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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is one of the leading
causes of morbidity and mortality worldwide, and emphysema is a common
component of COPD. Currently, it is very difficult to detect early stage emphysema
using conventional radiographic imaging without contrast agents, because the change
in X-ray attenuation is not detectable with absorption-based radiography. Compared
with the absorption-based CT, phase contrast imaging has more advantages in soft
tissue imaging, because of its high spatial resolution and contrast.

Methods: In this article, we used diffraction enhanced imaging (DEl) method to get
the images of early stage emphysematous and healthy samples, then extract X-ray
absorption, refraction, and ultra-small-angle X-ray scattering (USAXS) information from
DEl images using multiple image radiography (MIR). We combined the absorption
image with the USAXS image by a scatter plot. The critical threshold in the scatter plot
was calibrated using the linear discriminant function in the pattern recognition.

Results: USAXS image was sensitive to the change of tissue micro-structure, it could
show the lesions which were invisible in the absorption image. Combined with the
absorption-based image, the USAXS information enabled better discrimination between
healthy and emphysematous lung tissue in a mouse model. The false-color images
demonstrated that our method was capable of classifying healthy and emphysematous
tissues.

Conclusion: Here we present USAXS images of early stage emphysematous and
healthy samples, where the dependence of the USAXS signal on micro-structures of
biomedical samples leads to improved diagnosis of emphysema in lung radiographs.

Keywords: Pulmonary emphysema, Diffraction enhanced imaging, Multiple image
radiography, Early diagnosis

Introduction

X-ray technology is widely used in medicine, biological and material research since
Roentgen discovered X-ray in 1895. Now, imaging techniques used in clinical diagnosis
mainly include X-ray fluoroscopy, X-ray photography and computed tomography (CT)
imaging, etc., they derive contrast from difference in X-ray absorption. However, the
differences in X-ray absorption coefficients of the structure in biological soft tissues
are quite small, thus the contrast and spatial resolution of these techniques are quite
low. When lesions were found by X-ray absorption-based radiography, the patient has
missed the best period of treatment [1-3]. In the diagnosis of chronic obstructive
pulmonary disease (COPD) also confronted with this problem.
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COPD is one of the leading causes of morbidity and mortality worldwide [4], it is
presumed that the mortality of COPD will rise to the third place in the world [5].
Emphysema is a common component of COPD, it is characterized by airflow limitation
and excessive inflation which enlarge distal airspace and decrease the elasticity of pulmon-
ary alveoli [4]. Chest X-ray is the conventional imaging methods for detection of emphy-
sema. Due to changes in the lung tissue density of mild to moderate emphysema are quite
small, the image of chest X-ray may be completely normal. In a study by Klein et al. [6],
the sensitivity of chest radiography in the diagnosis of emphysema was 34%. Currently,
early diagnosis of COPD and emphysema largely relies on spirometric lung function tests.
However, because of the strong compensatory ability of lung, spirometric lung function
tests may not be sensitive enough for measuring alterations in lung function at the early
stages of emphysema [7]. A research [8] showed that the sensitivity of the spirometry in
early diagnosis of the emphysema was about 80%. Histological examination is the most
commonly method to observe micro-structure of biological tissues, it can observe
the pathological change of early stage emphysema, but this method is invasive and
not repeatable [9,10]. In our research, we identified mild emphysema successfully,
and located lesion regions with false-color.

Lung is a kind of gas-bearing spongy tissue, compared with the phase contrast imaging,
there is still a limit on the spatial resolution and contrast with the absorption-based CT
[11]. In recent years, many studies have shown that X-ray phase contrast imaging of
synchrotron radiation source can be used to observe the structure of the lung sample on
the order of microns and conduce to lung disease diagnosis [11-13]. Now, the main phase
contrast imaging methods include interferometry, diffraction enhanced imaging, in-line
phase contrast X-ray imaging and grating-based X-ray imaging. Since Chapman proposed
the diffraction enhanced imaging (DEI) method and put forward the calculation formula-
tion of absorption image and refraction image, DEI has been widely used in various
research fields. The DEI technique utilizes the analyzer crystal with an acceptance angle
range of only a few micro-radians. The high angular sensitivity of the crystal allows the
X-ray absorption, refraction, and ultra-small-angle X-ray scatter (USAXS) of the
sample to be measured. The DEI information extraction [14,15] provided a way to
present the absorption, refraction, and USAXS information individually. Those
images possess higher contrast, and they can provide more detailed information of
the sample.

