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EFFECT OF BTX ON BIOLOGICAL TREATMENT OF SEWAGE

Aromatic hydrocarbons (BTX) are very often found in municipal sewage in the range from 0 to
933 μg/dm3. The concentration of toluene in the digested sludge liquor from primary settling tanks
could increase to 42 000 μg/dm3. Other aromatic hydrocarbons are observed in lower concentrations
of about 30 μg/dm3. Aromatic hydrocarbons have a more or less negative effect on the treatment. The
effects were evaluated in laboratory experiments for synthetic and real sewage, both under anaerobic
and aerobic conditions. BTXs were added in concentrations ranging from 250 to 1250 μg/dm3. The
treatment permitted an almost complete BTX removal. However, the presence of aromatic hydrocar-
bons resulted in poor efficiency of COD, nitrification and total phosphorus removal.

1. INTRODUCTION

Such aromatic hydrocarbons as benzene, toluene and xylenes (BTX) are put on the
list of basic water pollutants, made by the American Agency of Environmental Pro-
tection (US EPA) and the European Union. Taking account of environmental pollu-
tion, aromatic hydrocarbons, and especially benzene and its aliphatic derivatives, are
considered to be very harmful. This is connected with their toxic properties, even if
they occur in very low concentrations. In organic synthesis, benzene is the main sub-
strate, which can be used for the production of its aromatic derivatives and cyclic
compounds. The production of synthetic fibres and materials, synthetic rubber, dyes,
resins, detergents and agricultural chemicals is based on toluene and xylenes. The
compounds are used in the pharmaceutical industry and as organic solvents [1].

BTX are often present in municipal treatment plants. They can be discharged with
industrial wastewater, from small factories and public utilities, and with domestic
sewage [2]. Concentrations of these compounds are diverse, e.g. BELL et al. [3] and
NAMKUNG and RITTMAN [4] have found BTX concentrations in municipal sewage on
the level from 0.43 μg/dm3 for benzene to 85.5 μg/dm3 for toluene. The investigations
of the content of BTX in the sewage collected from several municipal wastewater
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treatment plants in the Bielsko-Biała region performed in the last few years revealed
that the concentration of the aforementioned compounds ranged from zero to tens
μg/dm3. The substance, which had always been present in sewage, usually in the high-
est concentration from 14 to 115 μg/dm3, was toluene [5].

The Enhanced Biological Nutrients Removal Processes (EBNRP) are working ac-
cording to many different schemes, and the necessary volatile fatty acids (VFA) are
produced from sludge for denitrification and dephosphatation processes. The retention
time for effective hydrolyses of primary or secondary sludge, i.e. the production of
optimal amounts of VFA, is assumed to be 2 to 8 days [6]. Concentration in the range
from 3500 to 4000 mg/dm3 of VFA expressed as acetic acid can be achieved.

Almost no attention is given to the other products of the hydrolyses of sludge or-
ganic substrate. It was found that, in parallel to VFA production, toluene formation
occurred [7].

The investigations on real sewage sludge digestion process univocally showed that
toluene was produced in the acid phase of fermentation. A considerably high increase
of toluene concentration up to about 42 000 μg/dm3 was measured, which was about
1000 times higher than its concentraion measured in raw sewage.

The changes of BTX concentration in the consecutive steps of treatment at two
large municipal wastewater treatment plants in the south region of Poland were meas-
ured as the background to the laboratory investigations. The concentration of BTX in
the sewage transported to biological reactors was high in relation to their concentra-
tion in raw sewage. The concentration of the aromatic hydrocarbons tested varied in
the range from 0 to 933 μg/dm3. Toluene concentration measured ranged from 1 to
238 μg/dm3 in raw sewage, and on an average it reached 20 000 μg/dm3 in digested
sludge supernatant returned to the dephosphatation stage of biological sewage treat-
ment. Other aromatic hydrocarbons were observed in lower concentration, approach-
ing 30 μg/dm3 in sewage and supernatant. Exceptionally, in one case, the o-xylene
concentration in raw sewage was 933 μg/dm3.

The laboratory investigations were carried out in order to estimate the impact of
BTX on biological treatment process.

2. MATERIALS AND METHODS

The laboratory investigations of the biological treatment process were performed
with the use of real activated sludge and municipal sewage taken from selected mu-
nicipal treatment plants or synthetic wastewater. The treatment plants were designed
and operated for enhanced biological nitrogen and phosphorous removal. Twenty
seven batch series were carried out in a two-stage laboratory reactor (figure 1). Syn-
thetic wastewater was used in 15 series, mechanically treated municipal sewage – in 5
series and municipal sewage with sludge supernatant (in the volume ratio of 10:1) – in
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7 series. The primary sludge and excess sludge were stored for ten days under anaero-
bic conditions aiming at VFA and toluene generation. Synthetic wastewater of com-
position given by WU et al. [8] was prepared. The characteristics of different waste-
waters used are presented in the table.

