'"™ Among several types of preservative treat-
ments, the proportion of wood undergoing pressure treat-
ment using quaternary ammonium compounds (QACs) has
gradually increased in the past few decades in Japan’
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because of its colorless appearance, high penetrability, low
odor, and zero metal content. Although didecyldimethylam-
monium chloride (DDAC) was the most common QAC in
the past decade, N,N-didecyl-N-methyl-poly(oxyethyl)
ammonium propionate (DMPAP) has been recently devel-
oped as a new type of chlorine-free QAC. This preservative
is now on the list of accepted preservatives in both the Japa-
nese Agricultural Standard (JAS) for sawn timber® and the
Japanese Industrial Standard for Wood Preservatives.’

The performance of treated wood is known to be affected
by preservative retention.*” Therefore, the JAS for sawn
timber sets five retention levels and evaluation methods for
determining preservative retention.’ In the case of DMPAP,
the principle of the evaluation method is similar to the
DDAC evaluation method described in the American Wood
Protection Association Standard (AWPAS).*" In a previous
article, we discussed the demerits of the conventional
DDAC assay method described in AWPAS and proposed a
simple, eco-friendly, and cost-effective approach for deter-
mining DDAC retention based on a color reaction between
DDAC and 4-[4-(dipropylamino)phenylazo]-benzenesul-
fonic acid (propyl orange).'""

It is assumed that this method will also be useful for
determining DMPAP retention in treated wood. We applied
the color reaction between propyl orange and DMPAP and
found that propyl orange can successfully determine
DMPAP concentration. The influence of wood extractives
on DMPAP assay using propyl orange was also examined.

Materials and methods
Materials

A DMPAP standard containing 71.6% DMPAP (supplier:
Lonza Japan) was kindly provided by Mr. Akira Makita,
Dainihon Wood-Preserving Co., Ltd. Propyl orange was
synthesized from sodium sulfanilate as described in previ-
ous articles.””" Wood powder was also prepared from the
sapwood and heartwood of commercial timber from
Japanese cedar (Cryptomeria japonica), hinoki cypress



(Chamaecyparis obtusa), Japanese larch (Larix kaempferi),
and Western hemlock (7suga heterophylia) according to a
previous article.” Extraction solvent was prepared by
adding formic acid to methanol until a pH meter (TOA;
HM-30S) showed pH 5.0."

Determination of DMPAP concentration using
propyl orange

The assay solution was prepared by mixing about 7.2 mg
propyl orange with 1120 mM sodium monochloroacetate
buffer adjusted to pH 2.9 and containing 0.02% Triton
X-100." The DMPAP standard was diluted with the extrac-
tion solvent to make a standard solution containing
0-1000 ppm DMPAP. Then, 20 pl standard solution was
added to 1980 ul assay solution. The visible absorption spec-
trum of the mixed solution was recorded on a Shimadzu
UV-2400 spectrometer.

Determination of DMPAP concentration in the presence
of wood extractives

Wood extractives were prepared by mixing 1 g of wood
powder with 20 ml methanol extraction solvent according
to the procedure given in a previous article.”” After the
extraction procedure, part of the supernatant solution was
filtered with a membrane filter (DISMIC-25HP, Advantec)
for use in further studies.

A sample solution was prepared by mixing filtered super-
natant containing wood extractives with the same volume
of DMPAP standard solution. A control solution was pre-
pared by mixing the extraction solvent with the DMPAP
standard solution. Then, 20 ul sample solution or control
solution was mixed with 1980 ul assay solution, and its
visible absorption was measured using the Shimadzu
UV-2400 spectrometer.

Results and discussion

Determination of DMPAP concentration with
propyl orange

Assay methods using propyl orange were developed
to determine the concentration of QACs such as the
distearyldimethylammonium ion'* and the nCx-
trimethylammonium ion (x = 10-18)." The compound was
also revealed to be useful for determining DDAC concen-
trations when used as a wood preservative.'”

However, it is not clear whether the assay method using
propyl orange can be applied to DMPAP determination.
Therefore, the first step was to investigate the color reaction
between propyl orange and DMPAP. The change of the
DMPAP-propyl orange complex spectra in the assay solu-
tion is shown in Fig. 1. Propyl orange has a visible absorp-
tion maximum at 510 nm, and this maximum decreased with
increasing DMPAP concentration. In contrast, a new peak
appeared at 422 nm. An isosbestic point was observed at
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Fig. 1. Visible absorption spectra of N,N-didecyl-N-methyl-
poly(oxyethyl) ammonium propionate (DMPAP)-propyl orange
complex in an acidic buffer. DMPAP concentration in the assay solu-
tion varied from 0 to 10 ppm
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Fig. 2. The relationship between DMPAP concentration and absor-
bance at 510 nm (open circles) and 477 nm (solid circles). The unbroken
line and broken line indicate the linear least-squares fit of absorbance
at 510 nm and 477 nm against DMPAP concentration in the assay solu-
tion from 0 to 10 ppm, respectively. The lines were drawn using the
following equations: Absorbance at 510 nm = —0.042 x DMPAP conc.
+ 0.72; Absorbance at 477 nm = —0.017 x DMPAP conc. + 0.50

about 460 nm. This result accorded with our previous find-
ings using DDAC and propyl orange,” and with those of
Momobhara et al. and Motomizu et al."™**