Materials and methods

The principle of DEI

The DEI setup is sketched in Figure 1, it is composed of two perfect crystals’
monochromator-analyzer system with a sample placed between them. The mono-
chromator is used to generate a nearly monochromatic X-ray beam, the beam trans-
mitted through the sample is incident upon the analyzer crystal, and the intensity of
the X-ray beam reflected by the analyzer crystal is measured by a detector, which
results in the formation of a DEI image [16]. When the X-ray beam transmits
through a sample, the interactions between the X-ray and the sample include absorp-
tion, refraction, USAXS, and so on. When monochromatic crystal is fixed, and the
analyzer crystal rotate in the meridian plan, we use the rocking curve to describe the
reflectivity of the analyzer crystal as a function of the angle of analyzer crystal, as
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Figure 1 The DEI setup.

shown in Figure 2. According to Bragg’s diffraction law (2d *sin(B + AB) =n* (A £ AN)),
only the X-ray satisfying the Bragg condition of the analyzer crystal will be reflected onto
the detector.

Samples

Randomly selected six-wk-old Balb/c mice were used throughout this study. Mice had
free access to water and rodent laboratory chow. The mice were anesthetized and
applied papain through endotracheal instillation once a week (6 U/kg body weight),
which continued four weeks. Then the animals were humanely sacrificed after ten days.
The lung sample was prepared following the instillation-based inflation-fixation method
established by Heitzman [17,18]. All experiments and procedures carried out on the
animals were approved by Institutional Animal Care and Use Committee of Capital
Medical University and the approved ID is AEEI-2014-049.

Diffraction enhanced X-ray imaging
The experiments were conducted at the 4W1A beamline of Beijing Synchrotron Radiation
Facility (BSRF). Two perfect crystals Si (111) were used as the monochromator and
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Figure 2 The rocking curve in the experiment.
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analyzer. The X-ray beam energy was set at 15Kev during the experiments. The detector
had an VHR-16 M high resolution X-ray Imaging Camera system (Photonic Science Ltd.)
with 4872*3248 pixels, and 7.4*7.4 um® per pixel, with a field of view of 36*24 mm?. Two
series of DEI images were acquired in 23 positions of the RC, one with the sample and one
without the sample, and they could be used to obtain absorption, refraction, and USAXS
images. The samples were placed in a plastic container when acquire the DEI images.

Image processing

In the study of information extraction method, Chapman et al. [16] presented the
original information extraction method and produced images known as the apparent
absorption image and refraction image using two images taken on either side of the RC
of the analyzing crystal, in 1997. This method is simple to calculate, but the images

, N

Figure 3 Images of healthy and emphysematous samples. (A), (B), (C) show the absorption, refraction
and USAXS images of the healthy sample, respectively. (D), (E), (F) show the absorption, refraction and
USAXS images of emphysema lung, respectively.
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acquired through this method are influenced by scattering, which reduces the spatial
resolution [19]. Wernick et al. [20] proposed multiple image radiography (MIR)
based on a statistical analysis. It can produce true absorption, refraction and USAXS
images, respectively, and it is more robust to noise [20]. However, MIR increases the
imaging time and X-ray radiation dose of the sample due to the need for more DEI
images.

C.Hu et al. [15] made further explainations about MIR based on Wernick et al. [20].
In MIR, two series of DEI images are acquired in N (N>2) positions of the RC, one
with the sample and one without the sample. In the following formulas [15], I s, AB,
o}, denotes the absorption, refraction and USAXS information, respectively, 15(6,)
(n =1,2,...,N ) denotes the intensity of the DEI image in the position 0, of the RC with
the sample. I,(0,,) (n=1,2,...,N) denotes the intensity of the DEI image in the position 6,, of
the RC without the sample. The MIR absorption image is similar to a conventional radio-

graph, but exhibits greater contrast owing to the scattering rejection.

Figure 4 Histological sections of healthy (A and C) and emphysematous lung sample (B and D).
Lung samples were embedded in paraffin and stained using a routine Mayer's H & E staining protocol.
Sections were scanned at various magnifications to create digital images. (A and B) 5x and (C and D)
10 x magnification of the lung sections, respectively.
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Results

Multiple projections of three emphysematous and three healthy mouse lung samples
were acquired at the 4W1A beamline of Beijing Synchrotron Radiation Facility (BSRF).
Then calculated the absorption, refraction and USAXS images using MIR. Figure 3(A),
(B), (C), (D), (E), (F) show absorption, refraction and USAXS images of the healthy and
emphysematous sample, respectively. Compared with the images of healthy mouse lung
sample, the mean pixel value of emphysematous one is higher in absorption image but
lower in USAXS image. The image texture of refraction image in emphysema lung is
more irregular than it in the image of healthy sample. In a comparison of the absorption
image, the USAXS image can be more clear to show the diseased region, as shown in the
red circle in Figure 3.

