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Abstract 
The development and implementation of alternatives to conventional wastewater disposal 
solutions is becoming increasingly essential both for economical and ecological reasons. Strategies 
of separate flow treatment and recycling must be promoted consequently also on the wastewater 
sector.  
Separation of urine gives a multitude of new aspects and approaches for the treatment of 
wastewater. The holdback of urine enables construction of smaller and easy to run wastewater 
treatment plants and allows for the production of sludge with a rather high quality (less endocrinic 
disruptors). This is a very interesting aspect for countries where wastewater treatment plants and 
infrastructure has to be built up. The aspect could also be of interest in countries for plants running 
on their capacity where additional people have to be connected.  
Another aspect is to consider urine not as a pollutant but as a useful resource. And if endocrinic 
disruptors will cause any problems separated urine will allow for efficient destruction of these 
substances and preserve nature and groundwater. 

 
 
INTRODUCTION 
It is adequately known meanwhile that the supply with sufficient water of sufficient quality for 
human needs and agricultural food production, and on the other hand the hygienic disposal of 
wastewater are serious problems for a great part of mankind. Every day a high number of people, 
many of them children, die from infections caused by polluted water. 
 
In order to provide a future-proof solution to this situation and for the people concerned, a regular 
wastewater treatment needs to be established, in addition to the supply of hygienic drinking water, 
in order to prevent further pollution of surface waters and groundwater and secure the high quality 
of drinking water.  
In the countries affected by such problems also the availability of nutrients for agricultural food 
production is frequently limited or involves relatively high costs. This adds another aspect to reuse 
of clarified wastewater for irrigation and consequential reuse of nutrients contained. But this aspect 
is frequently disregarded in wastewater solutions for industrialised countries.  
 
The solutions and concepts developed in industrialised countries over many decades could now be 
reapplied in countries that still do not have wastewater treatment solutions. However, adaption of 
the technology and clarification requirements to the specific situation is imperative, as for example 
Libhaber (2004), World Bank chief engineer, said: ”In most developing countries, wastewater 
treatment and reuse standards are inspired by standards of industrialized countries, mainly the USA 
and EU, without taking into account financing and construction time issues. These standards usually 
prescribe an effluent of such quality that secondary treatment or higher is required to produce it, 
irrespective of the absorption capacity of the receiving body (i.e., the capacity of the receiving body 
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is not taken into account in the standard setting process). Since the costs of applying these standards 
are high, usually beyond reach in developing countries, the overly stringent effluent standards 
induce a strategy of “No Action” with devastating public health and environmental impacts”. 
 
These statements lead to the conclusion that wastewater treatment must fulfil also the criteria of 
sustainability in terms of economic feasibility and social compatibility, in addition to legal and 
adapted requirements for environmental protection. Obviously, future wastewater treatment will 
have to further mature for the still outstanding solutions in order to provide for the development of 
solutions, within the limited time and with the limited funds available, which are best compatible 
for all requirements. “The population growth, which frequently relativises the improvements 
achieved, is only one of the difficulties in achieving the development goals. The worldwide 
increasing urbanisation increases the pressure on water resources. Intelligent solutions must be 
developed in order to nevertheless guarantee a sustainable water management. In 35 years, two third 
of the world population will live in urban areas. We are wasting water and contaminating water 
through agriculture, industries, mining and trade as water is too often a low cost factor”, said Trittin 
(2005). 
 
But even in Germany, where the rate of connection of the population to wastewater treatment plants 
is very high already, new requirements arise from the ever-present discussions about our water and 
energy resources concerning the right choice of a future wastewater strategy. Such requirements are 
(modified after Wallbaum (2005)): 
 
• Need of renovation of existing infrastructures, such as sewers 
• Need of renovation of buildings; refurbishment of old buildings to today’s sanitary standards 

combined with improved heat insulation and recovery of heat from greywater 
• New requirements on wastewater treatment due to for example endocrine substances, medicine 

residues and CO2 emission 
• Limitedness of important resources, such as phosphate (Gethke e.t al. (2005)), potassium and 

fossil fuels 
• Need of adaption to the demographic population change 
• Adaption to the climatic change 
• Implementation of the polluter-pays-principle 
• The global market requires innovative infrastructure concepts, which however need to be 

shown also in the own country in order to have export chances. 
 
