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PRELIMINARY RESEARCH INTO THE DIGESTION
OF POST-COAGULATION SLUDGE

An increasingly higher number of water treatment plants are currently searching for a technology
which would make it possible to dispose post-coagulation sludge from water treatment processes. Due to
the fact that sludge contains a substantial amount of organic compounds, some tests were conducted to
see how such sludge can be stabilised in anaerobic conditions. Sludge supplied by two water treatment
plants was tested. Sludge 1 was a mixture of sludge from the treatment of filter backwash water and
backwash water separated from water after coagulation. Sludge 2 was the product of the treatment of
backwash water from carbon and contact filters as well as wastewater produced when primary settling
tanks are cleaned. Prior to digestion, post-coagulation sludge was inoculated with the sewage sludge
collected from the anaerobic digester of a municipal wastewater treatment plant. To determine the ef-
fectiveness of the tests, the sewage sludge used as an inoculate was also digested. The digestion pro-
cess was conducted for 35 days at a temperature of 37 °C. Compared to sewage sludge, a small
amount of the sludge-digestion gas produced by the post-coagulation sludge was observed during the
process. For the sewage sludge, the sludge-digestion gas evolution rate per volatile solids (VS) input
was 0.19 m*/kg VS, for post-coagulation sludge 1-0.09 m*/kg VS and for post-coagulation sludge
2-0.05 m*/kg VS. The sludge mineralization rate expressed as a percentage loss of dry volatile solids
was the highest for the sewage sludge alone and it was 19%, whereas for the post-coagulation sludge
it was 11.8% (sludge 1) and 5.8% (sludge 2). The digestion process substantially enhanced the filtra-
tion properties of the tested sludge. The post-coagulation sludge produced small volumes of sludge-
digestion gas, thus it can be stated that the digestion of this sludge alone would not be technically nor
economically profitable. Therefore, research into the digestion of post-coagulation sludge with
a considerably higher share of sewage sludge should be done to identify the potential for their co-
stabilization. Such a solution would provide a potential opportunity for resolving the problem of
post-coagulation sludge through its disposal in wastewater treatment plants.

1. INTRODUCTION

Post-coagulation sludge is generated in the treatment of surface water or filter
backwash water. It has an amorphous or formless structure. The amorphous structure
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is mainly built of metal hydroxides that are precipitated from the aluminium and iron
coagulants used for coagulation. As a result of dissociation and hydrolysis, coagulants
that are dosed into water form numerous hydro-complexes, which combine with co-
agulated impurities during association and adsorption and flocculate as flocks. The
properties of post-coagulation sludge depend on the employed technology and the
composition of intake water. Depending on the season of the year, this sludge shows
very high hydration levels of 98.7 to 99.8%, and a variable content of organic sub-
stances ranging from 45 to 64%. When temperatures are high, post-coagulation sludge
tends to putrefy, which involves the emission of unpleasant odours [1], [2], [3], [4].
A vegetable smell which occurs from time to time may suggest a high proportion of
phytoplankton in such sludge. This proportion grows significantly when algal blooms
occur in the tank [2], [5]. This is why this sludge should be stabilized, just as the
sludge from wastewater treatment plant, to prevent the emission of unpleasant odours
and reduce the volume of organic substances [6]. Hence, research is required to find
effective ways of stabilizing post-coagulation sludge and determining achievable lev-
els of its disposal.

One of the common methods of sewage sludge stabilization is methane diges-
tion, the method widely described in scientific literature [6], [7], [8], [9]. Methane
digestion is defined as a set of anaerobic biochemical processes in which high-
molecular organic matter (mainly carbohydrates, proteins, fats and their derivatives)
are reduced to alcohols or lower organic acids, as well as methane, carbon dioxide
and water [10]. In general, methane digestion results in the products of incomplete
oxidation of organic compounds, new bacterial cells, energy for the vital processes
of microorganisms, and final gaseous products — mostly methane and carbon diox-
ide (sludge-digestion gas), but also other products, such as hydrogen sulphide, hy-
drogen and ammonia. The process can be described in a very simplified way using
the following formula [11]:

Organic _anaerobic . New Energy Other
matter bacteria cells + (thermaland  CH4 + CO; +  products
biochemical) (e.g. H,S and NH;)

Methane digestion is a four-stage process (hydrolysis, acidogenesis, acetogene-
sis, methanogenesis) supported by many groups of microorganisms, each of which
requires its own specific environmental conditions. In addition to the type of the
parent substance used, proper fermentation depends on appropriate populations of
microorganisms and environmental parameters (pH, temperature, redox potential,
alkalinity, contents of volatile fatty acids) as well as the presence of nutrients and
toxins [12].

