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Abstract Acetylene black nanoparticles were homoge-
neously dispersed into water in the presence of hydrophobic
surfactant and then used to modify the surface of a glassy
carbon electrode. An examination of the electrochemistry
of rutin showed that this modification of the electrodes
resulted in a considerable enhancement of the surface,
thus remarkably increasing the signal for rutin. As a
result, a sensitive and convenient electrochemical method
was developed for the determination of rutin. The linear
range is from 20 μg L-1 to 5 mg L-1, and the limit of
detection is 10 μg L-1. The method was successfully
employed to the determination of rutin in traditional
Chinese medicines.
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Introduction

Rutin (3′,4′,5,7-tetrahydroxyflavone 3β-D-rutinoside), the
mainly active component of many traditional Chinese
medicines, has been widely used in the clinic because it
possesses a broad range of physiological effects such as
anti-inflammatory [1], anti-tumor [2], anti-bacteria [3] and
significant scavenging abilities on oxygen radicals [4].

Therefore, the detection of rutin is quite important and
interesting.

Up-to-now, various electrochemical methods have been
applied for the detection of rutin since it contains phenolic
hydroxyl group and can be oxidized at the electrode
surface. For example, a lead film-modified glassy carbon
electrode (GCE) [5], an ionic liquid-modified carbon paste
electrode (CPE) [6, 7], a heated graphite electrode [8], a
mesoporous silica-modified CPE [9], a poly(vinylpyrroli-
done)-modified CPE [10], a carbon nanotube-modified
GCE [11–15], a CeO2 nanoparticle-modified electrode
[16] and a carbon-polyurethane composite electrode [17]
were reported for the detection of rutin. However, to the
best of our knowledge, electrochemical detection of rutin
using AB nanoparticle-modified electrode has not been
reported.

AB, a special kind of carbon black, has porous
structure and possesses many fascinating properties such
as excellent electric conductivity, large surface area and
strong adsorptive ability. Thus, AB was successfully
used for the fabrication of modified electrodes to
increase the determining sensitivity of different species
such as lead ion [18], 6-benzylaminopurine [19], kojic
acid [20], 2-chlorophenol [21] and 1-naphthylacetic acid
[22]. Herein, the AB nanoparticles were homogeneously
dispersed into water with the aid of dihexadecyl hydrogen
phosphate (DHP), a special kind of hydrophobic surfac-
tants with two C-H chains. After that, the resulting AB
suspension was added onto the surface of electrode, and
the water was evaporated, forming an AB film-modified
electrode. The electrochemical behavior of rutin was
investigated, revealing that the AB nanoparticles remark-
ably increase the response signal of rutin. Based on this, a
sensitive, rapid and convenient analytical method was
developed for rutin.
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Experimental

Reagents

All the reagents were of analytical grade and used as
received. Rutin was purchased from Sigma (www.sigma-
aldrich.com) and dissolved into ethanol to prepare 1 g L-1

standard solution, which was stored at 4 °C. Acetylene
black (AB, purity >99.99%) was purchased from STREM
Chemicals (USA, www.strem.com). Dihexadecyl hydro-
gen phosphate (DHP) was obtained from Sigma (www.
sigma-aldrich.com).

Instruments

All the electrochemical measurements were carried out
using EC 550 Electrochemical Workstation (Gaoss Union
Co. Ltd., China, www.gaossunion.com) in a conventional
three-electrode system. The working electrode is an AB
film-modified GCE, the reference electrode is a saturated
calomel electrode (SCE), and the counter electrode is a
platinum wire.

Scanning electron microscopy (SEM) was performed
with Quanta 200 microscope (FEI Company, Netherlands,
www.fei.com).

Preparation of AB film-modified GCE

Ultrasonication agitation for 40 min was used to disperse
10 mg AB and 10 mg DHP into 10 mL redistilled water,
giving a stable and homogeneous black suspension
(1 mg mL-1). Prior to modification, the GCE was polished
with 0.05 μm alumina slurry, rinsed thoroughly with
redistilled water, and then sonicated in redistilled water
for 2 min. Finally, the GCE was coated with 5 μL AB-DHP
suspension and the water was evaporated from the surface
under an infrared lamp in the air.