Some of the presented discussion points, such as limitedness of resources and part of the undesired 
organic trace substances, put today’s concepts of wastewater treatment into question, visionary 
thinking, since the problems result only from the urine, which is at present still part of the general 
wastewater flow.  
The possible effects of urine separation from the wastewater flow are reviewed and discussed in the 
following also under the aspect of sustainability. 
 
 
URINE SEPARATION 
The urine contained in domestic wastewater adds up to only approx. 1%, with daily amounts of 
produced urine varying between 1.0 and 1.5 litres. For separation into individual substance flows 
dry toilets, vacuum toilets, separation toilets (NoMix toilets) or waterless urinals can be used. In 
waterless urinals, in contrast to conventional urinals, the urine is discharged into the sewer without 
addition of flush water, which saves 2-3 litres clean drinking water per toilet use. Contrary to 
conventional urinals, which use the conventional water siphon to prevent the rising of sewer gases, 
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waterless urinals use oily sealing liquids, rubber membranes or a solenoid seal, depending on the 
individual urinal manufacturer. 
The following table shows the distribution of nitrogen and phosphorus in urine and faeces. The data 
are based on Vinneras (2004), Sweden. 
 
Table 1: Distribution of nitrogen and phosphorus in human excretions 

  
Unit Urine Faeces Toilet paper Black water Urine [%] Faeces [%] 

M kg/PE*a 550 51 8.9 610 90 10 
Mdry kg/PE*a 21 11 8.5 40.5 52 48 
N g/PE*a 4000 550  4550 88 12 
P g/PE*a 365 183  548 67 33 
 
On the basis of these values, consequences are described in the following which result from 
retention of urine from the residual wastewater flow. The discussion comprises two possible 
approaches: Mechanical-chemical treatment and comparable conventional wastewater treatment. 
 
Impact of urine separation on wastewater composition 
 
The following table shows the load and concentration of normal wastewater as specified in work 
sheet DWA A 131 compared to applications with urine separation. 
 
  normal composition normal concentr. 

  
compositi
on without urine concentr. 

without 
urine 

    mg/l mg/l 
      
Waterr l/PE d 130 110    
BOD g/PE d 60 60 462 545 
COD g/PE d 120 105.6 923 960 
AS g/PE d 70 70 538 636 
N g/PE d 11 1.331 85 12 
P g/PE d 1,8 0.60 14 5 

 
The results show that with urine separation nitrogen can be reduced to approx. 12 mg/l and 
phosphorus to approx. 5 mg/l. 
 
 
MECHANICAL AND CHEMICAL TREATMENT 
If located directly next to the receiving water body, it is reasonable for newly industrialising and 
developing countries, but also for thinly populated areas in general, to treat the wastewater in river-
and-sea outfalls directly at their source of production, using an especially developed fine screen for 
separation of solids, which have hardly had the chance to dissolve due to relatively short flow ways. 
 
Mechanical preliminary screening can be a quick and cost-effective solution for removal of 
undissolved material from wastewater and is in most cased applied therefore as the first treatment 
step with the purpose to eliminate particular matter contained within water to the greatest possible 
extent. Additional treatment steps, using chemical precipitants and flocculants, help to further 
improve the wastewater quality and adapt it to specific requirements. 
Such a concept is presented in the following diagram: 
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Fig. 1 Concept of urine separation in combination of river- and sea-outfall 
 