Microorganisms responsible for the development of the digestion process are very
sensitive to some chemicals [12] which can be supplied in raw materials to be di-
gested, or be intermediate products of the decomposition process. These toxic sub-
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stances encompass both mineral (including heavy metals) and organic compounds,
including mainly pesticides and surfactants. Methane formation is inhibited by the
presence of oxygen, nitrates, sulphates and sulphites. Aluminium and iron ions are
among substances that have toxic impact on the digestion process, too. Hence, mineral
coagulants, such as aluminium and iron salts that are commonly used in water and
wastewater treatment technologies, are not inert during digestion. This was confirmed
by the tests, which showed that such coagulants have a negative effect on the activity
of anaerobic microorganisms [13].

The purpose of the present research was to determine to what extent it is reasona-
bly practicable to ensure effective stabilization of post-coagulation sludge during
methane digestion. Various physicochemical parameters of the post-coagulation
sludge supplied by two water treatment plants were tested.

2. METHODOLOGY AND SCOPE OF THE TESTS

The tested substance was the post-coagulation sludge supplied by two water treat-
ment plants. Sludge 1 was sampled from the tank in which there is sludge from the
treatment of backwash water and sludge separated from water during coagulation. The
treatment line of washings is composed of balancing tanks and the Johnson Lamella
Separator units. Aluminium sulphate and/or polyelectrolyte are dosed before the sludge
entering the separation units. A coagulated suspension separated in the Lamella Separa-
tor units is collected in the sludge tanks placed directly under each separation unit. The
sludge collected there is pumped to the sludge storage tanks at regular intervals. Once
treated, the sewage flows out of the sedimentation tank through drain gutters. During the
treatment of raw water, post-coagulation is also formed in the lamella settling tanks
placed in the water production line. These tanks are designed to separate the highest
possible amount of suspensions from water coagulated with aluminium sulphate and/or
polyelectrolyte. When sludge is formed, it is pumped to the shared sludge storage tanks.
When the post-coagulation sludge (resulting from the treatment of backwash water and
the coagulation of raw water) is mixed up, it is further thickened gravitationally in the
storage tanks, and then mechanically dewatered on the belt press [2].

Sludge 2 was sampled from the accelerator in which process wastewater is treated
using aluminium sulphate. This sludge includes backwash water from carbon and
contact filters, as well as the sewage produced when primary settling tanks are
cleaned. Treated sludge is recycled to raw water and sludge is disposed to the sludge
storage tank. Subsequently, the sludge is occasionally dewatered in the belt press in-
stallation [14].

Total solids (TS), volatile solids (VS), hydration and capillary suction time
(CST) were determined for the tested sludge, both before and after its digestion. The
analysis was conducted in accordance with the existing standards: PN-EN 12880
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[15] and PN-EN 12879 [16]. The CST was measured using a special gauge consist-
ing of two separate components: an acrylic filtration unit with electrodes and
a timer. The CST measurement helps determine how fast a liquid is stripped from
hydrated sludge based on the operating principle of the capillary suction forces of
Whatman filter paper 17 [14]. The lower the CST value, the more easily (faster) the
tested sludge gives off its liquid (water) component, thus showing a higher tendency
towards dehydration.

