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Abstract Fluorescence spectra of two fulvic acid (FA)
samples, FA0 from underground water and FA1 from forest
soil, were recorded in various surfactant solutions. Alkyl-
trimethylammonium ions with different alkyl chain lengths
induced a decrease in the fluorescence intensity for both
FAs at concentrations below the critical micelle concentra-
tion (cmc) and an enhancement above the cmc. The
intensity minimum thus obtained at the cmc was deeper
for surfactants with longer alkyl chains. This effect was
attributable to the formation of insoluble FA–surfactant
complexes below the cmc and to the solubilization of the
complex into micelles above the cmc. Dodecylpyridinium
chloride caused a monotonic decrease in the FA fluores-
cence even far above the cmc. This was attributable to the
quenching of FA fluorescence by the positioning of the
pyridinium head group near the FA fluorophore. Anionic
and nonionic surfactants showed little to no effect on the
FA fluorescence.

Keywords Fulvic acid . Surfactant . Fluorescence
spectrum . Fluorescence . Spectroscopy . Complex

Introduction

Humic substances (HSs) are major components of natural
organic materials found in organic geological deposits, soil,
and almost every aquatic environment. They play an
important role in the regulation of natural water systems
and are used to improve soils because of their nutritional
and colloidal properties. HSs affect the chemistry,
cycling, and bioavailability of chemical elements, the trans-
port and degradation of xenobiotic and natural organic
chemicals, and the biological productivity of aqueous ecosys-
tems. The properties of HSs depend markedly on the source
plant, its location and age, and other environmental factors.

Fulvic acids (FAs), a specific class of dissolved HSs
found in the hydrosphere, are often polydispersive, amphi-
philic polyelectrolytes [1–4]. Metal–FA complexes are
usually soluble in aqueous solutions and can play an
important role in the distribution of heavy metals in the
environment [5]. The fluorescence excitation and emission
spectra of FAs have been utilized for identifying the source
plant, its age, and place of origin [6–8]. Fluorescence
techniques have also been employed to investigate FA–
metal complexes and their stability constants [9–11].

Amphiphilic ligands such as surfactants can form
complexes with FAs through hydrophobic and/or ionic
interactions [3, 4, 12]. Surfactants are introduced into the
environment through natural secretion from aquatic plants
or from xenobiotic sources, such as wastewater discharge
[13–15] and point-discharge pollution [16]. Natural, plant-
derived surfactants have been detected in river water at
concentrations sufficiently high to produce persistent foams
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[17]. The amphiphilic nature of both surfactants and FAs
results in a mutual attraction, particularly when the
surfactant and FA are oppositely charged. A mixed
system composed of FAs and surfactants shows cooper-
ative and synergetic binding [3, 12]. Knowledge of the
chemical interactions between FAs and surfactants is crucial
to understanding the fate of xenobiotic compounds in
groundwater.

In general, interactions between ionic surfactants and
oppositely charged polyelectrolytes are relatively strong
and involve cooperative binding events and ionic attraction
[18, 19]. Yee et al. [3] demonstrated a quantitative
difference in the hydrophobic properties of humic acids
and FAs using surfactant-binding curves. However, the
fundamental interactions of surfactants with FAs are still
unclear. Fluorescence spectra of FAs are complex and
depend on the source and history of the sample. In this
study, two FA samples with different origin were used: one
from underground natural gas well and the other from forest
soil. Changes in the fluorescence spectra were compared for
two origin-different FAs in the presence of various
surfactants. Results revealed that fluorescence measure-
ments using the inherent fluorophores of FA itself can be
used for characterization of both FA and FA–surfactant
complexes.

Experimental

Materials

Surfactants evaluated were alkyltrimethylammonium bro-
mides with decyl, dodecyl, tetradecyl, and hexadecyl groups
(CnTAB, n=10, 12, 14, 16, respectively; TCI, Tokyo, Japan),
dodecylpyridinium chloride (C12PyC; TCI), sodium dode-
cylbenzenesulfonate (C12BSNa; TCI), sodium dodecanoate
(C11COONa; TCI), and hexadecyl-eicosanoxyethylene
(C16E20; Wako, Osaka, Japan). Surfactants were used
without further purification. Pyrene (Sigma-Aldrich, Tokyo,
Japan), 1-pyrenylaldehyde (Sigma-Aldrich), and the sodium
salt of 8-anilino-1-naphthalenesulfonic acid were used as
fluorescent probes for FA–surfactant interactions.