This method of treatment mechanically eliminates high concentrations of solids and thus oxygen 
consuming substances. The separation of the COD contained within in the wastewater was tested 
both without and with the addition of chemicals from a wastewater treatment plant. The tests were 
carried out under real conditions over a period of several months. The results of Huber et. al. (2004) 
are presented in fig.2. 
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Fig. 2  CODtotal reduction by means of ROTAMAT® Rotary Drum Screen RoMesh® with and 
without coagulant agents in dependence of the COD undissolved/dissolved ratio 
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As can be seen in fig.2, a COD reduction of up to 30% is possible with mechanical treatment alone. 
If mechanical screening is combined with precipitants and flocculants (mechanical-chemical 
treatment MeChem), a COD reduction of even up to 70% can be achieved. If this combined 
treatment is applied for the wastewater separated from urine, the wastewater effluent can be 
calculated as specified in the following table. This effluent quality, which is achievable by simple 
means, is already a relatively high quality for introduction into a receiving water body. 
 
   MeChem 
COD  mg/l 288 
AS  mg/l 32 
N  mg/l 12 
P  mg/l 1 

 
 
BIOLOGICAL TREATMENT 
When taking as a basis a conventional biological treatment plant for 100,000 PE with preliminary 
treatment according to design instructions A131, the resulting calculation size of the biological 
wastewater treatment stage with nitrification and denitrification for normal wastewater composition 
is approx. 19,400 m³. The oxygen demand is approx. 460 kg/h and approx. 7800 kg sludge are 
produced per day. On the basis of this design approach an outlet concentration of approx. 10 mg/l 
nitrogen can be achieved. 
If the urine is not any more contained in the wastewater, the total nitrogen in the inlet to the 
wastewater treatment plant is only 12 mg/l. Since also nitrogen and phosphorus are required during 
the decomposition of carbon compounds, the effluent value for nitrogen will lie in the same range 
as with regular nitrification and denitrification, but the wastewater treatment plant can be planned 
with only carbon reduction alone. As a result, the required reaction volume for the aeration tank can 
be reduced to approx. 5.500m³, which means theoretical savings of approx. 70%. Concerning the 
investment cost for aeration tanks (Günthert, (2001)) this leads to costsavings of 2.5 millions of 
Euro. The required oxygen input is in this case reduced by approx. 40% to 260 kg/h. The daily 
produced sludge volume of approx. 8000 kg/d lies within a comparable range. 
A comparison of the different effects on the above discussed cases is presented in the following 
figure 3. 

 
Fig. 3 Results for different effects on treatment without and with urine separation 
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THE DISCUSSION OF SUSTAINABILITY 
In addition to the reduced tank volume, which directly results in reduced investment costs, further 
interesting aspects arise for wastewater treatment concepts without urine. 
The plant design and control could be relatively simple, which would be to the benefit of 
developing and emerging countries as the knowledge how to operate sewage treatment plants must 
be assumed to be low in such countries. In addition, the sewage sludge quality achieved is 
comparatively high due to the high retention of endocrine substances and medicine residues from 
the residual wastewater flow, which may be advantageous for the return of treated water into 
agricultural reuse applications. Furthermore, due to the low oxygen consumption, the energy costs 
can be reduced significantly. 
Interesting aspects, however, arise when discussing the energy savings. The reduction of the 
required oxygen input of approx. 200 kg/h results in savings of nearly 785,000 kWh with an 
average oxygen input of 2.2 kg O2/kWh for aeration equipment, which corresponds to savings of 
117,000 € on a cost basis of 0.15 €/kWh per year.  
Under the aspect of sustainability and the climatic situation this energy savings correspond to an 
annual reduction of a CO2 production of approx. 235,000 kg.  
Particularly with regard to CO2 savings from fossil energy sources enormous efforts are being taken 
in Germany at present in order to reduce the dependence on coal and oil. That is why the new law 
for renewable energies (EEG) was enforced, which regulates the electricity compensation rates for a 
period of 20 years. In the following, a comparison with photovoltaics is provided. For the 
production of 785,000 kWh solar energy in Germany, approx. 800 kW installed capacity is required 
according to state-of-the-art technology, which results in investment costs of 3.7 million Euro. 
Related to the contractual period of 20 years according to the law for renewable energies (EEG) the 
legislator is prepared to have the annual production of 785,000 kWh by means of photovoltaic 
plants compensated at the amount of approx. 6.000.000 €. 
The separated urine, in dependence of organic trace elements and the applied treatment 
technologies, can offer the potential to provide for value creation due to the contained nutrients. The 
height of this potential can be evaluated by comparison with the market value of mineral fertilisers. 
The internet finds a selling price of 39 € per 100 kg for ammonium nitrate (27% N) and 39.50 € per 
100 kg for phosphate fertiliser with a rate of 18%. When taking as a basis again the annual amount 
of urine produced by 100,000 PE and calculating the nutrients content according to the urine 
composition, this calculation results in approx.400 tons nitrogen and 36.5 tons phosphorus with a 
market value of approx. 570.000 € for nitrogen and 80,000 € for phosphorus. How far it is possible 
to make use of this potential depends on the concepts and technical processes, which are partly in 
the developing phase already, and on the efficiency of such concepts and processes. 
 