The change in alveoli diameter is well represented in the histological sections of
healthy (Figure 4A and C) and emphysematous lung samples (Figure 4B and D), where
a significant increase in mean alveolar diameter accompanied by the loss in lung tis-
sue is apparent in the 10-fold magnification of emphysematous mouse lung tissue
(Figure 4D).

In order to get a better diagnosis of emphysema, we combined the absorption image
with the USAXS image by a scatter plot. Figure 5 displayed the comparison results of
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Figure 5 Scatter plots of the absorption image and the USAXS image. (A),(B),(C),(D),(E),(F),(G),(H),(I)
are the scatter plots of the absorption image and the USAXS image of a healthy sample and a emphysematous
sample. From this statistical analysis a clear distinction between emphysematous (red) and healthy (blue) lung
tissue is possible. The straight line (yellow) produced by linear discriminant function can be regard as the
boundary of the two groups.
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each healthy and emphysematous lung sample by scatter plots respectively. The apparent
discrimination of healthy and emphysematous lung tissues in the scatter plot can be visu-
alized in the calculated projection images by linear discriminant function to select the
pixels of emphysematous that show a large deviation from the healthy (blue) straight line.
Compared to the deviation of the absorption images (X-axis) of the two groups, the devi-
ation of the USAXS images (Y-axis) is more obvious, as shown in Figure 5. In other
words, the USAXS image is more sensitive to diagnose the emphysema or even other pul-
monary diseases. Figure 6 are the scatter plot in three-dimensional, the Z-axis presents
the number of the pixels at the XY plane's each position, the blue presents the healthy
sample and the color presents the emphysematous sample. The discrimination between
the peaks of two kinds of samples is apparent, this indicates that the three-dimensional
plot can provide more evidences for qualitative diagnosis.

The main appearance of early stage emphysema is alveolar inflation, which changes
the spatial frequency of tissue micro-structure. USAXS image is sensitive to the change
of tissue micro-structure, it can show the lesions which are invisible in the absorption
image. In scatter plots, lower pixel value means more serious alveolar inflation. According
to those scatter plots, we compared all the emphysematous samples with each healthy
sample to distinguish the disease level, as shown in Figure 7. The results displayed the
changes of the micro-structure of the lung tissues in jet colors based on the boundary
produced by linear discriminant analysis, where high values (yellow, red) correspond to
lower scattering from the sample at comparable absorption properties, thus revealing
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Figure 6 Scatter plots of the absorption image and the USAXS image in three-dimensional. The nine
scatter plots in three-dimensional corresponding to the plots in Figure 5, respectively, the Z-axis presents
the number of the pixels at XY plane's each position, the blue presents the healthy sample and the color
presents the emphysematous sample.
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(See figure on previous page.)

Figure 7 Classification results of three emphysematous samples with each healthy sample.
Multimodal projections of three healthy lung samples (normal1, normal2, normal3) and three emphysematous
lung samples (emphysema1, emphysema2, emphysema3). To visualize the apparent differentiation of healthy
and emphysematous lungs from the scatter plot, we propose using the threshold values produced by linear
discriminant analysis, and the threshold values are displayed in jet colors, where higher values (yellow, red)
correspond to lower scattering and thus larger mean alveoli diameter. The (A),(B),(C) show that the diseased
regions of the same emphysematous lung sample have the same varying tendency under different

healthy sample.

larger mean alveoli diameter. The classification results in Figure 7 showed that the
diseased regions of the same emphysematous lung sample had the same varying tendency
under different healthy samples, which indicated the method we proposed is feasible.

Discussion

Because of the low spatial resolution, CT results are limited mainly to structural analyses
of larger airways. The change in X-ray attenuation caused by the pathological process
of pulmonary emphysema is difficult to detect in early stage of the disease using con-
ventional absorption-based radiography without contrast agents. Xenon ventilation
CT using dual source and dual energy is a new technique for functional lung imaging
which visualises lung ventilation and allows quantification of regional ventilation de-
fects as well as gas trapping behind obstructed airways [21]. It can be used as a novel
parameter to assess the severity of emphysema, but the defect is xenon may cause
serious complication such as respiratory depression.

MR imaging of the lung is difficult because of its weak MR signal. Hyperpolarised
helium-3 or xenon-129 are a new class of MR contrast agents ,they can be used to obtain
high spatial resolution images of the lung airspaces. However, current capability to gener-
ate hyperpolarised gas for MR imaging is predominantly restricted to specialised centres
in Europe and North America [21].

