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Abstract A thermogravimetric (TG) method is described
for evaluating the substantivity of multi-functional poly-
meric materials that may be used as protective coatings for
teeth. Applied to poly(butyl methacrylate) and poly(octa-
decyl methacrylate) film structures deposited onto model
tooth surfaces from aqueous latex formulations, the method
shows that while the latter polymer exhibits little sub-
stantivity, the former may be a suitable candidate material
for dental-care applications.

Keywords Dental care - Thermogravimetry -
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Introduction

Dental caries, dentine hypersensitivity and dental erosion
are all extremely common, but preventable conditions
[1, 2] that are often attributable to dietary lifestyle. The
impetus behind the search for new and improved anti-
sensitivity actives and for innovations in prophylactic
approaches is provided by the estimated 8—30% of the adult
population who suffer from sensitive teeth [3, 4]. One
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approach to treating dentine hypersensitivity or to inhibit-
ing its development involves the application of polymeric
dental coatings [5]. The underlying rationale for treatment
is that a substantive continuous coating occludes dentinal
tubules, thereby preventing transmission of the thermal or
mechanical stimulus required to elicit a pain response. For
prevention, the presence of a robust substantive coating
may limit hard tissue erosion and/or mechanical wear that
might otherwise result in dentine exposure. Other perfor-
mance criteria that may be relevant to the practical utility
of polymeric dental coatings include their resistance to
staining and to microbial binding. Key to all of these
functions, however, is the ease with which the materials
can be delivered as coherent films of predetermined sub-
stantivity under the protean conditions of the oral envi-
ronment. There is, therefore, considerable interest in the
development of readily accessible models that assess the
substantivity of tooth coatings. Of particular interest are
materials that can be deposited as low-surface-energy film
structures [5, 6].

The low-surface-energy approach to preventing bacte-
rial colonisation is underpinned by the DLVO theory of
colloid stability [7, 8]. Under certain physiologically rele-
vant conditions, van der Waals’ interactions between a
low-surface-energy coating and prospective bacterial col-
onisers are minimised, with the result that the net interac-
tion energy becomes repulsive over relatively large
distances [9]. Many low-surface-energy polymers have
been synthesised and tested in a range of situations for their
resistance to bacterial adhesion, with comb-like alkyl and
perfluoroalkyl poly(acrylate/methacrylate)-based structures
showing particular promise [10, 11].

In this study, thermogravimetry is used to evaluate the
substantivity of two readily accessible poly(alkyl methac-
rylate)s, namely poly(butyl methacrylate), PBMA, and
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Fig. 1 Poly(alkyl
methacrylate)s: n = 3,
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poly(octadecyl methacrylate), POMA, Fig. 1. At 37 °C, the
physiologically relevant temperature at which the in vitro
experiments were conducted, both polymers are well above
their softening point. As is the common practice for early
in vitro studies, calcium hydroxyapatite (HA) has been
employed as a synthetic mimic for human enamel [12].

Materials and methods
Pellicle formation on hydroxyapatite

Whole human saliva (20 mL, generated by chewing Para-
film to stimulate flow) was collected and centrifuged
(8000 rpm, 10 min, 4 °C) to remove food and cell debris;
sodium azide (NaNj, 0.4 g L_l) was added to the super-
natant to prevent bacterial growth. A salivary pellicle was
deposited onto HA beads (80 pm, BioRad, UK, 2 g) by
incubation with freshly prepared supernatant (2 h, 37 °C).
The pellicle-coated HA (pHA) beads were rinsed in
deionised water (vortex mixing) to remove excess saliva,
dried (37 °C, 24 h) and stored under dry air.

Polymer latex formation

The supplies of PBMA and POMA (respective average
molar masses 337,000 and 170,000; surface energies of
emulsion-deposited film structures 28.8 mJ m~> and
17.6 mJ m™>; glass transition temperatures, T,, ca. 20 °C
and ca. —100 °C) were from Sigma-Aldrich, Gillingham,
UK or from Schnelldorf, Germany. POMA, supplied as a
solution in toluene, was precipitated from cooled methanol
(liquid nitrogen bath) and re-dissolved in petroleum ether,
subsequent removal of which (rotary evaporation) afforded
the polymer as a solid mass. Nuclear magnetic resonance
(NMR) spectroscopy experiments (deuterated chloroform;
Jeol GSX instrument operating at 100 MHz ('H) or at
400 MHz ('3C)) confirmed that this material was free from
organic solvent.

