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Abstract Solid-phase nanoextraction is a sample prepara-
tion technique, which combines nanotechnology with
analytical chemistry, and brings analytical chemistry to a
higher level, particularly for complex system analysis. This
paper describes a typical example of electrochemical solid-
phase nanoextraction and electrochemical detection. Trace
amounts of copper (5.0×10−13mol/L) were extracted by
electrochemical solid-phase nanoextraction on to the mag-
nesium oxinate nanoparticle-modified carbon paste elec-
trode surface in a pH7.2 phosphate buffer system at
−0.50 V for 100 s. The extraction is achieved by the cation
exchange between copper(II) in the aqueous solution and
magnesium(II) from the magnesium oxinate nanoparticles
on the electrode surface. The extracted copper shows an
irreversible anodic peak at about 0.2 V (vs. saturated
calomel electrode). The peak current is proportional to the
scan rate, which shows this to be a surface-controlled
process. The oxidation peak current is proportional to the
logarithm of the copper concentration in the range 5.0×
10−13∼5.0×10−7M with a slope of 2.215. This powerful
method uses the carbon paste electrode to combine
extraction with electrochemical analysis.

Keywords Electrochemical solid-phase nanoextraction .
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Introduction

Solid-phase microextraction (SPME) was developed by
Pawliszyn and coworkers as a solvent-free green sample
preparation method [1–3] and has been widely used in
many areas [4–6]. If the adsorbent consists of nanoparticles,
the method is called solid-phase nanoextraction (SPNE) [7,
8]. The SPNE method retains all the advantages of SPME
and has some new characteristics, such as a larger specific
adsorption area, multiple active sites for recognitions of
theanalyte(s), controllable surface states, and modificative
solid nanoparticle surface. The combination of electro-
chemistry with SPNE is a new technique for sample
preparation called electrochemical solid-phase nanoextrac-
tion (ESPNE). In ESPNE, electrochemistry offers a way to
control the redox states of extractants and analytes, and the
nonuniformed electric field on nanoparticle-modified elec-
trode surface offers a dielectric force for the separations.
Some examples have shown the possibility for integration
of analysis with separation [9–12].

Chemical-modified electrodes have attracted many
people's attention for its variety functions in electrochem-
istry [13, 14] and electroanalysis especially the preconcen-
tration of analytes from matrix solutions [15, 16]. The
carbon paste electrode (CPE), composed of a flexible
mixture of solid and liquid phase, offers a renewable
electrode surface for the solid and liquid extractants and is
very suitable for ESPNE [17].

Copper is a very important heavy element in everyday life
and in biological systems [18]; there are more than 30
enzymes that include copper. For this reason, the develop-
ment of effective separation and preconcentration methods
for the trace analysis of copper in the environment and in
clinical situations is a very interesting topic [19]. In the
present paper, a magnesium oxinate (Mg-Ox) nanoparticle

Y. Zhu (*) : S. Zhang :Y. Tang :M. Guo : C. Jin : T. Qi
Key University Laboratory on Separation and Analysis
of Complex Systems of Liaoning Universities, College
of Chemistry and Life Science, Shenyang Normal University,
Shenyang, Liaoning 110034, People’s Republic of China
e-mail: yongchunzhu@126.com

J Solid State Electrochem (2010) 14:1609–1614
DOI 10.1007/s10008-009-0991-2



colloidal solution was used to modify graphite powder and
to prepare a Mg-Ox nanoparticle-modified carbon paste
electrode. Mg-Ox as the solid phase extractor extracts trace
copper from aqueous solution by an exchange reaction
between magnesium(II) and copper(II) and forms a copper
oxinate (Cu-Ox) compound. The kinetics of the ESPNE
process was studied by cyclic voltammetry, and some
interesting results were obtained.

