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Introduction 

Decentralised treatment of domestic wastewater streams is of increasing importance 
especially for areas experiencing water scarcity or high prices for fertilizer. Water 
usage can be drastically reduced as flush water becomes nearly negligible by 
separation of wastewater streams and implementation of new techniques as dry 
toilets or vacuum systems. Aside, wastewater streams can be collected and treated 
appropriate to their specific needs and nutrient recovery is easily possible. New 
wastewater products emerged with promising characteristics to be used directly or 
through respective treatment as fertilizers in agriculture. Additionally, recovery of 
nutrients becomes more and more important due to finiteness of resources 
particularly phosphorous (Driver et al, 1999). 

Engineers already designed even larger pilot projects for >100 inhabitants as e.g. 
Lübeck-Flintenbreite (Otterpohl et al., 1997) or Linz SolarCity (Steinmüller, 2006), 
Erdos Eco-Town (Lixia et al. 2007). Although, usage of nutrient rich fractions as 
fertilizers is implemented in these projects, overall little is known about their quality, 
their nutrient availability, and their potential risk in form of pollutants. Their nutrient 
contents and other characteristics differ significantly from sewage sludge which is 
very well-known and thoroughly investigated. Additionally, it is important that existing 
techniques can be used for application. Equipment of liquid fertilizers needs a 
product its quantity is applied between 10-50 m3 ha-1, in case of solids up to 
40 t DM ha-1 as well as for mineral fertilizers between 100-600 kg ha-1 (Finck, 1979). 
Nutrient availability is mainly defined according to the product’s organic (like 
compost) or mineral (like mineral fertilizer) characteristic. 

Hence, nowadays wastewater products originating from these systems are 
thoroughly investigated for those aspects. Currently, urine, blackwater, compost from 
faecal matter, and struvite seem to be the most important new fertilizers derived from 
wastewater and may cover e.g. in Germany and in Sweden more than 10-20% and 
20-30%, respectively, of the fertilizer demand (Clemens, 2007). 

 

 



Material and methods 

Data on products was collected by a literature review of scientific papers and reports 
discussing the characteristics nutrient content and availability, concentrations of 
pollutions such as heavy metals, pharmaceuticals, and pathogens, quality of the 
product, and its solid/liquid as well as mineral/organic properties. Additionally, a 
model was developed designing mass flows (Hammer und Clemens, 2007). With of 
the model, estimations of pollutant fluxes reaching agricultural fields along with the 
provided nutrients became possible. As first indicator substance urine was chosen as 
it is the only product knowledge is available for all categories (see Table 1). 

 

 

Results and discussion 

 

Nutrients and heavy metals 

Detailed information for fertilizer products derived from wastewater streams and 
identified as important during the literature screening is given in Table 1. The 
products were sorted according their specific fertilizer type. 

 

Table 1: Wastewater products present along their fertilizer types and with their 
specific nutrient concentrations. Additionally, the level of knowledge is 
indicated by + (well known), (+) (known to some degree), and - 
(unknown) for these products. 

Fertilizing  Product Level of  DM CSB N P K Reference 
type  knowledge [%] [g/l] [g/l] [g/l] [g/l]  

Liquid 
mineral Urine + 1.5-3 4-11 1.8-17.5 0.2-3.7 0.7-3.3 

Meinzinger and 
Oldenburg, 

2008 

 Concentrated urine 
e.g. Urevit  (+)  10 11 0.65 5.7 Boller, 2007 

 Ammonium sulphate  (+)   80   own experience 

 Biochemical treated 
urine -       

Liquid 
organic 
mineral 

Digestate  -  4 ≤ 2 ≤ 0.2 ≤ 0.4 Oldenburg 

 Untreated sludge 
blackwater 

-       

Solid 
mineral Struvite (+)   60 130 - Calculated 

stochiometrically
Solid 

organic Compost -  100 5-20 2-4 3-10 Simons et al. 
(2005)  

Solid 
organic 
mineral 

Sludge with DM >20 -       

 



Urine is perhaps the most promising product as it contains relatively high 
concentrations of urea (up to 9 g N l-1), P (around 0.7 g P l-1) and other nutrients such 
as K and S. Although, its pH is around 9 after storage, it shows low NH3-emissions 
(< 10 % of applied N) after field applications compared to liquid slurry (Simons, 
2008). Urine can be used as a multi component mineral fertilizer. Additionally, its 
characteristics are the most investigated one of all products. 