The laboratory tests of anaerobic stabilisation were conducted in a sludge digestion
apparatus. The apparatus consisted of flasks with an active volume of 0.5 dm’. The
flasks were combined with columns used to measure the amount of produced sludge-
digestion gas. The digestion set was equipped with a thermostat to keep a constant
temperature of 37 °C. Before starting the process, the post-coagulation sludge was
inoculated with the partially anaerobically digested sludge sampled from the anaerobic
digester of a municipal wastewater treatment plant. The content of sewage sludge in
each sample was the same — 20%. At the same time, the sewage sludge used as an
inoculate was also digested for the purpose of comparison. The amount of released
sludge-digestion gas was recorded during the process. The tests were carried out for
35 days because only a slight increase in the volume of the produced sludge-digestion
gas could be observed thereafter.

Methane digestion was carried out in accordance with standard PN-75/C-04616/07
[18].

3. TEST RESULTS AND DISCUSSION

The results of the physicochemical analysis of the post-coagulation and sewage
sludge subjected to methane digestion are presented in table 1. Blending the post-
coagulation sludge with the sewage sludge increased some of the mixture parameters
(pH, TS, VS, CST) in comparison with the parameters of cost-coagulation sludge.
This was due to the properties of the sewage sludge used as an inoculate.

The sludge had various volatile solids (VS) content. The highest proportion of or-
ganic substances (66.0%) could be found in the sewage sludge from separate digestion
tanks. In the post-coagulation sludge that was inoculated, however, the VS value
amounted to 60.5% and 58.8% for sludge 1 and sludge 2, respectively. The sludge
from wastewater treatment plant showed a high CST of 1020 seconds. For the post-
coagulation sludge that was inoculated, the CST was considerably lower and it was
306 and 70 seconds for sludge 1 and sludge 2, respectively.

The said sludge demonstrated a high hydration rate of 98.9%. The hydration of the
sewage sludge alone was lower — 96.8%. Despite a relatively small proportion of sew-
age sludge, the post-coagulation sludge that was inoculated was brown and had a typi-
cal odour of sewage sludge.
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Sludge with the physicochemical properties presented in table 2 was achieved as
a result of anaerobic stabilization. It showed better filtration performance, which con-
firms a multiple decrease in its CST. The impact of digestion on CST reduction is
illustrated in figure 1. The CST of sewage sludge dropped to 840 seconds, of sludge 1
to 114 seconds, and that of sludge 2 to 30 seconds.

Table 1
Physicochemical characteristics of the sludge prior to digestion
Sludge 1 Sludge 2 Sludge 1 Sludge 2
.. | Wastewater |+ 20% wastewater | + 20% wastewater [+ 20% wastewater | + 20% wastewater
Factor | Unit
sludge sludge sludge sludge sludge
Before mixing After mixing
pH - 7.99 6.72 6.42 7.1 6.9
S % 32 0.6 0.6 1.1 1.1
g/kg 32.0 6.0 5.8 11.2 11.1
- % TS 66.0 529 48.7 60.5 58.8
g/kg 21.1 3.2 2.8 6.8 6.5
Hydration | % 96.8 99.4 99.4 98.9 98.9
CST S 1020 121 25 306 70
Table 2
Physicochemical characteristics of the sludge following digestion
. Wastewater Sludge 1 Sludge 2
Factor Unit sludge + 20% wastewater sludge | +20% wastewater sludge
pH - 7.3 7.0 6.7
% 2.8 1.0 1.0
TS
g/kg 28.0 10.5 10.8
% TS 61.1 57.1 56.7
VS
g/kg 17.1 6.0 6.1
Hydration % 97.2 98.9 98.9
CST ] 840 114 30
TS reduction % 12.5 6.5 2.3
VS reduction % 19.0 11.8 5.8
et 3
Sludge—digestion M./kg 0.19 0.09 0.05
gas VS input
. . 3
Sludge-digestion M’/kg 1.00 081 081
gas VS spread
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Fig. 1. Changes of CST in the digestion process

Due to biochemical changes, each sludge showed a decrease in VS content (figure
2). After the digestion the VS proportion in the sewage sludge was 61.1% and in post-
coagulation sludge 1 — 57.1% and sludge 2 — 56.7%. The mineralization rate calcu-
lated as a percentage of VS loss is one of the key parameters enabling the assessment
of digestion effectiveness. The highest VS loss (19%) was obtained for the sewage

sludge. For the post-coagulation sludge, this loss was considerably lower and was
11.8% (sludge 1) and 5.8% (sludge 2).
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Fig. 2. VS reduction in sludges in the digestion process