Experimental

Instrument and reagents

Electrochemical experiments were carried out on a CHI
electrochemical system (CHI Co., USA) with three electro-
des, a piece of platinum wire as the auxiliary electrode, a
home-made magnesium oxinate-modified carbon paste
electrode (Mg-Ox-CPE) as the working electrode, and a
KCl-saturated calomel electrode (SCE, model 232) as the
reference electrode. All the potentials reported here were
with respect to this reference electrode. All reagents used
were analytically pure. Oxine (purchased from the Shang-
hai Chemical Co.) was dissolved in methanol (1.0 g/mL)
before use. Copper nitrate was used to prepare a 1.0 mM
standard copper solution. Magnesium nitrate was made into
a 0.010 M stock solution for the preparation of the
magnesium oxinate colloidal solution. Absolute methanol
was used as the solvent for oxine. Potassium chloride was
made into a 1.0-M stock solution as the electrolyte. Sodium
hydroxide, disodium phosphate, citric acid, and sodium
borate were used in the pH buffer systems. All the solutions
were prepared with ultrapure milliQ water (18.2 MΩ, from
Milli-Q A-10). All electrolyte solutions were deaerated with
high-pure nitrogen gas for 20 min prior to the electrochem-
ical experiments in order to remove oxygen.

The preparation of the Mg-Ox-CPE working electrode

The basic electrode was prepared as follows. Graphite
powder (no. 200, spectrometrically pure), epoxy resin, and
polyamide resin were mixed into a paste with a weight ratio
of 8:3:2, tightly pressed into a clean glass tube (inner
diameter is about 4 mm) with a copper wire at the other end
as an electrode lead, and solidified in air for 72 h. After the
solidification, the upper end of the electrode was scraped
out to produce an ∼1 mm cavity to give a room for the
carbon paste. This solid graphite–epoxy composite elec-
trode (GECE) with a small cavity was used as the basic
electrode for the Mg-Ox-CPE.

An oxine methanol solution (20.0 mL) was mixed with
3.5 mL of 0.010 MMg(NO3)2 solution and 1.5 g graphite
powder stirred with a glass bar and heated to 100°C to

evaporate the methanol. The result was the magnesium
oxinate-modified graphite powder. The modified graphite
powder was then mixed with clinical fossillin in the weight
ratio 1:1 to give a uniform paste. The paste was used to fill
the cavity of the prepared basic GECE, polished on a
glassine paper, and used as the working electrode.

Results and discussion

The electrochemical behavior of copper on the Mg-Ox-CPE

In the 0.5 M KCl electrolyte solution (pH7.2), the Mg-Ox-
modified CPE showed no electrochemical redox peaks in
the potential range −0.5–0.5 V (curve 1 in Fig. 1a).

But when the solution included 0.5 mM copper(II), the
electrode showed two pairs of quasi-reversible redox peaks,
as shown in curve 2 in Fig. 1a. The anodic peaks were
located at 0.17 and 0.324 V, and the cathodic peaks were

μΑ
a

b

Fig. 1 a The cyclic voltammograms of copper on different electrodes.
1 The modified CPE in background electrolyte, 2 the modified CPE in
the copper solution extracted for 5 s, 3 the bare CPE in copper
solution, 4 the modified CPE in copper solution extracted for 50 s.
Scan rate 100 mV/s. 0.50 M KCl electrolyte solution (pH8.0). b The
relationship between the oxidation peak current and scan rate
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located at 0.202 and 0.062 V, with peak–peak potential
differences of about 110 mV. The electrochemical reactions
can be described as

(1)

ð2Þ

Here, aq stands for the aqueous solution, and SP stands
for the solid phase, that means that the reaction occurs at
electrode surface and not in the solution.

On the bare CPE (electrode composed of modified
graphite powder and clinical fossillin), copper(II) gave a
capacitance–voltage curve without redox peaks as shown in
curve 3 in Fig. 1a. The anodic peaks were located at −0.086
and 0.492 V, and the cathodic peaks were located at 0.253
and −0.488 V. The electrochemical reactions can be
described as

ð3Þ

Compared with the bare CPE, the copper(II) on the Mg-
Ox-CPE shows a better electrochemical reversibility.

