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Abstract
Carbon nanotube (CNT) based high-κ dielectric

ion sensitive field effect transistor (ISFET) based
cholesterol biosensor has been realized using
Polyethylenimine (PEI) doped CNT channel and
nanocomposite of potassium doped CNT with
polypyrrole as sensing membrane.Device has
been fabricated using solution method and
electrical characterization of the device has been
carried out after immobilization of enzyme
cholesterol oxidase (ChOx) in presence of PBS
solution.Device has shown a wide dynamic range
(0.5 to 25mM), a good sensitivity of 60 mV/
decade,low response time (~1 s), low detection
limit (0.23 mM), good stability (7 months) and
high selectivity (interference ~1.8 %).

Keywords: CNT, PEI, nanocomposite,cholesterol
oxidase, biosensor

Introduction
Biosensors based on the ion-sensitive field

effect transistors, so called biologically modified
field effect transistors (BioFETs) have been
intensively investigated because of their potential
advantages such as fast response, low weight,
device miniaturization, better fabrication scopes
and packaging, high selectivity and sensitivity, high
reliability, low cost, on-chip integration.

Enzyme modified field effect transistor
(ENFET) is a class of BioFET (1), which is
constructed by immobilizing an enzyme on the top
of the gate insulator of ISFET. Simplest physics
theory behind the working of this device is the

exploitation of field effect concept introduced by an
electrolyte gate electrode,which is capacitively
coupled through a thin dielectric layer. The enzyme
reacts with the analyte of interest and generates or
consumes protons which changes charge at the
gate surface in accordance with site binding theory
(2). This change in charge at the gate surface
modulates the channel conductance and  hence
the channel current between the source and the
drain of the ISFET. This output current can be related
with  the  concentration  of  analyte under
examination.

Referring to immobilization of enzyme on the
top of the insulating surface of ISFET,various
advanced materials such as CNT, gold nanoparticles
and porous materials have been used for firmed
immobilization of the enzyme (3). In general, these
materials cannot support enzyme directly, and hence
selection of an enzyme-loaded matrix compatible
to both the insulating layer and the enzyme has
importance in ENFET construction. In the present
context, a nanocomposite of N-type carbon nanotube
(prepared by doping potassium) with polypyrrole  has
been used as the enzyme loaded matrix. In
general,the compatibility of CNT with enzyme is very
high and when it is doped with potassium, it
increases free high mobility carriers. Due to this,
electron transfer rate increases between the
enzymatic reaction site and the oxide
layer.Polypyrrole not only provides the support for
the enzyme immobilization but also helps in better
dispersion of CNT (4). These properties of the
nanocomposite can therefore be used to improve
the device performance as far as selectivity,
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response time, stability and dynamic range are
concerned.

In recent years, CNT based ENFETS (CNT-
ENFETs) have attracted great attention because
they have been found as ideal biosensor with high
selectivity, real-time response and have capability
of label free detection (5) -(7). In CNT-ENFETs, the
silicon substrate of conventional BioFETs is replaced
by semiconducting CNT channel. Polyethylenimine
(PEI) doped carbon nanotubes exhibit excellent n-
type FET characteristics and has advantage over
other types of n-doping techniques because it has
the highest density of electron rich amine amongst
all the polymers (8), (9). High density electrons of n
type CNT results in better transconductance and
hence improve the sensitivity of the device.The
various intrinsic properties of CNT which are
successfully utilized in biosensor development can
be obtained elsewhere (10), (11). One of the
important properties of CNT that can be exploited to
fabricate advanced miniature field effect devices is
its compatibility with high-κ dielectric materials (12).
Such high-κ dielectric ENFETs have importance in
“point-of-care” diagnosis systems and nano-
biosensing areas (13), (14).

Referring to cholesterol biomolecule, it is an
essential steroid metabolite found in most of the
human cells and is carried through blood by
lipoproteins (15). Its importance in the design of
structure of cell walls, synthesizing bile acids in
intestine, production of vitamin D and contribution
in making steroid hormones are well known(16).
However, elevated level of cholesterol is a biomarker
for myocardial infarction, type 2 diabetes, thrombosis,
high blood pressure and cardiovascular diseases
(17). Therefore, development of a low cost, integrated,
disposable and reliable technique for its detection
is signiûcant and essential in medical and clinical
applications. In this communication, therefore, we
have reported the fabrication and characterization
of high-κ dielectric CNT based ENFET for detection
of cholesterol (CNT-Ch-ENFET).
Material and Methods
Device fabrication and characterization
Device fabrication : Fabrication has been started

with cutting of ITO coated glass substrate
(purchased from Sigma-Aldrich) using a conventional
glass cutter tool(dimension ~ 5 mm × 2 mm). For
removal of impurities, ITO coated glass substrate
has been washed using a  solution of deionized
water, ammonium hydroxide and hydrogen peroxide
in the ratio 2:1:1. Since, ITO surface is a conducting
surface, therefore, to block the  conduction from
CNT channel to ITO, a layer of ZnO (κ ∼ 1.5) has
been deposited on the top of the ITO substrate
using solution method, commonly known as
electrochemical deposition (ECD) technique. This
has been done by using a three electrode
electrochemical cell purchased from METROHM
(AUTOLAB PGSTAT128N). The details of
preparation of solution and its deposition
methodology can be obtained in our earlier
publication (11).

