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Abstract : Poly (vinylchloride) (PVC) membrane electrodes based on neutral carrier, tetracycline was prepared as an
active sensor for Hg(Il) ion, and tested in different contents of the potassium tetrakis (4-chlorophenyl) borate (KTp-
CIPB) as lipophilic salt. Bis (2-ethylhexyl) sebacate (DOS), bis(1-butylpentyl) adipate (BBPA), 2-nitrophenyl octyl
ether (NPOE) and dibutyl phthalate (DBP) were used as diverse plasticizing solvent mediators. This electrode shows
excellent potentiometric response characteristics and display good linearity with log [Hg*'] versus EMF response, over
a range of concentrations between 1077 and 10 M. With 30.8 mV/decade Nernstian slope, the detection limit was
6.9 % 10°M and the response time was less than 20s. The proposed electrode yields very good selectivity for mer-
cury (I) ion over many cations such as alkali, alkaline earth, transition and heavy metal ions. And it shows a very
stable potential values in a wide pH range. This reliable electrode prepared was kept at least a month without con-

siderable alteration in their response to Hg (II) ion.

Keywords : Tetracycline, Antibiotics, Mercury (II) ion, lon-selective electrode.

1. Introduction

Mercury (Hg) ion is a toxic heavy metal ion for human body.
Especially, it causes harmful effects on human nervous sys-
tem even though the incident exposure of Hg. Thus, many
methods for the detection of Hg(Il) ion have been developed.
Among them, the ion-selective electrode (ISE) has been known
as a sensitive, fast, reproducible and accurate analytical method.
The carrier based ISEs are one of the most important groups
of chemical sensors. And a PVC-based membrane electrode
is a typical good example, which can be easily prepared by
small amount of electro-active compounds, (ionophore and lipo-
philic salts) into solvent polymeric matrix and plasticizer.'?
Each has the role for developing successful sensors and the
selectivity is mostly relied on the molecular recognition ability
of ionophores.

The first neutral carrier-based Hg(II)-ISE was developed in
1986 by Lai et al.> based on 1, 4-dithia-12-crown-4 ionophore.
Crown ether series*” or neutral carrier®” have been reported
in the literature. However, it still has had an effort to find
better Hg(II) ion selective ionophores because developed Hg
(IT)-PVC based membrane electrodes had limitation such as
poor response time, long equilibration time, short life time,
narrow range of working pH and interferences from various
metal ions, especially Ag(I) and/or Fe(Ill) ion.

Several groups showed that metal binding antibiotics is
very attractive choice as cation selective ionophores.*'” Sta-
bility constants of metal complexes with tetracycline (TC: Fig. 1)
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were reported at 1950s by Albert and coworkers.!"!? The
ability of TC antibiotics binding to metal ions has obtained
much attention since then. And thus, TCs could be very
good candidate as an excellent ionophores for Mg(Il) and
Ca(Il) ion, because TCs have very good affinity toward
aforementioned cations. Recently, we reported the TC based
membrane electrode formulated with common PVC composite
exhibited potentiometric responses to both cations as
employing appropriate pasticizers.'? Especially, TC based
membrane electrode shows better responses to Hg(II) ions.

Here, we study to develop and optimize a new Hg(Il) ISE
based on TC antibiotics as a neutral carrier. Also, we propose
the interactions between Hg(Il) ions with TC antibiotics
according to UV-Vis and 'H NMR spectroscopy.

2. Experimental

2.1. Reagents and Apparatus

Tetracycline (TC) was purchased from Sigma (Saint Louis,
Mo, USA). Poly(vinyl chloride) (PVC), potassium tetrakis(4-
chlorophenylborate) (KTpCIPB) and plasticizers such as bis
(2-ethylhexyl) sebacate (DOS), 2-nitrophenyl octyl ether
(NPOE), dibutyl phthalate (DBP) and bis(1-butylpentyl) adi-
pate (BBPA) were supplied from Fluka (Ronkonkoma, NY,
USA). Solvents and all other chemicals including nitrate salts
of cations examined were analytical reagent grade. Solutions
were prepared using de-ionized water. (Millipore, Billerica, MA,
USA)
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Fig. 1. Spatial structure of tetracycline.

