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NOXIOUSNESS OF ODOURS
AND PROPERTIES OF WASTEWATER SLUDGE
PROCESSING WITH BIOPREPARATION

The aim of the study was to verify the effectiveness of decrease of odour production during
sludge stabilization with selected groups of microorganisms in conditions similar to those occurring
on sludge storage pads. The experiments were carried out on a laboratory scale; the biopreparation
EM-bio was used. It was found that in anaerobic conditions, biopreparation modified biochemical
processes in a small degree and decreases the redox potential. Clear decrease of odour noxiousness of
the wastewater sludge for samples with biopreparation was not observed. In the continuation of these
studies sludge processing at higher redox potentials should be investigated.

1. INTRODUCTION

In wastewater treatment plants, odour problems occur as a result of odour emis-
sion from the utilization and storage of screenings, greet and sludge. The odours form
during biochemical processes occurring in technological facilities, drying beds, stor-
age pads and during sludge transport to the place of the final utilization. In the case of
sludge treatment, considerable amounts of odour are produced during the stabilization
processes and dewatering [1, 2]. In 1993, complaints pertaining to the noxiousness of
odours represented 43% of all complaints [3].

The modification of the biochemical processes in wastewater sludge could lead to
a significant limitation of noxious odour. During the decomposition of organic matter
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by microorganisms both in the anaerobic and the aerobic cycles, intermediate products
are generated which are extremely odour noxious to the environment. These are such
by-products as sulfur compounds — hydrogen sulfide, mercaptans, sulfides, nitrogen
compounds such as ammonia, and pyridine. Microorganisms added to wastewater
sludge can change biochemical processes and significantly limit production of odorous
gases [4, 5]. This leads to a new method with a possibility of sludge stabilization
without odour production. The achievement of noxious odour limitation by this
method is particularly rational when odour emission takes place over a large surface
area, for example in sewage treatment plants where storage pads exist for the tempo-
rary disposal of sewage sludge.

The aim of the study was to verify the effectiveness of decrease of odour produc-
tion during sludge stabilization with selected groups of microorganisms in conditions
resembling those on sludge storage pads.

2. EXPERIMENTAL

The experiments were carried out on a laboratory scale. The biopreparation EM
was used [6], activated in the molasses solution. This preparation, being a mixture of
microorganisms such as acid milk bacteria, photosynthetic bacteria, yeast and actino-
mycetes, has been used in agriculture for soil improvement and in animal rising as
a probiotic up to now. In order to check influence of actinomycetes, additional cul-
tures obtained from composted sewage sludge were added. Isolates and cultures were
run on the Pochon nutrient medium.

Fig. 1. Scheme of the research station: 1 — blower, 2 — rotameter, 3 — 30 dm’
container, 4 — aeration system, 5 — thermal isolation of mineral wool

The investigated sludge originated from a municipal sewage treatment plant. This
was return sludge, thickened for 3 days in the gravity thickener, conditioned by polye-
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lectrolyte and dewatered. Eight tests containing 30 kg of sludge were prepared. Sludge
was thoroughly mixed by mechanical stirrer and placed in a closed, thermally insu-
lated container in a heated room (Figs. 1, 2).

Fig. 2. Research station; volume of the container 30 dm®

The temperature of the room was maintained between 18 and 21 °C. Sludge proc-
essing consisted in the following tests:

e control test 1without aeration,

e control test 2 with aeration,

e test 3 with biopreparation EM,

e test 4 with biopreparation EM and aeration,

e test 5 with biopreparation EM and additional actinomycetes,

e test 6 with biopreparation EM, additional actinomycetes and aeration,

e test 7 with biopreparation EM, exposed to light,

e test 8 with biopreparation, aeration and exposed to light.

During processing, air was flowing only above the surfaces of the sludge in tests
1, 3, 5 and 7 with the flow rate of 120 dm’/h. The sludge in tests 2, 4, 6 and 8 was
aerated from the bottom through the volume of the sludge at constant flow rates.