 
RECOVERY OF NUTRIENTS FROM URINE 
Within the scope of the Novaquatis research project of EAWAG Switzerland and the technical 
college at Basel, tests according to Wolfersdorf (2004) were carried out for evaporation of human 
urine. For prevention of urea hydrolysis and consequently a loss of nitrogen through evaporation of 
ammoniac during the heating process, acidification of the urine is required prior to passing the urine 
into the pipeline that leads to the urine storage tank. The best cristallisation result was achieved by 
acidification with acetic acid. 
 
In the reverse osmosis process the water contained in the urine is with high pressure forced through 
a semi-permeable membrane. In addition to viruses and bacteria even ions can be retained when 
selecting an adequate membrane type. 
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The application of reverse osmosis for urine concentration involves the problem of relatively high 
investment costs, membrane susceptibility to clogging and a high energy demand. According to 
Maurer (2005) an energy of 9 kWh/m3 is required for the fivefold concentration of urine. 
 
MAP precipitation for nitrogen elimination: MAP is produced when ammonium, phosphate and 
magnesium ions react in a stoichiometric ratio of 1:1:1. Due to the conditions prevailing in the urine 
the molar ammonium concentration is approx. 100 times higher than that of phosphate. For the 
separation of the total ammonium contained within urine in the form of MAP, the addition of nearly 
0.3 mol/l or 28.5 l phosphate would be required. Tests carried out by X.L. Li and Q.L Zhao (2003) 
with waste dump leakage water achieved a NH4-N elimination in excess of 90% through addition 
of Na2(HP04) and use of MgC12 with minimum pH 9. The initial NH4-N concentration, however, 
was only 2,750mg/l. 
The great advantage of this method is certainly the low investment sum for the precipitation reactor. 
The high operating costs for the huge amounts of phosphate salt will probably impair the efficiency 
of this method significantly. 
Tests with urine carried out by Sreeramachandran (2006) delivered the following result: Results on 
laboratory experiments conducted for simultaneous precipitation P indicate that a combination of 
Na2HPO4.12H2O+MgCl2.6H2O or a combination of 2 4 2 2 2 K HPO .3H O +MgCl .6H O at a 
Mg:N:P ratio of 1.25:1:1 is most recovery of above 80% compared to other combinations being 
tested. 
 
The Hans Huber AG has developed a multi-stage process, which is presently in the optimisation 
phase. The process flow diagram is presented in the below figure. It is basically possible to apply 
precipitation alone. 

NaOH –
solution(50%)

Urine from 
storage

Fresh air

Air out

StrippingPrecipitation and pH 
adjustment

Absorption

Urine after 
stripping

Mixing tank 
H2SO4 / H2O

Absorption 
column

Stripping 
column

Precipitation 
reactor

MgO

Filter-
sack
MAP

P4

V1

P3

P2

H2SO4

(98%)

LS+

P1

M

M PN

Heat

exchanger

H2SO
4

(NH4)2SO4NaOH –
solution(50%)