According to the peak potential description [20],

Ep ¼ E00 � RT=aF 0:780þ ln D1=2
O

.
k0

� �h

þ ln aFv=RTð Þ1=2 ð4Þ
Under the same experimental conditions, for the given

reactants and products, the interaction thermodynamic
constant of copper atoms with oxinate can be calculated
from the first anodic peak potential difference between bare

CPE and modified CPE, 0.256 V, giving 2.14×104

corresponding to the following expression and reaction:

ΔG0 ¼ �nF E00
modified � E00

bared

� �
¼ �nF ΔE00

¼ �RT lnðKÞ ð5Þ

ð6Þ

The interaction thermodynamic constant of copper(II)
with oxinate can be calculated from the first reduction peak
potential difference, 0.051 V, giving 7.29 corresponding to
the reaction,

ð7Þ

From the second cathodic peak potentials of copper on
bared CPE and on modified CPE in KCl electrode solution,
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the reaction constant of 1.98×109 was obtained for the
following reaction:

ð8Þ

From the calculations, it can be seen that the oxinate
interacts strongly with copper atom and cuprous ion, which
offer more possibility for the extraction of copper atom and
cuprous ion. With the increase of extraction time, the
amount of copper accumulated on the electrode surface
increases, and the first oxidation peak shifts to the positive
direction and combines with the second one to form one
broad peak, as shown in curve 4 in Fig. 1a for the 50-s
extraction time. The plot of oxidation peak current at
0.17 V against scan rate in the range 0.08∼0.25 V/s is a
straight line (Fig. 1b) with a regression equation of i=
−10.092+175.45 v, (R=0.998, standard deviation (SD)=
0.814). This peak current–scan rate relationship indicates
that electrochemical reaction is the surface-controlled
process, that means that the reactant is adsorbed on the
electrode surface, and the reaction just occur at the
electrode surface as an important evidence for the solid-
phase nanoextraction [15].

The effects of potential

In a 0.5 M KCl electrolyte solution at pH7.2 including
5.0×10−11mol/L Cu(II), extraction potential was set in the
range from −0.40 to∼−0.90 V for 100 s, and then, the
cyclic voltammetric experiments were performed at a scan
rate of 100 mV/s. Plotting the oxidation peak current
against extraction potential gives a straight line with the
regression equation i= −15.914+38.16 E, (R=0.9989, SD=
0.3326) in the potential range −0.50∼−0.90 V, as shown in
Fig. 2.

This result indicates that the amount of extracted
copper is directly proportional to the applied potential
with a slope of 38.15, which is corresponding to
Faradian efficiency of electrochemical process. The
extraction process is mainly controlled by an electro-
chemical process, e.g., the copper(II) is first reduced to
cuprous ions, further reduced to copper atoms, and
deposited on the electrode surface and strongly interacts
with oxinate. This is another evidence of the significant
advantage of ESPNE over the SPNE. Among the heavy

elements, copper is the most reducible element, so in
order to increase the selectivity of the ESPNE and avoid
interference by other metals, an extraction potential of
−0.50 V was chosen as the optimum condition for the
measurements.

The effects of solution pH

In the 0.50 mol/L KCl electrolyte solution, including
5.0×10−11mol/L Cu(II), the solution pH was controlled
with a suitable pH buffer system in the range pH 2∼10, the
extraction potential was set to −0.5 V for 100 s, and then,
the cyclic voltammetric experiments were performed at a
scan rate of 100 mV/s. The oxidation peak current
increases with solution pH, reaches a maximum at pH
7.2, and then decreases, as shown in Fig. 3a.