Fulvic acid preparation

FA solutions were supplied from Kanto Tennengas Kaihatsu,
Mobara, Japan. A faintly colored, underground water sample
was concentrated to 1/30 of the original volume to obtain a
yellow solution with the composition given in Table 1. This
concentrated solution contained a total of 1,300 mg/L total
organic carbon (TOC). Assuming that the dissolved FAs
were composed of 50% carbon, the concentration of FA in
the concentrated sample was approximately 2,600 mg/L.

A small amount of 1 M NaCl solution was added to the
concentrated sample, which was then repeatedly dialyzed
against distilled and deionized (Millipore, Billerica, MA,
USA) water until no sodium was evident in flame emission
tests and no precipitate was formed upon the addition of
AgNO3. This stock solution (FA0) included 1,360 mg/L
solid material. No solid materials were observed following
digestion in 1 M HCl.

Another FA sample (FA1) was collected from soil in the
Kasuya Research Forest at Kyushu University and
extracted according to the international standard method
IHSS [20]. The purified solid was used to prepare a 1,360-
mg/L stock solution. The degradation age of FA1 was
inferred to be much younger than FA0 from their origin and
their chemical structure might be greatly different.

Measurements

One gram of the FA stock solution was added to 9.0 g of the
surfactant solution at various concentrations. The solution
pH was 6.6–6.8 for mixtures of FA0 and surfactant and 3.6–
3.8 for the mixtures containing FA1. However, C11COONa-
mixed solutions changed the solution pH from 8.3 to 10.1,
depending on the surfactant concentration (15–225 mM).

Absorption and fluorescence spectra were recorded using
a spectrophotometer (UVIDEC 560; Jasco, Tokyo, Japan)
and a spectrofluorometer (RF-5000; Shimadzu, Kyoto,
Japan), respectively. The excitation wavelength was held
at 340 nm for measurements of FA/surfactant mixtures.
Faint turbidity was visually observed for some surfactant
mixtures and the spectroscopic measurements were carried
out for turbid solutions. All measurements were conducted
at room temperature.

Results and discussion

FA fluorescence

Many fluorescence-based studies have been conducted to
characterize surfactant–polyelectrolyte interactions using

Table 1 Ionic components of fulvic acid original solution (FA0)

Cation Concentration
(mg/L)

Anion Concentration
(mg/L)

Na+ 14.4 Cl− 10.1
NH4

+ 3.8 NO3
− N. D.

K+ 1,300 SO4
2− N. D.

Mg2+ 1.0 PO4
3− N. D.

Ca2+ 5.4 I− 72.3
Total organic
carbon

1,300 Estimated FA
concentration

2,600
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fluorophores that are sensitive to the polarity of the local
environment [21–26]. In the beginning, we tried the
probing study using pyrene [24, 27–29], 1-pyrenylaldehyde
[18, 30], and 8-anilino-1-naphthalenesulfonic acid. The
fluorescence spectra of mixed solutions of FA and pyrene at
various C16TAC concentrations were measured, but the
I1/I3 ratio could not be calculated due to the strong intensity
of the fluorescence band of the FA, which also interfered in
estimating the band shift of 1-pyrenylaldehyde. No new
emission band was observed in mixtures of 8-anilino-1-
naphthalenesulfonic acid and FA. Therefore, the use of
fluorescent probes was rejected and the fluorescence
spectrum of FA was measured directly in response to
surfactant solutions.

The absorption spectra of FA0 and FA1 exhibited a very
broad band that decreased monotonically from the UV to
the visible region. At low FA concentrations, a shoulder
band was observed at 280 nm. No specific absorption peaks
were observed at wavelengths longer than 300 nm for
1,360 mg/L solutions of FA.

Fluorescence emission and excitation spectra were
recorded for both FA0 and FA1. Fluorescence maxima
appeared at 430 and 460 nm when excited at 340 and
370 nm for FA0 and FA1, respectively. An excitation
maximum was observed for FA0 at 348 nm when
monitored at an emission wavelength of 438 nm, while
the excitation peak for FA1 was observed at 370 nm when
monitored at 446 nm. These variations in fluorescence
spectra of FA compounds have been recognized among
different FA sources [8]. The synchronous-scan spectrum in
Fig. 1 shows the differences in the FA fluorescence spectra
more clearly. Both the overall shape of the spectra and their
respective maxima differed significantly between FA0 and
FA1 solutions when recorded at a wavelength difference
(Δλ) of 20 nm between the emission and excitation
wavelengths (solid curves in Fig. 1). The synchronous-scan
spectrum changed significantly at Δλ=50 nm (broken
curve in Fig. 1), indicating that FA fluorescence depends
on the excitation wavelength.