The experiment was carried out for 41 days, at 14 day intervals sludge and gas
samples were taken. The samples of wastewater sludge were taken by means of a spe-
cial sampler for soil sampling (Egner stick) disinfected previously. The samples were
taken according to Polish Norm PN-R-04031:1997. The range of analyzed parameters
included: temperature, reaction (PN-Z-15011-3:2001), redox potential (PN-ISO
11271:2007), mass and dry mass ( PN-EN 12880:2004, using lyophilisation process),
volatiles in dry weight (PN-Z-15011-3:2001), total nitrogen and organic carbon on the
elemental analyzer Flash 1112 (ThermoQuest). Total organic carbon was determined
following the removal of inorganic carbon by contact with the vapour of HCI in desic-
cators [10]. Analysis of nitrogen mineralization by soil microflora was based on the
extraction of the sludge sample of 5 g in 50 ml of water. The probe was shaken for
30 min and then centrifuged, finally the following parameters were determined: am-
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monia nitrogen according to PN-ISO 5664, using UDK 132 Semiautomatic Distilla-
tion Unit, VELP, nitrate nitrogen (PN-C-04576-08:1982), nitrite nitrogen (PN-EN
26777:1999) and phosphate phosphorus (PN-EN ISO 6878:2005).

Odorimetric analysis of exhausted air was performed using the dynamic dilution
method, by changing the flow rate of air. Estimation of the odour intensity was per-
formed using n-butanol solutions [3].

Table 1

Results of wastewater sludge processing

Parameter Day| 1 2 3 4 5 6 7 8

1 [69[69]69(70]70]|70]70]69
13170171172 177174171 17172

pH 27 808080 80|80]|80]|79]78
41 80808080 |79]80]79]78
1 [159[159]15.9[159[15.9(16.1]16.1|162
Dry weight 13 [162]16.6]16.0]15.6|15.7|15.7|15.7] 16.0
[%] 27 [15.9]15.7|16.1]15.7|15.9]15.6|15.9|15.8

41 |15.5[152(159|153|15.1|15.3|153|15.3
1 [645]64.5/64.5/664](64.3| 65 [64.9]|65.2
Organic dry weight | 13 [65.4]65.9[65.4]63.9|64.8|64.4|64.0/65.0
[%0] 27 164.0|163.9]64.0/63.0/63.3]63.5|63.6|63.2
41 163.1[62.9[64.1|62.2]62.4]|62.6|62.8|62.4
1 |57 [55]|56|55]|53|55[56]|55
Total nitrogen 13 |49 |51 (49 |53]148|51]52]49
[% of d.w.] 27 145149148 |50]46]50|48]438
41 1454714414545 [50|46[42
1 136.0135.3]36.3[34.9]34.7|35.5[36.1[354
Organic carbon 13 |30.7|31.8|32.5|32.9|31.2|30.2|33.6|31.6
[% d.w.] 27 130.4(30.3]30.2|31.6/30.4[30.8/30.3[30.1
41 129.1{30.2{29.9/30.0]29.8]30.6|29.6[29.6

Microbiological determination, based on standard testing procedures, included:
the total number of mesophilic bacteria (PN-EN ISO 6222:2004), total number of bac-
teria spores, MPN of I and II phases nitrifying bacteria, the number of Clostridium
perfringens bacteria (PN-EN ISO 7937:2005), the number of coliforms (PN-75/
C-04615/05, PN-77/C-04615/07), the presence of Salmonella (PN-Z-19000-1:2001).

3. RESULTS AND DISCUSSION

In the wastewater sludge before tests (test 1), the reaction medium was inert, the
dry weight was low and equalled 15.9% but organic compounds — only 64.5% of the
dry mass (Table 1). The sludge contained 5.7% of total nitrogen, medium amount of
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organic carbon — 36%; the ratio of organic carbon to total nitrogen was low however,
and equalled approximately 6.32.
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Fig. 3. Range of dry weight reduction during the experiment

Day 41

During the experiments, the reaction medium was neutral but pH was slowly in-
creasing, reaching after a month ca. 8 in all tests. The sludge mass, dry weight and
organic dry weight decreased (Fig. 3). From the 13th to 41st day of the experiment a
similar mass losses occurred in all aerated tests (2, 4, 6 and 8) and amounted to 2.5%
of initial mass. The mass in other tests decreased marginally less but the most in the
test 3 with biopreparation — 2.1%, and the least in the control test 1 — 1.9%. The larg-
est degree of organic dry weight removal occurred in tests with biopreparation and
ranged between 12.5% and 14.4%. In both control tests the value of this parameter
was lower, in the test 1 it was equal 11.3% and in the test 2 — 11.8%.

After 41 days of the experiment, the content of organic carbon in all containers
was very similar and ranged between 29.1% and 30.6% and the total nitrogen ranged
between 4.2% and 5.0% (Table 1). The highest degree of organic carbon removal oc-
curred in control test 1 and amounted to 26.8%, whereas in the test 3 with bioprepara-
tion it reached 22.6%. The maximum total nitrogen depletion equalled 28.6%, and
occurred in control test 1, whereas in the test 3 with biopreparation a lower value
equal 26.1% was obtained (Table 1). In the other aerated tests nitrogen and carbon
losses were similar and a bit lower than in test 3.