Struvite is a precipitation product of urine (Mg(NH4)PO4) after addition of Mg2+ and 
increase of pH. Struvite can substitute mineral fertilizer; however it should be used as 
P-fertilizer to avoid over fertilization. The type of minerals present and grade of 
crystallisation of “struvite products” available after treatment of urine tested so far 
vary considerably (unpublished data), resulting in different plant availabilities of the 
nutrients. 

Blackwater– a liquid mixture of urine, faeces, and water – has a higher share of 
carbon and shows normally lower nutrient concentration compared to urine, mainly 
due to dilution during collection. Similar counts for compost, but here the nitrogen 
content, especially the plant available part, is low. 

Little is known about the plant availability of nutrients from wastewater products. A 
rough range is given in Table 2. As can be seen the different macro nutrients were 
discussed along different time periods to give an overall picture. While nitrogen 
availability is given on an annual basis, phosphorous and potassium were considered 
for a crop rotation of 3 years. Due to their low N availability digestate and compost 
normally are used as soil conditioner instead of fertilizer. 

 

Table 2: Expected nutrient availability of the various fertilizing types presented 
for the three macro nutrients N, P, and K. 

 Expected availability 
Fertilizing 
type 

N (in year of 
application) 

P (3 year crop 
rotation) 

K (3 year crop 
rotation) 

Liquid 
mineral 100 100 100 

Liquid 
organic 
mineral 

Nmineral + approx. 
10 % of Norganic

100 100 

Solid 
mineral 100 100 100 

Solid 
organic < 10 100 100 

Solid 
organic 
mineral 

Nmineral + approx. 
10 % of Norganic

100 100 

 

Liquid substrates may show ammonia emissions, as they may contain relative high 
ammonium concentrations and high pH up to 9. However, the liquids infiltrate fast 
into the soil and then ammonia emissions stop. Ammonia emissions from the most 



sensitive product urine are lower as compared to liquid animal slurry (Simons, 2008). 
However, the application technique needs to be adopted to the high ammonia 
content, e.g. application close to soil preferably in combination with soil incorporation. 

Heavy metal concentrations are low in all products with household origin, i.e. no 
industrial wastewater included, with the exceptions of sludge from septic tanks and of 
compost (Simons et al. 2005). Threshold values of heavy metals in composts may be 
reached, because of the decreased content of organic matter. Nevertheless, fluxes to 
agricultural fields are significantly lower in comparison with animal slurries as shown 
in Figure 1. Of course, this is a very narrow view, as only urine was compared in the 
model and use of heavy metals in households can result in large impact on the urban 
derived fertiliser (Vinnerås et al., 2006). 

 

 
Figure 1: Concentration of heavy metals applied via different fertilizers (adapted 

according Hammer and Clemens, 2007) 

 

 

Organic micropollutants 

All products can contain organic micropollutants such as hormones, antibiotics, or 
other pharmaceuticals used for human medication as the original wastewater 
streams brownwater, yellowwater, and greywater contain those (Lienert et al., 2007, 
Ronteltap et al., 2007, Tettenborn et al., 2007, Eriksson et al., 2003). Hence, it 
depends on the correct treatment to eliminate them (Gajurel, 2007, Tettenborn et al., 
2007, Maurer et al., 2006). Until now, no detailed investigations of concentrations of 
organic micropollutants in fertilizer products took place aside of urine and further 
products originating from this source such as struvite. In this aspect, further research 



is urgently needed and recommended. Especially, as certain treatment techniques 
show very good results to create clean products such as struvite precipitation 
(Ronteltap et al., 2007) and steam stripping (Tettenborn et al., 2007). Even so fluxes 
of antibiotics and hormones would be much lower compared to animal slurries (see 
Figure 2). However, in the household derived fractions there are possibilities to find 
other pollutants not found in animal manure, e.g. antineoplastics, that needs to be 
considered when larger proportions of human excreta is recycled. 