In the pH range 2.0∼7.2, the oxidation peak current is
proportional to the solution pH with a regression
equation of ipa=−0.7045+0.275 pH (R=0.9927, SD=
0.0698). The oxidation peak potential was plotted against
solution pH to give a straight line with regression
equation, Epa=0.3969–0.03688 pH (R=0.9904, SD=
0.0123) as shown in Fig. 3b. According to Nernstian
equation [15], the slope of 0.03688 indicates that there are
two protons taking part in the oxidation reaction. At the
experimental pH, the main form of oxine is shown in
Scheme (2), but Scheme (3) form is favorable for
interactions with copper. During the redox processes
(Scheme (1)), there is two proton transferred, as described
in Scheme (2). When pH>7.2, the copper(II) tends to form
a Cu(OH)2 precipitate in aqueous solution, which inhibits

Fig. 2 The relationship between the oxidation peak current and
extraction potential in 0.50 M KCl electrolyte solution at pH7.2
including 5.0×10−11M Cu(II). The extraction time is 100 s; the scan
rate is 100 mV/s
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the extraction process, and results in a decrease of the
oxidation peak current.

ð9Þ

The effect of extraction time

In a KCl electrolyte solution at pH7.2 including 5.0×10−11

mol/L Cu(II), the effect of different extraction times at an
extraction potential of −0.50 V on the cyclic voltammetric
experiments at 100 mV/s scan rate was studied. The oxidation
peak currents were plotted against extraction time to give a
straight line in the range 20∼300 s with a regression equation
of ipa=0.3887+0.069 t (R=0.9931, SD=0.8466), as shown
in Fig. 4. This result indicates that, by using lower extraction
potential, a suitable solution pH and keeping the extraction
far away from the saturated stage, a straight line can be
obtained, showing that this solid phase nanoextraction is very
suitable for trace element extraction and determination.

The effect of concentration of copper(II)

Under the optimum experimental conditions with a KCl
electrolyte solution at pH7.2 containing various concentra-
tions of Cu(II), the extraction potential was set at −0.50 V for
100 s, then the cyclic voltammetric experiments were
performed at a 100-mV/s scan rate. The oxidation peak
current obtained was plotted against the logarithm of the
copper concentration, and a straight line was obtained in the
concentration range of 5.0×10−13∼5.0×10−7mol/L with a
regression equation of ipa= 9.687+2.215 ln [c, mol/L] R=
0.9979, SD=0.5221), as shown in Fig. 5. The logarithmic
relation [21] shows that the first order chemical reaction
consisting of the exchange between copper(II) and magne-
sium(II) is the rate determining step in the extraction, so the
ESPNE is favorable for trace element separation and analysis
with higher sensitivity, higher selectivity, and over a wide
concentration range.

Fig. 5 The relationship between the oxidation peak current and the
concentration of copper under optimum conditions

Fig. 4 The relationship between the oxidation peak current and
extraction time. The experimental conditions were the same as those
in Fig. 3

Fig. 3 The relationships of the oxidation peak current (a) and
potential (b) with solution pH. The experimental conditions were the
same as those in Fig. 2
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Conclusions

In this paper, the ESPNE behavior of copper ions on a
carbon paste electrode modified with magnesium oxinate
colloidal nanoparticles has been described. Some important
results are obtained as follows:

1. The combination of SPNE with electrochemistry has
been successfully developed based on the carbon paste
electrode, which is a true integrated technique for
separation and analysis.

2. The insulated nanoparticles, such as magnesium oxinate
from the colloidal solution, were suitably modified on the
CPE of the conducting graphite powder. The
nanoparticle-modified CPE are very suitable for ESPNE,
which was then used for the direct detection of metal
cations or anions due to the exchanges reactions between
cations or anions in the nanoparticles.

3. The colloidal solution of magnesium oxinate precipitate
systems with the ion exchange mechanism offers a new
way for the SPNE.

4. In the ESPNE system, the electrochemical electrode
offers an extra strong electric field for separation,
extraction, and detection due to the nanoparticles on
the surface of carbon paste electrode.