2.2. Preparation and evaluation of polymer membranes
and electrodes

PVC matrix membranes were prepared according to the
method reported previously.'¥ The ISE membrane was pre-
pared by mixing 1 wt% of TC, 33 wt% PVC and 66 wt%
plasticizer, resulting in 200.0 mg dissolved in 1 mL THF.
The solution was cured to produce an elastic membrane. A
small disk of 5.5 mm diameter was cut out from the PVC
membrane and then mounted into the end of electrode body
(IS-561; Glasblaserei Moller, Ziirich, Switzerland).

The potentiometric behavior of the membrane electrode
was evaluated with conventional ISE configuration. For all
electrodes, a solution of 10~ M Hg(NOs), was employed as
the internal filling solution. The external reference electrode
was an Orion sleeve-type double junction Ag/AgCIl/KCI (sat-
urated) electrode (Model 90-02). The electrochemical cell for
the electromotive force (EMF) measurement is as follows:

Ag/AgCl | internal solution | PVC membrane | test solution
| Ag/AgCl.

Selectivity coefficients were studied according to the sepa-
rate solution method at an interfering cation concentration of
1.0 mM."> The response to pH was investigated by titrating
an universal buffer of pH 2.8 (11.4 mM boric acid; 6.7 mM
citric acid; 10.0 mM sodium dihydrogen phosphate) with
small aliquots of LiOH and simultaneously monitoring the
pH of the sample solution with a combination glass pH electrode.

2.3. Spectroscopic measurements

UV-Vis spectra were obtained using Perkin Elmer UV-visible
spectrophotometer (LX20-000B). 'H NMR spectra were
obtained using a Bruker spectrometer working at 400 MHz
for proton in DMSO-d¢ solvent. The concentration of TC
was 10.0 mM.

3. Results and Discussion

3.1. Spectroscopic evaluation

The spectroscopic technique has been used to assess the
strength of ion-carriers. UV-visible spectrophotometric studies
have been carried out to investigate the interaction between
ionophore (TC) with Hg(Il) ion and it revealed that TC forms
stable complex with Hg(Il) ion. Fig. 2 shows the absorption
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Fig. 2. UV-visible spectra of tetracycline (A) and with Hg (1) ion (B).

spectra of TC (10.0 mM) and its complex with Hg(II) ion
(10.0 mM) in H,O : DMSO (9 : 1) solution. Hg(Il) itself
possesses negligible absorption between 200 - 400 nm spectral
regions and TC shows two small absorption bands at 275.0
and 362.0 nm. However, a distinct and very strong band at
255 nm was observed when Hg(II) ion-containing solution
was added to the TC. It means that the preferred coordina-
tion was formed between the target cation, Hg(Il) and the
carrier, TC.

The binding ratio of the complex, TC (host, H) and Hg(II)
ion (guest, G), was determined by the Job’s plot,'® in which
stoichiometric composition of the complex was decided as
the ratio of complex formation at a maximum spectroscopic
result. Fig. 3 shows the Job’s plot and the maximum value of
[HG] complex was obtained when [H]/[H]+[G] = 0.5. This
suggests that this complex was formed as an associate of 1 : 1
composition.

3.2. Binding Model

The sites of possible chelating terminals at TC has been
known as (a) C10-C11 ketophenol,'” (b) C11-C12-diketone,'*?
(c) C4 dimethylamine and C3 or Cl2a hydroxyl,?" (d) C11-
C3 tricarbonyl methane,'3?? and (e) multidentate combination
of C11-Cl2-diketone and C1-C3 tricarbonyl methane
achieved through folding the molecule along the C4a-Cl12a
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Fig. 3. Job's plot for complex of tetracycline (host: H) with Hg(Il)
(guest: G).
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Fig. 4. "H NMR (400MHz at T=296K) study of tetracycline adding Hg(IT) ion in DMSO-d,. The colored traces represented 0.0, 1.0, 2.0, 3.0, 4.0

and 4.5 eq of Hg(Il) ion, respectively, to TC from bottom to top.