 

Figure 2: Fluxes of antibiotics (left) and hormones (right) applied via different 
fertilizers (adapted according Hammer and Clemens, 2007) 

 

 

Pathogens 

Pathogens are well-known as one of the major constraints when using wastewater 
products in agriculture since a long time. Introducing recycling of human manure will 
always include a risk for new transmission routes for infectious diseases. Source 
separation has the advantage that the wastewater streams are separated and in 
most cases only somewhat diluted keeping the wolume to treat manageable. The 
main proportion of the pathogens is found in the faeces and only very few are 
excreted in the urine (Höglund, 2001). By enclosed collection of the faeces the 
management of urine and greywater can be kept simple. Nevertheless, due to faecal 
cross-contamination in the toilet or urine excreted by infected persons, the risk of 



contamination with bacteria, viruses, and parasites exist for yellowwater as well 
(Schönning et al., 2002). Consequently, treatment is necessary to minimize the risk 
of infection. For urine the present recommended minimum treatment is storage for 6 
months without introducing fresh liquid. For faecal matter and sludge a thermal 
treatment (70°C for 1 h) or an equivalent treatment is necessary (WHO, 2006). 
Recent research looking closer into the effect of uncharged ammonia, which is 
present in urine and can be added to the fecal matter in the form of urea for efficient 
sanitization (Vinnerås et al., 2008; Nordin, 2007). This in combination with the low 
content of pathogens in urine the storage needed for undiluted urine is considerably 
shorter than current recommendations as long as the urine contain >2g N L-1 and 
holds a pH >8.8 still having a very high safety level. For usage on crops not 
consumed raw or for fodder crops one month of storage is enough. For usage on 
crops consumed raw, e.g. lettuce and cucumber, the storage needs to be performed 
at temperatures from 20°C and up for safe removal of helminth eggs and viruses, 
>20 and >30°C storage for two and one months, respectively, is enough for safe 
unrestricted use (Vinnerås et al., 2008). Similar treatment of fecal matter is possible 
by external addition of urea for sanitization, the treatment is also used for treatment 
of salmonella infected manure as the urea in contact with manure is enzymatic 
degraded into ammonia that efficiently inactivate the salmonella (Ottoson et al., 
2008).    

Moreover, further protection measures such as direct implication into soil, immediate 
coverage of matter originating from feces assuring minimal surface run off, one 
month resting times between last application and harvest, protection clothes for field 
workers, as well as awareness raising and monitoring of treatment methods are tools 
to minimize the risks drastically and allow the usage of these new fertilizer products 
(WHO, 2006). 

 

 

Conclusion 

Along the characteristics presented and the data analyzed, it can be concluded that 
new fertilizers from advanced wastewater treatment have a high potential to 
introduce a new and promising handling of our water and nutrient (re)sources. To be 
kept in mind is that these new products have to be adapted to applications 
techniques available.  

As long as we are aware of the risks coming alongside and include them by 
appropriate measures into our actions, usage of the fertilizers in agriculture is 
possible. Implementing a new organic fertilizer will introduce a new route of 
transmission of infectious diseases but appropriate management will minimize these 
risks. Nevertheless, in many aspects further research is required to fill gaps of 
knowledge and gain further information to optimize handling and usage of these 
fertilizer products. 



 

References 

Boller, M. 2007. Dünger aus der Bibliothek. Eawag News 63 d: 17-19. 

Clemens J. 2007: Integrative Betrachtung von (Nähr)Stoffflüssen, Proceedings: 
Jahrestagung der Deutschen Gesellschaft für Pflanzenernährung, Berlin. 

Driver, J., Lijmbach, D. and Steen, I. 1999. Why recover phosphorus for recycling 
and how? Environmental Technology 20 (7), 651-662. 

Eriksson, E., Auffahrt, K., Eilersen, A., Henze, M., und Ledin, A. 2003. Household 
chemicals and personal care products as sources for xenobiotic organic 
compounds in grey wastewater. Water SA 29 (2): 135-146. 

Finck A. 1979: Dünger und Düngung, Chmie-Verlag, Weinheim 

Gajurel, D. 2007. Untersuchung zur Elimination ausgewählter Pharmaka bei der 
Lagerung der UV-Bestrahlung sowie der Ozonisierung von Urin. Report No. DFG-
Förderkennzeichen: GA 1063/2-1, Institute of Wastewater Management and Water 
Protection, Hamburg University of Technology, Hamburg, Germany. 