Emulsions (28 g kg~ ') were prepared by adding drop-
wise (ca. 2 min) solutions of polymer (PBMA 450 mg in
diethyl ether, 3 g; POMA 450 mg in petroleum ether, 3 g)

to aqueous sodium dodecyl sulphate (SDS; 5.0 g kg™',
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15 mL) under sonication (Ultrasonic Processor, amplitude
37%, 3 min following addition). In order to facilitate the
removal of the organic solvent, the latex that formed was
transferred into a five-necked reaction flask thermostatted
to 5 °C above the boiling point of the organic solvent.
Stirring was maintained for a duration of 4-6 h, with an
aliquot (ca. 0.5 mL) of deionised water being added to the
vessel after the first 30 min. After cooling to room tem-
perature, a further aliquot of water was added to compen-
sate for any loss due to evaporation (final mass of aqueous
latex = 15.45 g). Particle-size analysis was performed
using a Coulter N4 PLUS Analyzer. For dry mass deter-
minations, the aqueous phase was removed by centrifuga-
tion (4000 rpm, 5 min).

Polymer coating of hydroxyapatite

The HA beads (100 mg; pellicle-free or pellicle-coated)
were added to an aqueous polymer latex dispersion
(400 pL; PBMA or POMA, 28 g Lfl) and subjected to
vortex mixing (2 min). The coated HA beads were sepa-
rated from the supernatant by centrifugation (13,200 rpm,
60 s), washed (up to x6) with deionised water (900 pL;
vortex mixing, 60 s; separation by centrifugation) and
dried in air (37 °C, >12 h). All the samples were prepared
in duplicate.

Thermogravimetric analysis

Polymer-coated HA beads and untreated controls were
subjected to thermogravimetric analysis (TGA Q50 with
TA advanced software v4 TA Instruments Analyzer).
Samples (ca. 10 mg, aluminium pans) were heated (nitro-
gen atmosphere; furnace purge flow rate = 60 mL min~ ',
balance purge flow rate = 40 mL min~'") from room

temperature to 500 °C at 10 K min™".

Results and discussion

In order to prepare dentally relevant formulations, two
poly(alkyl methacrylate)s have been emulsified with
5.0 g kg~' aqueous SDS, yielding relatively stable latex
particles with average diameters in the range 50—100 nm.
The thermal characteristics of the solid polymers (PBMA
and POMA) and of the corresponding latexes have been
studied [13]; the control was uncoated HA. Repeat exper-
iments have shown that temperatures were reproducible to
40.05 K and masses to £0.005 mg.

The thermogravimetry (TG) and derivative curves
(DTGs) have revealed the degradation characteristics of
solid polymers, Fig. 2a, and of latexes, Fig. 2b; thermo-
analytical data are shown in Table 1. Powdered samples of
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Fig. 2 Thermal analysis curves and derivative curves (10 K min™"
under nitrogen at 60 mL min~") for a powdered samples (ca. 10 mg)
of PBMA (dashed line) and POMA (solid line) and b latex samples
(ca. 10 mg) of PBMA (dashed line) and POMA (solid line). The mass
loss due to the vaporisation of ‘free’ water (20—100 °C, 97%) is not
shown

PBMA and of POMA show no degradation up to 105 and
180 °C, respectively, and from the DTG profiles the main
degradation steps are similar. Since the residual masses at

500 °C are ca. 0.05%, the polymers have been completely
degraded/volatilised well below this temperature. Any
residual mass may reflect incomplete decomposition,
experimental error, or the presence of non-volatile impu-
rities in the samples. Solid PBMA exhibits a stepwise
degradation profile, with two pronounced steps: The first
(105-155 °C) corresponds to a mass loss of about 6.0%,
and may have arisen from trapped volatile material, pos-
sibly water. The main degradation step (194-425 °C)
accounts for 93.9% of the total mass loss; DTG shows that
overlapping thermal events occur within this step. The
POMA TG curve is dominated by a single degradation step
(185-451 °C) which DTG shows to be a sequence of three
overlapping events. The profiles are similar to those
exhibited by solid PBMA, but are displaced to higher
temperatures.