The surface morphology of AB film-modified GCE was
characterized using SEM, which was shown in Fig. 1. From
the SEM image, it is apparent that the GCE surface was
coated with uniform AB nanoparticle, and the average
diameter is about 80 nm.

Sample preparation

Traditional Chinese medicines such as Pagodatree Flower
Bud and Hawkthorn were purchased from a local Pharma-
cy, which was dried at 60 °C for 4 h and then pulverized.
After that, 2.0 g powder was accurately weighed and added
into 10 mL ethanol, followed by 30-min ultrasonication for
extracting rutin. The extraction was repeated two times, and
the liquid phase was collected in a 50.0-mL volumetric
flask every time. Finally, the extract was diluted to volume

with ethanol for further analysis. Spiked samples were
prepared by adding a known amount of rutin standard to the
dry powder sample before extraction.

Analytical procedure

Unless otherwise stated, pH 5 acetate buffer (0.1 M) was used
as the supporting electrolyte for rutin. After 3-min accumu-
lation at 0 V (vs. SCE), the differential pulse voltammograms
were recorded from 0.0 to 0.6 V, and the peak current at
0.34 V was measured for rutin. The pulse amplitude is 50 mV,
the pulse width is 40 ms and the scan rate is 40 mV s-1.

Results and discussion

Electrochemical behavior of rutin

Figure 2 shows the CV response of 5 mg L-1 rutin in pH 5
acetate buffer at different electrodes. At the unmodified
GCE (curve a), a pair of redox peaks was observed. The
oxidation peak potential is 0.364 V, and the reduction peak
potential is 0.336 V. So, the peak potential separation is
28 mV at the GCE, suggesting that the oxidation of rutin is
reversible and two electrons are transferred. However, the
peak potential separation decreases to 4 mV at the AB film-
modified GCE (curve b), which is similar to a surface
electrochemical process. AB nanoparticles exhibit high
accumulation efficiency to rutin, and greatly improve its
surface concentration. Therefore, the oxidation of rutin
tends to a typical surface process at the AB film. From the
comparison, it is also found that the peak current of rutin
remarkably increases at the AB film-modified GCE,
indicating that AB possesses considerable enhancement
effect.

Fig. 1 SEM of AB film

284 J. Song et al.

http://www.sigma-aldrich.com
http://www.sigma-aldrich.com
http://www.strem.com
http://www.sigma-aldrich.com
http://www.sigma-aldrich.com
http://www.gaossunion.com
http://www.fei.com


The oxidation behavior of rutin in pH 5 acetate buffer was
then examined using differential pulse voltammetry (DPV),
which was shown in Fig. 3. After 3-min accumulation at 0 V,
a negligible oxidation peak is observed for 0.1 mg L-1 rutin
at the unmodified GCE (curve a), suggesting that the
response activity of rutin is very poor at the GCE surface.
However, a very sensitive and well-shaped oxidation peak
appears at the AB film-modified GCE (curve b). The peak
potential is 0.34 V and the peak current significantly
increases. AB nanoparticle, with large surface area, numer-
ous active sites and high sorption ability, facilitates the
electron transfer of rutin and considerably increases its
oxidation current signal. Therefore, the sensitivity of
determination of rutin is greatly improved at the AB film-
modified GCE. In addition, the DPV responses of different
concentrations of rutin at the AB film-modified GCE were
also investigated. When increasing the concentration to
0.25 mg L-1 (curve c) and 0.5 mg L-1 (curve d), the
oxidation peak current of rutin linearly increases. If
decreasing the concentration to zero, the oxidation peak at
0.34 V disappears (not shown). These phenomena reveal that

the oxidation peak at 0.34 V is attributed to rutin, and the
peak current can be used as the analytical signal for rutin.

