Optimized and high efficiency biofouling protection for oceanographic optical devices
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Biofouling protection of oceanographic sensors and optical devices, a need for in situ
monitoring

Oceans environmental monitoring and seafloor exploitation need in situ sensors and optical
devices (cameras, lights) in various locations and on various carriers in order to initiate and
to calibrate environmental models or to operate underwater industrial process supervision.
For more than 10 years Ifremer deploys in situ monitoring systems for various seawater
parameters and in situ observation systems based on lights and HD Cameras. To be
economically operational, these systems must be equipped with a biofouling protection
dedicated to the sensors and optical devices used in situ. Indeed, biofouling, in less than 15
days [1] will modify the transducing interfaces of the sensors and causes unacceptable bias on
the measurements provided by the in situ monitoring system. In the same way biofouling will
decrease the optical properties of windows and thus altering the lighting and the quality of
the images recorded by the camera.

It is acknowledged that a coastal monitoring system must be able to run without maintenance
for 3 months [4-5] in order for the system to be economically acceptable. For deep-sea
observatories, actual maintenance interval on the Canadian Venus system is 6 months.
ESONET, the European network of excellence for deep-sea observatories defines maintenance
interval recommendation from 12 up to 36 months.

Protection strategies adopted by oceanographic sensors manufacturers rely on two methods
[1]. One first method is classified as active and is based on wipers. This technique presents a
weakness, after 1 month in sea water the material used for the wiper is getting ineffective due
to its deterioration. Moreover, the design of the sensor-transducing interface must be adapted
to allow the wiper to work properly, which is sometime impossible. Another technology,
classified as passive consists to coat surfaces that need to be protected with copper. This
technique works quite well when a close cell can be arranged around the area to be protected.
But, for some measurements, for example for dissolved oxygen monitoring, copper ions can
disrupt the measurement process and cause bias on the provided measurements. Recently,
the Canadian company AML has proposed a UV irradiation biofouling protection scheme for
sensors. The system, called UVeXchangel, is based on UV Bulbs that irradiates the area to be
protected. In some situations, where energy is not too much a concern?, this solution seems to
be be a good choice.

Ifremer, in order to protect the sensors and optical devices against biofouling for the in situ
oceanographic monitoring systems uses a method derived from industrial applications and
based on seawater electrolysis to produce hypochloric acid [2]. This method has been
successfully applied in various monitoring applications. For example, for the Marel or Molit

1 http://www.amloceanographic.com/CTD-Sound-Velocity-Environmental-Instrumentation-Home/UVXchange
Z UVeXchange consumption : 100mA up to 190mA (12-26V) depending of the version.



monitoring systems that use a pumped circuit [5] or for autonomous and transportable
systems like Marel Estran or Marel Smatch3, and for seafloor observatories [6] like Momar,
Venus [7], Neptune, or Ifremer Tempo module [7] where the sensors are directly immersed in
seawater without any proxies like pumping devices.

For optical sensors, Ifremer has developed a very efficient biofouling protection that is based
on the coating of the optical window by a “transparent” conductive layer. This robust
transparent conductive layer is polarised in order to generate a very low quantity of
hypochlorous acid on the whole surface of the optical port. This technic offers a high level of
robustness (no moving parts), a high level of protection efficiency (the whole optical window
is protected) and consumes very low energy. It has the advantage to be an active technics that
then can be turned ON and OFF in order to arrange free biocide generation period.

This specific biofouling protection technic has been coupled to an ALVIM Srl biofilm sensor in
order to apply the active biofouling protection only when fouling pressure is indeed sensed by
the biofilm sensor. This allow to optimized at it's maximum the efficiency in term of energy
needed and in term of biocide free period to allow proper measurements or usage of the
optical device. The results of such arrangement will be presented in this paper.

A loop system based on a biofilm sensor to save energy of the active biofouling
protection system

The active biofouling protection technique can be controlled by a “loop system” based on a
biofilm sensor that can trigger the active biofouling protection device only when biofilm
formation is detected (figure 1). The final purpose of such arrangement is to save energy by
controlling the operation of active biofouling protection systems (wipers, bleach, localized
chlorination, etc.) and then to lower as much as possible the energy demand and/or biocide
release.
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Figure 1: Biofouling protection control scheme.