Another parameter enabling us to determine the effectiveness of digestion is the
amount of the produced sludge-digestion gas. Continuous production of sludge-



Preliminary research into the digestion of post-coagulation sludge 65

digestion gas was observed in the present tests, however, the intensity of this process
in the sewage and the post-coagulation sludge was different (figure 3). The intensity of
sludge-digestion gas production depends predominantly on the sludge content in or-
ganic compounds which are the main substrate for microorganisms. For the sludge
from wastewater treatment plant, the intensity of sludge-digestion gas evolution was
the highest in the initial stage of the tests, whereupon its production decreased, with
the daily production of sludge-digestion gas remaining already constant until the end
of the tests. During the digestion of the post-coagulation sludge it was observed that
compared to the sewage sludge, the intensity of sludge-digestion gas evolution was
substantially lower. This suggests that the components of such sludge have an inhibi-
tive effect on the digestion process. This may be due to the fact that the water treat-
ment technology is based on mineral coagulants. Excessively high concentrations of
both aluminium compounds and sulphates may inhibit the development of the bacteria
responsible for anaerobic decomposition of organic compounds. The low production
of sludge-digestion gas in post-coagulation sludge correlates well with sludge-
digestion gas evolution levels, which are lower here than in the case of sewage sludge
(table 2). For the sewage sludge, the sludge-digestion gas evolution rate per volatile
solids input was 0.19 m’/kg VS, whereas for the post-coagulation it was 0.09 m’/kg
VS (sludge 1) and 0.05 m’/kg V'S (sludge 2).
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Fig. 3. Total volume of sludge-digestion gas evolution during digestion

In the digestion of post-coagulation sludge, the VS loss and the sludge-digestion
gas evolution levels, being lower compared to those of sewage sludge, are probably
directly related to sludge composition. Post-coagulation sludge contains contaminants
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removed from water as well as aluminium compounds and sulphates which are the
components of the employed coagulant.

4. SUMMARY

The growing eutrophication of surface waters deteriorates the quality of treatable
water. This means that there is a need for more powerful treatment processes which
produce relatively large volumes of organic substances. Keeping sludge in drying beds
involves putrefaction and emission of unpleasant odours. Accordingly, the introduc-
tion of sludge stabilization may become a necessity in the future.

The tests were conducted to identify the potential for the anaerobic digestion of
post-coagulation sludge in order to obtain sludge with a reduced content of organic
substances that could be easily dewatered. The test results showed that, despite a rela-
tively high proportion of volatile solids in such sludge (58.8% and 60.5%), the effec-
tiveness of digestion was considerably lower than in the case of the sewage sludge
alone. Despite a 20% share of the sewage sludge, the post-coagulation sludge put un-
der digestion showed small levels of sludge-digestion gas evolution and low minerali-
zation rates calculated as VS loss. Digestion helped obtain better filtration properties
of the sludge which can be seen in a sharp CST drop.

The test results do not provide a clear explanation whether choosing digestion as
a way of stabilizing post-coagulation sludge is substantiated or not. Considering the
poor effectiveness of the process, further research should address the digestion of the
post-coagulation sludge which is available in the summertime, when its VS content
largely exceeds 50%. It can be stated, however, that the digestion of post-coagulation
sludge alone would not be technically or economically profitable. Co-digestion of
sewage and post-coagulation sludge should be considered more reasonable. Such
a solution would provide a potential opportunity for resolving the problem of post-
coagulation sludge through its disposal in wastewater treatment plants. Further re-
search into the digestion of post-coagulation sludge mixed up with various proportions
of sewage sludge should be conducted to determine the best possible share of each
type of sludge for their effective disposal.

Research funded from the R&D budget for 2006-2008 as research project N207 051 31/2323.

REFERENCES

[1] SozANskI M., Technologia usuwania i unieszkodliwiania osadow z uzdatniania wody, Wydawnictwo
Politechniki Poznanskiej, Poznan, 1999.

