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Abstract Cyclodextrin (CD) is well known to include the

lipophilic compounds to form inclusion complexes,

because it has a hydrophobic cavity and a hydrophilic

outside surface. The CD complexation is useful for deter-

mination of particular surfactants by mass spectrometry

due to the increase in the weight of surfactant. In this study,

the anionic surfactant was determined directly as its CD-

complex in methanol/water (1:1) solution by electrospray-

ionization mass spectrometry (ESI-MS), while the nonionic

and cationic surfactants were determined indirectly from

the concentrations of a deprotonated CD ion, which was

derived from the uncomplexed CD.

Keywords Cyclodextrin � Surfactant � Determination �
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Introduction

Recently, mass spectrometry is often used in a variety of

fields, e.g. pharmacy, chemistry and biochemistry, since

molecular weight of a certain compound and information

about its molecular architecture can be obtained using a

small amount of sample, and the measurement is also easy

and quick to handle [1–5]. There are various ionization

methods in mass spectrometry, such as electronic ioniza-

tion (EI), fast atomic bombardment (FAB), matrix assisted

laser desorption ionization (MALDI) and electrospray

ionization (ESI). ESI and MALDI mass spectrometries are

recently used for the identification of macromolecules such

as proteins in the fields of medicinal and an environmental

chemistry because they are soft ionization methods as

compared with the other methods [6–10]. Inclusion com-

plexes, which are formed by weak interaction such as ion-

dipole, hydrogen bonding and van der Waals interaction,

can be also identified by ESI and MALDI-MS [11–15].

Moreover, ESI-MS is known to have an excellent deter-

mination ability and is therefore used as the detector for

high-performance liquid chromatography (HPLC) [16].

Thus, the complexation behavior and constants for metal

ion complexes of crown compounds have been estimated

by ESI-MS [17–20].

Cyclodextrin (CD) is a cyclic D-glucose oligomer with

a-1,4 bonding, whose hexamer, heptamer and octamer are

called as a-, b- and c-CD, respectively. CD is well known

to form stable inclusion complexes with lipophilic com-

pounds in polar solvents, such as water, because it has a

hydrophobic cavity and a hydrophilic exterior [21–25].

Thus, CD can be used as a modifier to increase molecular

weights of small organic compound molecules in mass

spectrometry [12]. On the other hand, conventional sur-

factants have both hydrophobic and hydrophilic moieties,

and are used for the detergents in water and the phase

transfer catalyst, and so on.

In this paper, we describe the inclusion behavior of

cyclodextrin for anionic surfactants, the there-by signal

isolation of surfactants complexed by CD from uncom-

plexed surfactants in ESI-MS, which in turn brings about

the easy ESI-MS determination of the anionic surfactants

in methanol/water mixed solutions. Cationic and nonionic

surfactants were also attempted to determine on the basis of

the concentration of deprotonated CD which was derived

from uncomplexed CD.
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Experimental

Materials

All reagents were of analytical grade. Water was deionized

and distilled. Methanol, a-cyclodextrin (a-CD), sodium

dodecyl sulfate (SDS), dodecyl trimethylammonium bro-

mide (DTMABr), and Triton X-100 (Triton X) were

purchased from Sigma-Aldrich Japan K.K. Maltohexaose

(MHO) was purchased from Nacalai Tesque, Inc.

Determination and investigation of CD-complexes

with surfactants by ESI-MS

Methanol/water (1:1) mixtures containing various concen-

trations of a-CD and surfactants were used for the

measurements. ESI-MS analyses were carried out in posi-

tive and negative electrospray ionization modes, using

Finnigan LCQ-Deca. Samples were introduced into ESI-

MS by a direct infusion method at 10 lL/min. The average

values and the standard deviations of mass spectral inten-

sities for the 6-time measurements, whose the highest and

lowest values were omitted, were calculated from the plots

of MS peak intensity versus concentration of surfactants.

Results and discussion

Optimization of determination conditions for

CD-complexes with surfactants

ESI parameters, e.g. the mobile phase, flow rate of nitrogen

(sheath gas), source temperature, and capillary voltage,

were studied in order to obtain the optimum conditions for

the identification and the determination of the CD-com-

plexes with surfactants. Several polar solvents as the

mobile phase were studied to obtain the maximum and

stable sensitivity. In result, methanol/water (1:1) mixed

solutions exhibited the highest sensitivity. The other ESI

parameters were fixed as following: flow rate of mobile-

phase, flow rate of sheath gas, capillary voltage, and source

temperature are 10 lL/min, 80 arb/0.75 MPa, ±50 V, and

200 �C, respectively.