The biofilm sensor, which acts as a microbial growth detector, sends a signal proportional to
the degree of biofilm growth. The active antifouling protection device (e.g. the coated window

3 Nke products Ifremer licenced - http://www.nKke-instrumentation.com/products /networks/estuary-zone.html



active biofouling protection developed by Ifremer) uses this signal to sequence the energy
dedicated to protection, and to tag the sensor data with “biofouling free” index and “active
protection” warning.

The biofilm sensor used for this demonstration is proposed by the ALVIM Srl SME# based in
[taly.

Technological description of biofouling protection by electrolysis on conductive layer
for optical windows.

The process requires on the surface of the glass window the deposit of a conductive and
transparent film of tin dioxide (SnO2) whose physicochemical characteristics have been
optimized by the French CNRS-LISE UPR15 laboratory in collaboration with the Ifremer
Technological Research Group in Brest [9] [10]. The conductive layer has been optimized
and is used as an anode, polarized at a specific potential, to produce chlorine. The biocide
action is essentially based on the electrochemical generation of hypochloric acid capable of
preventing the development of the biofilm. The SnO2 film deposition on the window is
obtained by pyrolysis of a first aerosol SnCls + NH4F for film F-doped and then a second
aerosol SnCls + SbCls for film Sb-doped, to 545 °C. Then an optional electro deposition of
metallic copper on the edge of the window is performed that will allow establishing the
necessary electrical contact to the SnO2 coating (figure 2).

Copper

Figure 2: Functionalized window with SnO2
conductive coating and copper deposit

TriOS fluorometer sensors have been customized in order to integrate at it's best the
polarization unit, the triggering/scheduling system and the two auxiliary electrodes. The main
idea in the design was to maintain compactness, reliability and a very reasonable production
cost, i.e. key NeXOS requirements.

The functionalized window is used on the instrument instead of the original one. The holder
of the porthole has been adapted to allow electrical contact to the edge of the window on
which the deposition of copper is. This electrical contact was then connected to the electronic
unit that will polarize the SnO2 coating. The electronic board that has been specifically
designed (figure 4) can now take place inside the instrument (figure 3) and is connected to a
Zinc reference electrode and a counter electrode to function properly. These electrodes were
placed on the instrument itself on the connection enclosure (figure 3 and figure 4). The
current drawn by the whole system is 1mA maximum and can be powered by a 12V supply

4 http://www.alvimcleantech.com/cms/en



provided by the existing instrument connector. Then the protection scheme needs around 15
mW to be effective.
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Figure 3: Conductive layer protection implementation in the TriOS microFlu-chl sensor.

A specific optimisation work has been done to reduce the size of the two electrodes in order
to ease electrodes integration on the enclosure of the instrument and to prevent biofouling
(figure 4). It has been demonstrated [1] that any mechanical irregularity on a smooth surface
was a chance for macro-fouling to grow more rapidly.

Figure 4: Top: Potentiostatic circuit for conductive layer conditionning
Bottom: Micro electrodes on instrument enclosure



Figure 5: Porthole arrangement for functionalized windows

The windows porthole of the sensor has been specially adapted (figure 5) in order to optimize
the electro-mechanical arrangement of the system. Indeed the main difficulty was to arrange
in the simplest way and with a high level of reliability the electrical contact between the SnO2
conductive layer (working electrode) and the inner chlorination board. To establish the
electric contact to the SnO:z coating on the porthole, a copper piece will maintain the porthole
in its mechanic housing like a button cell.

And finally, the connection between the metallic holder that supports the window and the
electronic board has been arranged in a similar manner as the one already used in the TriOS
microFlu-chl instrument. The metallic columns that hold the different inner boards and parts
make the contact.

This technical arrangement has been applied as well on an underwater HD camera as shown
on figure 6.

Figure 6: HD Camera equipped with a polarized SnO2
conductive layer antifouling system



The ALVIM Srl biofilm sensor.

