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Abstract. An energy-dispersive electron probe X-ray microanalysis (ED-EPMA) technique us-
ing an energy-dispersive X-ray detector with an ultra-thin window, designated as low-Z particle
EPMA, has been developed. The low-Z particle EPMA allows the quantitative determination of
concentrations of low-Z elements such as C, N and O, as well as higher-Z elements that can be
analysed by conventional ED-EPMA. The quantitative determination of low-Z elements (using full
Monte Carlo simulations, from the electron impact to the X-ray detection) in individual particles
has improved the applicability of single-particle analysis, especially in atmospheric environmental
aerosol research; many environmentally important atmospheric particles, e.g. sulphates, nitrates,
ammonium and carbonaceous particles, contain low-Z elements. To demonstrate its practical ap-
plicability, the application of the low-Z particle EPMA for the characterization of Asian Dust, urban
and subway aerosol particles is shown herein. In addition, it is demonstrated that the Monte Carlo
calculation can also be applied in a quantitative single-particle analysis using transmission electron
microscopy (TEM) coupled with energy-dispersive X-ray spectrometry (EDX), showing that the
technique is useful and reliable for the characterization of submicron aerosol particles.

Keywords. Low-Z particle electron probe X-ray microanalysis; transmissing electron microscopy/
energy dispersive X-ray spectrometry; Asian Dust; urban aerosol; subway aerosol.
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1. Introduction

In the last decade, both the technological background and the data evaluation methods,
i.e. X-ray spectra analysis and quantitative determination of sample composition, have
been significantly improved for electron probe X-ray microanalysis (EPMA). One of the
most essential breakthroughs in this field was the appearance of commercial silicon-based
spectrometers equipped with thin polymer windows which improved the transmission of
low-energy X-rays, as well as the newly designed high resolution energy dispersive de-
tectors such as microcalorimeters. Another important improvement can be found in the
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recently developed evaluation models for quantitative analysis, which can handle various
types of target samples. The ultimate goal of this scientific effort has been to increase the
X-ray detection efficiency, to broaden the energy range of the X-rays to be analysed, to
decrease the irradiated and excited volume in the specimen, and to obtain maximum infor-
mation about sample composition and structure with application of adequate quantitative
model for fast calculation. A quantitative EPMA technique using an energy-dispersive
X-ray (EDX) detector with an ultra-thin window, designated as low-Z particle EPMA,
has been developed. The low-Z particle EPMA can quantitatively determine concen-
trations of low-Z elements such as C, N and O, as well as higher-Z elements that can
be analysed by conventional energy-dispersive EPMA (ED-EPMA). The morphology
and the composition of environmental microparticles are heterogeneous, and therefore
detailed quantitative information about both major and trace constituent elements is re-
quired. The characteristic X-ray lines of the main components, which are mostly low-Z
elements (Z < 9), undergo extremely strong attenuation while propagating through the
particle volume. Therefore, the estimation of the matrix effect is important. Quantitative
determination of low-Z elements was necessary for further research of individual parti-
cles: firstly because these elements (C, N, O) are abundant, e.g. in atmospheric particles;
and secondly because quantitative information is necessary for speciation of individual
microscopic particles. Indeed, many environmental particles contain low-Z elements in
the form of nitrates, sulphates, oxides, or mixtures including a carbon matrix.

A number of well-developed and rigorously tested quantification procedures are avail-
able in EPMA (e.g. ZAF and ¢(pz) methods), especially for the analysis of bulk samples.
However, these procedures are limited for low-Z elements of individual atmospheric mi-
croparticles (in view of the small size and variable shape of the particles and the important
matrix effect for low-Z elements). Therefore, a quantification method, which employs a
Monte Carlo simulation in combination with successive approximations, has been de-
veloped. The quantitative determination of low-Z elements in individual environmental
particles has improved the applicability of single-particle analysis.