Complexing behavior of a-CD with anionic surfactant

The complexing behavior of a-CD with sodium dodecyl

sulfate (SDS) as an anionic surfactant was examined by

ESI-MS in the negative mode. Figure 1b shows the mass

spectrum of the solution containing both a-CD and SDS in

1.0 9 10-5 mol dm-3 each. The peaks of CD-complex

ion with dodecyl sulfate ion [a-CD + DS]-, [DS]- and

[a-CD - H]-, which was obtained by deprotonation of

a-CD, were observed by ESI-MS. The peak intensities of

a-CD complex ions with SDS were measured in the

concentration range between 1.0 9 10-6 and 1.0 9

10-4 mol dm-3, keeping a-CD in 5.0 9 10-4 mol dm-3.

Figure 1a shows the plots of peak intensities of the com-

plex ions against SDS concentrations in the ESI mass

spectrum. It was confirmed from the figure that the peak

intensity of [a-CD + DS]- was linearly increased with the

increase in the SDS concentration. Thus, the concentration

of anionic surfactant can be determined as its a-CD

complex ion by using ESI-MS [11, 14].

Complexing behavior of a-CD with cationic surfactant

Complexing behavior of a-CD with a cationic surfactant

was examined using dodecyl trimethyl ammonium bromide

(DTMABr). In the ESI mass spectrum of the solution

containing a-CD and DTMABr, no peak assigned to the

CD-complex with DTMABr was observed in the positive

mode of ESI-MS. Therefore, the determination of the spe-

cies in the mixed solution using ESI-MS was carried out in

negative mode. The typical ESI-MS spectrum for a solution

containing a-CD and DTMABr are shown in Fig. 2b. The

highest peak is of [a-CD - H]- and the second highest one

is of [CD - H + DTMABr]-, which is the deprotonated

CD-complex ion with DTMABr. However, the peak of

[CD - H + DTMABr]- exhibited a very weak intensity

and the poor reproducibility. These results showed that

the electrically neutral complex of deprotonated a-CD

and DTMA+, which was derived from DTMABr by the

dissociation of Br-, is easily formed in the mixed solution

of a-CD and DTMABr. The peak intensities of [CD - H +

DTMABr]- were measured with changing the DTMABr

concentration from 1.0 9 10-6 to 8.0 9 10-5 mol dm-3,

Fig. 1 (a) Plots of peak intensity of CD-complex versus SDS

concentration. [a-CD] = 5.0 9 10-4 mol dm-3. (b) ESI-MS spec-

trum of solution containing a-CD and SDS. [a-CD] = 1.0 9

10-5 mol dm-3, [SDS] = 1.0 9 10-5 mol dm-3
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keeping a-CD in 5.0 9 10-5 mol dm-3. Its peak intensity

was, however, too weak to detect. Therefore, the concen-

tration of deprotonated a-CD, which was decreased by the

complexation of deprotonated a-CD and cationic surfactant

to form the electrically neutral complex, was measured by

the indirect determination of the concentration of cationic

surfactant in the solution. The peak intensities of the

deprotonated a-CD, [a-CD - H]-, were measured by

changing the DTMABr concentration from 1.0 9 10-6 to

8.0 9 10-5 mol dm-3 and keeping a-CD in 5.0 9

10-5 mol dm-3. Figure 2a shows the relationship between

the peak intensity of [a-CD - H]- and DTMABr concen-

tration in the ESI-mass spectra. The peak intensity of

[a-CD - H]- was linearly decreased by the increase in the

DTMABr concentration because the concentration of free

a-CD decreased by forming the electrically neutral complex

with DTMABr. Thus, the concentration of cationic

surfactant can be easily determined by measuring the con-

centration of deprotonated a-CD in negative ESI-MS.