The investigation of nitrogen mineralization by microflora showed that after two
weeks of processing a large depletion of nitrates extracted from the sludge occurred
(Fig. 4). Initial nitrate nitrogen values ranged between 119.3 mg N/kg d.w. and 192.7
mg N/kg d.w. and they decreased to the range of 7.6—-18.8 mg N/kg d.w. The greatest
decrement occurred in tests 3—5. In the control tests, the nitrate content decreased by
up to 11%. After 13th day of experiment, the nitrate nitrogen contents extracted from
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all aerated tests were in the range 31-38 mg/kg d.w. and were higher than in the not
acrated samples (23-25 mg/kg of d.w.). Simultaneously, the ammonia nitrogen
amount increased considerably in the extracts. At the beginning of the experiment, the
content of ammonia nitrogen extracted from the sludge amounted from 0.55 to 1.55
mg N/kg d.w. By the 41st research day it increased to the values of 7.4-9.3 mg N/kg
d.w. The highest concentration occurred in the control test 1. In the other tests, the
amount of ammonia was lower. The nitrite nitrogen content extracted from the sludge
changed between 9.4 and 38.7 mg N/kg d.w. and did not depend on the method of
sludge processing.
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Fig. 4. Time dependence of nitrate nitrogen content extracted from the sludge
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Fig. 5. The in situ redox potentials during the experiment at the depth of 14 cm

Concentration of phosphate phosphorus at the beginning of the tests was about
0.6 mg P/g d.w. After two weeks it increased to about 0.9—1.1 mg P/g d.w. At the end
of tests its values were around 1.8 mg P/g d.w. There were no significant differences
between tests.
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The in situ redox potential in tests 1-4 at the depth of 14 cm gradually decreased
(Fig. 5). After 40 days of the experiment it changed in the range from —210 to 270 mV. It
was lower in the tests with biopreparation than in control test during large part of ex-
periment.
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Fig. 6. Factors of odour emission during the experiment

Odour measurements (Fig. 6) showed that the number of odour units coming from
aerated samples was greater than from the non-aerated samples. A progressive in-
crease of the odour noxiousness occurred in all samples with biopreparation.

The results of bacteriological analyses demonstrated a lack of significant differ-
ences in the microflora of tests (Table 2). The wastewater sludge was characterized by
a high number of vegetative bacteria. In every test after the period of transformation
the number of these bacteria decreased. However, reduction in their number was
smaller than during the mesophillic or thermophillic fermentation process [7]. In all
samples of sewage sludge, the quantity of bacteria spores increased. In samples with-
out aeration the proportional participation of bacteria spores was higher.

The investigated sludge contained a large number of coli and of Salmonella bacte-
ria [6]. The sanitary effect was not observed taking into account the presence of Sal/-
monella. After 41 days of the experiment these bacteria were present in all samples.
Especially large number of coli including E. coli O157 indicated a potential health
risk. According to obligatory rules in countries of the European Union, the majority of
organisms from sewage sludge are listed in the second group of risk with exception of
Salmonella and E. coli O157 and of several mycobacteria which are listed in the third
group of risk [8, 9]. The titre of E. coli in investigated sewage sludge increased almost
imperceptibly, which proved about a minimal reduction in the number of these bacteria.

The number of Clostridium perfringens increased in all investigated samples when
the number of nitrifying bacteria decreased. It indicated poor oxygen conditions in
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samples. The lower number of nitrifying bacteria might also be a cause of the lack in
the odour noxiousness limitation of the studied wastewater sludge.