Currently, early diagnosis of COPD and emphysema largely relies on spirometric lung
function tests. However, the tests are not so sensitive to the early stage emphysema.
Compared with it, because of the high spatial resolution and no contrast agents, the
DEI technique has more advantages in early emphysema diagnosis.

The scanning time in our experiments is a little longer than the time used in a con-
ventional clinical chest radiograph, so a reduction of the number of scan steps is
needed. It is observed that the rocking curve near the waist position can be similar to a
straight line, where we can increase the scan interval angle and calculate the missing
images using linear interpolation to reduce the scanning time and radiation dose.

Conclusions

The small airways due to the specific anatomical and pathophysiological features do
not usually cause clinical symptoms if the disease does not affect larger airways [22]. It
seems that small airways and alveoli are the main point of airflow limitation and the
attack occurs from the early stage in patients with COPD. Therefore, the role of the
small airways and alveoli in the pathophysiology of obstructive lung diseases is important.
However, no one method can currently be considered as a “gold standard” to assess the
function of small airways.
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In this paper, we utilized the MIR to extracted the absorption, refraction and USAXS
images of the healthy and early stage emphysematous lung samples. A combination of
absorption and USAXS information in a scatter-plot analysis presents improved emphy-
sema diagnosis of mice lungs. We found that the strong dependence of USAXS informa-
tion on the changes of micro-structure in lung tissue, especially in small airways and
alveoli, plays an important role in early diagnosis of pulmonary emphysema.

In this study, the isolated mice lung samples were used in the experiments. In the
future, with the development of technology and improvement of experimental equip-
ments, research of human lung or other biological tissues in vivo will be conducted.
Therefore, the early diagnosis based on the combination of multi-character of the DEI
images will have extensive application prospects.

Abbreviations

COPD: Chronic obstructive pulmonary disease; DEI: Diffraction enhanced imaging; USAXS: Ultra-small-angle X-ray scat-
tering; MIR: Multiple image radiography; CT: Computed tomography; RC: Rocking curve; BSRF: Beijing synchrotron
radiation facility; MR: Magnetic resonance.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

LD contributed to the formulation of the idea, performed experiments and drafted the manuscript, JL contributed to
the conduction of experiments and participated in the development of the methods. WJ contributed to the
conduction of experiments. LZ contributed to the conduction of experiments and reviewed the manuscript. MW
contributed to the conduction of experiments. HS participated in the development of the method and reviewed the
manuscript. SL is the Primary Investigator of the study under which this work was performed and participated in its
design and reviewed the manuscript. All authors read and approved the final manuscript.

Acknowledgements

We would like to thank Prof. Zhu Peiping, Dr. Qingxi Yuan, Dr. Wanxia Huang and Dr. Junyue Wang from BSRF for
their assistance in our experiments, and thank to Zheng Wang (Cancer Institute & Hospital, Chinese Academy of
Medical Sciences) for providing the healthy and emphysematous mice samples.

This study was supported by the National Natural Science Foundation of China, Grant No. 61227802, 60532090 and
30770593, and by the 7th Framework Program of the European Community, Grant Agreement Number PIRSES-GA-
2009-269124.

Received: 20 May 2014 Accepted: 17 June 2014
Published: 21 June 2014

References

1. Hoffman PC, Mauer AM, Vokes EE: Lung cancer. Lancet 2000, 355:479-485.

2. Sen S, Reddy VG, Khanna N, Guleria R, Kapila K, Singh N: A comparative study of telomerase activity in sputum,
bronchial washing and biopsy specimens of lung cancer. Lung Cancer 2001, 33:41-49.

3. SeraT, Uesugi K Yagi N, Umetani K, Kobatake M, Imai S: High-resolution visualization of tumours in rabbit lung
using refraction contrast X-ray imaging. fur J Radiol 2008, 68:54-57.

4. Schleede S, Meinel FG, Bech M, Herzen J, Achterhold K, Potdevin G, Malecki A, Adam-Neumair S, Thieme SF,
Bamberg F, Nikolaou K, Bohla A, Yildirim AO, Roderick L, Martin G, Ronald R, Oliver E, Maximilian R, Franz P:
Emphysema diagnosis using X-ray dark- field imaging at a laser-driven compact synchrotron light source.
Proc Natl Acad Sci U S A 2012, 109:17880-17885.

5. Van Tho N, Wada H, Ogawa E, Nakano Y: Recent findings in chronic obstructive pulmonary disease by using
quantitative computed tomography. Res Inves 2012, 50:78-87.