Complexing behavior of a-CD with nonionic surfactant

Complexing behavior of a-CD with a nonionic surfactant

was examined using Triton X-100 (Triton X). The typical

mass spectrum of a solution containing a-CD and Triton X is

shown in Fig. 3b. The peak of [a-CD - H]- was merely

observed in the negative mode of ESI-MS, but the com-

plexation of a-CD with the nonionic surfactant could not be

detected in the mass spectrum. On the other hand, the peak

intensity of [a-CD - H]- was decreased with the addition of

Triton X. It is probably because the concentration of a-CD

was decreased in the mixed solution due to the formation of

the neutral complex between a-CD and Triton X. Therefore,

the concentration of nonionic surfactant is determined

indirectly from the change in the peak intensity of [a-CD -

H]- on the addition of Triton X. The peak intensities of

[a-CD - H]- in the solution containing a-CD in 1.0 9

10-5 mol dm-3 were examined with the increase in the

concentration of Triton X from 1.0 9 10-5 to 8.0 9

10-5 mol dm-3. Figure 3a shows the relationship between

the peak intensity of [a-CD - H]- and the Triton X

concentration in the mass spectra. The peak intensity of

[a-CD - H]- was linearly decreased by the addition of

Triton X. Therefore, the concentration of nonionic surfactant

can be indirectly estimated by the peak intensity change of

[a-CD - H]-.

Effect of viscosity of nonionic surfactant on peak

intensity of [a-CD - H]-

The effect of the viscosity of the solution containing a-CD

on the peak intensity of [a-CD - H]- was examined with

addition of Triton X. For comparison with the case of the

a-CD system without any surfactant, the changes in the

peak intensities for the ions of p-toluenesulfonic acid (p-

TSA) or tetrabutylammonium chloride (TBACl), which

can be measured in the positive mode of ESI-MS, in the

concentration of 1.0 9 10-5 mol dm-3 each were exam-

ined with an increase in the concentration of Triton X from

1.0 9 10-5 to 8.0 9 10-5 mol dm-3, as shown in Fig. 4.

It was found that the peak intensity of [p-TSA - H]- was

hardly decreased as compared with the case of [a-CD -

H]-, being independent on the concentration change in

Triton X. This result shows that Triton X rarely interacts

with p-TSA and that the viscosity change with the increase

in the concentration of Triton X scarcely affected the

intensity of [p-TSA - H]-. On the other hand, the peak

intensity of [TBA]+, which was observed in the positive

Fig. 2 (a) Plots of peak intensity of a-CD versus DTMABr concen-

tration. [a-CD] = 5.0 9 10-5 mol dm-3. (b) ESI-MS spectrum of

solution containing a-CD and DTMABr. [a-CD] = 1.0 9

10-5 mol dm-3, [DTMABr] = 1.0 9 10-5 mol dm-3

Fig. 3 (a) Plots of peak intensity of a-CD versus Triton X

concentration. [a-CD] = 1.0 9 10-5 mol dm-1. (b) ESI-MS spec-

trum of solution containing a-CD and Triton X. [a-CD] = 1.0 9

10-5 mol dm-3, [Triton X] = 1.0 9 10-5 mol dm-3
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mode of ESI-MS, was slightly decreased with the increase in

the concentration of Triton X, probably due to the increase in

the viscosity of the solution on addition of Triton X.

Thus, the decrease in the peak intensity of [a-CD - H]+

with the addition of Triton X was caused by the decrease in

the concentration of deprotonated a-CD due to the com-

plexation between a-CD and Triton X, and was rarely

affected by the viscosity change with addition of Triton X.

Comparison of complexing behavior between a-CD

and MHO with Triton X

Maltohexaose (MHO) is an analogous linear saccharide of

a-CD. A mass spectrum of the solution containing MHO

and Triton X in 1.0 9 10-5 mol dm-3 each is shown in

Fig. 5a. Only a peak of [MHO - H]-, which was formed

by the deprotonation of MHO, was observed and there was

no other peak in the spectrum. For comparison with the case

of a-CD, the change in the peak intensities of ions of MHO

in 1.0 9 10-5 mol dm-3 was examined with the increase in

the concentration of Triton X from 1.0 9 10-5 to

8.0 9 10-5 mol dm-3, as shown in Fig. 5b. The peak

intensity of [HMO - H]- was rarely changed by addition

of Triton X. It is because MHO hardly forms its complex

with Triton X. This in turn causes the decrease in the peak

intensity of [MHO - H]-. Therefore, the decrease in the

peak intensity of [a-CD - H]- in the solution containing a-

CD on the addition of Triton X supports that a-CD formed

the electrically neutral complex with Triton X, the con-

centration of deprotonated a-CD being thereby decreased.

Conclusions

In this study, we paid attention to the complexes of a-CD

with anionic, cationic, and nonionic surfactants, and tried to

determine the surfactants using a-CD as a complexing agent

by ESI-MS, taking advantage of the increases in the

molecular weight of surfactants by forming its inclusion

complex. The peak intensity of CD-complex with anionic

surfactant, such as dodecyl sulfate (DS) ion, linearly

increased with the increase in the concentration of SDS.