Influence of pH value

The oxidation current of rutin at the AB film-modified GCE
was examined using DPV in different supporting electrolytes.
The used solutions include 1) 0.1 M acetate buffer solutions
with pH of 3, 4, 4.6, 5 and 5.6, 2) 0.1 M phosphate buffer
solutions with pH of 6, 6.5, 7, 7.5 and 8. Figure 4 depicts the
influence of pH value on the oxidation peak current of
0.1 mg L-1 rutin. The oxidation peak current gradually
increases with improving pH value from 3 to 5, and then
decreases with further increasing pH value from 5 to 8. For
the highest sensitivity, the pH 5 acetate buffer was
employed.

Effect of amount of AB suspension

The influence of amount of AB suspension on the oxidation
peak current of rutin was studied. It is found that the
oxidation peak current of rutin remarkably increases with
the volume of AB suspension from 0 to 5 μL. During this
period, the amount of AB nanoparticles at the GCE surface
obviously increases, leading to larger surface area and
higher accumulation efficiency. As a result, the oxidation
peak current of rutin notably increases. With further
increasing the amount of AB suspension from 5 to 15 μL,
the oxidation peak current of rutin increases slightly. In
order to shorten the time for solvent evaporation and to
achieve high sensitivity, 5 μL of AB suspension was used
to modify the GCE surface.

Influence of accumulation potential and time

The oxidation peak current of rutin under open circuit and
different accumulation potentials such as −0.3 V, −0.2 V,
−0.1 V, 0 V, 0.1 V and 0.2 V was individually measured to

Fig. 2 CV curves of 5 mg L-1 rutin at GCE (curve a) and AB film-
modified GCE (curve b) in pH 5 acetate buffer. Scan rate=100 mV s-1

Fig. 3 DPV curves of 0.1 mg L-1 rutin at GCE (curve a) and AB film-
modified GCE (curve b) after 3-min accumulation at 0 V. (c) and (d):
0.25 and 0.5 mg L-1 rutin at AB film-modified GCE. Pulse amplitude:
50 mV, pulse width: 40 ms, scan rate: 40 mV s-1

Fig. 4 Influence of pH value on the oxidation peak current of
0.1 mg L-1 rutin. Other conditions are the same as in Fig. 3
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evaluate the influence of accumulation potential. The
oxidation peak current of rutin keeps constant, revealing
no influence of accumulation potential on the determination
of rutin. For the convenience the accumulation step was
performed at 0 V.

Figure 5 illustrates the influence of accumulation time on
the oxidation peak current of rutin. When extending the
accumulation time from 0 to 3 min, the oxidation peak
current of rutin linearly increases, suggesting that accumu-
lation obviously increases the determining sensitivity.
However, the oxidation peak current of rutin increases
slightly with further increasing the accumulation time from
3 to 5 min, indicating that the amount of rutin tends to
a limiting value at the AB film surface. Considering
sensitivity and working efficiency, 3-min accumulation at
0 V was employed.

Reproducibility

The AB film-modified GCE was used for single measure-
ment in this work, and the reproducibility between multiple
AB film-modifed GCEs was estimated by parallel deter-
mining the response of 0.1 mg L-1 rutin. The relative
standard deviation (RSD) is 4.9% for 10 AB film-modified
GCEs, indicative of excellent precision.

Linear range and limit of detection

The linear range and limit of detection (LOD) were studied
using DPVunder the optimized conditions. The oxidation peak
current of rutin (ipa, μA) is proportional to its concentration
(C, mg L-1) over the range from 20 μg L-1 to 5 mg L-1,
obeying the following equation: ipa=0.1247+12.77 C (R=
0.996). In addition, the LOD was evaluated to be 10 μg L-1

(1.5×10-8 mol L-1) based on the 3 signal-noise ratio.