On the top of ZnO dielectric layer, a thin film of
PEI-doped carbon nanotube has been deposited by
spin coating technique. Doping of carbon nanotube
with 30% polyethylenimine has been done in the
presence of EDC-NHS cross linker. The polymer
doped carbon nanotubes have been washed with
deionized water and filtered using teflon filter paper
to remove unbounded particles. The doped CNTs
have then been heated at 150oC for 1 hour to remove
moisture content. Solution has been prepared by
adding 10 mg of PEI doped CNTs in 20 ml of
analytical grade acetone. The solution has thenbeen
sonicated for 30 minutes using a probe sonicator
(The amplitude of the sonicator has been set to 60%
with a duty cycle of 50%). For better dispersion, the
sonicated solution has been centrifuged using REMI
RM 03 at 12000 rpm for 20 minutes. CNT layer has
then been deposited using ECD technique. The
sample has been heated at 150oC and the process
has been repeated until desired thickness of ~ 10
nm has been  obtained. On the top of channel region,
a thin layer of zirconia has been deposited for serving
as the top gate insulator.The cathodic deposition
of zirconia layer has been carried out using the
same workstation as used for bottom dielectric
deposition. To deposit this ZrO2 layer over channel
region, a non-aqueous solution has first been
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prepared by dissolving zirconium tetrachloride in
absolute ethanol in the ratio 1:5. The solution has
then been sonicated at 20 KHz for 15 min. The
deposition process has been carried out by
applying constant working electrode potential -
1.0 V for about 15-20 minutes. The deposited
sample has then been dried using vacuum oven
(LABFREEZ) at 250°C for 2 hours. The thickness
of this layer is ~10 nm. The source and drain region
has been covered with Teflon tape to avoid deposition.
Source (S) and drain (D) contacts have been
fabricated by physical vapor deposition using metal
aluminum. Aluminum (Al) metal has been deposited
due to its suitable properties such as low melting
point, good adhesion with dielectrics and low
resistivity. Then top sensing K/PPy/CNT layer has
been deposited on the top of insulating ZrO2 layer
by spin coating technique. The nanocomposite has
been prepared by adding 10 ml of 1.0 M KOH to 5
mg of f-CNT. 5 ml of pyrrole solution made in formic
acid has then been added to the K/CNT. The solution
has been sonicated for 20 minutes using a probe
sonicator and kept idle for 12 hours. After the
fabrication of the device, 10 μL of ChOx has been
immobilized on the sensing layer by physical
adsorption technique (13).  Passivation of the device
has been done by coating a layer of
Polydimethylsiloxane (PDMS). The device has then
been dried and kept in refrigeration until used. The
schematic of CNT based cholesterol ENFET
(biosensor) is shown in Fig 1.

Morphology of all the deposited layershas
been investigated using SEM, FESM, TEM
results. The layers have been found to be  uniform
and good adhesion was observed between the
layers. The bonding structures of the CNT layer
and K/PPy/CNT nanocomposite have been
studied using Fourier transform infrared
spectroscopy (FTIR) analysis and found the
presence of carboxylic acid groups .

Electrical charaterization : The measurement
set up for experimentation is shown in Fig 2. Dual
tracking power supply has been used for providing
desired voltages at drain and gate. The fabricated
deviceis immersed in PBS solution of 50 mM

concentration and 7.0 pH. Ag/AgCl reference
electrode is used for gate biasing.

Prior to being used as ENFET, the device
has been biased for electrical characterization. It
has been done at pH 7 and changing drain voltage
in steps of 0.1 V as shown in Fig 3. From Fig. 3
the biasing points have been  fixed at VGS = 0.6 V
and VDS = 0.3 V.

Threshold voltage of ENFET can be
determined using Extrapolation in linear region

Fig 1.  Schematic diagram of cholesterol ENFET

Fig 2. Cholesterol measurement setup
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(ELR) technique (18). Using this technique, the
ENFET threshold voltages have been calculated
at different cholesterol concentrations from
transfer characteristics curve as shown in Fig.4.
As far as sensitivity of ENFET device is
concerned, it is given by equation 1. This equation
implies that the sensitivity is  given by the slope
of the VTH  vs concentration curve as shown in
Fig.5.