The mass loss profiles and the corresponding derivative
traces obtained from the PBMA and POMA latexes show
sequences of degradation steps that extend, respectively,
over the ranges 105-450 and 160—450 °C. The DTG of the
PBMA latex is characterised by four well-defined steps; the
fine features that characterise the main step of the degra-
dation profile of the solid polymer are not visible. The
DTG from the POMA latex also reveals a four-step deg-
radation process, but in this case, there is considerable
overlap between both the first two steps and the last two
steps; the main step of the degradation profile is again
featureless. As with samples of the pure polymer, the first
step in the degradation of PBMA latex is attributed to its
relatively strong association with water. The first step in
the degradation of the POMA latex and the second step in
the degradation of the PBMA latex (DTG,,.x, respectively,
190 °C and 180 °C; Table 1) are attributed to water
strongly bound to SDS. Since pure SDS melts at 206 °C,

Table 1 Thermal degradation characteristics of PBMA and POMA (nitrogen atmosphere)

Polymer Step Temperature range/°C DTG,./°C Residue mass loss/%
PBMA (solid) I 105-155 141 6.0
194-425 290 93.9
PBMA (28 g kg™ latex) v 105-155 137 0.18
155-240 180 0.46
240-300 277 0.42
300-450 363 1.70
PBMA (coating) 365
POMA (solid) 1 185-451 345 99.93
POMA (28 g kg™ ' latex) I 162-240 190 0.45
240-300 282 0.83
300-451 334 1.53
POMA (coating) 345

The intervals are determined from DTG and represent events of vaporisation determined from the inflection points and, where possible,

temperature onset points for vaporisation of each material
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the corresponding second and third steps (DTGy,,x: 282 °C,
277 °C; Table 1) may be explained in terms of the SDS
component (ca. 180 g L™') of the latex formulations. For
both latex formulations, the final step corresponds with the
main, polymer-related, degradation event. In the degrada-
tion of poly(methyl methacrylate), PMMA, the sole prod-
uct is monomer [14, 15]. However, larger ester groups in
the poly(alkyl methacrylate)s may also degrade to metha-
crylic acid and to structures derived from the correspond-
ing side chains, such as monomeric alkyl acrylates and
alcohol mixtures containing methanol, ethanol and propa-
nol [15, 16]. The thermal stability of methacrylic homo-
polymers depends on specific chemical features such as
branches, cross-links and end-groups [13].

The TG of uncoated HA samples (pre-dried as for coated
samples) shows mass losses of 0.9-1.1% over 25-105 °C
and of 0.93-1.04% progressively over 100-500 °C. In pre-
vious reports, progressive losses of up to ca. 4% over 25—
500 °C have been attributed to desorption of strongly bound
water, and the onset of the thermal decomposition of HA has
been observed at ca. 800 °C [17, 18]. Therefore, the TG
trace for uncoated HA, showing small mass losses due
mainly to the displacement of adsorbed water, has been
subtracted from the corresponding traces for polymer-
coated HA samples shown in Figs. 3 and 4. Further, the
average mass loss of 0.49% from heating uncoated HA over
240-450 °C has been subtracted from each of the corre-
sponding values for polymer-coated samples (Table 2).

The TG of polymer-coated samples shows mass losses
of 0.8-1.1% over 25-105 °C, with some exceptions
(labelled * in Table 2), incomplete pre-drying of which has
led to substantial mass losses (up to 40%) over this range.
Traces of TG and DTG (105495 °C) for polymer-coated
samples show mass losses of 4-5% due mainly to the
displacement of polymer over 240-440 °C (PBMA, Fig. 3)
and 250-400 °C (POMA, Fig. 4). The temperatures for
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Fig. 3 TG and DTG for HA with PBMA coatings deposited from

latexes: (i) as coated; (ii) after one washing; (iii) after three washings.
Data are normalised with respect to uncoated HA
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Fig. 4 TG and DTG for HA with POMA coating deposited from
latex: (i) as coated; (ii) after one washing. Data are normalised with
respect to uncoated HA

DTG,,.x correspond with those for polymer latexes
(Table 1). The TG traces also show that most of the
polymer has been removed by three washings. The
amounts of polymer present on latex-coated HA samples
have been calculated from the TG-determined net per-
centage mass losses.

In order to simulate the effects of saliva flow under normal
physiological conditions [19], samples (100 mg) of coated
HA beads have been challenged with water (‘washings’:
vortex mixing, 300 or 900 pL over specified times). From
the mass losses in TG over 240450 °C, with allowance
being made for displacement of strongly adsorbed water,
residual masses after washing of adsorbed polymer, relative
to the average initial deposit, have been estimated with an
uncertainty of +5%, Table 2. The proportion of PBMA
removed from the HA substrate reached a plateau of ca. 75%
after the third 60 s wash. It is reasonable to attribute the
residual mass to a surface layer of polymer that was bound
strongly enough not to be removed by washing. Reducing the
volume of water for a single wash did not significantly alter
the erosion of polymer by a single wash (polymer removed
41% for 900 pL, 46% for 300 pL). Extending the washing
time to 2 min did result in the displacement of most of the
removable polymer, but longer washing times had no sig-
nificant effect (polymer removed 41% for 1 min, 69% for
2 min, 62-75% for 6 min, 66% for 30 min).