The cathodic depolarization induced by biofilm growth on active-passive alloys exposed to
natural aerated waters has been largely studied in the last 40 years and has been observed in
different parts of the world, both in seawater and in freshwater (Mollica and Trevis, 1976;
Scotto et al,, 1985; Dexter and LaFontaine, 1998; Wang et al., 2004; Dulon et al., 2007; Little et
al, 2008). The electrochemical activity of natural aquatic biofilms was proven to be
proportional to the surface area covered by bacteria (Faimali et al., 2008; Faimali et al., 2010),
therefore measuring the biofilm electrochemical signal (BES) is possible to know, on-line and
in real-time, which is the biofilm covering on a surface.

As described in detail in different papers published by CNR-ISMAR research team (Mollica et
al,, 1997; Faimali et al., 2008, 2010), cathodic current density i (E,t), measured at a given time
t on a stainless steel (SS) or titanium sample exposed to natural seawater and polarized at a
fixed potential E, can be described by the relation:

i (Et)=i1(E) + [ 2(E)- n(E)] * 6 (¢) 1)
where i1(E) is the current density measured on the “clean” fraction of the SS surface and iz(E)
is the one measured on the surface fraction 8 (t) [0 < 6 (t) <1 ] covered by biofilm.

Figure 7 shows, schematically, the evolution of the overall cathodic curve (i versus E) during
the gradual development of biofilm on the SS surface: curve 1 describes the oxygen reduction
kinetics, i1(E), measured at the beginning of the exposure to aerated seawater on a clean SS
surface, whereas curve 4 shows the cathodic curve measured on a SS sample completely
covered by biofilm. Curve 2 and 3 describe the trend of the cathodic current in two
intermediate conditions.
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Figure 7: Evolution of the overall cathodic curve (currenti versus potential E) during the gradual development
of biofilm on a stainless steel surface [A], cathodic currents measured at a fixed potential E [B] and potentials
measured at a fixed cathodic current i [C] during biofilm growth.



If, as suggested by eq. 1, the evolution of cathodic current is only due to biofilm evolution, any
technique able to signal the gradual cathodic depolarization from curve 1 to curve 4, in
Figure 7, can be utilized to build sensors which can provide information on biofilm growth.

At least two classical techniques can be applied to this purpose: a potentiostatic technique or
an intensiostatic one.

Following eq. 1, the potentiostatic technique provides information on biofilm development
through the measurement of the cathodic currents on a SS sample polarized at a fixed
potential E (Fig. 7B), whereas the intensiostatic technique provides similar information
through the measurement of the potentials able to sustain a fixed cathodic current i during
biofilm growth (Fig. 7C).

The choice of the most suitable technique between the potentiostatic and the intensiostatic
one, in a particular condition or environment, can depend on the specific biofilm-related
problem that has to be studied. Potentiostatic polarization was already proved to provide
detailed information on the rate of biofilm development (Mollica et al., 1997; Faimali et al,,
2008, 2010) from a 6 value less than 1% up to a complete covering of the SS surface.

A possible defect of a sensor based on the potentiostatic technique is that a gradual carbonate
precipitation is possible if the high cathodic current requested when biofilm is completely
developed (in the order of 50 pA cm-2) is sustained for a long time; it causes, in turn, a gradual
decrease of the “active” surface of the sensor which must, hence, be periodically restored by
acid cleaning.

The intensiostatic technique, which can operate at cathodic currents lower than 1 pA cm?,
avoids this inconvenient, but provides only the information that a specific biofilm covering
threshold (e.g. 10% of the sensitive surface) was reached.

Figure 7C shows, in fact, that the shape of the curve potential versus time is similar to a
sigmoidal curve which rises rapidly in a relatively narrow time range [t1 <t < t2 ; O(t1)< O <
O(t2)], depending on the selected cathodic current density i. The inflection point of the curve
can be used to define the threshold value of biofilm covering signaled by the sigmoidal curve
obtained at a given cathodic current.

CNR-ISMAR, in collaboration with private Italian SMEs, has developed a technology (ALVIM
Biofilm Monitoring System) able to detect bacterial settlement and growth since its first
phases and, basing on these data, to manually or automatically adjust and optimize cleaning
treatments / biocide treatments. The ALVIM system has been already applied, with success, in
many different industrial fields. In the framework of EU NeXOS Project, CNR-ISMAR and
ALVIM Srl has adapted such technology in order to suit EU NeXOS needs.