Fig. 5. A proposed binding structure of Hg (II) ion with tricar-
bonylmethane functional group of the ring A in tetracycline.

axis.”¥ Fig. 4 shows the 'H NMR study of TC having 0.0 eq
to 4.5 eq of Hg(IT) in DMSO-ds. The colored traces in Fig. 4
represented 0.0, 1.0, 2.0, 3.0, 4.0 and 4.5 eq of Hg(Il) ion
from bottom to top, respectively, to TC. With increasing of
Hg(II) ion, significant downfield shifts occurred for protons
in NMe, and amide, and proton in amide is split to several
peaks. In this '"H NMR results, we could suggest that the
binding model TC with Hg(II) ions in membrane is mainly a
tricarbonylmethane function of ring A in TC. From those
result, a binding structure of Hg(Il) ion with TC is proposed in
Fig. 5.

3.3. Composition of membranes and characteristics of
the Hg(II) ISE

Hg(Il) ISE prepared with different composition of mem-
branes was evaluated. Table 1 listed those compositions and

summary of the potentiometric performances of them. PVC-
based membrane electrode is prepared by small amount of
ionophores and lipophilic salts into solvent polymeric matrix
and plasticizer. Each components have the role for develop-
ing successful sensors. And thus, the potentiometric response
slope and selectivity coefficient of the Hg(Il) ion depend on
the compositions of the membrane components. The effects
of lipophilic additive, (KTpCIPB) and plasticizers (DOS,
NPOE, DBP and BBPA) in the Hg(II) ISE were investigated
for the optimization of the potentiometric response of the
sensor. E1, PVC membrane containing ionophore, DOS and
no lipophilic additive shows a slope of 17.8 mV/decade and
a narrow linear range of 107%~ 10~ M. Addition of 50 mol %
of KTpCIPB to membrane composition, E2, increases response
slope to 30.8 mV/decade which is Nernstian slope. With 100
mol% of KTpCIPB, E3, it shows super-Nernstian slope of
34.6 mV/decade. In the solution study as shown in this section
3.1, TC shows one to one complex with Hg(IT) ion. However,
TC could yields multi-dentate performance with increasing
mobility of Hg(Il) ion in membrane due to ionic site created
by 100 mol% of lipophilic additives. Additionally, we can
not exclude the possibility of an adduct of Hg(Il) ion with
anionic site in membrane to become [Hg(anion)](I) ion. It
may cause the super-Nernstian slope. Further studies are
needed to obtain the decisive conclusion.

It is well known that the type of plasticizer also influences
the dielectric constant of the membrane phase and the state
of the ligands.?¥ Four PVC matrix membranes containing the
plasticizer DOS (e=4.0), BBPA (¢=4.0), DBP (¢=6.44)
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Table 1. Composition of membranes and their potentiometric response properties of Hg(II) ISE