(1)

Drain characteristics of the cholesterol
ENFET have been determined using cholesterol
stock solutions of different concentrations.The
output characteristics at different concentrations
and linearity curve of the device are shown in Fig.
6 and 7 respectively. From Fig.6, it is observed
that the dynamic range of the device is (0.5 - 25)
mM and from Fig.7, it is observed that the device
is linear from 1.8 mM to 19 mM with regression
coefficient  0.9943. The current sensitivity has
been found to be ~75.17 μA/mM.

Limit of detection is an important parameter
in biosensor application. LoD is the least quantity
of the analyte which can be detected by the
biosensor. It is calculated using eq.2 (19) and found
out to be 0.23 mM.

Where S is the slope between cholesterol
concentration and response in terms of interfacial
potential and  is the standard deviation of the
response.

Linweaver burk plot shown in Fig. 8 has been
used to find the Michaelis-Menten constant (Km).
The value of Km is found to be 3.4 mM and 2.1mM
for ohmic and saturation region of device output
characteristics respectively. The value of Km shows
that the device has high affinity towards the
analyte.The reproducibility test (Fig. 9) has been
performed by characterizing five similar fabricated
devices and repeatability test (Fig. 10)has been
performedby characterizing the same device for 5

The fabricated device has been compared
with other cholesterol biosensors and shown in
Table 1.

Fig.3. Output characteristics of cholesterol
ENFET at pH =7

Fig.4. Tranfer characteristics of cholesterol
ENFET at various cholesterol concentrations.
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Fig.6. Drain characteristics of cholesterol ENFET

Fig. 7. Transfer characteristics of cholesterol
ENFET

Fig. 8. Linweaver Burk Plot Fig.11. Effect of  temperature on drain current

times (once a week). The measurements have
been performed under similar conditions.

Temperature dependence of the device has
been shown in Fig. 11.  In the temperature range
of 20 to 40°C, max response is obtained at 30°C.

Degradation of enzyme activity is responsible for
lowering of drain current at higher temperatures.
The plot in Fig.12 shows that the interference of
CNT based cholesterol ENFET is negligible with
other biomolecules such as glucose, uric acid,
urea etc.

CNT based Cholesterol Biosensor
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Conclusion
In this work, ENFET with CNT nano composite

as sensing layer hasbeen fabricated and
characterized for cholesterol detection. Due to the
use of K/PPy/CNT nanocomposite, the sensor
hasshown high dynamicrange, low detection limit,
good stability, goodresponse time and good
sensitivity of approximately Nernstian limit. Also
the fabricated device has been found to be
repeatable and reproduciblewith almost zero
interference.Fig.12. Interference of cholesterolENFET with

other molecules

Sensor Sensing Linearity  Km(mM) Sensitivity Ref.
type material (mM)

Solution ZnO 1×10-3 -45 and - - (20)
gated- FET 10μA/mM/cm2
Extended Ferrocenyl/ 1.8-12.9 - 43.13 mV/decade (21)
gated-FET alkanethiol
Potentiometric ZnO /Ag 1×10-3 -10 - 35.2 mV/decade (22)
Potentiometric Co3O4 1×10-4- 1 0.039 94.031 mV/decade (23)
CNT-ENFET K/PPy/CNT 1.8- 19 2.1 60 mV/decade This work

Acknowledgment
The authors thank the Ministry of

Electronics and Information Technology (MeitY),
Government of India for theVisvesvaraya Ph.D.
scheme and Tezpur University for providing
laboratory facilities.

References
1. Schoning, M. J. and Poghossian, A. (2002).

Recent advances in biologically sensitive
field-effect transistors (BioFETs), Analyst,
127, 1137–1151.

2. Yates, D.E., Levine, S. and Healy, T. W.
(1974). Site binding model of the electrical
double layer at the oxide/water interface, J.
Chem.Soc. Faraday Trans.,70, 1807 – 1819.

3. Song, Y., Shan, B., Feng, B., Xu, P., Zeng, Q.
and Su, D. (2018). A novel biosensor based

on ball-flower-like Cu-hemin MOF grown on
elastic carbon foam for trichlorfon
detection, RSC advances, 8(47), 27008-
27015.

4. Singh, K., Solanki, P. R., Basuand, T.,
Malhotra, B.D. (2012). Polypyrrole/multiwalled
carbon nanotubes based biosensor for
cholesterol estimation,” Polymers for
Advanced Technologies, 23(7), 1084-1091.

5. Allen, B.L., Kichambare, P.D. and Star, A.
(2007). Carbon nanotube field effect
transistor based biosensors,”Advanced
Materials,  19(11), 1439-1451.