Deposition of POMA onto HA gave slightly heavier
polymer films than those of PBMA (Table 2). However, a
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Table 2 TG data for polymer-coated HA samples subjected to various washing regimes

Coating Washing regime Loss/mass% Net loss/mass% Loss relative to
- - unwashed samples/%

Number of Volume/pL Time/min 105-240/°C 240-450/°C 240-450/°C

washings
None None 0.68 0.25 (—-0.3)
None None 0.36 0.69 (+0.2)
PBMA None 0.80 4.06 3.6 100
PBMA None 0.81 3.96 35 97
PBMA 1 900 1 0.63 2.52 2.1 57
PBMA 1 900 1 0.65 2.61 2.1 60
PBMA 1 300 1 0.80 2.55 2.1 58
PBMA 1 300 1 0.73 222 1.8 49
PBMA 2 900 1 0.54 1.51 1.0 29
PBMA* 3 900 1 0.60 1.83 1.4 38
PBMA 3 900 1 0.52 1.36 0.9 25
PBMA 4 900 1 0.54 1.29 0.8 23
PBMA 5 900 1 0.54 1.32 0.9 24
PBMA* 1 900 6 - 1.69 1.2 34
PBMA 1 900 6 0.72 2.37 1.9 53
PBMA 1 900 30 0.59 1.68 1.2 34
PBMA 3 900 2 0.58 1.55 1.1 30
PBMA 3 900 2 0.66 1.63 1.2 32
POMA* None 0.71 453 4.1 100
POMA* 1 900 1 0.65 1.36 0.89 22
POMA 3 900 1 0.11 0.51 0.04 1
Pellicle (p)* None 1.41 0.71 (—0.05)
p* None 0.78 0.81 (40.05)
PBMA-p None 0.96 4.38 3.62 100
PBMA-p None 0.81 3.6 2.84 78
PBMA-p 1 900 1 0.69 1.1 0.34 9
PBMA-p 1 900 1 0.74 1.06 0.3 8
PBMA-p 3 900 1 0.71 1.05 0.29 8
PBMA-p 3 900 1 0.69 0.88 0.12 3
PBMA-p 6 900 1 0.72 0.89 0.13 4
PBMA-p 6 900 1 0.71 0.92 0.16 4

* Data corrected for moisture displaced over 25-105 °C

single vortex washing with water (900 pL, 60 s) removed
78 £ 5% of the coating, and after three washings, the
residual proportion of polymer was insignificantly small. In
contrast with the PBMA-coated samples, POMA was
completely removed from HA by 2.7 mL of water. At the
molecular level, this lack of compatibility may be due to
unfavourable interactions between the inorganic HA sub-
strate and the non-polar, long and bulky alkyl side-chain of
the POMA molecule.

The TG has also been used to investigate the capacity of
PBMA to adhere and remain bound to HA substrates
modified by prior deposition of a salivary pellicle,
Table 2—a tightly bound thin film formed from the mucins

and proline-rich proteins present in saliva [20]. Pellicle-
coated HA beads exhibited a higher average mass loss,
0.76% over 240-450 °C (c.f. 0.47% for pellicle-free HA);
this proportion has been included in calculating net loss
percentages. The proportion of PBMA found by TG on
unwashed pellicle-modified HA was similar, though less
reproducible, to that on unmodified HA, Table 2. However,
ca. 90% of PBMA on pellicle-modified HA substrates was
removed by a single wash (900 pL). Multiple washes,
however, still left residual amounts of PBMA of 4-5%,
about one-sixth of corresponding figure for pellicle-free
HA. This indicates the presence of a partial but substantive
film of PBMA on pellicle-coated HA, thereby identifying
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this polymer as a candidate material for in-home dental
treatments demanding the application of a non-permanent
coating onto dental surfaces.

Conclusions

Thermogravimetry has been used to assess the substantivity
of poly(butyl methacrylate) and of poly(octadecyl meth-
acrylate) coatings on HA, a dentally relevant substrate and
commonly used mimic of human enamel. Poly(octadecyl
methacrylate) coatings exhibited poor substantivity, but
poly(butyl methacrylate) yielded substantive surface
structures on both HA beads and on pellicle-coated HA
beads.

References

1. Hannig C, Hamkens A, Becker K, Attin R, Attin T. Erosive
effects of different acids on bovine enamel: release of calcium
and phosphate in vitro. Arch Oral Biol. 2005;50:541-52.