Aging tests in seawater of tin oxide conductive coating.
o Testing bench, tests and tools

Despite this successful in situ test to protect a fluorometer for nearly 2 months, the aging of
the tin dioxide coating must be known in order to support long-term deployment up to 3
years and to be compatible with economical aspect for oceanographic sensors manufacturers.
Then, the aging of the tin dioxide coating has been studied in term of electrochemical
behaviour and material modifications all along a nearly 3 years of biocide production in
seawater.

To perform this aging test, 12 SnO2 portholes have been evaluated in a testing tank (figure 8)
with a continuously renewed seawater environment. A chlorination module polarized the 12
windows and an acquisition unit was measuring continuously, on each porthole, 2 potentials



and 1 current. They are: the potential on the working electrode (WE) versus reference
electrode (REF), the potential on the counter electrode (CE) versus reference electrode (REF),
and, the current from the working electrode (WE, tin oxide conductive layer).

Figure 8: Tin oxide conductive coating aging test bench. _

Tank, continuous renewal in seawater, polarization module, control and acquisition system
(Photo: Ifremer - L.Delauney - Y.Le Bras)

After 3 years, for the 12 SnO2windows tested, the polarization currents in natural seawater
remained between 0.8 and 1.2 mA, which is exactly the current range consumption that is
expected according to Ifremer know-how derived from preliminary lab and in situ
experiments. The potentiostatic device that drives the electrolysis process is designed in a
way that if everything is going well, the resulting current should be 1mA current in average.
The two potentials controlled by the acquisition system (Working Electrode (WE) /REF and
Counter Electrode (CE) /REF) still did not show important variation except the ones due to
seawater conductance evolution according to temperature.

These results show that the electrical resistance of the Sn0O2 coating is not changing to a level
to perturb the current exchanged. It also shows that the composition of the SnO2 coating is
stable.

The thickness of the Sn0O2 conductive layers on windows that were sampled from the testing
bench is still unchanged (700 +/- 50 nm in average).

A significant result is, that, after 3 years of continuous exposure, even if this testing bench was
not designed to test biofouling protection efficiency, we were very pleased to observe that the
protected portholes show no biofouling while the walls of the test tank, made of PVC, and the
window without SnO2 coating were covered with an organic deposit (biofilm).

According to discussions with sensors manufacturers, their needs concerning functionalized
window lasting were at least 3 years. We can be quite satisfied with the results obtained
during the NeXOS project since it shows that manufacturers requirement is achieved. Ageing
test will continue until the end of the NeXOS project to evaluate ageing of the SnO2 coating up
to 4 years.

Hybrid In situ test of biofouling protection by electrolysis on conductive layer for
optical windows

Three TriOS microFlu-chl sensors have been used to test the efficiency of the biofouling
protection by conductive layer on optical windows. These sensors are convenient for such
experiment since the porthole can be easily dismantled without disassembling the whole
instrument.



Figure 9: In situ testing bench for biofouling protection efficiency.
(Photo: Ifremer - L.Delauney).

The in situ test has been started in September 2014 and stopped in October 2016. For 24
months (2 years) the SnO2 biofouling protection is showing a good efficiency against this
reasonable biofouling impact. Indeed, the biofouling effect obtained in the in situ testing bench
(figure 9) is not as severe as the one we could obtain in open sea condition. But, nevertheless,
it has been demonstrated (c.f. NeXOS deliverable D3.3 “Biofouling Compilation Report”
#131230) that fouling obtained in such situation can disrupt the fluorescence measurements
in less than 7 days.

Figure 10 shows images of the transducing interfaces of the non-protected sensor and in
comparison with the protected sensor by polarized SnO2 coating after 2 years of exposure in
natural renewed seawater. This figure shows clearly that the protected sensor has its window
completely free of any biofouling organisms (Observed as well by sampling on the window
and evaluated by the aspect of the data acquired in comparison with the non protected
sensor), the one with no protection is covered of biofouling that can be characterized as slime
(biofilm) and largely sufficient to induce a drift on the fluorescence measurement.

We can observe on the optical enclosure of the protected instrument that the small amount of
biocides that was generated by the polarized SnO2 coating is still sufficient to keep it rather
clean. Besides the satisfactory results, we should also investigate if the process parameters of
the polarized device could not be adjusted to decrease even more the current (1mA)
exchanged between the working electrode (the functionalized window) and the counter
electrode. This should be investigated in the future. With the actual state of current involved
(ImA), we already divided by 10 the current needed for the electro-chlorination process. That
is already a very satisfactory result.