6. Chen, K.I., Li, B.R.  and Chen, Y.T. (2011).
Silicon nanowire field-effect transistor-based
biosensors for biomedical diagnosis and
cellular recording investigation”, Nano
today, 6(2), 131-154.

Gaurav  and  Jiten

Table 1:Comparison of different cholesterol biosensors



Current Trends in Biotechnology and Pharmacy
Vol. 15 (2) 182-188, April 2021,  ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2021.2.20

188

7. Liu, S. and Guo, X. (2012). Carbon
nanomaterials field-effect-transistor-based
biosensors,” NPG Asia Materials, 4(8), e23-
e23.

8. Shim, M., Javey, A., Shi Kam, N. W., & Dai,
H. (2001). Polymer functionalization for air-
stable n-type carbon nanotube field-effect
transistors. Journal of the American
Chemical Society, 123(46), 11512-11513.

9. Sablok, K., Bhalla, V., Sharma, P., Kaushal,
R., Chaudhary, S., & Suri, C. R. (2013).
Amine functionalized graphene oxide/CNT
nanocomposite for ultrasensitive
electrochemical detection of trinitrotoluene.
 Journal of hazardous materials, 248, 322-
328.

10. Peng, L. M., Zhang, Z., & Wang, S. (2014).
Carbon nanotube electronics: recent
advances. Materials today, 17(9), 433-442.

11. Dutta, J. C., Thakur, H. R., & Keshwani, G.
(2019). High-Performance Dual-Gate Carbon
Nanotube Ion-Sensitive Field Effect
Transistor With High-$\kappa $ Top Gate and
Low-$\kappa $ Bottom Gate Dielectrics.
 IEEE Sensors Journal, 19(14), 5692-5699.

12. Javey, A., Kim, H., Brink, M., Wang, Q.,
Ural, A., Guo, J., ... & Dai, H. (2002). High-
ê dielectrics for advanced carbon-nanotube
transistors and logic gates. Nature
materials, 1(4), 241-246.

13. Bodilovska, D. S. (2013). Clinical
applications of biosensors based on field-
effect transistors with carbon nanotubes or
nanowires.

14. Gruner, G. (2006). Carbon nanotube
transistors for biosensing applications. 
Analytical and bioanalytical chemistry, 
384(2), 322-335.

15. Narwal, V., Deswal, R., Batra, B., Kalra, V.,
Hooda, R., Sharma, M., & Rana, J. S.
(2019). Cholesterol biosensors: A
review. Steroids, 143, 6-17.

16. Sharma, P. K., Dutta, J. C., Barik, M. A., &
Sarma, M. K. (2017). Numerical modeling
of potassium doped polypyrrole/carbon
nanotube graphene based cholesterol
enzyme field effect transistor. International
Journal of Numerical Modelling: Electronic
Networks, Devices and Fields, 30(6), e2223.

17. Malarvizhi, A., & Pandurangan, A. (2012).
Bonding of cholesterol oxides to
functionalised multiwalled carbon nanotubes
for in-vitro biosensor application.

18. Ortiz-Conde, A., Sánchez, F. G., Liou, J. J.,
Cerdeira, A., Estrada, M., & Yue, Y. (2002).
A review of recent MOSFET threshold voltage
extraction methods. Microelectronics
reliability, 42(4-5), 583-596.

19. Goswami, P (2020), Advanced Materials and
Techniques for Biosensors and Bioanalytical
Applications, 1st ed., CRC Press: Boca
Raton, FL, USA, ISBN 9781003083856.

20. Ahmad, R., Tripathy, N., & Hahn, Y. B.
(2013). High-performance cholesterol sensor
based on the solution-gated field effect
transistor fabricated with ZnO nanorods.
 Biosensors and Bioelectronics, 45, 281-
286.

21. Ishige, Y., Shimoda, M., & Kamahori, M.
(2009). Extended-gate FET-based enzyme
sensor with ferrocenyl-alkanethiol modified
gold sensing electrode. Biosensors and
Bioelectronics, 24(5), 1096-1102.

22. Israr, M. Q., Sadaf, J. R., Asif, M. H., Nur,
O., Willander, M., & Danielsson, B. (2010).
Potentiometric cholesterol biosensor based
on ZnO nanorods chemically grown on Ag
wire. Thin solid films, 519(3), 1106-1109.

23. Ibupoto, Z. H., Elhag, S., Nur, O., &
Willander,  M. (2014). Fabrication of
sensitive potentiometric cholesterol
biosensor based on Co3O4 interconnected
nanowires.Electroanalysis, 26(9), 1928-
1934.

CNT based Cholesterol Biosensor



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