Thus, the concentration of anionic surfactant could be

measured from the concentration of CD-complex by ESI-

MS. On the other hand, the peak intensities of deprotonated

a-CD were linearly decreased with the increase in the con-

centrations of the cationic and neutral surfactants. Therefore,

the concentrations of cationic and nonionic surfactants can

be indirectly estimated by the peak intensity change of

[a-CD - H]-. This method should be a candidate as an

analytical method for the laundry drain subsystem.

References

1. Griffey, R.H., Hofstadler, S.A., Sannes-Lowery, K.A., Eccker,

D.J.: Determinants of aminoglycoside-binding specificity for

Fig. 4 Plots of peak intensities of [a-CD - H]-, TBAC and p-TSA

versus Triton X concentration. [a-CD] = [TBAC] = [p-TSA] =

1.0 9 10-5 mol dm-3

Fig. 5 (a) ESI-MS spectrum of solution containing MHO and Triton X.

[MHO] = 1.0 9 10-5 mol dm-3, [Triton X] = 1.0 9 10-5 mol

dm-3. (b) Plots of peak intensity of a-CD and MHO versus Triton X

concentration. [a-CD] = 1.0 9 10-5 mol dm-3, [MHO] = 1.0 9

10-5 mol dm-3

62 J Incl Phenom Macrocycl Chem (2008) 62:59–63

123



rRNA by using mass spectrometry. Proc. Natl. Acad. Sci. USA

96, 10129–10133 (1999)

2. Davis, M.T., Stahl, D.C., Hefta, S.A., Lee, T.D.: A microscale

electrospray interface for online, capillary liquid chromatogra-

phy/tandem mass spectrometry of complex peptide mixtures.

Anal. Chem. 67, 4549–4556 (1995)

3. Kameyama, A., Kikuchi, N., Nakaya, S., Ito, H., Sato, T.,

Shikanai, T., Takahashi, Y., Takahashi, K., Narimatsu, H.: A

strategy for identification of oligosaccharide structures using

observational multistage mass spectral library. Anal. Chem. 77,

4719–4725 (2005)

4. Southam, A.D., Payne, T.G., Cooper, H.J., Arvanitis, T.N., Viant,

M.R.: Dynamic range and mass accuracy of wide-scan direct

infusion nanoelectrospray Fourier transform ion cyclotron reso-

nance mass spectrometry-based metabolomics increased by the

spectral stitching method. Anal. Chem. 79, 4595–4602 (2007)

5. Sar, D.G., Monta-Bayon, M., Gonzalez, E.B., Sanz-Medel, A.:

Speciation studies of cis-platin adducts with DNA nucleotides via

elemental specific detection (P and Pt) using liquid chromatog-

raphy-inductively coupled plasma-mass spectrometry and

structural characterization by electrospray mass spectrometry.

J. Anal. At. Spectrom. 21, 861–868 (2006)

6. Loo, J.A., Hu, P., McConnell, P., Mueller, W.T., Sawyer, T.K.,

Thanabal, V.: A study of Src SH2 domain protein—phospho-

peptide binding interactions by electrospray ionization mass

spectrometry. J. Am. Soc. Mass Spectrom. 8, 234–243 (1997)

7. Yao, Z.-P., Wan, T.S.M., Kwong, K.-P., Che, C.-T.: Chiral

recognition of amino acids by electrospray ionisation mass

spectrometry/mass spectrometry. Chem. Commun. 2119–2120

(1999)

8. Murty, M.R.V., Prabhakar, S.S., Lakshmi, V.V.S., Saradhi,

U.V.R.V., Reddy, T.J., Vairamani, M.: Mass spectral analysis of

chloropicrin under negative ion chemical ionization conditions.

Anal. Chem. 77, 3406–3410 (2005)

9. Gunay, N.S., Tadano-Aritomi, K., Toida, T., Ishizuka, I, Lin-

hardt, R.J.: Evaluation of counterions for electrospray ionization

mass spectral analysis of a highly sulfated carbohydrate, sucrose

octasulfate. Anal. Chem. 75, 3226–3231 (2003)

10. Timmerman, P., Jolliffe, K.A., Calama, M.C., Weidmann, J.-L.,

Prins, L.J., Cardullo, F., Snellink-Ruel, B.H.M., Fokkens, R.H.,

Nibbering, N.M.M., Shinkai, S., Reinhoudt, D.N.: Ag+ labeling: a

convenient new tool for the characterization of hydrogen-bonded

supramolecular assemblies by MALDI-TOF mass spectrometry.