VALIDATION: In situ test => 2 years efficiency OK

%

N

—p AT

. Polarized thin film 4
2 electrode on
-w'mdow A

_ protection

Figure 10: SnO2z conductive layer biofouling protection efficiency test on fluorometer sensors
(Ifremer in situ testing bench).

In situ demonstration module development and results

To demonstrate the “enslaved biofouling protection” principle and the “conductive layer”
protection scheme, an underwater station has been developed and has been deployed on the
seabed in St-Anne-du-Portzic bay close to the Ifremer Bretagne Centre (figure 11).

Figure 11: Ifremer Demonstration station.
(Photos : Ifremer)



The deployment has been performed at a depth around 20 meters and sea temperature range
from 8°C up to 17 °C. Mechanical studies have been made according to the depth range
certifications on the equipment and not according to the depth of deployment.

The demonstration structure is equipped with 4 fluorometer sensors TriOS microFlu-chl, one
D-Link camera and one biofilm sensor A10KSU from ALVIM. The general management of the
station (data recording and instrument management) has been performed by the COSTOF2
seabed observatory unit developed by Ifremer.

Then, biofouling protection management is performed by the COSTOF2 unit. A specific
protocol has been implemented in the COSTOF2 taking into account the alert signal from the
ALVIM biofouling sensor. The biofilm sensor informs the COSTOF2 that biofilm is growing
more rapidly than usual, and then the COSTOF2 generates a command to the biofouling
protection system of the sensors.

The seafloor demonstration structure was immersed close to the Ifremer in situ testing tower
facility (figure 12) where a cable for continuous power supply (24 VDC) and Ethernet
communication is available and connected to the COSTOF2 unit.

Figure 12: Demonstration site, St-Anne-du-Portzic bay. Deployment of the testing station.
(Photos : Ifremer)

A remote administration interface has been developed in order to access the station. Every
measurement from the fluorescence sensors and from the ALVIM biofilm sensor can be
viewed in real time, and in the same way the live camera can be triggered and viewed.

After 7 months of testing (from September 2016 to March 2017) at sea, the results obtained in
terms of biofouling protection are very promising and in accordance with the preliminary test
that has been presented previously above. As shown on figure 13, the windows remain clean
and fully operational for proper fluorescence measurement as long as the SnO:z coating is
properly operated. During the same period, the unprotected sensor shows fouling progress all
over the transducing interface.



Figure 13: Sensors after 6 months of exposure to natural seawater.
Left : unprotected sensor ; Right : SnO; protected sensor.

We can notice that we should be very careful to design flat porthole with optical windows on

the same plan as the enclosure. Indeed on figure 13 we can notice slight fouling development
on the edge of the porthole. It confirmed that fouling is developing more easily on mechanical
edge and holes rather than on flat surfaces.

At the end of March 2017, the in situ sea demo station is still running successfully and the HD
camera is giving clear images without being altered by biofouling covering (figure 14).
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Figure 14: HD camera snapshots showing no biofouling effect on the images.
(Photos: Ifremer)



Conclusion and discussion on biofouling protection by electrolysis on conductive layer
for optical windows

The ageing in seawater of the conductive coating has been studied for 3 years and is showing
no variations for the thickness and for the electrolysis behaviour. These results are crucial and
will allow considering using this technique for operational purpose and in collaboration with
optical sensors manufacturers and optical devices (camera and lights) manufacturers.

The ALVIM biofouling sensor worked for 3 months without interruption on the Ifremer test
site. We have now a first approach of the gain obtained up to this device. In comparison to an
average chlorination rate used to protect optical sensors, a biofouling protection for sensor
controlled by the ALVIM biofilm sensor has a global duration of chlorination needed to get a
non-fouled system divided by 6. It means that the energy demand is as well divided by 6. This
is a very promising first result in terms of overall efficiency improvement.

Chlorine is generated in such small amount that it is not possible to measure it by colorimetric
method. Consequently, we are very confident on the effect that chlorine could have on the
sensors parts as rubber ring or plastic window holder. In addition, Ifremer uses for many
years localised chlorination to protect sensor-transducing interface from biofouling [1] [2],
and no damaged has been observed on the sensor due to the chlorine production that takes
place in much larger quantities than the method proposed here.