2. Low-Z particle EPMA

Cautious sampling of airborne particles is the first step in the application of low-Z particle
EPMA, which aims for the quantitative determination of elemental concentrations, both
for low-Z and higher-Z elements, of individual aerosol particles. The measurements are
carried out in a scanning electron microscope (SEM) equipped with an ultra-thin window
EDX detector. To achieve optimal experimental conditions, such as a low background
level in the spectra and high sensitivity for low-Z element analysis, an accelerating volt-
age of 10 kV is chosen. The beam current is 1 nA for all measurements. To obtain
the statistically sufficient number of counts in the X-ray spectra while limiting the beam
damage on sensitive particles, a typical measuring time of 10 s is used. A more detailed
discussion of the measurement conditions is given elsewhere [1]. The net X-ray intensi-
ties for chemical elements are obtained by nonlinear, least-squares fitting of the collected
spectra using AXIL program [2]. The elemental concentrations of individual particles are
determined from their X-ray intensities by applying a Monte Carlo calculation combined
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with reverse successive approximations [1,3]. The quantification procedure provided
results with an accuracy of less than 12% relative deviations between the calculated and
nominal elemental concentrations for various standard particles [3—5]. The low-Z par-
ticle EPMA method can provide quantitative information on the chemical composition
and particles can be classified based on their chemical species. The analytical procedure
for determining chemical species and assigning individual particles to specific types is
described in more detail elsewhere [6,7].

3. Monte Carlo calculation for quantitative TEM/EDX analysis

The Monte Carlo calculation has been proven to be an excellent tool for accurately sim-
ulating electron—solid interactions in atmospheric individual particles of micrometre size.
In Monte Carlo calculations, electron trajectories are simulated, the generated characteris-
tic and bremsstrahulung X-rays are calculated for spherical, hemispherical and hexahedral
particles sitting on a flat surface, and the concentrations of chemical elements of single
particles can be accurately determined. Although it was designed for SEM application,
the Monte Carlo calculation could be used also for the quantitative single-particle analy-
sis using transmission electron microscopy (TEM) with an ultra-thin window EDX with a
high accelerating voltage (200 kV) [8]. For TEM measurements, formvar/carbon-coated
TEM grids have been widely used as a collecting substrate of airborne particles. The
formvar/carbon film, consisting of formvar resin for film resilience and a carbon layer for
film stability under the electron beam, is composed of C, O and H, and has a density of
about 1.2 g/cm®. When formvar/carbon-coated TEM grids are used, the correction for
the interference of C and O X-rays from the formvar/carbon film is critical for the quan-
titative single-particle analysis using TEM-EDX. Monte Carlo calculation is very good as
a quantification procedure, because it can deal with sample systems with complex geom-
etry, such as a single particle sitting on a thin film, which is not feasible for conventional
EPMA quantification procedures such as those based on ZAF and ¢(pz) corrections. In
a Monte Carlo calculation program newly modified for TEM-EDX application, electron
trajectories for a particle sitting on the thin film can be simulated and X-rays generated
both from the particle and the film can be calculated (figure 1). The simulated X-ray
spectra for particles with different chemical compositions and sizes showed that the in-
tensities of C and O X-rays were nearly constant for particles without C and O elements
such as NaCl and KCI particles, whereas X-ray intensities of chemical elements of the
particles (e.g. Na, Cl, K) as well as the bremsstrahlung background increased with the
increase of particle size. For particles containing O and/or C such as SiO,, Fe,03, K,SO4
and CaCOs;, the intensities of O and/or C X-rays increased with the increase of particle
size, indicating that the contribution was mainly from particles (possibly a small frac-
tion from the formvar/carbon films). Thus, the C and O X-ray intensities of the particle
were calculated separately from those of the film, and the extent of the contribution of
X-rays from the collecting film was estimated and corrected through the Monte Carlo
simulation. The accuracy of the quantification procedure, including the correction for C
and O X-ray intensities of the formvar/carbon film, was evaluated by investigating vari-
ous types of standard particles, and good accuracy of the methodology was demonstrated
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Figure 1. Electron paths obtained by Monte Carlo calculation under TEM-EDX mea-
surement condition for a spherical particle sitting on carbon/formvar film (adapted

from Geng et al [8]).
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Figure 2. TEM images of KCl, Na;CO3, NaNO3 and (NH4)>SO4 standard particles