Fig. 1. Laboratory reactors for biological sewage treatment

T a b l e

Characteristics of substrates used

Synthetic
wastewater

Municipal
sewage

Mixture of municipal sewage and
sludge supernatantParameter

mg/dm3 mg/dm3 mg/dm3

COD
N-NH4

+

N-NO3
–

NK

P-PO4
3–

Ptot

115–730
16–64
4–24

8–27

134–502
10–48
0–20

12–85
2–11
5–13

895–1534
48–94
4–12

50–188
9–46

12–47

The BTX concentrations measured in raw sewage varied in a wide range. The
highest concentrations were observed for toluene (290 μg/dm3), for benzene (30
μg/dm3), for o-xylene (10 μg/dm3) and for p-xylene (8 μg/dm3).
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Two parallel reactors, anaerobic and aerobic, each of the active volume of 5 dm3,
were operated at a HRT of 20 hours. The activated sludge MLSS concentration was
maintained on a level close to 5 g/dm3. Benzene, toluene, p-xylene and o-xylene
(BTX) dissolved in methanol were added to the first reactor. Theoretical doses of
each hydrocarbon added ranged from 250 to 1250 μg/dm3. The real concentration of
BTX and COD was measured at the beginning of consecutive experimental steps. The
sewage in the second reactor contained BTX only in the case of their presence in the
real municipal sewage. Slow mixers continuously mixed the content of the reactors
(anaerobic step). The aerobic reactor were supplied with compressed air. After 30
minutes of sedimentation, the samples were analysed for temperature, pH, COD, ORP
dissolved oxygen, phosphorus (Ptot, P-PO4

3–) and nitrogen (TKN, N-NH4
+, N-NO3

–). All
analyses were carried out according to Standard Methods [9]. The BTX were deter-
mined in cleared sewage and in the samples with activated sludge using a gas chro-
matograph (GC) equipped with a “purge-and-trap system” and thermal desorption.
The GC had a capillary column HP-5 Crosslinked 5% ME Siloxane (30 m length,
0.32 mm internal diameter, 0.25 μm film thickness) and a FID detector.

3. RESULTS AND DISCUSSION

In the laboratory investigations, theoretical concentration of each compound con-
tained in BTX in sewage before treatment process ranged from 250 to 1250 μg/dm3

(the total from 1.0 to 5.0 mg/dm3). Total real concentration of aromatic hydrocar-
bons oscillated between ca. 0.78 and 5.32 mg/dm3. Higher concentrations resulted
from BTX presence in sewage and sludge supernatant. Practically in each of the
series investigated, different sewage (with regard to contaminant concentrations)
and different BTX concentrations were used. After the first step of treatment (an-
aerobic), the BTX concentrations on an average decreased by 45% (benzene), 59%
(toluene), 65% (o-xylene) and 76% ( p-xylene). The decrease of BTX concentration
after the first stage of biological treatment is shown in figure 2. A part of BTX was
adsorbed on activated sludge. Therefore, the concentration of BTX was determined
in the samples without activated sludge and in the parallel samples in the sewage
mixed with activated sludge. p-xylene was found to be most effectively adsorbed by
activated sludge, on an average in 59%, and benzene – least effectively, about 15%
(figure 3). This may result from different solubility of the compounds in the sew-
age. The next stage of treatment (aerobic process) permitted an almost complete
BTX removal. Only toluene and xylenes remained in the treated sewage in concen-
tration of up to 13 μg/dm3. Benzene was not observed in the sewage after both bio-
logical treatment stages.
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Fig. 2. Decrease of BTX concentration after anaerobic stage of treatment
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Fig. 3. Adsorption of BTX on activated sludge after anaerobic stage of treatment

The main aim of the laboratory investigations was to evaluate the impact of BTX
on COD and phosphorus removal as well as on the nitrification efficiency.

Different values of COD in raw sewage were investigated. In the samples of syn-
thetic sewage, COD values ranged from 115 to 730 mg O2/dm3, while in real munici-
pal sewage, COD oscillated between 135 and 503 mg O2/dm3. Seven series were per-
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formed with the addition of digested sludge supernatant. In these samples, COD val-
ues in the mixture varled from 895 to 1534 mg O2/dm3.

Comparing the effectiveness of COD removal for sewage (synthetic or natural)
with and without the addition of BTX in various concentrations, a negative effect of
their presence was found. The effectiveness of COD removal from municipal sewage
or synthetic sewage, without the addition of BTX, was in the range between 71 and
97%. When those sludges were mixed with BTX the effectiveness of COD removal
decreased distinctly, ranging from 30 to 82%. This efficiency depended on an initial
COD value of sewage and BTX dose. At less COD, BTX dose increases its value in
the range from tens to over hundred per cent. In the mixtures of sewage and digested
sludge supernatant, COD values were close to thousand mg/dm3 and higher. There-
fore, BTX addition raised these values to twenty per cent at the maximum.