Interference

The potential interference for the determination of rutin was
studied. Under the optimized conditions, the oxidation peak
current of rutin was individually measured in the presence of
different concentrations of interferents and then the change of
peak current was checked. It was found that 1000-fold
concentrations of vitamin C, glucose, glycine, Cu2+, Fe3+,
Al3+ and Mn2+; 300-fold concentrations of hesperidin,
tangeretin, obiletin, naringin, morin and citromitin; 100-
fold concentrations of quercetin and galangin; almost have
no influence on the determination of 0.1 mg L-1 rutin when
the peak current change is below 10%.

Analytical application

In order to assess the performance of this method in real
sample analysis, it was used to detect rutin in different
traditional Chinese medicines such as Pagodatree Flower
Bud and Hawkthorn. Each sample solution undergoes five
parallel detections, and the RSD is below 5%, suggesting
that the results obtained by AB film-modified GCE are
acceptable. The content of rutin was determined by the
standard addition method and the results were shown in
Table 1. In order to testify the accuracy of AB film-
modified GCE, a known amount of rutin standard was
spiked in the sample, and the recovery was then tested. The
value of recovery is in the range from 95.5% to 98.6%,
suggesting that the recovery and accuracy of AB film-
modified GCE is satisfactory.

Fig. 5 Effect of accumulation time on the oxidation peak current of
0.1 mg L-1 rutin. Other conditions are the same as in Fig. 3

Sample Spiked/mgg-1 Expected/mgg-1 Found/mgg-1 Recovery

Pagodatree Flower Bud A 0.00 1.96 /

2.00 3.96 3.87 95.5%

Pagodatree Flower Bud B 0.00 3.05 /

5.00 8.05 7.92 97.4%

Hawkthorn A 0.00 3.73 /

5.00 8.73 8.66 98.6%

Hawkthorn B 0.00 4.57

5.00 9.57 9.46 97.8%

Table 1 Determination and
recovery of rutin in traditional
Chinese medicines
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Conclusion

An AB nanoparticle-modified electrode was prepared with
the aid of a hydrophobic surfactant. Due to the large surface
area and numerous active sites, the AB-modified electrode
showed high accumulation efficiency to rutin, and greatly
increased the oxidation peak current of rutin. The detection
conditions were optimized, and an electroanalytical method
was developed for rutin. The analytical procedure was
simple and rapid, and the accumulation time was just 3 min.
The precision and accuracy were excellent, and the values
of RSD and recovery were satisfactory. Finally, the method
was successfully used to detect rutin in traditional Chinese
medicines, and exhibited promising application in real
sample analysis.

References

1. Gené RM, Cartaná C, Adzet T, Marín E, Panella T, Canigueral S
(1996) Anti-inflammatory and analgesic activity of baccharis
trimera: identification of its active constituents. Planta Med
62:232

2. Ren W, Qiao Z, Wang H, Zhu L, Zhang L (2003) Flavonoids:
promising anticancer agents. Med Res Rev 23:519

3. Dallagnol R, Ferraz A, Bernardi AP, Albring D, Nor C, Sarmento L,
Lamb L, HassM, von Poser G, Schapoval EES (2003) Antimicrobial
activity of some hypericum species. Phytomedicine 10:511

4. Yang JX, Guo J, Yuan JF (2008) In Vitro antioxidant properties of
Rutin. LWT Food Sci Technol 41:1060

5. Tyszczuk K (2009) Sensitive voltammetric determination of rutin at
an in situ plated lead film electrode. J Pharm Biomed Anal 49:558

6. Sun W, Yang MX, Li YZ, Jiang Q, Liu SF, Jiao K (2008)
Electrochemical behavior and determination of rutin on a
pyridinium-based ionic liquid modified carbon paste electrode. J
Pharm Biomed Anal 48:1326

7. Zhang Y, Zheng JB (2008) Sensitive voltammetric determination
of rutin at an ionic liquid modified carbon paste electrode. Talanta
77:325