5. Under the optimum experimental conditions, the
ESPNE technique can be used for trace level substance
preconcentration and detection by means of ion
exchange reactions between ions from precipitates
modified on electrode surface and ions in aqueous
solution. This paper describes a successful example of
ESPNE. Further work will be carried out on the
practical uses of the method in the detection of copper
ions in environmental and biological systems.

Acknowledgments The author would like to acknowledge the
financial support of the Chinese National Science Foundation
(20875063), Liaoning Education Ministry (2004-c022), National Key
Laboratory on Electroanalytical Chemistry (2006-06), and the Science
Bureau of the Shenyang government (2007-GX-32).

References

1. Pawliszyn J (1997) Solid phase microextraction. Theory and
practice. Wiley, New York

2. Sparrenberger RC, Cross CK, Conte ED (2004) Anal Chem
76:6156–6159

3. Zhang Z, Yang M, Pawliszyn J (1994) Anal Chem 66:844A–
853A

4. Reid KR, Kennedy LJ, Crick EW, Conte ED (2002) J Chromatogr
A 975:135–143

5. Ceglarek U, Efer J, Schreiber A, Zwanziger E, Engewald W
(1999) Fresenius J Anal Chem 365:674–681

6. Reverté S, Borrull F, Pocurull E, Marcé RM (2003) J Chromatogr
A 1010:225–232

7. Bystol AJ, Whitcomb JL, Campiglia AD (2001) Environ Sci
Technol 35:2566–2571

8. Li J, Zhao X, Shi Y, Cai Y, Mou S, Jiang G (2008) J Chromatogr
1180:24–31

9. Pan C, Xu S, Zou H, Guo Z, Zhang Y, Guo B (2005) J Am Soc
Mass Spectrom 16:263–270

10. Wu J, Mullett WM, Pawliszyn J (2002) Anal Chem 74:4855–
4859

11. Luscombe DL, Bond AM, Davey DE, Bixler JW (1990) Anal
Chem 62:27–31

12. Valcárcel M, Cárdenas S, Simonet BM (2007) Anal Chem
79:4788–4797

13. Durst RA, Baumner AJ, Murry RW, Buck RP, Andrieux CP
(1997) Pure and Appl Chem 69:1317–1323

14. Inzelt G (1994) In: Bard AJ (ed) Mechanism of charge transport in
polymer-modified electrodes in electroanalytical chemistry, vol.
18. Marcel Dekker Inc, NY

15. Wang J (1989) In: Bard AJ (ed) Voltammetry following non-
electrolytic preconcentration in electroanalytical chemistry, vol.
16. Marcel Dekker Inc, NY

16. Kannuck RM, Bellama JM, Durst RA (1988) Anal Chem 60:142–
147

17. Svancara I, Vytras K, Kalcher K, Walcarius A, Wang J (2009)
Electroanal 2:17–28

18. Luscombe DL, Bond AM, Davey DE, Bixler JW (1990) Anal
Chem 62:27–31

19. Brainina K, Schäfer H, Ivanova A, Khanina R (1996) Anal Chim
Acta 330:175–181

20. Bard AJ, Faulkner LR (2003) Electrochemical methods:
fundamentals and applications, 2nd edn. John Wiley, NY, pp
156–181

21. Yao S, Hertzg DE, Eng SZ, Mikkelsen JC, Semitago JG (2003) J
Colloid interface Sci 268:143–153

1614 J Solid State Electrochem (2010) 14:1609–1614


	Electrochemical...
	Abstract
	Introduction
	Experimental
	Instrument and reagents
	The preparation of the Mg-Ox-CPE working electrode

	Results and discussion
	The electrochemical behavior of copper on the Mg-Ox-CPE
	The effects of potential
	The effects of solution pH
	The effect of extraction time
	The effect of concentration of copper(II)

	Conclusions
	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