. Lipophilic additive Slope Linear range Detection limit
# of electrode Plasticizer (Kgp%lPB - mol %) (mV/d c?c ade) (M) & (log [M])
El DOS 0 17.8 10%~10" 6.13
E2 DOS 50 30.8 107~107 8.16
E3 DOS 100 34.6 10°6~107 6.20
E4 NPOE 50 44.1 106~107 7.37
ES DBP 50 37.7 10°6~107 7.29
E6 BBPA 50 33.4 106~107 7.10
Table 2. The potentiometric responses of Hg(II) ISEs
Tonophore Response time Linear range logk pﬁogtl*.J Ref.
(s) ™M) Fet Mg Ag'
1,4-Dithia-12-crown-4 60 1.0x107° ~ 1.0x1072 1.5 2.9 3.6 3
Pentathia 15-crown-5 20 2.5x107 ~ 1.0x107" 3.4 - 0.0 4
_1 t‘éizggﬁf‘irc‘;’z;ﬁj‘phe"ylethyl‘de“e) - 2.0x10° ~ 1.0x10°2 3.46 3.66 0.8 6
N:N-Dimethylformamide- <30 6.2x107 ~8.0x10™ 2.88 3.08 0.54 7
salicylacylhydrazone
Tetracycline <20 1.0x107 ~ 1.0x1073 1.69 5.27 2.05 This work
Z:ld NPOE (¢=23.1) were prep.arf:d separately and showed Mercury base )
e dependence of the characteristic responses on the mem- K
brane composition in E2, E4, E5 and E6, respectively. The 2
data revealed that the E2 membrane electrode with DOS and —
50 mol% lipophilic additive, exhibited the best response 1 g
slope of 30.8 mV/decade and low detection limit (6.9x10™ M) —
for Hg(I) ions among the electrodes tested in this experiment. I,'.
The result for E2 was comparable or better to membrane 0 3 - - - — Hg?*
electrodes based on Hg(Il) selective ionophores published ‘- £t
previously. (Table 2). ;_' . —-—-: — Fe3+
.8 +
3.4. Potentiometric Selectivity Coefficients =S § R g i ggi
The selectivity is obviously one of the most important = -2 5" Lit
characteristics of a sensor. They measured changes of potential in :é" } | A
the presence of the target and the interfering ions together. In H ' ',. : o — Fe2t
most cases, the ligand structure and cation size, complex formation -3 3 — Cg2*
or extractability is the major determining factor for selectivity.> s t PEQ*'
The selectivity coefficients of the sensor towards different -a ; = —pa2*
cationic species were evaluated by using separate solution 4 , — 24
method (SSM). The properties of ISE based on neutral iono- 'l_o‘ fo—| o %
phores are more influenced by the ionic sites in membranes. -5 '.‘—" . Mg
As seen in Fig. 6, selectivity coefficient of membrane with —
. Lo Without 50% 100%
different amount of ionic sites (KTpCIPB) was compared - additive additive additive

with other interfering ions. The inference of alkali metal ions
(Li*, Na* and K*), alkaline earth metal ions (Mg®*, Ca?" and
Ba?"), transition metal ions (Fe*", Pb?" Fe*', Cr’* and Co*")
and other cations (NH4") were studied. In case of divalent
cations (Fe?*, Ca?*, Pb*', Ba®", Co*" and Mg?"), the incorpo-
ration of 50 mol% KTpCIPB leads to the increasing of
Hg(IT) selectivity but, 100 mol% to rather the decreasing
membrane selectivity. This could explained that too much
ionic site loose the superiority of the ion mobility of Hg(II)
ion compare to the other cations, because the mobility of the

other cations also improved significantly with high concen-
tration of additive.

Fig. 6. Selectivity coefficients of membrane with various amounts of
ionic additive (KTpCIPB).

3.5. Influence of pH

In order to investigate the pH effect on the potential
response of the Hg(II) ISE, the potential was measured at the
presence of 1.0 x 10> M Hg(Il) ion concentration over the
pH range 1.5~11.5 with E2 and the result is depicted in Fig.
7. Potential value was kept from pH 3.0 to 6.5 and 7.5 to
11.5. Small potential changes were found at below pH 3.0
and between 6.5 and 7.5. It shows this electrode can be
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Fig. 7. The influence of pH on the potentiometric response of the
optimized Hg(II) ISE (E2).
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Fig. 8. Dynamic response of Hg(II) ISE (E2) based on tetracycline
for step changes in concentration of mercury(Il) ion; a) 1.0 x 1077
M, b) 1.0 X 10° M, ¢) 1.0 x 10° M, d) 1.0 x 10~ M and e) 1.0 x 10~ M.
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Fig. 9. Potentiometric titration curve for 200.0 mL of 0.050 M Hg(II)
solution with 0.10 M KI titrant using the mercury electrode based
on tetracycline.

applied to Hg(IT) samples even at alkaline pH without buffer
solution and it is superior to the other Hg(Il) ISE published
previously which is working only at acidic pH.