Table 2

Results of bacteriological analyses

Parameter Day| 1 2 3 4 5 6 7 8

13 |3.2-10%(3.4-10%|4.1-10%|4.9-10%(3.7-10%| 3.9-10% |3.5-10%|3.0-10°
27 |5.4-10%|4.8-10%/3.5-10%(9.5-10%|3.0-10%| 3.5-10% |6.1-107|3.6-10°
41 [1.8-10%1.2:10%/6.1-107|2.4-10%|6.9-107|1.60-10%| 1.4-10%|1.5-10°
Ratio of total number of bacteria | 13 | 0-35 | 0:58 | 029 | 0.31 | 0.72 | 0.47 | 0.46 | 0.59
to total number of bacteria spores | 27 | 1.07 | 0.52 | 2.39 | 0.23 | 2.02 | 0.93 | 7.41 | 1.60
[%] 41] 107 | 074 [ 201 [ 057 | 160 | 052 | 127 | 071
13 [1.0-10°19.2-10%8.7-10%1.2-10°|1.4-10°| 1.2-10° |1.1-10°|1.1-10°
27 [1.2:10%(1.6-10%|1.0-10%|1.1-10°|1.7-10°| 1.5-10° |2.0-10%|2.0-10°
41 {1.1-10%]1.6-10%(2.2:10%(1.7-10%|1.8-10°| 2.3-10° |2.1-10%|1.3-10°
1321072107 [ 2-107 | 2107 | 2-107 | 2:107 | 2-107 | 2-1077
Titre of Coli 27 (7-10°| 4.10°| 5:10° | 410 | 2.10° | 4-10° |2-10° 8-10°
41(7-10°%|4.10° | 4.10° | 4.10° | 4-10° | 4-10° | 4-10° | 2-10°°
Titre of I phase nitrifying bacteria | 13 | 410" | 410" | 5:10" | 5-107 | 410" | 410" | 5-107 | 4-10’

Total number of bacteria
[cfu/g d.w.]

Number of Clostridium perfringens
[cfu/g d.w.]

[1gdw] 27 4-10° | 4-10° | 4-10° | 5-10° | 10-10°| 4-10° | 5-10° | 4-10°
Presence of Salmonella sp. 13 | pres. | pres. | pres. | pres. | pres. | pres. | pres. | pres.
[100 g of sludge] 41 | pres. | pres. | pres. | pres. | pres. | pres. | pres. | pres.

4. CONCLUSIONS

e The analysis of initial results indicated that the biopreparation in a small degree
modified biochemical processes and caused redox potential to decrease.

e The clear decrease of odour noxiousness of the wastewater sludge for samples
with biopreparation was not observed in applied conditions. The aeration process
caused an increase of the number of odour units released to the environment during
sludge processing.

e A sanitary effect was not achieved in the experimental conditions.

e Very small air space in the containers with wastewater sludge caused almost an-
acrobic conditions. The intensity of aeration, applied in the experiment improved
aerobic conditions to a small degree. Also the composition of bacterial microflora
indicated that the availability of oxygen was limited.
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e The faintly alkaline reaction of the sludge proved that the growth of lactic acid
bacteria was limited.

e [t is supposed that low redox potential was a reason of a weak growth the micro-
organisms from biopreparation.

¢ In the continuation of these studies conditions for the tests should be changed.
The course of processes of wastewater sludge processing at higher redox potential
should be investigated.

ACKNOWLEDGEMENT

The study was financially supported from the science funds for the years 2007—2010 by of the Polish
Ministry of Science and Higher Education, as a state project No. PBZ-MEiN-5/2/2006.

REFERENCES

[1] KiM H., MURTHY S., MCCONELL L.L., PEAT C., RAMIREZ M., STRAWN M., Water Sci. Technol., 2002,
46 (10), 9.

[2] SERCOMBE D.C.W., Water Sci. Technol., 1995, 31 (7), 283.

[3] KOSMIDER J., MAZUR-CHRZANOWSKA B., WySzZYNSKI B., Odours, PWN, Warsaw, 2002 (in Polish).

[4] HiroSHI E., J. Biosci. Bioeng., 2001, 91 (6), 607.

[5] SuNY.H.,Luo Y.M., WU L.H., L1 Z.G., SONG J., CHRISTIE P., Environ. Geochem. Health, 2006, 28, 97.

[6] HIGA T., Microbiological Method for Disposing of Organic Waste Materials, United States Patent
No. 5707 856, 1998.

[7] SHABAN A.M., Water Sci. Technol., 1999, 7, 165.

[8] CARRINGTON E.G., Evaluation of sludge treatments for pathogen reduction, [In:] Report No.
CO 5026/1, European Communities, 2001, Luxembourg.

[9] SAHLSTROM L., ASPAN A., BAGGE E., DANIELSSON-THAM M., ALBIHN A., Water Res., 2004, 38, 1989.

[10] ZIMMERMANN C.F., KEEFE C.W., BASHE J., Method 440.0. NER Laboratory, USEPA, 1997, Cinciniati,

Ohio, http://www.epa.gov/nerlewww/m440 0.pdf. Date of last access: 20.02.2011.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [481.890 680.315]
>> setpagedevice