Absorbance at 510 nm was then plotted against DMPAP
concentration (Fig. 2): the absorbance linearly decreased
with increasing DMPAP concentration from 0 to 10 ppm in
the assay solution (R* = 0.998).
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Table 1. Effect of wood extractives on relative absorbance in DMPAP assay at wavelengths of 510 nm and 477 nm (absorbance of control sample

at each DMPAP concentration = 100)

Measured DMPAP  Control Japanese cedar Hinoki cypress Japanese larch Western hemlock
wavelength  conc.’
Sapwood  Heartwood Sapwood Heartwood Sapwood Heartwood Sapwood Heartwood
510 nm Oppm 100 (0.1) 96.0(04) 959(0.2)  989(03) 96.1(0.1)  98.8(02) 986(0.2)  99.5(0.2) 993 (0.4)
10 ppm 100 (0.7) 100 (0.7)  85.0 (0.6) 93.7 (0.3)  89.6 (0.8) 95.1 (0.5) 97.3(2.3) 99.0 (0.4) 100 (0.7)
477 nm Oppm 100 (0.1) 99.2(0.1) 994 (0.2) 100 (0.1)  99.4 (0.3) 100 (0.1) 100 (0.2) 100 (0.1) 100 (0.1)
10ppm 100 (02) 983 (0.6) 99.0(0.5)  986(0.6) 103 (0.5) 989 (0.7) 99.4(08)  99.1(02) 98.5(0.5)
Coefficient of variations are shown in parentheses (n = 3)
DMPAP, N,N-didecyl-N-methyl-poly(oxyethyl) ammonium propionate
“DMPAP concentration in assay solution
The reproducibility of this assay was also investigated. A 0.05
standard solution containing 0 or 1000 ppm DMPAP was -t

prepared, and the DMPAP concentration was measured
using the assay in triplicate. The results showed that the
coefficients of variation were 1.2% for the assay solution
containing 0 ppm DMPAP, and 2.0% for that containing
10 ppm DMPAP (data not shown). The low value of the
variation coefficient indicates that this assay procedure is
reproducible enough for DMPAP determination.

Application of propyl orange to determine DMPAP
retention in treated wood

The previous study revealed that wood extractives inter-
fered with the DDAC assay using propyl orange when the
assay was carried out using absorbance at 510 nm. It also
revealed that the influence of the wood extractives can be
excluded by determining the DDAC concentration at
477 nm."” In this way, the influences of wood extractives and
measurement wavelength on DMPAP determination using
propyl orange were investigated.

To estimate the effect of wood extractives, a DMPAP
standard solution was mixed with extraction solvents con-
taining wood extractives from the sapwood or heartwood
of four wood species, and the mixture was subjected to
DMPAP assay. Extraction solvents in this study were pre-
pared according to AWPAS to determine DDAC retention
in treated wood."” The AWPAS defines 0.5 g as the amount
of wood powder placed in 20 ml extraction solvent. Double
this amount of wood powder was used in this experiment
and mixed with the same volume of DMPAP standard solu-
tion. DMPAP concentration after mixing both solutions was
set to 0 or 1000 ppm, which was slightly higher than that
expected for treated Japanese cedar timber at the K4 level.®

As shown in Table 1, wood extractives from Japanese
cedar heartwood and hinoki cypress heartwood significantly
decreased absorbance at 510 nm. In addition, wood extrac-
tives from hinoki sapwood, Japanese larch heartwood, and
Japanese larch sapwood also influenced absorbance. In
other words, DMPAP retention in these wood species is
overestimated by the above assay method.

There was a similar problem in the previous study on
DDAC assays using propyl orange. This was solved by
changing the wavelength from 510 nm to 477 nm because

0.04 F «
0.03 |
0.02
0.01
0
~0.01
~0.02
~0.03
~0.04

—0.05
400 425 450 475 500 525 550 575 600
Wavelength (nm)