3.6. Response time and life time

The dynamic response time is an important factor of an
ISE and it was recorded from 1.0 x 107 to 1.0 x 10 M in the
sample solution with E2 sensor (Fig 8.). The response time

was less than 20s at various concentrations, and the poten-
tials remained constant for more than 10 min. The lifetime of
the electrode membrane prepared was kept at least a month
without a considerable change in their response to Hg(II)
ion. The electrodes were stored in 1.0 x 10~ M Hg(II) ion
solution when it is idle.

3.7. Analytical applications

ISE based on TC was successfully applied as indicator
electrodes to the potentiometric titration of Hg(II) ion solu-
tion with potassium iodide (KI). It shows a distinct end point
of titration curve for the titration of 200 mL of 5.0 x 1072 M
Hg(NOs), with 0.1 M KI titrant (Fig. 9). Before the end-point,
the potential shows a usual logarithmic change with the volume
of titrant added, while the potential response after the end-point
remains almost constant, which is due to the absent of Hg(II)
ion in the solution.

Acknowledgements

This work was supported by a special research grant from
Seoul Women's University (2007).

References

. E. Bakker, P. Buhlmann, E. Pretsch, Chem. Rev. 97,3083 (1997).

. P. Buhlmann, E. Pretsch, E. Bakker, Chem. Rev. 98, 1593 (1998).

. M. T. Lai; J. S. Shih, Analyst, 111, 891 (1986).

. V.K. Gupta; S. Jain; U. Khurana, Electroanalysis 9, 478 (1997).

Lu, J.; Tong, X.; He, X. J. of Electroanal. Chem. 540, 111 (2003).

L. Xu; R. Yuan; Y. Q. Chai, Chem. Lett. 34, 440 (2005).

. G Ye, T. Chai, R. Yuan, J. Dai, Analytical Sciences 22, 579 (2006).

. W. E. Morf, W. Simon, Helv. Chim. Acta, 54,2683 (1971).

. M. Schafer, G M. Sheldrick, 1. Bahner, H. Lackner, Angew. Chem.

int. 37,2391 (1998).

10. L. R. Paeng, Anal. Sci. Tech. 18, 491 (2005).

11. A. Albert, Nature(London), 172,201 (1953).

12. A. Albert; C. W. Rees, Nature (London). 177, 433 (1956).

13. J. Baek, J.-S. Kim, 1. R. Paeng, K.-J. Paeng, Bull. Kor. Chem. Soc.,
29, 165 (2008).

14. S. S. Park, S. O. Jung, S. M. Kim, J.-S. Kim, Bull. Kor. Chem. Soc.
17,405 (1996).

15. P.Richard, E. L. Buck, Pure & Appl. Chem. 66,2527 (1994).

16. P.Job, Ann. Chim. 9, 113 (1928).

17. F.Benet; J. E. Goyan, J. Pharm. Sci. 55, 1184 (1966).

18. J. L. Colaizzi; A. M. Knevel; A. N. Martin, J. Pharm. Sci. 54, 1425
(1965).

19. K. H. Ibsen; M. R. Urist, Proc. SOC. Exp. Biol. Med. 109, 797
(1962).

20. L. A. Mitscher; A. C. Bonacci; B. Slater-Eng; A. K. Hacker; T. D.
Sokoloski Antimicrob, Agents Chemother. 11, 1 (1969).

21. J. T. Doluisio; A. N. Martin; J. Med. Chem. 6, 16 (1963).

22. W. A. Baker, P. M. Brown, J. Am. Chem. Soc. 88, 1314 (1968).

23. A. H. Caswell; J. D. Hutchison, Biochem. Biophys. Res. Commun.
43,625 (1971).

24. M. H. Mashhadizadeh; 1. Sheikhshoaie, Talanta 60, 73 (2003).

25. A. Lewenstam; A. Hulanicki, Selec. Electrode Rev. 12, 161 (1990).

O 0NN L AW —




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.02000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /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 ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