The FA0 fluorescence reached a maximum intensity
when excited at 340 nm. A shoulder at 380 nm was
observed in the fluorescence spectrum, likely corresponding
to the shoulder at 280 nm in the absorption spectrum. The
fluorescence maximum redshifts at excitation wavelengths
greater than 330 nm. A single fluorophore such as 1-
pyrenylaldehyde changed the intensity of the fluorescence
but not the location of the maximum when the excitation
wavelength was changed. This suggests that the FA moiety
itself is composed of different fluorophores subject to
different local surroundings. This dependence on the
excitation wavelength is characteristic of FAs and other
humic acids [8, 31]. Therefore, three-dimensional fluores-
cence spectrometry, which measures fluorescence intensity
as a function of emission and excitation wavelengths, and
synchronous scan measurements have been used to charac-
terize the origin of FAs [8, 32–34].

Figure 2 shows the maximum fluorescence intensity as a
function of FA0 concentration. The intensity increased with
concentration below 270 mg/L and began to decrease above
270 mg/L. However, the emission intensity from the surface
of the solution increased monotonically with concentration.
Therefore, the observed decrease at high FA0 concentra-
tions was caused by concentration quenching and self-
absorption of the fluorescence.

Fluorescence of FA/surfactant mixtures

To account for changes in the fluorescence spectra due to
the formation of insoluble complexes and solution turbidity,
fluorescence spectra of a very dilute kaolin suspension and
a mixture of FA0 and kaolin were obtained. A sharp
emission was observed at 363 nm at 340-nm excitation and
the intensity grew as the suspension concentration in-
creased. However, only minor changes were observed in
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Fig. 1 Synchronous-scan
fluorescence spectra of FA0 and
FA1 are shown. Solid curves:
Δλ=50 nm; broken curve:
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Fig. 2 The fluorescence emission intensity of FA is shown as a
function of concentration. The circles represent emission from the
bulk of the solution; the triangles represent emission from the surface
of the solution
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the FA fluorescence intensity. Thus, the emission peak at
363 nm was deemed appropriate to represent the formation
of fine insoluble complexes of FA with surfactants.

Fluorescence spectra of FA with various concentrations
of C16TABr are shown in Fig. 3. The fluorescence intensity
decreased as the surfactant concentration increased up to
0.92 mM C16TABr (left in Fig. 3a,b) and began to increase
at higher concentrations (right in Fig. 3a,b). The surfactant
concentration at the minimum fluorescence intensity was
close to the critical micelle concentration (cmc; 0.93 mM)
[35]. In FA1 mixtures, the sharp bands at 363 nm appeared
at low surfactant concentrations and the intensity decreased
as the surfactant concentration increased (Fig. 3b). Faint
turbidity by file particles was visually observed for the
mixtures b, c, and d. This behavior indicates the formation
of insoluble FA1–surfactant complexes at low surfactant
concentrations that dissociate or become soluble at higher
levels of the surfactant. Though no turbidity was visually
observed, the band at 363 nm was also observed for FA0
(Fig. 3a), albeit much weaker than in FA1, indicating a
weak interaction between FA0 and C16TABr.

The intensity of the FA fluorescence at maximum was
plotted against the ratio of the surfactant concentration to
the cmc (C/cmc). Figure 4 compares these results with
C16TA+ bromide and chloride. Bromide ions often quench
fluorescence. Similar behaviors were observed for both
C16TABr and C16TACl below the cmc, indicating that the
intensity decrease was caused not by fluorescence quench-
ing but by the formation of insoluble complexes. FA
sequestered in insoluble complexes with surfactants may
not contribute to the solution fluorescence. Above the cmc,
where electric repulsions between the FA–surfactant com-
plex and Br ions are minimal, the maximum fluorescence
intensity is less for C16TABr than for C16TACl, suggesting
that Br ions decrease the quantum yield of the FA
fluorophores.

The fluorescence intensity of the FA1/surfactant mix-
tures was stronger than that of FA1 itself at surfactant levels
higher than the cmc. This indicates solubilization of the
FA–surfactant complexes in micelles rather than complex
dissociation. Nonpolar environments often enhance fluo-
rescence [36] and the fluorophores in FA may be inferred to
exist in nonpolar local environments within the FA–
surfactant complexes. The lesser change observed in the
FA0 fluorescence indicates a weaker interaction between
FA0 and C16TA