(adapted from Geng et al [8]).
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for beam-refractory particles such as CaCOs, SiO,, NaCl, Na,CO3, KCI and CaSOy [8].
However, for electron beam-sensitive particles such as NaNO3 and Ca(NO3),-4H,O, the
deviations were quite large, because of the electron beam damage on the particles as
electron beams of high energy and current were employed in TEM-EDX measurements.
Figure 2 shows white bubbles in beam-sensitive NaNO; and (NHy4),SO; particles, which
clearly indicates the electron beam-damage on the particles. Based on quantitative X-ray
analysis together with morphological information from TEM image, overall 1638 sub-
micron individual particles from 10 sets of aerosol samples collected in Incheon, Korea
were identified. Figure 3 shows the relative abundances of various types of particles en-
countered in ten seasonal samples. The most frequently encountered particle types are
carbonaceous and (NH4)>SO4/NH4HSO4-containing particles, followed by soil-derived
(e.g. aluminosilicate, Si0,, CaCO3), sea salt, K-rich (e.g. K»SO4 and KCl), Fe-rich, fly
ash, and transition or heavy metal-containing (e.g. ZnSQOy, ZnCl,, PbSQO,) particles. The
relative abundances of the submicron particle types varied among samples collected in
different seasons and also depended on different air mass transport routes. This study
demonstrates that the quantitative TEM-EDX individual particle analysis is a useful and
reliable technique for characterizing submicron aerosol particles.
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Figure 3. Relative abundances of various types of particles encountered in 10 seasonal
samples (adapted from Geng et al [8]).
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4. Application of low-Z particle EPMA for the characterization of aerosol particles

The low-Z particle EPMA has been proven to be very useful for the characterization
of airborne particles. Herein, three different types of airborne samples, such as Asian
Dust, urban aerosols and subway particles, are discussed as typical examples to show the
practical applicability of low-Z particle EPMA technique.

4.1 Characterization of Asian Dust particles

Low-Z particle EPMA was used to characterize Asian Dust samples, collected in Chun-
Cheon, Korea, during four Asian Dust storm events on 21 March, 9 April, 17 April
and 11 November in 2002 [9]. In figures 4 and 5, relative abundances of the chemical
species at different impactor stages for samples ‘April_17" and ‘Nov_11’, respectively,
are shown. For the samples, the most abundantly encountered particles, both in coarse
and fine fractions, were soil-derived particles such as aluminosilicates (AlSi) and silicon
dioxide (Si0,), except for the sample collected on 11 November 2002, where the reacted
CaCOj particles were the most abundant. All four samples found to have experienced
chemical modifications during long-range transport because the samples contained par-
ticles composed of chemical species, such as nitrate and sulphate, which resulted from
atmospheric reactions of CaCOj3 and sea-salt particles because CaCO3 and sea-salt par-
ticles reacted with sulphur and nitrogen oxide species during long-range transport. The
sample collected on 11 November 2002 experienced the most extensive chemical modifi-
cation during its transport. For this sample, the overall relative abundances of the reacted
CaCOs3 and reacted sea-salt particles were 29.9% and 23.2%, respectively. In addition
to the reacted CaCOs3 and sea-salt particles, reacted K-containing particles were also en-
countered in this sample. In this work, it was observed that chemical modification of
sea-salt particles was more extensive than that of CaCOj3 particles. By considering the
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Figure 4. Relative abundances of each chemical species in the ‘April_17" sample
(cut-off diameters of stages 1-6: 16, 8, 4, 2, 1 and 0.5 um) (adapted from Hwang et
al, 2005).
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Figure 5. Relative abundances of each chemical species in the ‘Nov_11" sample
(cut-off diameters of stages 1-5: 16, 8, 4, 2 and 1 um) (adapted from Hwang et al,
2005).

relative abundances of nitrate- and sulphate-containing particles, nitrate formation from
CaCOs3 and sea-salt particles in the air is found to be more favourable than sulphate for-
mation. This example demonstrates that the single-particle analysis using low-Z parti-
cle EPMA can provide detailed information on various types of chemical species in the
samples [9].