8. Wu SH, Sun JJ, Zhang DF, Lin ZB, Nie FH, Qiu HY, Chen GN
(2008) Nanomolar detection of rutin based on adsorptive stripping
analysis at single-sided heated graphite cylindrical electrodes with
direct current heating. Electrochim Acta 53:6596

9. Xie XF, Zhou DZ, Zheng XJ, Huang WS, Wu KB (2009)
Electrochemical sensing of rutin using an MCM-41 modified
electrode. Anal Lett 42:678

10. Franzoi AC, Spinelli A, Vieira LC (2008) Rutin Determination in
pharmaceutical formulations using a carbon paste electrode
modified with poly(Vinylpyrrolidone). J Pharm Biomed Anal
47:973

11. Lin XQ, Hea JB, Zha ZG (2006) Simultaneous determination of
quercetin and rutin at a multi-wall carbon-nanotube paste electrodes
by reversing differential pulse voltammetry. Sens Actuator B-Chem
119:608

12. Zeng BZ, Wei SH, Xiao F, Zhao FQ (2006) Voltammetric
Behavior and Determination of Rutin at a Single-Walled Carbon
Nanotubes Modified Gold Electrode. Sens Actuator B-Chem
115:240–246

13. He JL, Yang Y, Yang X, Liu YL, Liu ZF, Shen GL, Yu RQ (2006)
Beta-cyclodextrin incorporated carbon nanotube-modified electrode
as an electrochemical sensor for rutin. Sens Actuator B-Chem 114:94

14. Wang GF, Hu NJ, Wang W, Li PC, Gu HC, Fang B (2007)
Preparation of carbon nanotubes/neutral red composite film
modified electrode and its catalysis on rutin. Electroanal 19:2329

15. Xu JJ, Zhang HY, Chen G (2007) Carbon nanotube/polystyrene
composite electrode for microchip electrophoretic determination
of rutin and quercetin in flos sophorae immaturus. Talanta 73:932

16. Wei Y, Wang GF, Li MG, Wang C, Fang B (2007) Determination
of rutin using a CeO2 nanoparticle-modified electrode. Microchim
Acta 158:269

17. Malagutti AR, Zuin VG, Cavalheiro ETG, Mazo LH (2006)
Determination of rutin in green tea infusions using square-wave
voltammetry with a rigid carbon-polyurethane composite elec-
trode. Electroanal 18:1028

18. Li G, Ji ZM, Wu KB (2006) Square wave anodic stripping
voltammetric determination of Pb2+ using acetylene black paste
electrode based on the inducing adsorption ability of I-. Anal
Chim Acta 577:178

19. Sun D, Zhang HJ (2006) Voltammetric determination of 6-
benzylaminopurine (6-BAP) using an acetylene black-
dihexadecyl hydrogen phosphate composite film coated glassy
carbon electrode. Anal Chim Acta 557:64

20. Yang XF, Zhang HJ (2007) Sensitive determination of kojic acid
in foodstuffs using PVP (polyvinylpyrrolidone) modified acety-
lene black paste electrode. Food Chem 102:1223

21. Sun D, Zhang HJ (2006) Electrochemical determination of 2-
chlorophenol using an acetylene black film modified glassy
carbon electrode. Water Res 40:3069

22. Huang WS, Qu WY, Zhou DZ (2008) Electrochemistry and
determination of 1-naphthylacetic acid using an acetylene black
film modified electrode. Bull Korean Chem Soc 29:1323

Acetylene black nanoparticle-modified electrode 287


	Acetylene black nanoparticle-modified electrode as an electrochemical sensor for rapid determination of rutin
	Abstract
	Introduction
	Experimental
	Reagents
	Instruments
	Preparation of AB film-modified GCE
	Sample preparation
	Analytical procedure

	Results and discussion
	Electrochemical behavior of rutin
	Influence of pH value
	Effect of amount of AB suspension
	Influence of accumulation potential and time
	Reproducibility
	Linear range and limit of detection
	Interference
	Analytical application

	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