+ surfactants.
Fluorescence spectra of FAs in solutions of alkyltrime-

thylammonium bromide (CnTABr) are shown in Fig. 5a,b.
An intensity decrease below the cmc and an increase above
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Fig. 3 The fluorescence spectra of FA/C16TABr mixtures are shown
as a function of C16TABr concentration (mM): a 0, b 0.10, c 0.25, d
0.50, e 0.92, f 2.0, g 4.0, h 8.0, i 9.0; a FA0, b FA1
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Fig. 4 FA fluorescence intensity is shown as a function of surfactant
concentration. a FA0, b FA1. Surfactant: a C16TACl, b C16TABr
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the cmc was observed for both C14TABr and C12TABr. The
minima were observed between 0.5 and 1.0 in the ratio of
surfactant concentration to the cmc (C/cmc). A deeper
minimum near the surfactant cmc was seen as the surfactant
chain length was increased, indicating the formation of
increasingly hydrophobic complexes of FA. The spectra
indicate a very weak interaction between C10TABr and FA.
However, the weak turbidity peak at 363 nm was still
observed in mixtures of FA1 and C10TABr below the cmc,
indicating complex formation.

The FA fluorescence intensity decreased markedly in
C12PyCl solutions. The turbidity band at 363 nm indicated
complex formation, and the fluorescence decreased as the
surfactant concentration was increased. Figure 6 compares
the fluorescence maxima of FA in C12PyCl and C12TABr
solutions. The pyridinium ion is a well-known fluorescence
quencher. The different trends seen in Fig. 6 for C12PyCl
and C12TABr indicate that C12PyCl quenches the FA
fluorescence and that this quenching is effective despite
solubilization of the FA–surfactant complexes above the
cmc. Both surfactants are cationic and equally hydrophobic
(the cmc is 16 mM for C12TABr and 17 mM for C12PyCl).
Thus, the cationic surfactants may be safely inferred to bind
to the same anionic binding sites in FA such that the
fluorophore is located near the anionic site in FA and
quenched by C12PyCl. The fluorescence decrease observed
below the cmc was likely caused by the formation of

insoluble FA–surfactant complexes. Above the cmc, the
complexes were solubilized in micelles resulting in fluo-
rescence recovery in CnTABr solutions. However, fluores-
cence emission was still quenched by C12PyCl even above
the cmc where the FA–C12PyCl complexes are soluble.

The interactions of FAwith anionic surfactants C12BSNa
and C11COONa, and a nonionic surfactant C16E16, were
also evaluated. Only minor effects on FA fluorescence were
observed for C12BSNa and C16E16, indicating little to no
interactions with FA. These results point at strong electric
repulsion between FA and anionic surfactants and no
contribution of hydrophobic interaction to form a complex
of FA with surfactant. However, the fluorescence spectra of
FA1/C11COONa mixtures exhibited a turbidity peak at
363 nm and a decrease in FA fluorescence with increasing
surfactant concentration (Fig. 7). This may have been
caused by surfactant concentration-dependent changes in
the solution pH from 6.8 to 10.1 for FA0/C11COONa
mixtures and changes from 3.7 to 10.1 for FA1/C11COONa.
As a control, the FA fluorescence was measured in
solutions at different pH. As the solution pH increased,
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Fig. 5 FA fluorescence intensity is shown as a function of surfactant
concentration and alkyl chain length. a FA0, b FA1. Surfactant: a
C10TABr, b C12TABr, c C14TABr, d C16TABr
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the fluorescence intensity of FA1 decreased while that of
FA0 remained the same. Thus, the observed changes in the
fluorescence intensity of FA/C11COONa mixtures were
likely caused by changes in the solution pH at different
C11COONa concentrations.

Conclusions

Two FA samples, FA0 from underground water and FA1
from forest soil, were employed to study interactions
between FAs and surfactants. The use of separate fluores-
cence probe molecules was unsuccessful due to interference
by the fluorescence of FA itself. The fluorescence spectra of
both FAs changed with regard to intensity and the
wavelength of maximum emission as a function of the
excitation wavelength, the solution pH, and the source of
FA. FA1 formed insoluble complexes at low concentrations
of cationic surfactant, which were solubilized at concen-
trations above the cmc. Complexes formed with dodecyl-
pyridinium surfactant quenched FA emission, suggesting
that the FA fluorophore was located near the anionic group
in FA. Nonionic surfactant and sodium dodecylbenzenesul-
fonate showed no effect on FA fluorescence. Sodium
dodecanoate affected the fluorescence intensity of FA1
due to changes in the solution pH. Fluorescence measure-
ments using the inherent fluorophores of FA itself were
sufficient for characterization of both FA and FA–surfactant
complexes.

References

1. Guetzloff TF, Rice JA (1994) Sci Total Environ 152:31–35
2. Myneni SCB, Brown JT, Martinez GA, Meyer-Ilse W (1999)

Science 286:1335
3. Yee MM, Miyajima T, Takisawa N (2006) Colloids Surf A

Physicochem Engin Asp 272:182–188
4. Ishiguro M, Tan WF, Koopal LK (2007) Colloids Surf A

Physicochem Eng Asp 306(SI):29–39
5. Buffle J (1988) Complexation reactions in aqueous systems.