4.2 Characterization of urban aerosol particles

The low-Z particle EPMA, combined with the utilization of morphological information
on individual particles, was used to characterize six aerosol samples collected in the
Korean city, Incheon, during 9-15 March 2006 [10]. Incheon is densely populated (pop-
ulation: 2.7 million, area: 427 km?) and has many local emission sources, including
seven industrial complexes, two seaports with ten wharfs, and one international airport. A
new town (area: ~33 km?) has been under construction with major building activity and
heavy transport. Incheon is on the coast of the Yellow Sea and adjacent to the megacity
of Seoul. The sampling site was regarded as being susceptible to various urban source
processes, including high areal traffic loads. The collected supermicron aerosol particles
were classified based on their chemical species and morphology on a single-particle ba-
sis. Table 1 shows particle types based on their chemical species and morphology and
their frequencies in the urban samples. Different particle types were identified and their
emission source, transport and reactivity in the air were elucidated. In the samples, par-
ticles in the ‘soil-derived particles’ group were the most abundant, followed by ‘reacted
sea-salts’, ‘reacted CaCOs-containing particles’, ‘genuine sea-salts’, ‘reacted sea-salts +
others’, ‘Fe-containing particles’, ‘anthropogenic organics’, (NH4)>,SO4, ‘K-containing
particles’, and ‘fly ash’. The application of the single-particle analysis, fully utiliz-
ing their chemical, compositional and morphological data of individual particles, clearly
revealed the different characteristics of the six aerosol samples. For samples S3 and S5,
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which were sampled during two Asian Dust storm events, almost all particles were of
soil origin that had not experienced chemical modification and that did not entrain sea-
salts during their long-range transport. For sample S1, collected at an episodic period
of high PM o concentration and haze, anthropogenic, secondary and soil-derived parti-
cles emitted from local sources were predominant. For samples S2, S4 and S6, which
were collected on average spring days with respect to their PM o concentrations, marine-
originated particles were the most abundant. Sample S2 seemed to have been strongly
influenced by emissions from the Yellow Sea and Korean peninsula, sample S4 had the
minimum anthropogenic influence among the four samples collected in the absence of
any Asian Dust storm event and sample S6 seemed to have entrained air pollutants that
had been transported from mainland China over the Yellow Sea to Korea [10].

4.3 Characterization of subway particles

The low-Z particle EPMA was used to characterize seasonal indoor aerosol samples col-
lected at a subway station in Seoul, Korea [11]. Overall, some 10,400 particles for eight
seasonal samples collected at the Hyehwa subway station platform were analysed and
classified on the basis of their chemical species. Four major types of particles, based on
their chemical compositions, were significantly encountered: Fe-containing, soil-derived,
carbonaceous, and secondary nitrate and/or sulphate particles. In table 2, the overall rel-
ative abundances of those particle types encountered in the subway platform samples are
shown. Fe-containing particles are the most abundant, with a relative abundance in the
range of 61-79%. Fe-containing particles were generated from wear processes at rail—
wheel-brake interfaces, whereas the others might be introduced mostly from the outdoor
urban atmosphere. Most of the Fe-containing particles were found in either partially or
fully oxidized state. The relative abundance of Fe-containing particles increases as parti-
cle size decreases. In samples collected in the summer, Fe-containing particles were the
most abundant, whereas soil-derived and nitrate/sulphate particles were the lowest. This
indicates that the air-exchange between indoor and outdoor environments is limited in the
summer, owing to the air-conditioning in the subway system. In addition, it was observed
that the relative abundance of particles of outdoor origin varied somewhat among sea-
sonal samples to a lesser degree, reflecting that indoor emission sources predominated.
To clearly identify indoor sources of subway particles, samples were collected at four dif-
ferent locations of four subway stations, namely the Jegi, Seouldae, Yangjae and Chung-
muro stations in Seoul [12]. The four sampling locations were in tunnel, at platform, at
ticket office and outdoors. Figure 6 shows the relative abundances of major particle types
for samples collected at different locations of the four underground subway stations. For
the samples collected in tunnels, Fe-containing particles were the most abundant, with
relative abundance of 75-91% for the four stations. For the samples collected at the plat-
form, at the ticket office and outdoors, the relative abundance of Fe-containing particles
decreased as the distance of the sampling sites from the tunnel increased. In addition,
samples collected at the platform of subway stations with platform screen doors that limit
air-mixing between the platform and the tunnel, showed a marked decrease in the rela-
tive abundance of Fe-containing particles, clearly indicating that Fe-containing subway
particles were generated in the tunnel.
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Figure 6. The relative abundances of major particle types for samples collected at
different locations at four underground subway stations.