Urine from 
storage

Fresh air

Air out

StrippingPrecipitation and pH 
adjustment

Absorption

Urine after 
stripping

Mixing tank 
H2SO4 / H2O

Absorption 
column

Stripping 
column

Precipitation 
reactor

MgO

Filter-
sack
MAP

P4

V1

P3

P2

H2SO4

(98%)

LS+

P1

M

M PN

Heat

exchanger

H2SO
4

NaOH –
solution(50%)

NaOH –
solution(50%)

Urine from 
storage

Fresh air

Air out

StrippingPrecipitation and pH 
adjustment

Absorption

Urine after 
stripping

Mixing tank 
H2SO4 / H2O

Absorption 
column

Stripping 
column

Precipitation 
reactor

MgO

Filter-
sack
MAP

Filter-
sack
MAP

P4

V1

P3

P2

H2SO4

(98%)

LS+

P1

M

M PN

LS+LS+

P1

MMM

MM PNPN

Heat

exchanger

H2SO
4
H2SO
4

(NH4)2SO4

 
 



4 / 8 

The results of extensive tests carried out by Sreeramachandran (2006) showed a great potential for 
MAP precipitation or application of the total process respectively. 
 

 

 
CONCLUSION 
Separation of urine from the wastewater flow is the beginning of a discussion comparable to that 
about the introduction of waste separation many years ago. As shown, it has many potentials that 
should not be left unused. The possibility to achieve a high effluent quality in river-and-sea outfall 
applications combined with the relatively cost-effective mechanical and chemical treatment meets 
in particular the requirement to offer easy-to-realise and affordable solutions. Moreover, the design 
of biological systems is much simpler, resulting in significantly reduced construction volumes and 
energy consumption. But a reduced nitrogen load also brings relief when extending existing 
wastewater treatment plants. Compared to other technical options for CO2 reduction, it could be 
shown that there is a high political readiness to introduce the photovoltaic technology despite 
comparably high financial requirements. Incentives should therefore be offered also for the 
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separation of urine from water, not only under the aspect of saving energy but also under the aspect 
of preventing trace substances from passing into the environment, providing the potential of easier 
destruction of these trace substances being present in a concentrated form, and using the potential of 
nutrients contained within urine. 
 
 
REFERENCES 
Gethke, K., Herbst, H., Montag, D., Pinnekamp, J. (2005): Potenziale des Phosphorrecyclings aus Klärschlamm und 

phosphorhaltigen Abfallströmen in Deutschland, KA Abwasser Abfall (52), Nr.10, S.1114ff-1119 
Günthert, F.W. (2001) Investitionskosten der Abwasserentsorgung, Oldenburg-Industrieverl., ISBN 3-486-26507-5 
Huber, H., Bischof, F., Köppl, S., Frommann, C. (2004) Maschinelle und verfahrenstechnische Methoden der 

Abwasserreinigung, Proceedings 32. Abwassertechnisches Seminar, (Nr. 180), 129-145 
Li, X.Z., Zhao, Q.L. (2003) Recovery of Ammonium Nitrogen from Landfill Leachate as a multi nutrient fertilizer, 

Ecological Engineering Vol. 20, 171-181 
Libhaber, M. (2004) Establishing Wastewater Treatment Levels in Developing Countries; Stringent Effluent Standards 

Versus Absorption Capacity of Receiving Bodies. Presentation on Water Week, Washington 
Mauerer, M. ://www.novaquatis.eawag.ch/deutsch/NOVA4_de.html 
Maurer, M.(2005) Nutrients in Urine: energetic aspects of removal and recovery, Water Science and Technology, Vol. 

48 No. 1 
Sreeramachandran, S. (2006) Feasibility of nitrogen and phosphorous recovery from human urine, Master Thesis at 

Hans Huber AG, not public 
Trittin, J.; Frankfurter Rundschau, 11.4.2005 
Vinneras, B. (2004) Guidelines on the Use of Urine and Faeces in Crop Production, EcoSanRes Report 2/2004 
Wolfersdorf, S. (2004) Untersuchungen zu Sortiertoiletten unter besonderer Berücksichtigung der Urinverwertung, 

Diplomarbeit Universität Rostock 



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