Chem. Eur. J. 6, 4104–4115 (2000)

11. Blair, S.M., Brodbelt, J.S., Reddy, G.M., Marchand, A.P.:

Evaluation of binding selectivities of bis-crowned clefts by

electrospray ionization/quadrupole ion trap mass spectrometry.

J. Mass Spectrom. 33, 721–728 (1998)

12. Roussis, S.G., Proulx, R.: Molecular weight distributions of

heavy aromatic petroleum fractions by Ag+ electrospray ioniza-

tion mass spectrometry. Anal. Chem. 74, 1408–1414 (2002)

13. He, W., Liu, F., Mei, Y., Guo, Z., Zhu, L.: Synthesis and elec-

trospray mass spectrometry study of Pd(II) complexes of low-rim

amino acid substituted calix[4]arenes. New J. Chem. 25, 1330–

1336 (2001)

14. Kempen, E.C., Brodbelt, J.S., Bartsch, R.A., Jang, Y., Kim, S.:

Investigation of alkali metal cation selectivities of lariat ethers by

electrospray ionization mass spectrometry. Anal. Chem. 71,

5493–5500 (1999)

15. Wortmann, A., Pimenova, T., Alves, S., Zenobi, R.: Investigation

of the first shot phenomenon in MALDI mass spectrometry of

protein complexes. Analyst 132, 199–207 (2007)

16. Kempen, E.C., Brodbelt, J.S., Bartsch, R.A., Blanda, M.T.,

Farmer, D.B.: Screening metal binding selectivities of macrocy-

cle mixtures by HPLC-ESI-MS and postcolumn reactions. Anal.

Chem. 73, 384–390 (2001)

17. Young, D.-S., Hung, H.-Y., Liu, L.K.: An easy and rapid method

for determination of stability constants by electrospray ionization

mass spectrometry. Rapid Commun. Mass Spectrom. 11, 769–

773 (1997)

18. Kempen, E.C., Brodbelt, J.S.: A method for the determination of

binding constants by electrospray ionization mass spectrometry.

Anal. Chem. 72, 5411–5416 (2000)

19. Konishi, H., Takahashi, K., Nakamura, M., Sakamoto, H.,

Kimura, K.: Investigation of metal ion complexation of p-coor-

dinate calixarene derivatives by electrospray-ionization mass

spectrometry. J. Inclusion Phenom. 12, 147–152 (2006)

20. Nakamura, M., Takahashi, K., Fujioka, T., Kado, S., Sakamoto,

H., Kimura, K.: Evaluation of photoinduced changes in stability

constants for metal-ion complexes of crowned spirobenzopyran

derivatives by electrospray ionization mass spectrometry. J. Am.

Soc. Mass Spectrom. 14, 1110–1115 (2003)

21. Szejtli, J.: Introduction and general overview of cyclodextrin

chemistry. Chem. Rev. 98, 1743–1754 (1998)

22. Nepogodiev, S.A., Stoddart, J.F.: Cyclodextrin-based catenanes

and rotaxanes. Chem. Rev. 98, 1959–1976 (1998)

23. Rekharsky, M.V., Inoue, Y.: Complexation thermodynamics of

cyclodextrins. Chem. Rev. 98, 1875–1918 (1998)

24. Connors, K.A.: The stability of cyclodextrin complexes in

solution. Chem. Rev. 97, 1325–1358 (1997)

25. Wenz, G., Han, B.-H., Muller, A.: Cyclodextrin rotaxanes and

polyrotaxanes. Chem. Rev. 106, 782–817 (2006)

J Incl Phenom Macrocycl Chem (2008) 62:59–63 63

123


	Electrospray-ionization mass spectrometric determination �of surfactants based on inclusion with &agr;-cyclodextrin
	Outline placeholder
	Abstract

	Introduction
	Experimental
	Materials
	Determination and investigation of CD-complexes 	with surfactants by ESI-MS

	Results and discussion
	Optimization of determination conditions for CD-complexes with surfactants
	Complexing behavior of &agr;-CD with anionic surfactant
	Complexing behavior of &agr;-CD with cationic surfactant
	Complexing behavior of &agr;-CD with nonionic surfactant
	Effect of viscosity of nonionic surfactant on peak intensity of [&agr;-CD &minus; H]&minus;
	Comparison of complexing behavior between &agr;-CD 	and MHO with Triton X

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