5. Conclusion

We introduced a single-particle analytical technique, named low-Z particle EPMA. The
low-Z particle EPMA allows the quantitative determination of concentrations of low-Z
elements such as C, N and O. The quantitative determination of low-Z elements (using
full Monte Carlo simulations, from the electron impact to the X-ray detection) in individ-
ual particles has improved the applicability of single-particle analysis, especially in at-
mospheric environmental aerosol research; many environmentally important atmospheric
particles, e.g. sulphates, nitrates, ammonium and carbonaceous particles, contain low-Z
elements. In order to demonstrate its practical applicability, the application of the low-
Z particle EPMA for characterizing Asian Dust, urban and subway aerosol particles is
shown herein. In addition, it is demonstrated that the Monte Carlo calculation method
can also be applied in a quantitative single-particle analysis using TEM/EDX, showing
that the technique is useful and reliable for the characterization of submicron aerosol
particles.

References
[1] C-URo, J Osan and R Van Grieken, Anal. Chem. 71, 1521 (1999)

[2] B Vekemans, K Janssens, L Vincze, F Adams and P Van Espen, X-Ray Spectrom. 23, 278
(1994)

Pramana - J. Phys., Vol. 76, No. 2, February 2011 291



(3]
(4]
(5]
(6]

(7]
(8]

(9]
(10]
(11]
[12]

292

Shila Maskey and Chul-Un Ro

C-U Ro, J Osan, I Szdloki, J de Hoog, A Worobiec and R Van Grieken, Anal. Chem. 75, 851
(2003)

C-U Ro, K-Y Oh, H Kim, Y P Kim, C B Lee, K-H Kim, J Osan, J de Hoog, A Worobiec and
R Van Grieken, Environ. Sci. Technol. 35, 4487 (2001)

C-U Ro, K-Y Oh, H Kim, Y Chun, J Osan, J de Hoog and R Van Grieken, Atmos. Environ.
35, 4995 (2001)

C-U Ro, J Osan, I Szaloki, K-Y Oh, H Kim and R Van Grieken, Environ. Sci. Technol. 34,
3023 (2000)

C-U Ro, H Kim and R Van Grieken, Anal. Chem. 76, 1322 (2004)

H Geng, S Kang, H-J Jung, M Choel, H Kim and C-U Ro, J. Geophys. Res. 115, D15306
(2010), doi:10.1029/2009JD013486

H Hwang and C-U Ro, J. Geophys. Res. 110, D23201 (2005), doi: 10.1029/2005JD006050

S Kang, H Hwang, S Kang, Y Park, H Kim and C-U Ro, Atmos. Environ. 43, 3445 (2009)

S Kang, H Hwang, Y Park, H Kim and C-U Ro, Environ. Sci. Technol. 42, 9051 (2008)

H-J Jung, B Kim, J Ryu, S Maskey, J-C Kim, J Sohn and C-U Ro, Atmos. Environ. 44, 2287
(2010)

Pramana - J. Phys., Vol. 76, No. 2, February 2011



	Quantitative energy-dispersive electron probeX-ray microanalysis for single-particle analysisand its application for characterizing atmosphericaerosol particles
	Abstract
	Introduction
	Low-Z particle EPMA
	Monte Carlo calculation for quantitative TEM/EDX analysis
	Application of low-Z particle EPMA for the characterization of aerosol particles
	Characterization of Asian Dust particles
	Characterization of urban aerosol particles
	Characterization of subway particles

	Conclusion
	References




<<
  /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