[2] PLONKA 1., PLONKA A., Ocena odwadnialnosci osadow z SUW Koztowa Gora, National Symposium
Materials “Ochrona wod, gospodarka wodna, zaopatrzenie w wodg i odprowadzanie Sciekow.
Hydroprezentacje, October 2007, Ustron, 2007, 338.



Preliminary research into the digestion of post-coagulation sludge 67

[3] SzLACHTA M., ADAMSKI W., Analiza wplywu pylistego wegla aktywnego na wiasciwosci sedymen-
tacyjne i adsorpcyjne osadu pokoagulacyjnego, Ochrona Srodowiska, 2009, Vol. 31, No. 1, 37.

[4] RaK J.R., KUCHARSKI B., Sludge management in water treatment plants, Environment Protection
Engineering, 2009, Vol. 35, No. 2, 15.

[5] PLONKA 1., BARBUSINSKI K., Charakterystyka osadow pokoagulacyjnych, Instal, 2007, No. 10, 65.

[6] BIEN J., MATYSIAK B., WESTALSKA K., Stabilizacja i odwadnianie osadow sciekowych, Wydaw-
nictwo Politechniki Czgstochowskiej, Czgstochowa, 1999.

[7]1 SADECKA Z., Toksycznosé¢ i biodegradacja insektycydow w procesie fermentacji metanowej osadow
Sciekowych, Redakcja Wydawnictw Naukowo-Technicznych, Zielona Gora, 2002.

[8] BURACZEWSKI G., Fermentacja metanowa, PWN, Warszawa, 1989.

[9] KACPRZAK A., KRZYSTEK L., LEDAKOWICZ S., Anaerobic co-digestion of agricultural products and
industrial wastes, Environment Protection Engineering, 2009, Vol. 35, No. 3, 215.

[10] BURACZEWSKI G., BARTOSZEK B., Biogaz, wytwarzanie i wykorzystanie, PWN, Warszawa, 1990.

[11] REYNOLDS T.D., RICHARDS P.A., Unit Operations and Processes in Environmental Engineering, 2™
ed., PWS Publishing Co., Boston, MA, 1996.

[12] JeDRCZAK A., HAZIAK K., Okreslenie wymagan dla kompostowania i innych metod biologicznego
przetwarzania odpadow, Pracownie Badawczo-Projektowe “EKOSYSTEM?” Sp. z o0.0., Zielona Go-
ra, 2005, (http://www.mos.gov.pl/ odpady/metody gospodarowania/okreslenie wymagan_II.pdf).

[13] KeMPA J., Wplyw wybranych zwiqzkow glinu i Zelaza na fermentacje metanowq osadow  scieko-
wych, doctoral thesis, Wroctaw, 1985.

[14] FukAs-PLONKA L., PLONKA 1., JANIK M., PLONKA A., Rozwiqzanie problemu poptuczyn i osadow
w Zaktadzie Produkcji Wody “Dzieckowice”, 19th National Conference Materials, 7th International
Conference “Zaopatrzenie w wodg, jakos$¢ i ochrona wod”, Poznan—Zakopane, 2006, 128.

[15] Polski Komitet Normalizacyjny, Charakterystyka osadow sciekowych. Oznaczanie suchej pozosta-
tosci i zawartosci wody, PN-EN 12880, September 2004.

[16] Polski Komitet Normalizacyjny, Charakterystyka osadow Sciekowych. Oznaczanie straty przy pra-
zeniu suchej masy osadu, PN-EN 12879, September 2004.

[17] Polski Komitet Normalizacyjny, Charakterystyka osadow sciekowych — Witasciwosci filtracyjne —
Czgs¢ 1: Czas ssania kapilarnego (CST), PN-EN 14701-1:2006.

[18] Polski Komitet Normalizacyjny, Badania specjalne osadow. Oznaczanie zdolnosci osadow scieko-
wych do fermentacji i stopnia ich przefermentowania w warunkach statycznych i w procesie ciq-
glym, PN-75/C-04616/07.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