Horwood, Chichester
6. Cabaniss SE (1992) Environ Sci Technol 26:1133–1139
7. Machado AASC, daSilva JCGE, Maia JAC (1994) Anal Chim

Acta 292:121–132
8. Westerhoff P, Chen W, Esparza M (2001) J Environ Qual

30:2037–2046
9. daSilva JCGE, Herrero AI, Machado AASC, Barrado E (2002)

Quim Anal 20:203–210

10. Elkins KM, Nelson DJ (2001) J Inorg Biochem 87:81–96
11. Shaw TE, Langford CH (2003) Can J Anal Sci Spectrosc 48:219–

222
12. Yee MM, Miyajima T, Takisawa N (2007) Collids Surf A

Physicochemical Engineering Aspects 295:61–66
13. Rogers HR (1996) Sci Tot Environ 185:3–26
14. Stalmans M, Matthijs E, De Oude NT (1991) Water Sci Technol

24:115–126
15. Waters J, Feijtel TCJ (1995) Chemospheres 30:1939–1956
16. Moody CA, Field JA (2000) Environ Sci Technol 34:3864–3870
17. Wegner C, Hamburger M (2002) Environ Sci Technol 36:3250–

3256
18. Hayakawa K, Kwak JCT (1991) Interactions between polymers

and cationic surfactants. In: Rubingh DN, Holland PM (eds)
Cationic surfactants: physical chemistry. Dekker, New York, pp
189–248

19. Shirahama K (1998) Nature of polymer–surfactant interactions.
In: Kwak JCT (ed) Polymer–surfactant systems. Dekker, New
York, pp 143–191, Chap 4

20. Swift RS (1996) Organic matter characterization. In: Sparks DL
(ed) Methods of soil analysis. Part 3. Chemical methods. Soil
Science Society of America, Madison, p 1018

21. Binana-Limbele W, Zana R (1987) Macromolecules 20:1331–
1335

22. Choi L-S, Kim O-K (1994) Langmuir 10:57–60
23. Kurawaki J, Hayakawa K (2002) Polyelectrolyte-surfactant

interactions. In: Tripathy S, Kumar J, Nalwa HS (eds) Polyelec-
trolytes and their applications. American Scientific, California, pp
227–248

24. Turro NJ, Baretz BH, Kuo P-L (1984) Macromolecules 17:1321–
1324

25. Turro NJ, Lei X-G, Ananthapadmanabhan KP, Aronson M (1995)
Langmuir 11:2525–2533

26. Winnik FM, Winnik MA, Tazuke S (1987) J Phys Chem
1987:594–597

27. De Oliveira VA, Tiera MJ, Neumann MG (1996) Langmuir
12:607–612

28. Kogej K, Skerjanc J (1999) Langmuir 15:4251–4258
29. Winnik FM (1993) Application of fluorescence spectroscopy to

the study of polymer–surfactant interactions. In: Goddard ED,
Ananthapadmanabhan KP (eds) Interactions of surfactants with
polymers and proteins. CRC, Boca Raton, pp 367–394

30. Ananthapadmanabhan KP, Leung PS, Goddard ED (1985)
Colloids Surf 13:63–72

31. Corradob G, Sanchez-Cortes S, Frandoso O, Garcia-Ramos JV
(2008) Anal Chim Acta 616:69–77

32. Ariese F, van Assema S, Gooijer C, Bruccoleri AG, Langford CH
(2004) Aquat Sci 66:86–94

33. Shin HS, Hong KH, Lee MH, Cho YH, Lee CW (2001) Talanta
53:791–799

34. Wu FC, Mills RB, Evans RD, Dillon PJ (2004) Anal Chem
76:110–113

35. Kaneko K, Tsujii K (2004) Kagaku Binran, Kiso-hen, vol. 2. 5th
edn. Maruzen, Tokyo

36. Hayakawa K (1998) Solubilization of dyes by polymer–surfactant
complexes. In: Kwak JCT (ed) Polymer–surfactant systems.
Dekker, New York, pp 455–475

62 Colloid Polym Sci (2009) 287:57–62


	Fluorescence spectroscopy of fulvic acids’ interaction with surfactants
	Abstract
	Introduction
	Experimental
	Materials
	Fulvic acid preparation
	Measurements

	Results and discussion
	FA fluorescence
	Fluorescence of FA/surfactant mixtures

	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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