Hammer, M. and Clemens, J. 2007. A tool to evaluate the fertilizer value and the 
environmental impact of substrates from wastewater treatment. Water Science & 
Technology 56 (5): 201-209. 

Höglund C. (2001). Evaluation of Microbial Health Risks Associated with the Reuse 
of Source-Separated Human Urine. PhD thesis. Stockholm: KTH.  

Lienert, J., Bürki, T., and Escher, B. 2007. Reducing micropollutants with source 
control: substance flow analysis of 212 pharmaceuticals in faeces and urine. Water 
Science & Technology 56 (5): 87-96 

Lixia, S., Rui, L., Rosemarin, A., Jun, X., Winblad, U., Qiang, Z., Han, G., Ruben, C. 
and Caldwell, I. 2007. Sweden – China, Erdos Eco-Town Project. Ecosanres Fact 
Sheet 11, May 2007, Sweden. URL: 
http://www.ecosanres.org/pdf_files/Fact_sheets/Fact_Sheet_11ls.pdf (09.04.2008) 

Mauer, M., Pronk, W., und Larson, T. 2006. Treatment processes for source-
separated urine. Water Research 40 (17): 3151-3166. 

Meinzinger, F. and Oldenbrug, M. 2008. Characteristics of source-separated 
household wastewater flows – a statistical assessment. In: Conference 
Proceedings of Sanitation Challenge, May 19-21, Wageningen, The Netherlands. 

Nordin, A. 2007. Ammonia based sanitation technology - safe plant nutrient recovery 
from source separated human excreta. Licentiate thesis. Swedish University of 
Agricultural Sciences . 



Otterpohl, R., Grottker, M. and Lange, J. 1997. Sustainable water and waste 
management in urban areas. Water Science & Technology 35 (9): 121-133. 

Ottoson, J., Nordin, A., von Rosen, D., Vinnerås, B. 2008. Salmonella Reduction in 
Manure by the Addition of Urea and Ammonia. Bioresource Technology 99, 1610-
1615. 

Ronteltap, M., Mauer, M., und Gujer, W. 2007. The behaviour of pharmaceuticals and 
heavy metals during struvite precipitation in urine. Water Research 41(9): 1859-
1868. 

Schönning, C., Leeming, R., Stenström, T.A. (2002) Faecal contamination of source-
separated human urine based on the content of faecal sterols. Water Research 36, 
1965-1972. 

Simons, 2008: Dissertation on Products of Decentralised Waste Water Treatment, in 
print, Bonner Agrikulturchemische Reihe,  INRES, Bonn 

Simons J., Clemens J., Kaub J.M. (2005): Biologische Behandlung der Fäkalien; in: 
Nährstofftrennung und –verwertung in der Abwassertechnik am Beispiel der 
„Lambertsmühle“, Bonner Agrikulturchemische Reihe, 22, Bonn, ISBN 3-937941-
02-9 

Steinmüller, H. 2006. Alternative wastewater concepts in the solarCity Pichling (in 
German). In: SCST Closing Seminar 2006, Berlin Center for Competence of Water, 
Berlin, Germany. URL: http://www.kompetenz-
wasser.de/fileadmin/user_upload/pdf/forschung/scst/SCST_Abschluss_Steinmuelle
r.pdf (09.04.2008). 

Tettenborn, F., Behrendt, J., and Otterpohl, R. 2007. Resource recovery and removal 
of pharmaceutical residues. Treatment of separate collected urine within the EU-
funded SCST-project. Institute of Wastewater Management and Water Protection, 
Hamburg University of Technology, Hamburg, Germany. 

Vinnerås, B. Palmquist, H. Balmer, P. Jönsson, H. 2006. The composition of 
household wastewater and biodegradable solid waste – proposal for new norms for 
the flow of nutrients and heavy metals. Urban Water 3:1, 3-11. 

Vinnerås, B. Nordin, A. Niwagaba, C. Nyberg, K. Inactivation of bacteria and viruses 
in human urine depending on temperature and dilution rate. Accepted for 
Publication in Water Research. 

WHO. 2006. WHO-guidelines for the safe reuse of wastewater, excreta and 
greywater. Volume 1-4. 

 



<<
  /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 /Average
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 /Average
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 2400
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /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.)
    /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 /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 [272.126 153.071]
>> setpagedevice