The spraying station used to produce the “functionalized” optical windows is actually a
laboratory device that has been setup internally at Ifremer. In order to organize the use of this
protection method by sensors manufacturers and optical devices (camera and lights)
manufacturers, the spraying machine will need to be transferred to a company in charge of
producing the functionalized windows. This is a delicate aspect of the future of the project
since oceanographic instruments dedicated to long term deployments is still a niche market.

Biofouling protection by conductive layer on optical windows has now a Technological
Readiness Level (TRL5) equal to 7 (System technology prototype demo in an operational
environment). Indeed, the protection has been tested with success for 2 years on 2 prototypes
in a relevant environment (Ifremer in situ testing bench) and up to now for 7 months on 3 off
the shelves sensors and a camera in real in situ marine condition (St Anne du Portzic Bay).
TRL 8 (System technology qualified through test and demonstration) is in reach and should be
achieved soon before the end of the NeXOS project by deploying the testing station on a
Mediterranean NeXOS Demo site.

AKNOWLEDGEMENTS

The authors would like to thanks the French Carnot ANR grant agreement and the EU NeXOS
project grant agreement (N°614102) for the inestimable help to fund these research works.

REFERENCES

[1] Delauney L., Compere C., Lehaitre M., Biofouling protection for marine environmental sensors,
Ocean Science, 6(2), 503-511, ISSN: 1812-0784 - 2010

[2] Delauney L., Compere C., Biofouling protection for marine environmental sensors by local
chlorination, Springer Series on Biofilms vol. 4, Marine and Industrial Biofouling, pp119-134, 2009

5 Technology Readiness Level - Technological Maturity scale used for oceanographic instrumentation
development [12]



[3] M.Lehaitre, L.Delauney and C. Compere, Biofouling and underwater measurements pp463-494 -
Real-time coastal observing systems - UNESCO 2008 - ISBN 978-92-3-104042-9

[4] Woerther P., Grouhel A. (1998) Automated measurement network for the coastal environment.
OCEAN’S 98 IEEE-Conference Proceedings, 2, p 1149-1154

[5] Woerther P. (1999) Coastal environment of the Seine bay area monitored by a new French system
of automated measurement stations. EUROGOOS, Second International Conference Proceeding, p 255-
264

[6] Y. Auffret, ]. Blandin, D. Choqueuse, C. Compére, L.Delauney, ].F. Drogou, P. Jégou, C. Lévéque, ].F.
Drogou, J.F. Rolin, P. Valdy - Long-term subsea observatories: architecture comparison, infrastructure
design, interfaces, materials, sensor protection and deployment operations, Springer Praxis Book,
January 2010 - 1st Edition., 2011, 500 p., Hardcover, ISBN: 978-3-642-11373-4.

[7] Sarrazin |, Blandin J., Delauney L., Dentrecolas S., Dorval P., Dupont J., Legrand ]., Leroux D., Leon
P., Leveque J-P., Rodier P., Vuillemin R., Sarradin P-M. (2007) TEMPO: a new ecological module for
studying deep-sea community dynamics at hydrothermal vents. In OCEAN’S 07 IEEE-Aberdeen
Conference Proceedings, p 1-4

[8] VENUS Newsletter, Volume 19 - Summer/Fall 2008, New and Improved:
http://venus.uvic.ca/resources/documents/2008SummerNewsletter.pdf

[9] Patent WO 2004069645 A1 - Method for production of an anti-fouling protective coating on a
support and corresponding support.

[10] Debiemme-Chouvy, Y. Hua, F. Hui, ].-L. Duval, D. Festy, H. Cachet (2011) Electrochemical
treatments using tin oxide anode to prevent biofouling, Electrochimica Acta 56 (2011) 10364- 10370

[11] Ralph D.Prien, “The future of Chemical in-situ sensor”, Marine Chemistry vol.107, pp 422-432,
2007.

[12] C. Waldmann, M. Tamburri, R. D. Prien, P. Fietzek "Assessment of sensor performance” Ocean
Sci., vol. 6, pp. 235- #1245, 2010.




<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