2. Meurman JH, Rytomaa I, Kari K, Laakso T, Murtomaa H. Sali-
vary pH and glucose after consuming various beverages,
including sugar-containing drinks. Caries Res. 1987;21:353-9.

3. Walters PA. Dentine hypersensitivity: a review. J Contemp Dent
Pract. 2005;6(2):107-17.

4. Addy M. Dentine hypersensitivity: definition, prevalence, distri-
bution and aetiology. Tooth wear and sensitivity. In: Addy M,
Embery G, Edgar WM, Orchardson R, editors. Clinical advances
in restorative dentistry. London: Martin Dunitz; 2000. p. 239-48.

5. Churchley D, Rees GD, Barbu E, Nevell TG, Tsibouklis J.
Fluoropolymers as low-surface-energy tooth coatings for oral
care. Int J Pharm. 2008;352(1-2):44-9.

6. Churchley D, Rees GD, Barbu E, Nevell TG, Tsibouklis J.
Synthesis and characterization of low surface energy fluoropol-
ymers as potential barrier coatings in oral care. J] Biomed Mater
Res A. 2008;84A:994-1005.

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

. Derjaguin DV, Landau L. Theory of the stability of strongly

charged lyophobic sols and the adhesion of strongly charged
particles in solutions of electrolytes. Acta Physicochem URSS.
1941;14:633-62.

. Verwey EJW, Overbeek JTG. Stability of colloids. Theory of the

stability of lyophobic colloids. Amsterdam: Elsevier; 1948.

. Tunney MM, Gorman SP, Patrick S. Infection associated with

medical devices. Rev Med Microbiol. 1996;7(4):195-206.
Tsibouklis J, Stone M, Thorpe AA, Graham P, Peters V, Heerlien
R, Smith JR, Green KL, Nevell TG. Preventing bacterial adhesion
onto surfaces: the low-surface-energy approach. Biomaterials.
1999;20(13):1229-35.

Tsibouklis J, Stone M, Thorpe AA, Graham P, Nevell TG, Ewen
RJ. Surface energy characteristics of polymer film structures: a
further insight into the molecular design requirements. Langmuir.
1999;15:7076-9.

Suchanek W, Yoshimura M. Processing and properties of
hydroxyapatite-based biomaterials for use as hard tissue
replacement implants. Mater Res. 1998;13(1):94-117.

Smith SD, Long TE, McGrath JE. Thermogravimetric analysis of
poly(alkyl methacrylates) and poly(methylmethacrylate-g-dime-
thyl siloxane) graft copolymers. J Polym Sci: A Polym Chem.
1994;32(9):1747-53.

Bertini F, Audisio G, Zuev VV. Investigation on the thermal
degradation of poly-n-alkyl acrylates and poly-n-alkyl methac-
rylates (C1-C12). Polym Degrad Stab. 2005;89(2):233-9.

. Awad MK. Effect of alkyl substituents on the thermal degrada-

tion of poly(alkyl methacrylate): a molecular orbital study using
the ASED-MO method. Polym Degrad Stab. 1995;49(3):339—46.
Czech Z, Pelech R. Thermal degradation of poly(alkyl methac-
rylates). J Therm Anal Calorim. 2010;100(2):641-4.

Wang T, Dorner-Reisel A, Miiller E. Thermogravimetric and
thermokinetic investigation of the dehydroxylation of a
hydroxyapatite powder. J Eur Ceram Soc. 2004;24:693-8.
Bianco A, Cacciotti I, Lombardi M, Montanaro L, Gusmano G.
Thermal stability and sintering behaviour of hydroxyapatite
nanopowders. J Therm Anal Calorim. 2007;88(1):237-43.
Dawes C. Clearance of substances from the oral cavity—impli-
cations for oral health. In: Edgar WM, O’Mullane DM, editors.
Saliva and oral health. 2nd ed. London: British Dental Journal;
1996. p. 67-79.

Patel MM, Smart JD, Nevell TG, Ewen RJ, Eaton PJ, Tsibouklis J.
Mucin/poly(acrylic acid) interactions: a spectroscopic investiga-
tion of mucoadhesion. Biomacromolecules. 2003;4(5):1184-90.



	A thermogravimetric method for assessing the substantivity of polymer films on dentally relevant substrates
	Abstract
	Introduction
	Materials and methods
	Pellicle formation on hydroxyapatite
	Polymer latex formation
	Polymer coating of hydroxyapatite
	Thermogravimetric analysis

	Results and discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