Absorbance

o b b b b b b

Fig. 3. Differential spectra of DMPAP-propyl orange complex in the
presence and the absence of wood extractives. The difference in the
visible absorption of the DMPAP-propyl orange complex in the pres-
ence and absence of wood extractives of Japanese cedar heartwood
were plotted: Unbroken line, with DMPAP 10 ppm; broken line, with
DMPAP 0 ppm in the assay solution

the DDAC-propyl orange complex has an isosbestic point
at around 477 nm, which is not affected by the presence of
wood extractives.”” Therefore, differential spectra of the
DMPAP-propyl orange complex were also recorded in the
presence and in the absence of wood extractives. Figure 3
shows an example of differential spectra observed in the
presence and in the absence of wood extractives from Japa-
nese cedar heartwood, indicating the presence of an isos-
bestic point at 477 nm similar to the DDAC-propyl orange
complex. Since there is an isosbestic point at 477 nm where
absorbance is unaffected by the presence or absence of
wood extractives from these wood species, visible absor-
bance was measured at this wavelength. Table 1 shows the
visible absorbance of the DMPAP—propyl orange complex
at 477 nm. The results clearly indicate that DMPAP concen-
tration can be determined precisely at this wavelength even
in the presence of wood extractives from these species.
It is also shown that there is a good correlation between



absorbance at 477 nm and DMPAP concentration (R> =
0.997) (Fig. 2).

The assay method using propyl orange is a viable alterna-
tive to the conventional DMPAP assay method described
in the JAS for sawn timber.® It is also noteworthy that the
assay method using propyl orange can be applied to DDAC
and alkyldimethylbenzylammonium chloride determina-
tion."*”® Therefore, determination of all QACs listed as
active ingredients in the JAS for sawn timber can be deter-
mined by the assay method using propyl orange, with the
advantage of delivering simplicity and cost-effectiveness in
harmony with humans and the environment.

Acknowledgments We would like to thank Mr. Akira Makita for pro-
viding the DMPAP standard. This study was partly supported by the
program “Research and Development Projects for Application in Pro-
moting New Policy of Agriculture, Forestry and Fisheries” by the Min-
istry of Agriculture, Forestry, and Fisheries of Japan.

References

1. Tonosaki M (2009) Harvested wood products accounting in the
post Kyoto commitment period. J Wood Sci 55:390-394

2. Tsunetsugu Y, Tonosaki M (2010) Quantitative estimation of
carbon removal effects due to wood utilization up to 2050 in Japan:
effects from carbon storage and substitution of fossil fuels by
harvested wood products. J Wood Sci. doi: 10.1007/s10086-009-
1107-4

3. Deroubaix G (2008) Wood protection, a tool for climate change
mitigation? Document no. 08-50257. International Research Group
on Wood Protection, Stockholm

4. Momohara I, Saito S, Ohmura W, Kiguchi M (2009) Effect of drying
method as a pretreatment on CUAZ preservative impregnation in
Japanese cedar logs. J Wood Sci 55:441-445

10.

11.

12.

13.

14.

15.

169

. Japan Wood Preservers Industry Association. Transition of amount

of wood preservatives (in Japanese). http://www.jwpia.or.jp/
shinchaku/index.html. Accessed July 15,2010

. Japanese Agricultural Standard (2007) Japanese Agricultural Stan-

dard for Sawn Timber. Notification no. 1083 of the Ministry of
Agriculture, Tokyo

. Japan Wood Preserving Association, Japanese Standards Associa-

tion (2004) Wood preservatives. Japanese Industrial Standard K
1570

. Nagano Y (2001) Fungus cellar testing as an evaluation method for

performance of treated timber in ground contact. Document no.
01-20227. International Research Group on Wood Protection,
Stockholm

. Sakai H (2009) Fungal resistance test for non-treated and treated

wood in the field (in Japanese). J Soc Mater Sci Jpn 58:271-279
American Wood Protection Association Standard (2008) Standard
for HPLC method for didecyldimethyl ammonium chloride
(DDAC) determination in treated wood, A16-08. American Wood
Protection Association, Birmingham, AL

Snyder LR, Kirkland JJ, Glajch JL (1997) Ionic samples: reversed-
phase, ion-pair, and ion-exchange HPLC. In: Practical HPLC
method development, 2nd edn. Wiley-Interscience, Hoboken, pp
292-349

Momohara I, Kato A, Nishimura T (2010) Spectrophotometric
assay of a wood preservative, didecyldimethylammonium chloride
(DDAC), in aqueous solution. J Wood Sci 56:314-318

Motomizu S, Oshima M, Hosoi Y (1992) Spectrophotometric deter-
mination of cationic and anionic surfactants with anionic dyes in
the presence of nonionic surfactants. Part I: A general aspect. Mik-
rochim Acta 106:57-66

Motomizu S, Gao YH (1994) Solvatochromism based on the inter-
action between azo dyes and hydrophobic ions: application to the
determination of surfactants by flow-injection spectrophotometry.
Microchem J 49:326-339

Motomizu S, Oshima M, Hosoi Y (1992) Spectrophotometric deter-
mination of cationic and anionic surfactants with anionic dyes in
the presence of nonionic surfactants, part II: development of batch
and flow injection methods. Mikrochim Acta 106:67-74




<<
  /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