The negative effect of the aromatic hydrocarbons presence in the supplied sewage
on COD removal can be attributed to the increase of COD in the sewage after the
BTX addition. The differences in COD values in the treated samples with and without
BTX are clearly shown in figure 4.
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Fig. 4. COD values in treated sewage in samples with and without BTX

In contrary, and to some extent surprisingly, BTX in the influent contributed to
higher efficiency of phosphate removal. The concentration of remaining phosphates
after the aerobic stage of treatment was definitively lower in the case of sewage mixed
with BTX. It is possible that higher values of COD caused by BTX presence in the
first anaerobic step of biological treatment can be explained by the presence of easily
biodegradable substrates being favourable for phosphorous bacteria. However, such
a correlation was observed only in the case of synthetic wastewater where phosphates
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occur as the only form of phosphorus. The phosphate concentration in the effluent is
shown in figure 5.
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Fig. 5. Remaining phosphates after two steps: anaerobic–aerobic treatment
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Fig. 6. Correlation between Ptot concentration in effluent and BTX concentration in influent

Different relationship was observed between BTX and total phosphorus in real
sewage. BTX in sewage contributed to a limited total phosphorus removal. Total
phosphorus concentration in the effluent was higher in the samples with BTX added,
and higher concentration of BTX in sewage decreased the efficiency of phosphorus
removal. Unequivocal differences were observed for the total BTX concentration
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exceeding 1.5 mg/dm3. The correlation between Ptot concentration in the effluent and
BTX concentration clearly shows the negative effect of their presence (figure 6).

After the anaerobic treatment, the concentration of ammonia nitrogen was meas-
ured as the effect of ammonification process, and after the aerobic one, the concen-
trations of ammonia nitrogen and nitrate nitrogen were determined as the final prod-
ucts.

As in the case of the total phosphorus removal, the nitrification processes were
disadvantageous for the samples to which BTX were added. Nitrate nitrogen concen-
tration in the sewage after aeration stage in all the samples varied from 0 to 8 mg/dm3.
In the case of higher ammonia nitrogen concentration in raw sewage (samples with
sludge supernatant), higher concentration of ammonia nitrogen in the effluent was
observed. For lower ammonia concentration, the nitrification process was more pro-
nounced, and the dominating form of nitrogen were nitrates.

The presence of BTX in the sewage treated biologically can have a negative effect
and limit the nitrification process. For comparison, the quantity of ammonia nitrogen
oxygenated under aerobic conditions in the sewage with and without BTX is given in
figure 7. The differences in the nitrification efficiency were distinctly shown by the
Kjeldahl nitrogen concentrations. The nitrification process was adversely affected in
all the samples tested. For high Kjeldahl nitrogen concentration in raw sewage, the
differences were greater and the highest concentration of ammonia nitrogen in the
treated sewage was measured.
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Fig. 7. TKN changes in aerobic stage of treatment for samples with and without BTX

The presence of BTX in sewage definitely affected the oxidation of ammonia ni-
trogen and the removal of Kjeldahl nitrogen. Correlations between concentrations of
nitrogen ammonia and TKN in the effluent and BTX concentration in raw sewage
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clearly show the negative effect of their presence. Also the negative effect of BTX
was clearly observed for the total hydrocarbon concentration exceeding 1.5 mg/dm3.
The correlations are shown in figure 8.
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Fig. 8. Correlation between Kjeldahl nitrogen concentration in effluent
and BTX concentration in influent

4. CONCLUSIONS

Aromatic hydrocarbons (BTX) often present in municipal sewage have not at-
tracted sufficient attention so far and this problem should be properly explained.

BTX in treated sewage are formed due to a hydrolysis in VFA production and nega-
tively affect COD and phosphorus removal as well as the efficiency of the nitrification
process, which can increase ammonia nitrogen concentration in the treated sewage.
However, under anaerobic conditions the hydrolysis of organics, yielding simpler prod-
ucts that are apparently favourable substrates for phosphorus-accumulating bacteria,
improves the uptake of phosphates. At high BTX concentration (above 1.5 mg/dm3) in
sewage, the hydrocarbons added to the samples before the treatment affected this proc-
ess. Although so high BTX concentrations were not observed in real municipal sewage,
the problem of BTX presence, their impact on the efficiency of the biological treatment
processes and effluent quality are important and require adequate explanation.
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WPŁYW BTX NA BIOLOGICZNE OCZYSZCZANIE ŚCIEKÓW KOMUNALNYCH

Węglowodory aromatyczne typu BTX dosyć często występują w ściekach komunalnych. Ich stężenia
wahają się od 0 do 933 μg/dm3. W cieczach fermentowanych osadów z osadników wstępnych stężenie
toluenu może dochodzić nawet do 42 000 μg/dm3. Pozostałe węglowodory tej grupy mają niższe stężenia
(do 30 μg/dm3). Obecne w ściekach węglowodory mogą niekorzystnie wpływać na efektywność ich
oczyszczania. W badaniach laboratoryjnych analizowano wpływ BTX na biologiczne oczyszczanie ście-
ków rzeczywistych i syntetycznych. Proces prowadzono w warunkach beztlenowo-tlenowych, stosując
dawki BTX w zakresie od 250 do 1250 µg/dm3 i uzyskując prawie całkowite usuniecie BTX. Jednak ich
obecność w ściekach poddawanych oczyszczaniu obniżała usuwanie substancji organicznych (ChZT)
i fosforu ogólnego oraz ograniczała proces nitryfikacji.



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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