6. Klein JS, Gamsu G, Webb RW, Golden JA, Muller NL: HRCT diagnosis of emphysema in a symptomatic patients
with normal chest radiographs and isolated low diffusion capacity. Radiology 1992, 182:817-821.

7. Anne-Helene J, Amir S, Anna-Maria Dutius A, Catharina Z, Fehniger TE, Stevens TR, Xiangdong W: Evaluation of
excised lung gas volume measurements in animals with genetic or induced emphysema. Respir Physiol
Neurobiol 2006, 150:240-250.

8. Mostafa MMS: Role of the chest radiography, spirometry, and high resolution computed tomography in the
early diagnosis of the emphysema. Egyptian J Radiol Nuc Med 2010, 41:509-515.

9. Burdett CL, Critchley RJ, Black F, Barnard S, Clark SC, Corris PA, Gould KF, Butt T, Dark JH: Invasive biopsy is
effective and useful after lung transplant. J Heart Lung Transplant 2010, 29:759-763.

10.  Horst Detlef L, Christoph N, Alexander M, Susanne G, Andreas B, Folker Emst F, Wolfgang K, Wigbert Stephan R:
Three-dimensional imaging and morphometric analysis of alveolar tissue from microfocal X-ray-computed
tomography. Am J Physiol Lung Cell Mol Physiol 2006, 291:535-545.

11, Parsons DW, Morgan K, Donnelley M, Fouras A, Crosbie J, Williams |, Boucher RC, Uesugi K, Naoto Y, Karen KW S:
High-resolution visualization of airspace structures in intact mice via synchrotron phase-contrast X-ray
imaging (PCXI). J Anat 2008, 213:217-227.



Dong et al. BioMedical Engineering OnLine 2014, 13:82
http://www.biomedical-engineering-online.com/content/13/1/82

20.

21.

22.

Zhang L, Li D, Luo S: Non-Invasive Microstructure and Morphology Investigation of the Mouse Lung:
Qualitative Description and Quantitative Measurement. PLoS One 2011, 6(2):e17400.

Hwang J, Kim M, Kim S, Jinwon L: Quantifying Morphological Parameters of the Terminal Branching Units in a
Mouse Lung by Phase Contrast Synchrotron Radiation Computed Tomography. PLoS One 2013, 8(5):e63552.
Oltulu O, Zhong Z, Hasnah M, Wernick MN, Dean C: Extraction of extinction, refraction and absorption
properties in diffraction enhanced imaging. J Phys D Appl Phys 2003, 36:2152-2156.

Chunhong H, Tao Z, Lu Z, Hui L, Xinyan Z, Shugian L: Information extraction and CT reconstruction of liver
images based on diffraction enhanced imaging. Proc Natl Acad Sci U S A 2009, 19:955-962.

Chapman D, Thomlinson W, Johnston RE, Washburn D, Pisano E, Gmur N, Zhong Z, Menk R, Arfelli F, Sayers D:
Diffraction enhanced X-ray imaging. Phys Med Biol 1997, 42:2015-2025.

Heitzman ER: The lung: radiologic-pathologic correlations. St. Louis: Mosby; 1984:4-12.

Churg AM, Myers JL, Tazelaar HD, Wright JL: Thurlbeck’s pathology of the lung. New York: Thieme Medical
Publishers; 2005:115.

Zhu PP, Yuan QX, Huang WX, Wang Y, Shu H, Wu ZY, Xian DC: The principle of diffraction enhanced imaging.
Acta Physics Sinica 2006, 55:1089-1097. (in Chinese) [AIiF, %%, #8171, Lk, 700, R A X, B, f19
BB SR R B, WL 2006,55:1089-1097).

Wernick MN, Oliver W, Dean C, Zhong Z, Galatsanos NP, Yongyi Y, Brankov JG, Oral O, Anastasio MA, Carol M:
Multiple-image radiography. Phys Med Biol 2003, 48:3875-3895.

Konstantinos Katsoulis K, Konstantinos K, Theodore K: Techniques for assessing small airways function: Possible
applications in asthma and COPD. Respir Med 2013, xx:1-10.

Thien F: Measuring and imaging small airways dysfunction in asthma. Asia Pacific Allergy 2013, 3:224-230.

doi:10.1186/1475-925X-13-82
Cite this article as: Dong et al: Emphysema early diagnosis using X-ray diffraction enhanced imaging at
synchrotron light source. BioMedical Engineering OnLine 2014 13:82.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVled Central

Page 11 of 11



	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	The principle of DEI
	Samples
	Diffraction enhanced X-ray imaging
	Image processing

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


